










Electric Fencing Reduces Coyote Predation 
on Pastured Sheep 
SAMUEL B. LINHART, JERRY D. ROBERTS, AND GARY J. DASCH 

Abstract 

Field tests to evaluate electric fencing for protecting pastured 
sheep from coyote predation were conducted in North Dakota and 
Kansas in 1977 and 1978. In 1979, 37 western sheep producers 
using electric fences to exclude coyotes were interviewed and rele- 
vant data were recorded and analyzed. An all-electric 12-wire, 
168-cm-high fence with alternately charged and grounded wires 
spaced 13 and 15 cm apart stopped ongoing coyote predation on 
the two North Dakota test sites. Four or five strands of electrified 
wire, offset 13 cm from existing woven and barbed wire sheep 
fences, effectively prevented further coyote predation at two Kan- 
sas sites. Sheep producers interviewed expressed a high to moder- 
ate degree of satisfaction with the use of electric fencing as a coyote 
management technique. However, sheep management practices on 
two-thirds of the ranches remained unchanged after electric fence 
installation and nearly all producers continued to use other control 
methods. Sixty percent of the producers stated thlat they expe- 
rienced some type of maintenance problems but many of these 
problems may have been due to poor construction techniques or a 
failure to check their fences periodically. lost-benefit factorsasso- 
ciated with the use of electric fencing, study limitations, and further 
research needs are discussed. 

New Zealand “energizers” (fence chargers) and electric fencing 
technology developed in Australia and New Zealand were intro- 
duced into the United States in about 1976. Their availability’ and 
aggressive sales promotion within this country stimulated interest 
in electric fencing, both for livestock management and for exclud- 
ing coyotes and other predators from sheep pastures. Because 
electric fencing is more widely used in Australia and New Zealand, 
and since fencing technology in those countries appeared more 
advanced than that available in the U.S., we elected to use 
imported equipment and fencing practices for building our test 
fences. 

We selected a 12-volt, battery-operated, New Zealand energizer 
(Gallagher Model E-12) for our field tests. Laboratory measure- 
ments indicated this charger was capable of driving greater than 8 
amperes of peak current into a 500 ohm resistive load. As the 
magnitude of current is related to the intensity of electrical shock, 
the New Zealand energizer produces a very intense repelling 
stimulus. 

Woven or “net” wire fences have been used for many years as 
perimeter barriers or drift fences to exclude coyotes ,(Cuni.s lutruns) 
from sheep pastures (for a review, see Thompson 1979). However, 
the installation of electric fencing for this purpose has been limited 
and only within recent years have reports been published describ- 
ing this approach. These reports have ( I) outlined the mechanics of 
constructing electric fencing without reference to data indicative of 
their effectiveness (Shelton 1977, Henderson 1978, Gates 1978); (2) 
presented data on their effectiveness (or lack thereof) only when 
tested against captive coyotes confined to penned areas (Thomp- 
son 1976, 1979; Gates et al. 1978), or (3) evaluated (electric fencing 
techniques and materials that have been largely replaced by more 
advanced technology (Larson et al. 1975; Wallace 1975; Thompson 
1976, 1979). Most recently, Dorrance and Bourne ( 11980) presented 
convincing field data indicating that electric fencing eliminated or 
sharply reduced sheep losses to coyote predation. 
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Under New Zealand regulations, the maximum voltage from an 
energizer cannot exceed 5000 volts. There are many fence chargers 
marketed in the U.S. which produce voltages in excess of 15,000 
volts, but the limited number of chargers that we tested indicated 
that, under simulated load conditions, these high voltage chargers 
actually delivered less current than the 5000 volt New Zealand 
model. The reason for this difference is due to an electrical design 
which allows the high voltage units to dissipate their energy inter- 
nally rather than delivering it to the external load. Fence chargers 
characterized by this high internal loss are called high output 
impedance chargers in contrast to the low impedance models 
produced in New Zealand and Australia. Proponents of the high 
impedance chargers often express concern as to the human shock 
hazard imposed by the low impedance devices. To our knowledge, 
there has never been a fatality from a low impedance energizer 
produced under the manufacturing regulations imposed by New 
Zealand and Australia as well as several European countries. In 
fact, certain New Zealand fence chargers have recently been 
approved by Underwriters* Laboratories, Inc. in the United States. 

Our field studies of electric fencing were conducted from 1977 to 
1979 and consisted of three phases: a test to measure the efficacy of 
an all-electric fence for excluding sheep-killing coyotes, an evalua- 
tion of electrified wires offset from existing woven wire sheep 
fences, and a field survey involving personal interviews with a 
sample of western sheep producers who were currently using elect- 
ric fencing to protect their pastured sheep flocks. 

Methods 

All-electric Fence 

Two ranches in south-central North Dakota having a history of 

Manuscript received September 29, 1980. 
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trade names does not constitute endorsement of commerical products by the U.S. 
Government. 
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chronic coyote depredations were used as test sites in 1977. Two 
sites a few hundred meters distant from each other were fenced on 
Ranch A. One enclosure (1.46 ha or 3.51 a) consisted of a barbed 
wire fence strung on metal T-posts adequate to retain lambs but 
not to exclude coyotes. This fence was designated as Fence I; its 
configuration (as are all other test fences) is described in Table I. 
The second enclosure (fence 2, I .38 ha or 3.41 a) was an all-electric 
fence built according to instructions provided by the New Zealand 
manufacturers and U.S. importers of electric fencing equipment. It 
consisted of tightly stretched (700-900 newtons or 150-200 lb of 
force) 2.5 mm ( 12-l / 2 gauge) high-tensile, smooth electric fencing 
wire clipped to 2.13 m (7 ft) fiberglass T-posts driven 46 cm (18 in.) 
into the earth. Conventional wood corner brace posts were used, 
but an additional brace post was positioned inward from each 
corner at a 45’ angle so as to accommodate the highly tensioned 
wires. Ceramic insulators were wired to all corner posts and in-line 
wire strainers were tied into all wires to adjust and maintain the 
correct tension. An insulated lead connecting all grounded wires 
was clamped to two 5. l-cm dia (2 in.) grounding rods located 1.8 m 
(6 ft) apart and driven about 2 m into the earth. The insulated lead 
connecting all charged wires was clamped to the energizer. 

The first electric fence configuration evaluated on Ranch A was 
a six-strand fence 76 cm (30 in.) high with alternate wires charged 
and grounded (Fence 2). The above configuration was later modi- 
fied by adding a charged “outrigger” or “trip” wire 25 cm (IO in.) 
high and 51 cm (20 in.) out from the test fence and supported on 
shortened sections of fiberglass T-post (Fence 3). The last configu- 
ration tested on Ranch A involved removal of the trip wireand the 
addition of six more wires above the original 76-cm high fence 
(Fence 4). This resulted in a I2-wire, 168cm (66 in.) high enclosure 
(Fig. I) essentially identical to that described by Gates (1978) and 
Gates et al. (1978) but lacking a trip wire. 

Two adjacent enclosures were also constructed at a second 
North Dakota test site (Ranch B). The first (1.50 ha or 3.70 acres) 
was of barbed wire (Fence I) and the second (I .OO ha or 2.4 1 acres) 
was a I2-wire, I68-cm high electric fence (Fence 4). Fences 2 and 3 
were not evaluated at this site because of our earlier experience 
with these configurations on Ranch A. 

The test procedure on both ranches was to document coyote 
predation on lambs in the barbed wire enclosure and then move the 
lambs into the adjacent electric fence enclosure. If the electric fence 
failed to stop predation, we made modifications until predation 

Table 1. Fence configurations used in North Dakota and Kansas tests, 1977-1978. 

Test numbers Test ranch Wire type Spacing intervals’ Charging configuration 

12 A and B Barbed 

2 A Electric 

3 A Electric 

4 A and B Electric 

C Woven & 
barbed wire 

6 

7 

82 

C Woven & 
barbed wire 
with offset 
electric wires 

C Woven & 
barbed wire 
with offset 
electic wires 

D Woven and 
barbed wire 

9 D Woven & Identical to Fence 8 but with 4electric wires offset 
barbed wire I3 cm (5 in.) from woven and barbed wire fence. 
with offset Offset wires spaced at I5,46,7 I, and 127 cm above 
electric wires. ground level (6, 18, 28, and 50 in.). 

IO D Woven & 
barbed wire 
with offset 
electric wires. 

Identical to Fence 9 but with only the two 
bottom wires (I5 and 46 cm in hgt.) in place and 
electrified. 

5 strands spaced at 15, 30, 48, 71, and 104 cm 
above ground level (6, 12, 19, 28, and 41 in.). 

6 strands spaced at 13, 25. 38. 51, 64, and 76 cm 
above ground level 5, IO, 15, 20, 25, and 30.). 

Identical to Fence 2 but with single electric 
“trip” wire positioned 25 cm (IO in.) above 
ground level and 51 cm (20 in.) out from Fence 2. 

I2 strands of electric wire. Bottom 6 wires 
identical to Fence 2; top 6 wires spaced at 91, 
107, 122, 137, 152, and 168 cm above ground 
level (36, 42, 48, 54, 60, and 66 in.). 

Standard woven wire (6-35-12-12 l/2) erected 
on metal T-posts. Bar spacings were 14, 29, 47, 
67, and 90 cm above ground level (5.5, I 1.5, 
18.5, 26.5, 35.5 in.). Two strands of barbed wire 
spaced at 100 and I IO cm (39.5 and 43.5 in.)above 
ground level. 

Identical to Fence 5 but with 4 electric wires 
off-set I3 cm (5 in.) from woven and barbed 
wire fence. Off-set wires spaced at 13, 38, 56, 
and 122 cm above ground level (5.0. 15.0, 22.0 
and 48.0 in.). 

Identical to Fence 6 but with 5th electric wire 
added at 79 cm above ground level (31 in.). 

Standard woven wire (9-39-12-12 I /2) erected 
on metal T-posts. Bar spacings were 8, 17, 27, 
38, 51, 65, 80, and 98 cm above ground level 
(3.0. 6.5, 10.5, 15.0, 20.0, 25.5, 31.5, 38.5 in.). 
One strand of barbed wire spaced at I IO cm (43.5 
in.) above ground level. 

Not charged. 

Alternate + and - charged wires; bottom + wire. 

Identical to Fence 2; + charged “trip” wire. 

Alternate + and - charged wires; bottom + wire. 

Not charged. 

_ woven and barbed wires; i- electric wires 

- woven and barbed wires; + electric wires. 

Not charged. 

_ woven and barbed wires; i- electric wires. 

_ woven and barbed wires; -t- electric wires. 

‘Actual wire spacings varied slightly from those shown in table due to variations in ground contours, wire tensions, and pre-notched fiberglass T-posts. 
Sheep confined within these fences were used to document coyote kills prior to evaluation of electric fences or wires. 
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(Fence 4). This configuration stopped predation for the next 60 
days, at which time the test on Ranch A was terminated. 

Fig. 1. A IZ-wire, 168-cm high electricfence tested in North Dakota. This 
fence effectively excluded coyotes. 

ceased. Specifically, this procedure was carried out by placing 10 
lambs in each of the two barbed wire enclosures on Ranches Aand 
B and checking them every other day for coyote kills. Lambs found 
dead within the enclosures were examined-and coyote kills deter- 
mined using criteria similar to those described by Rowley (1970), 
Henne (1975) and Bowns (1976). Coyote-killed lambs and those 
that died from other causes were replaced, as necessary, to main- 
tain a total of 10 live lambs per enclosure. When a total of 10 or 
more “baseline” kills had occurred, the remaining live lambs were 
removed from the barbed wire enclosure and the adjacent electric 
fence enclosure was “stocked” with 10 lambs and electrified. These 
lambs were then checked every other day for further coyote kills. 
Lambs confined within fence configurations that effectively 
excluded coyotes were monitored for 60 days, at which time tests 
were terminated. 

Test enclosures used in 1977 and for trials in 1978 (discussed 
later) varied somewhat in size (0.93-l .75 ha or 2.25-4.2 acres) 
because of variations in vegetation, slope, and subsurface rock or 
hard pan at each site. 

Results 
Results of the 1977 field tests in North Dakota are shown in 

Figure 3. On Ranch A, lambs were confined within the barbed wire 
enclosure (Fence 1) for 22 days. Coyotes began killing on day 5 and 
continued intermittently until day 22, by which time a total of 16 
lambs had been attacked. The remaining live animals were 
removed from this enclosure and 10 lambs were placed in the 
adjacent six-wire, 76-cm-high electric fence enclosure (Fence 2). 
Lambs remained in Fence 2 for 20 days but nine were killed 
between davs 16 and 20. An offset “trip” wire (Fence 3) was then 
stretched around the enclosure. The trip wire failed to deter preda- 
tion (four lambs killed on day 4) and it was removed and the 
electric fence was raised to 168 cm by the addition of six more wires 

On Ranch B, coyote kills totaled I7 lambs confined within Fence 
I over a 68-day period. Kills began on day 28 and continued until 
the lambs were moved into the nearby 12-wire, 168-cm electric 
fence enclosure (Fence 4). No kills occurred for the next 60 days 
and the test was therefore eneded. 

Offset Electric Wires 

Methods 
Offset electric wires strung on the outside of existing woven wire 

sheep fences were evaluated as a coyote exclusion technique in 
1978. Two sheep ranches, one in southwestern Kansas and the 
second in northeastern Kansas, were selected as test sites. Both 
ranches had a history of chronic coyote depredations and both had 
sheep killed by coyotes in late spring I9787 just before initiation of 
our field tests. A single woven wire sheep fence encibsure was 
constructed on each ranch. The enclosure (1.75 ha, 4.2 acres) on 
Ranch C consisted of standard woven wire (factory designated as 
6-35-12-12 I / 2) clipped to metal T-posts and topped by two strands 
of barbed wire (Fence 5). This fence was 110 cm (43.5 in.) high. The 
enclosure (0.93 ha or 2.25 acres) on Ranch D was constructed of 
woven wire (9-39-12-12 l/2) topped by only one strand of barbed 
wire and was also 110 cm high (Fence 8). Both of the above type 
fences are commonly used by Kansas livestock producers for sheep 
confinement. 

The test procedure on both ranches consisted of stocking each 
woven wire enclosure with lo-20 lambs and a few ewes and moni- 
toring these sheep for coyote kills. When a minimum of five or 
more sheep were killed or wounded by coyotes, offset electric wires 
were strung along the outside of the woven wire fence, the woven 
and barbed wires were grounded, and all offset wires were charged 
(see Table 1). Electric wires were installed in the same manner as 
previously described. The fiberglass T-posts were driven about 46 
cm (18 in.) into the ground and positioned opposite and 13 cm (5 
in.) out from the metal T-posts holding the woven and barbed 
wires. The tops of the fiberglass and metal T-posts were fastened to 
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each other with a 0.3 X 2.5 X 17.8 cm ( l/8 X 1 X 7 in.) cut and bent 
steel bracket clamped to both T-posts with screw-type automotive 
hose clamps. 

Electric wires were positioned as follows: the bottom wire was 
located at a height to prevent coyotes from going under the fence; 
the intermediate height wires bisected the bars of the woven wire 
fence to maximize body contact as coyotes attempted to pass 
through the fence; and the top electric wire was intended to dis- 
courage coyotes from jumping or climbing over the fence (Fig. 2). 

Both four (Fence 6) and five (Fence 7) wire configurations were 
tested on Ranch C. On Ranch D, two (Fence 10) and four (Fence 9) 
wire installations were evaluated. Sheep confined within fence 
configurations that effectively excluded coyotes were monitored 
for 60 days, after which tests were terminated. 

Results 
The results of our tests with offset electrified wires are shown in 

Figure 3. Sheep on Ranch C were confined in Fence 5 for 105 days 
but it was not unit1 day 93 that coyotes began killing. The five kills 
recorded occurred from days 93 through 96. The four offset electric 
wires subsequently installed (Fence 6) deterred predation until the 
17th day, when one killed and one wounded lamb were found. A 
fifth wire was then added to the fence (Fence 7) to block entry 
between two of the higher woven wire bars and no further kills 
occurred for the next 60 days. 

Nine lambs were killed or wounded in a single night in the woven 
and barbed wire enclosure (Fence 8) on Ranch D. Immediately 
thereafter we attempted to install electric wires but experienced 
some technical problems so all surviving sheep were therefore 
removed from the enclosure. 

Twenty-six days later a four electric wire configuration (Fence 9) 
was erected and the enclosure was again “stocked” with sheep. No 
coyote kills occurred for 60 days, at which time we removed all four 
wires to verify that depredating coyotes were still present and given 
the opportunity, they would attack our sheep. In the absence of 
electrified wires, coyotes killed 11 sheep within 5 days over an 
1 l-day exposure period. The bottom two wires were then restrung 
(Fence 10) but 14 days later coyotes entered the enclosure and 
killed or wounded nine more sheep. We then terminated our test on 
Ranch D as it was apparent that four wires were required to 
exclude coyotes and that active killers were on this ranch through- 
out the entire period of our study. 

Sheep Producer Survey 

Methods 
Factors such as fence construction, configuration and mainte- 

nance, sheep stocking rates, livestock management practices, topo- 
graphy and vegetation, and severity of predation all influence the 
efficacy and cost effectiveness of electric fencing. As we lacked 
time, funds, and personnel to carry out controlled tests to evaluate 
all these factors, we felt that an interview survey of producers 
currently using electric fencing would provide some indication as 
to its usefulness as a coyote management technique. In 1979, we 
contacted importers and distributors of electric fencing, university 
wildlife damage extension specialists, and state supervisors of the 
U.S. Fish and Wildlife’s Animal Damage Control Program. From 
these sources we compiled a list of sheep producers in the west and 
midwest who were presently using electric fencing to protect their 
pastured sheep from coyotes. We interviewed 37 ranchers and also 
obtained limited information regarding cooperative public and 
privately funded electric fencing ventures in southeastern New 
Mexico. The interview questionnaire we devised provided infor- 
mation regarding sheep production data, historic predator losses, 
predation rates with and without electric fencing, predator control 
efforts by traditional techniques, producer assessment and mainte- 
nance of their electric fences, and information on wire spacings and 
the types of fences installed. At the conclusion of each interview the 
interviewer ranked each producer’s electric fence with respect to 
adequacy of installation and maintenance, and its apparent effec- 
tiveness based on the data he recorded and on visual inspection of 
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Fig. 3. Results of electric fencing tests in North Dakota and Kansas. 
Hatched vertical bars indicate the numbers of sheep killed or wounded 
within each type fence. Solid diagonal bars indicate the length of time 
sheep were confined within eachfence. Tests were terminated when sheep 
were protected for 60 days (Fences 4, 7, and 9). 

the fence. 
Fourteen producers were interviewed in California, Oregon, and 

Washington and 23 in Kansas, Oklahoma, and Texas. The cooper- 
ative fencing projects in New Mexico were primarily undertaken to 
install “drift” fences, many of which were being installed adjacent 
to public lands. Two of the producers we interviewed were using 
electric fences to protect sheep in feed lot situations and all but two 
were using the relatively new Australian and New Zealand tech- 
niques, materials, and chargers. 

Results 
Some of the producers we interviewed would not or could not 

respond to all our questions. For example, several had purchased 
sheep and electric fencing materials simultaneously, and thus were 
not able to provide information regarding predation losses before 
and after fences were installed. The number of respondents (i.e., 
sample size) therefore varied depending upon the specific questions 
asked. 

Of 36 individual producers from whom data were obtained, the 
mean acreage set aside for sheep production was 2,046 acres or 828 
ha (range 50 to 16,800 acres or 20-6,799 ha). The mean number of 
sheep stocked was 437 ewes a&390 docked lambs. The coopera- 
tive electric fencing ventures in New Mexico involved 30-33 
ranches and about 416,000 acres or 168,355 ha (650 sections) of 
deeded or leased land stocked with about 55-58 thousand sheep. 
Much of their electric fencing, a total of about 150 mi (241 km), was 
still being installed and thus little information on effectiveness and 
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maintenance was available at the time of our survey. 
Eighteen of 35 (5 1%) individual producers interviewed installed 

their electric fencing because of predation problems in past years. 
The remaining 17 had experienced little or no previous predation 
but erected fences as a preventive measure. Where predator losses 
had occurred l-3 years before erecting fences, producers estimated 
they had lost 3,348 sheep to coyotes, 5 I to dogs, and 229 to all other 
predators (200 sheep were reported as lost to eagles by a single 
rancher). 

Nineteen of 25 producers (76%) said that predator control was 
conducted on their ranch 1-3 years before they put up their fences. 
Only one of these individuals said that he discontinued the use of 
other control methods following installation of his fence. Sixteen 
of 25 ranchers (64%) stated that their electric fencing had reduced 
the need for predator control. However, of 20 producers who 
previously penned their sheep at night, only 5 (25%) discontinued 
this management practice after their fences were completed. Only 
10 of 30 respondents (33%) said that their sheep management 
practices had changed since they put up their fences. 

All but 3 of 35 respondents (9 1%) stated that they checked their 
sheep at least once a day and two-thirds of the producers who 
responded to questions regarding the extent of their predation 
losses relied upon their memory as opposed to written records. 

After evaluating the completed questionnaires, 14 producers 
seem to have provided adequate information to permit a compari- 
son of predator losses before and after they erected their electric 
fences or wires. Losses to coyotes by all 14 producers over a 
combined total of 271 months and 27 lambing seasons totaled 
1,064 sheep. Losses after fences or electric wires were installed, 
over a period of 228 months and 22 lambing seasons, totaled 51 
sheep. According to our respondents, this represented a reduction 
of losses due to coyotes of about 94%. 

Only 21 of the 37 individual producers (57%) obtained “profes- 
sional” advice (e.g., fencing distributors, county agents) before 
building fences or adding wires to existing sheep fences. Nineteen 
producers put up fences consisting entirely of electrified wires 
(generally with hot and grounded wires alternated), 11 strung 
electrified offset wires from existing woven wire sheep fences, and 7 
producers erected both types of fencing. Thirty-four were being 
used as perimeter fences, 14 as cross fences, and 3 as drift fences. 
Seven fences consisted of a single “trip” wire offset about 13- 15 cm 
(5-6 in.) out from an existing fence and 13- 15 cm up from ground 
level, I producer had only a single charged wire at the top of an 
existing fence, 3 had both “trip”and top wires, and 28 had multiple 
strands of electrified wires. Twenty-one of 35 producers (60%) said 
that they experienced some type of maintenance problem. Twenty- 
three of 34 respondents (68%) rated their fences as very effective 
and 11 (32%) as fairly effective for controlling predation. All but 1 
or 2 of 34 producers said that their fences were a good investment, 
that they would install more electric fence or additional wires if 
future losses were high, and that they would recommend electric 
fencing as a predator damage control technique to other 
producers. 

Discussion 
Our 1977 field tests in North Dakota showed that an all-electric, 

168-cm high, 12-wire fence excluded coyotes. However, further 
studies are needed to determine the minimum effective height. Our 
data indicate that this should be somewhere between 76 and 168 
cm. These field trials should be conducted in several areas of the 
west as coyote fence-crossing behavior apparently varies geogra- 
phically. According to Fish and Wildlife Service predator control 
specialists, coyotes in the southern states generally pass either 
under or through standard woven-wire sheep fences (M. Caroline, 
pers. comm.), whereas in the north the great majority jump over 
such fences (W. Pfeifer, pers. comm.). These observations, while 
not documented in the literature, are based on numerous sightings 
of coyotes in or around sheep pastures, tracks left in sand or snow, 

and coyotes taken in steel traps or snares set in “slide” holes 
beneath sheep fences. This variation in coyote behavior may be due 
to frozen ground (making digging difficult) and snow drifted 
against fences in the north, as opposed to the loose, sandy soils 
commonly present in many areas of the southwest. Regardless of 
the reasons for the variation in fence-crossing behavior, lower and 
less costly electric fences may prove to be effective in the southern 
states. The use of offset electric wires on woven-wire sheep fences in 
the north may not be effective unless additional wires are positi- 
oned above the existing fence. 

One limitation of our preliminary field tests in 1977 and 1978 
was the termination of the tests following a 60-day coyote exclu- 
sion period. It is well known that coyotes can learn to evade or 
circumvent various depredation control techniques and the proba- 
bility of this occurring after prolonged exposure to electric fences 
can only be assessed by conducting long-term field trials. 

Only a relatively few farm or semi-farm flock sheep producers 
have erected electric fences or wires for excluding coyotes from 
their pastures. Several factors may be responsible: prior experience 
with some high-impedance chargers shorting out during rainy 
periods or in weed-choked fence lines, the necessity of removing 
existing woven wire boundary fences before all-electric fences can 
be erected, and probably most important, the initial cost of electric 
fencing materials and installation. As of June 1980, all materials 
needed (less charger) for constructing 1 mile of a seven-wire “coy- 
ote/ dog” fence sold by one distributor was $1,150. Materials for I 
mile of our 12-wire fence cost about $1,580. Material costs for 
perimeter fencing I mile* with the 7- or I2-wire configurations were 
$4,330 and $5,690, respectively. Excluding labor costs for installa- 
tion and assuming a stocking rate of 100 sheep per mile*, a market 
value of $75 per sheep, an annual predator loss of S%, and that the 
electric fence completely stops predator losses, the cost of fencing 
materials would be amortized in about I 1.5 (7-wire) or 15.0 (12- 
wire) years. A more realistic appraisal of amortization might be to 
calculate the cost of installing a four-wire electric fence for sheep 
confinement purposes only and to then consider the additional cost 
of materials required to build a predator-proof fence. Materials to 
fence 1 mile* with four wires for sheep confinement was about 
$2,420. The cost difference for materials to build a 7- or 12-wire 
fence was $I,9 10 and $3,270, respectively. Using the differences in 
costs and making the same assumptions listed earlier (i.e., 5% 
annual loss to coyotes, etc.), the additional material costs for 
excluding coyotes could therefore be amortized in about 5 and 9 
years, respectively. A 10% annual sheep loss to coyotes would, of 
course, reduce the years required foramortization by half, or 2.5 to 
4.5 years. 

The above calculations and assumptions could also be applied to 
the installation of offset electric wires, although existing fences 
must be in reasonably good condition. Alternate and less costly 
methods for offsetting wires than the one we used can probably be 
devised but are beyond the scope of this paper. Obviously, each 
producer will have to consider all relevant factors to determine 
whether the cost of building electric fencing or installing electrified 
wires will result in a favorable cost-benefit investment. 

Our survey of producers using electric fences or wires provided 
valuable information; however, we wish to emphasize that the data 
gathered were based in part on opinions and estimates from 
memory. The favorable producer response was impressive, but 
from prior experience we also know that psychological factors play 
an important part in user assessment of animal damage control 
methods. Furthermore, several of the producers who provided 
information were franchised to sell electric fencing materials and 
this may have influenced our data. 

We tnmk tt important to point out that many of the producers 
we interviewed felt that while electric fencing or offset electrified 
wires were of considerable value in deterring predation, they also 
viewed such fencing as complementing other control techniques 
such as steel traps, snares, or M-44 devices. Producers often indi- 
cated to us that while their fences did not completely exclude 
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coyotes from pastures, the fences did limit access and thus make it 
much easier to determine where to locate lethal control tools. The 
opinion was also expressed that the efficacy of electric fencing may, 
at least in part, be a function of pasture size. Coyotes may be able to 
live and thrive entirely within large fenced pastures and the prob- 
lem of removing them could be equally as great as if no electric 
fencing had been installed. This area of concern obviously needs 
further investigation. 

We were not impressed with some of the fences installed by 
producers. Poorly braced corner posts that shifted and resulted in 
sagging wires, especially when rain or melted snow softened the 
earth, were common. Poor grounding and poor insulation of 
positive-charged wires resulted in low line voltages as measured 
with our voltmeters. Another shortcoming we noted was a failure 
to block gullies, water courses, or other depressions with charged 
drop wires. Finally, we felt that some producers were not inspect- 
ing and maintaining their fences as evidenced by broken line posts, 
wires found lying on the ground, and broken insulators. These 
deficiencies point out the importance of providing instructional 
and educational material to producers and the value of knowledge- 
able extension specialists and demonstration projects. 

One problem with our survey was that many of the producers we 
interviewed had recently installed or were just installing their 
electric fences. We believe that another survey, conducted after 
electric fences have been in use for a few years, would be a worth- 
while project. Assuming willing cooperators are available, an alter- 
nate approach worth consideration is the close, periodic 
monitoring of selected ranches on which fences have been erected 
to assess their effectiveness over a period of several years. 

One electric fencing application we were unable to adequately 
assess was the use of temporary or portable electric fences to 
exclude predators. Such fences could be a valuable technique for 
rotational grazing, on leased pastures, or around bedgrounds. We 
suggest that further studies of this application be undertaken. 
Finally, field data are not available to permit judgment as to the 
relative merits of low versus high output impedance chargers and 
their capability to maintain adequate line voltages under adverse 
weather and vegetative conditions. Although laboratory tests sug- 
gested that low impedance chargers perform better, field tests on 

identical areas using both types simultaneously with precise mea- 
surements of such factors as rainfall, moisture, and fence-line 
vegetation, should clarify this issue. 

Our electric fencing research indicates that this technique has 
considerable potential for protecting pastured sheep from coyotes, 
providing fences are properly installed and when a combination of 
various factors result in a favorable cost-benefit investment for the 
producer. Intensive and long-term studies are still needed to clarify 
such factors as minimum effective heights, wire spacings, relative 
merits of available equipment, applicability to various sheep man- 
agement situations, and the ability of coyotes to evade or circum- 
vent electric fences over a period of time. 
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Influence of Crusting Soil Surfaces on Emer- 
gence and Establishment of Crested Wheat- 
grass, Squirreltail, Thurber Needlegrass, 
and Fourwing Saltbush 
M. KARL WOOD, RICHARD E. ECKERT, JR., WILBERT H. BLACKBURN, AND FREDERICK F. PETERSON 

Abstract 

Crusting soil surfaces with vesicular pores occur in arid and 
semiarid regions of the world where herbaceous vegetation is 
sparse. Morphological properties of crusting surfaces can impair 
seedling emergence and plant establishment. This study evaluated 
site preparation and seeding methods and species useful for 
encouraging successful stand establishment in such soils. Plowing 
to prepare a seedbed reduced seedling emergence on some soils but 
increased plant establishment on all soils. More seedlings emerged 
and established on non-crusting coppice soil beneath shrubs than 
on crusting interspace soil between shrubs. Crested wheatgrass was 
the most successful species followed closely by squirreltail and 
distantly by Thurber needlegrass and fourwing saltbush. Fourwing 
saltbush seedlings became established and grew well in some treat- 
ments. Seedling emergence and establishment were highest with 
the deep-furrow seeding technique on the non-crusting coppice 
soil. The standard-drill technique gave the best stand on the site 
with the largest surface cover of bare, crusting interspace soil. 

Soils with crusting surfaces occur in many arid and semiarid 
regions of the world. Various features of these soils in the western 
United States were described by Hugie and Passey (1964) and 
Schlatterer (1968). In the Great Basin these soils commonly are 
associated with northern-desert shrub and salt-desert shrub plant 
communities that have sparse herbaceous vegetation. In northern 
Nevada, such soils are found in the Humboldt Loess Belt, an 
&million-ha area of shallow, windblown silt and very fine sand 
deposition. These soils are on gently sloping fan piedmonts and 
nearly level alluvial flats. They include both typic and xerollic 
Durargids, Haplargids, Nadurargids, and Natrargids and have 
moderately fine and fine textured B2t horizons. These soils gener- 
ally are crusted between shrubs (interspace soil) and are non- 
crusted beneath the shrubs (coppice soil) (Stuart et al. 1971, 
Blackburn 1975). The microtopographic positions, surface physi- 
ognomy, and morphological characteristics of the A horizon were 
presented by Eckert et al. in 1978. These surficial features are not 
mapped or measured even in detailed soil surveys, but must be 
determined on a site by site basis. The crusting interspace surfaces 
commonly are sandy loam, loam, or silt texture high in very fine 
sand or silt, with low organic matter content, are massive, and have 
vesicular pores. These factors contribute to the unfavorable behav- 
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ior of this surface: unstable and slakes when saturated, dries to a 
crust that can reduce seedling emergence (Wood et al. 1978), and 
has a low water infiltration rate and high sediment production 
(Blackburn 1975). 

Wood et al. (1978) stated that rangelands with these kinds of 
soils have higher potential productivity than their present fair to 
poor condition suggests. These authors postulated that theareas of 
crusting interspace soil increase with overgrazing, loss of herbace- 
ous cover, and lowered range condition at the expense of non- 
crusting coppice surface soil. They also stated that revegetation of 
these problem soils through grazing management alone would be 
difficult, if not impossible, in a reasonable time and that artificial 
seeding methods are required to establish forage species. There- 
fore, we evaluated seedling emergence and plant establishment of 
various species seeded by different techniques on soils with crust- 
ing and non-crusting surfaces. 

Methods 

Four study sites in the big sagebrush vegetation type in north 
central Nevada were selected to represent a wide range of soils with 
a crusting AI1 horizon (Table 1). Plots at Lower Coils Creek and 
Paradise Valley were seeded in the falls of 1974, 1975, 1976, and 
1977. The Upper Coils Creek and Panther Canyon sites were 
seeded in all years except 1977. 

Forty 6-m* plots were established within a OS-ha exclosure at 
each site. The first year (1974) 20 plots were plowed with a mold- 
board plow to remove competition and prepare a seedbed. Plowing 
mixed only about 10 to 15 cm of the A horizon. Brush was cleared 
manually with minimal soil disturbance on the remaining 20 plots. 
Because the plowed soil crusted and emergence was drastically 
lower than that in the unplowed soil for all seeding methods, the 
plowing treatment was discontinued after 1974. Four species, 
crested wheatgrass (Agropyron desertorum), squirreltail (Sitanion 
hystrix), Thurber needlegrass (Stipa thurberiana), and fourwing 
saltbush (Atriplex canescens) were seeded in mid-October of each 
year. Total precipitation was measured at each study site for the 
period between planting and seedling evaluation in mid-May. 
Surface soil samples (AI1 horizon) were collected at each seeding 
site and analyzed for particle size (Bouyoucos 1962), organic mat- 
ter by a modified Walkley-Black method (Peech et al. 1947), and 
modulus of rupture (Reeve 1965). 

The kind of soil surface on each seeded row was described as 
either coppice or interspace before planting. Two kinds of simu- 
lated furrows were used. Both were made with a hoe. A standard- 
rangeland drill technique was used to seed the plowed treatment in 
1974 and the unplowed treatments in all years. These furrows were 
2 cm deep by 6 m long. A deep-furrow rangeland drill technique 
(McGinnies 1959) was also used in each year. These furrows were 
12.5 cm deep by 6 m long. Seed was planted in four furrows of each 
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Table 1. Description of study sites. 

Precipitation Cover of morpho- Shrub foliar cover; grass 

Site Location 
(mid October-mid May) Soil logical surface soil and forb basal cover 

(cm) identification (%I) types (%I 

Lower Coils Creek 60 km northwest of 
Eureka in Eureka 
County 

Upper Coils Creek 60 km northwest of 
Eureka in Eureka 
County 

Panther Canyon 48 km south of 
Winnemucca, in 
Pershing County 

Paradise Valley 65 km north of 
Winnemucca, in 
Humboldt County 

Long term average-l 8 
mostly as snow.’ 
1974-75-18 
I975-76- I2 
1976-77-I I 
1977-78-20 

Long term average-l 8 
mostly as snow. 
1974-75-22 
1975-76- I4 
1976-77- 1 I 

Long term average-l 7 
mostly as snow. 
1974-75-24 
1975-76- 16 
1976-77- I2 

Long term average- 
17, mostly as snow. 
1974-75-17 
1975-76- IO 
1977-78-25 

Fine, montmorillonitic, Coppice-58 
mesic, Abruptic Interspace-42 
Xerollic 
Durargids 

Fine, montmorillonitic, Coppice-50 
mesic, Xerollic Interspace-50 
Durargids 

Fine, montmorillonitic Coppice- IO0 
mesic, Xerollic Interspace-O 
Haplargids 

Fine, loamy, mixed, Coppice-35 
mesic, Abruptic Interspace-65 
Xerollic Duragids 

Big sagebrush (Arremisia 
tridentala) 22.2 

Low sagebrush (Arremisia 
arbuscuie) I .4 
Sandberg bluegrass (Poa 
sandbergii) I. I 
Squirreltail (Siranion 
hysrrix) 0.02 

Big sagebrush 22.0 
Low sagebrush 1.7 
Yellowbrush (Chrysotham- 
nus vicidjflorus) 0.2 
Thurber needlegrass (Stipa 
rhurberiana) I .6 
Sandberg bluegrass I .6 
Squirreltail 0.7 

Big sagebrush 19.3 
Spiny hopsage (Grayia 
spinosu) I. I 
Sandberg bluegrass 6.7 
Great Basin wildrye 
(El_vmus cinereus) 0.7 
Cheatgrass 
(Bromus rectorum) 4.4 

Big sagebrush 16.5 
Gray horsebrush 
(Tetramia canescens) 0.2 
Crested wheatgrass 
(Agropyron desertorum) 0.7 
Squirreltail 0.5 
Sandberg bluegrass 0.3 
Cheatgrass I .3 
Tumble mustard 
(Sisymbriam altissimum) 
0.5 

‘Long term averages were taken from the closest weather station with at least 30 years of records. 

type at a rate of one seed per I .3 cm of row and covered with 1.5 cm 
of soil. Seed was also broadcast and covered by simulated cow 
trampling. Within each 6-m2 plot, nine randomly located 
hoofprint-sized microplots (11 cm2) were used for each species. 
Five seeds were placed in each microplot. The planter simulated a 
hoofprint by placing his boot heel on the seeds and rotating the 
boot horizontally 90”. The object of this treatment was to disturb 
the surface soil but not to compact the soil. Seed was also broad- 
cast with no simulated cow trampling on nine 30 cm2 microplots of 
each species within each 6-m2 plot. Twenty grass seeds or ten 
fourwing saltbush seeds were placed in each untrampled micro- 
plot. Each simulated seeding technique was replicated five times. 

Seedlings that emerged from coppice or interspace soil were 
counted in mid-May of each year. The number of grass seedlings 
was converted to percent emergence based on the number of seeds 
planted in rows or in the broadcast microplots. Since emergence of 
fourwing saltbush was very low, the stand was evaluated by dis- 
tance between established plants rather than by percent emergence. 
In the fall of 1976, the frequency of established grass and shrub 
plants per 30 cm of row or for each microplot in the broadcast 
treatment was determined for all variables tested in 1974and 1975. 
Frequency was not determined for the 1976 study, because the 
seeding failed, or for the 1977 study. A frequency of 100% indicates 
at least one established plant per 30 cm of seeded row or one plant 
for each microplot in broadcast treatments. A frequency of 50% 
indicates at least one established plant per 60 cm of row or one 
plant on at least half the microplots. Data were analyzed by an 
analysis of variance. Differences among means were evaluated 
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with Duncan’s multiple range test (P<O.O5). 

Seedling Emergence 
Precipitation 

Precipitation from October, 1974, through May, 1975, was aver- 
age to above average at all locations (Table 1) with below average 
rainfall in June and July. Precipitation from October, 1975, 
through May, 1976, was below the long-term average; however, 
summer rainfall was much above average (particularly at Paradise 
Valley) and ranged from 9 to 14 cm. Precipitation during 1976-77 
was much below average, resulted in a regional drought, and all 
seedings failed. This drought ended in 1977-78 with aboveaverage 
winter-spring precipitation and little summer rain. Overall seedling 
emergence followed the precipitation trend with higher emergence 
in 1974-75 (15.9%) and 1977-78 (14.3%) than in 1975-76 (7.0%). 
Soil moisture is the major limiting factor for seed germination and 
seedling emergence and establishment on semiarid rangelands in 
the Great Basin. Also, the risk of seeding failure increases particu- 
larly on problem surface soils because of the influence of hard 
surface crusts as indicated by modulus of rupture measurements 
(Table 2) and low infiltration rates (Blackburn 1975). 

Site 
In 1975, seedling emergence was greater at Paradise Valley and 

Upper Coils Creek than at the other two locations (Table 3). 
Emergence at all locations was higher in 1975 than in 1976, and at 
Paradise Valley and Lower Coils Creek emergence was highest in 
1975 and 1978, respectively. 
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Table 2. Mean particle size distribution (%), organic matter content (%), and modulus of rupture (mbars) of AI1 horizon at each site. 

Particle size Modulus of 
Surface soil 

Interspace 

Study site 

Lower Coils Creek 
Upper Coils Creek 
Panther Canyon 
Paradise Valley 

Sand Silt 

44 36 
29 49 
47 37 
42 46 

Clay 

20 
22 
16 
I2 

Organic matter rupture 

1.6 76 
2.1 61 
1.3 56 
0.6 84 

Coppice Lower Coils Creek 55 33 I2 3.6 I8 
Upper Coils Creek 36 48 I6 5.8 0 
Panther Canyon 46 38 I6 4.0 5 
Paradise Valley 42 44 14 3.5 0 

Seedbed Preparation and Seeding Method 
Plowing did not increase seedling emergence at any site and 

significantly reduced emergence from 17.9 to 13.7%at Upper Coils 
Creeks and from 12.3 to 5.7% at Paradise Valley, respectively. 
After plowing, coppice and interspace soils were not distinguisha- 
ble since the plowed surface slaked into a crust over the entire 
treated area. 

Seedling emergence in standard and deep furrows in 1975 was 
similar on three sites (Table 3). At Upper Coils Creek emergence 
was higher in deep than in standard furrows. This site has the 
greatest cover of perennial grasses (Table 1). Deep furrowing 
probably enhanced emergence by removing competing vegetation 
from the seeded row, while the standard-drill treatment placed seed 
directly into the competing vegetation. In the dry year of 1976-77, 
overall seedling emergence was greater in deep than in standard 
furrows. The difference between seeding methods was significant 
only at Upper Coils Creek but the trend at the other locations 
indicated a favorable response to deep furrows. Evans et al. (1970) 
showed that deep furrows improve the microclimate for seed ger- 
mination. In the wet year of 1977-78 differences between seeding 
methods were not significant. 

ment with simulated trampling, however, was as successful, or 
more successful, at Upper Coils Creek (16.7%) and Panther 
Canyon (16.5%) than were the furrowed treatments, but many 
seedlings died by early summer. The broadcast treatment with 
simulated trampling was not effective in 1975 at Lower Coils Creek 
or Paradise Valley (<4%) because of the strong surface crust, or in 
1976 or 1978 at any location. Emergence on the broadcast treat- 
ment without simulated trampling was very poor (<3%) in all years 
at all locations, and seedlings that did emerge died by early 
summer. 

Species 
Emergence was similar each year for crested wheatgrass and 

squirreltail seedlings and the average emergence of both species 
was significantly greater than emergence of Thurber needlegrass 
(Table 4). More seedlings of crested wheatgrass, squirreltail, and 
Thurber needlegrass emerged in the moist years of 1974-75 and 
1977-78 than in the dry year of 1975-76. 

Generally, more seedlings emerged in the standard and deep 
furrow seeding treatments than in the broadcast treatments (data 
not shown). Emergence in spring of 1975 on the broadcast treat- 

Table 3. Mean yearly emergence (%) for two seeding methods at four 
locations averaged over three grass species. Seeding failed in the drought 
year of 1976-77. 

Emergence of fourwing saltbush was very low, 0.8%. However, 
when seeded at the rate of one seed/ 1.3 cm of row, this rate of ’ 
emergence gave about 1 plant/m of row. The furrow treatments 
gave stands with distance between plants that varied from 0.9-8.4 
m, 1 S-20.3 m, and 1.2-2.1 m in the springs of 1975, 1976, and 1978, 
respectively. The broadcast treatment with trampling failed at 
Lower Coils Creek and Paradise Valley, but produced stands with 
34-121 m between plants at the other two locations. The broadcast 
treatment without trampling produced stands with 34 to 2280 m 
between plants at the Coils Creek sites, but planting failed at other 
locations. 

Soil Surface 
Seeding method 

Year of emergence Standard Deep Location 
and location furrow furrow mean 

1975 (Average ppt. year) 
Lower Coils Creek I 1.4 ayzr 13.6 ayz 12.5 y 
Paradise Valley 23.5 ax 17.6 ay 20.6 x 
Upper Coils Creek 15.3 by 22.1 ax 18.7 x 
Panther Canyon 9.5 az 10.1 az 9.8 y 

Seeding method mean 14.9 a 15.9 a 

1976 (Low ppt. year) 
Lower Coils Creek 3.6 ax 6.4 ax 5.0 x 
Paradise Valley 1.3 ax 5.8 ax 3.6 x 
Upper Coils Creek 4.5 bx 9.7 ax 7.1 x 
Panther Canyon 2.0 ax 6.0 ax 4.0 x 

Seeding method mean 2.8 b 7.0 a 

1978 (High ppt. year) 
Lower Coils Creek 18.6 ax 16.7 ax 17.6 x 
Paradise Valley 9.6 ay II.9 ay 10.8 y 

Seeding method mean 14.1 a 14.3 a 

1 Emergence means between seeding methods within year and location followed by the 
same letter (a or b) or means among locations within year and seeding method follow- 
ed the same letter (x, y, or z) are not significantly different at the 0.05 probability level 
as determined by Dunan’s multiple range test. 

In the spring of 1975, emergence of each species was higher from 
the coppice soil than from the interspace soil (Table 4). This 
response was attributed to the degree of impedance to emerging 
seedlings by a soil crust. Wood et al. (1978) indicated that varia- 
tions in crust strength were caused by differences in organic matter 
that affect aggregation of soil particles. The higher organic matter 
content of coppice soil (Table 2) resulted in a friable soil with no 
crust to impede seedling emergence. Emergence in 1976 and 1978 
tended to be greater from coppice soil, but the difference was 
significant only for squirreltail in 1976. The 1976 data reflect a dry 
year when total germination was reduced and any soil effect was 
not fully expressed. Lack of a soil-surface effect in 1978 is probably 
the result of a wet year in which precipitation was sufficient to 
maintain a soil moisture tension low enough to reduce crusting of 
the interspace soil. Wood et al. (1978) found similar results in a 
greenhouse study when interspace soil was kept wet. 

Plant Establishment 
Precipitation 

The long-term impact of a seeding treatment on a species is 
expressed by the abundance and distribution of established plants 
of that species. These parameters were evaluated by frequency of 
occurrence per 30 cm of seeded row. The average frequency of 
established plants in 1976 was greater from the 1974-75 seeding 
(51%) than from the 1975-76 seeding (30%) and was no doubt a 
response to higher emergence and survival in the average precipita- 
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Table 4. Mean emergence (70) for three grasses seeded in 3 years on two soil surfaces averaged over four locations in 1975 and 1976 and two locations in 
1978. Seeding failed in the drought year of 1976-77. 

Species 

Year of emergence 
and soil surface Crested wheatgrass Squirreltail Thruber needlegrass Soil mean 

1975 (Average ppt. year) 
Coppice 29.0 ax1 25.2 ax 9.6 bx 21.3 x 
Interspace 14.1 ay 11.5 ay 2.8 by 9.5 y 

Species mean 21.1 a 18.4 a 6.0 b 

1976 (Low ppt. year) 
Coppice 9.1 ax 8.3 ax I.0 bx 6.1 x 
Interspace 6.1 ax 4.4 ay 0.6 bx 3.7 x 

Species mean 7.6 a 6.4 a 0.8 b 

1978 (High ppt. year) 
Coppice 21.2 ax 18.4 ax 7.4 bx 15.5 x 
Interspace 15.6 ax 16.2 ax 6.2 bx 12.7 x s 

Species mean 18.4 a 17.3 a 6.8 b 

1 Emergence means among species within year and soil followed by the same letter (a or b) or means between soil surfaces and within year and species followed by the same letter 

(x or y) are not significantly different at the 0.05 probability level as determined by Duncan’s multiple range test. 

tion year of 1974-75 than in the below-average precipitation year of 
1975-76. 

Seedbed Preparation and Seeding Method 
Seedling emergence did not increase, and in some cases 

decreased on the plowed treatment. However, plant establishment 
was significantly increased by plowing from 30 to 46% (Table 5). 
Establishment was highest on the plowed treatment at Panther 
Canyon (55%) and at the Coils Creek sites, both 53% frequency. 
Establishment was poorest on the plowed treatment at Paradise 
Valley (24%) due to disturbance of the AI1 horizon and develop- 
ment of a massive crust, and on the unplowed treatment at Panther 
Canyon (16%), due to a dense stand of cheatgrass (Bromus tecto- 
rum). The combinations of location, plowing, and species that 
resulted in the best establishment were: crested wheatgrass on 
plowed soil at both Coils Creek sites (90% frequency), crested 
wheatgrass on plowed soil at Panther Canyon (84%), and squirrel- 
tail on plowed soil at Panther Canyon (81%). 

Specific reasons for the positive effect of plowing on establish- 
ment and growth of seeded species were not determined. Other 
than the obvious reduction in competitive vegetation, plowing 
could also improve soil tilth by incorporating surface organic 
matter, increase aeration and porosity, and modify the environ- 
ment by creating a very rough microtopography that would catch 
drifting snow, pond water, and increase the quantity of water 
percolating into the soil. 

Average frequency in 1976 from the 1974-75 seeding was similar 
in standard (36%) and in deep furrows (40%) (Table 5). On 
unplowed soil, however, establishment was enhanced by deep 

furrows (34%) compared with standard furrows (26%) and each 
grass species responded favorably to the deep furrow treatment. In 
plowed soil, average frequency of established plants was the same 
in both kinds of furrows; however, frequency of crested wheatgrass 
was significantly greater in standard furrows. 

Stand frequency of crested wheatgrass and squirreltail on the 
broadcast seeding with simulated trampling on plowed soil ranged 
from 22 to 82% (data not shown). Without trampling, frequencies 
were similar, but the highest value was 62%. Good seed coverage 
was obtained in plowed soil by the simulated trampling procedure. 
Even without trampling, enough “safe sites” (Harper et al. 1965) 
were available. The rough microtopography, together with some 
seed coverage by blowing soil, moderated the seedbed environment 
and permited germination, emergence, and establishment. Stands 
of Thurber needlegrass and fourwing saltbush were very poor or 
failures. 

Some establishment (17 to 44%) was obtained from broadcast 
seeding and simulated trampling on the unplowed treatment at 
Lower Soils Creek. Most of these plants were on the coppice soil 
where some microrelief occurred. On interspace soil, even with 
simulated trampling, seed coverage was not adequate for germina- 
tion, emergence, and establishment because seed was planted 
directly into the surface crust. Establishment was very low (2 to 
4%) on sites with competitive herbaceous vegetation. Establish- 
ment at Paradise Valley was very low (16%) because the interspace 
soil makes up most of the surface cover and most microplots were 
on this soil. 

Table 5. Mean frequency (%) per 30 cm of row of established grass and shrub plants in 1976 seeded by two methods on plowed and unplowed soil in 1974. 

Plowine treatment 
Unplowed Plowed 

Seeding method 

Species Standard furrow Deep furrow Species mean Standard furrow Deep furrow Species mean 

Crested wheatgrass 45 d’ 56 c 51 w 84 a 73 b 78 u 
Squirreltail 31 e 46 d 39 x 65 b 69 b 67 v 
Thurber needlegrass 18 g 27 ef 23 Y 17 g 24 e-g 20 Y 
Fourwing saltbush 7h 7h 72 19 gh 20 gh 20 Y 

Plowing mean 30 46 

‘Establishment means for seeding 

‘Establishment means for seeding methods followed by the same letter (a-h), and for species followed by the same letter (u-z) are not significantly different at the 0.05 level of 
probability as determined by Duncan’s multiple range test. 
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Table 6. Mean frequency (%) per 30 cm of row of established grass and 
shrub plants in 1976 on the unplowed soil at Lower Coils Creek for 
seedling emergence in spring 1975 (average ppt. year) or spring of 1976 
(dry year). 

Soil surface 

Species 

Coppice Interspace 

Year of Emergence 

1975 1976 1975 1976 

Crested wheatgrass 75 ai 77 a 62 ab 47 c 
Squirreltail 73 a 67 ab 50 bc 33 d 
Thurber needlegrass 63 ab 6 e 27 d Oe 
Fourwing saltbush 31 d 5e 24 d 6e 
Soil mean 60 38 41 22 

1 Establishment means followed by the same letter are not significantly different 

0.05 level of probability as determined by Duncan’s multiple range test. 
atthe 

Species 
The average frequency of established plants showed a significant 

difference among species: crested wheatgrass-65%, squirreltail- 
53%, Thurber needlegrass-22%, and fourwing saltbush- 13%. This 
same relation generally was true for both plowed and unplowed 
treatments (Table 5). All species except Thurber needlegrass had a 
much higher frequency in plowed soil than in unplowed soil. 

Soil Surface 
The average frequency of established plants in 1976 from plant- 

ings made in 1974 and 1975, respectively, was significantly greater 
in unplowed coppice soil (60 and 38%) than in unplowed interspace 
soil (41 and 22%) (Table 6). The difference in establishment 
between surface soils was attributed to the friable structure and 
non-crusting surface of the coppice soil that allowed more seed- 
lings to emerge. After emergence, higher water infiltration rate and 
more favorable soil moisture relations and nitrogen fertility (West 
and Klemmedson 1978) enhanced establishment of emerged see- 
dlings. The most significant interaction between the kind of soil 
surface and seeding method was found at Paradise Valley in the 
spring of 1975. The deep-furrow seeding method resulted in signifi- 
cantly lowerfrequency of established crested wheatgrass and squir- 
reltail plants (9 and 1 I%, respectively) compared to the 
standard-furrow seeding method (34 and 29%). The massive AIIv 
surface horizon at this site was disturbed and powdered by deep 
furrowing. When saturated, the soil along the berms of the furrows 
became unstable, and flowed together. Seed and seedlings were 
buried too deeply to emerge, and the micro-climate effect of deep 
furrows was also lost. 

Conclusions 

Descriptive criteria for selecting a successful site in the big 
sagebrush/ grass type include the density and size of big sagebrush. 
These characteristics are related to soil depth, soil moisture rela- 
tions, and soil fertility and indicate site quality for seedling estab- 
lishment and stand productivity. In areas of crusting soil surfaces 
the same shrub criteria can be related to suitable microsites for 
seedling emergence and establishment. For example, a dense stand 
of large shrubs each with a coppice about the size of the canopy 
would indicate a site with a large proportion of the land surface 
covered by soil with texture, structure, and moisture holding char- 
acteristics favorable for seedling emergence and establishment. 
Conversely, a site with a sparse shrub cover would indicate a poor 
site for seeding because most of the land surface would be covered 
with a soil with characteristics unfavorable for seedling emergence 
and estabiishment. 

Plowing was a good method of seedbed preparation based on the 
year and sites studied and generally improved establishment on 
sites with an understory of competitive herbaceous species. The 
advantages of plowing for plant establishment outweighed the 
disadvantages for seedling emergence. Even on the site with strong 

crust development, plowing did not reduce establishment com- 
pared to the unplowed condition. Although plowing was an effec- 
tive method of seedbed preparation, the high energy requirement 
might be a negative factor in benefit/cost analysis. Brush control 
that did not include plowing resulted in excellent stands of see- 
dlings and established plants on sites without an understory of 
competitive herbaceous species. Plant establishment, however, 
was much lower on unplowed soil at sites with an herbaceous 
understory. 

Seedling emergence and plant establishment were generally bet- 
ter in deep furrows than in standard furrows. This difference was 
more pronounced in years with average and below-average precipi- 
tation than in wet years. Deep furrows drastically reduced seedling 
emergence and establishment on the site with a well-developed 
AIIv horizon. On such sites, standard furrows should be used to 
reduce soil disturbance. Broadcast seeding, either with or without 
trampling, was a very inefficient and generally unsuccessful 
method of seeding these sites. Results from broadcast seeding may 
also be extrapolated to predict the probability of plant establish- 
ment under grazing management where competitive vegetation is 
present. 

Crested wheatgrass and squirreltail had good seedling emer- 
gence and plant establishment. Performance of squirreltail sug- 
gests the opportunity to include this native species in seeding 
mixtures if seed is available. Emergence and establishment were 
much less for Thurber needlegrass than for the other two grasses. 
However, in years of above average precipitation and by seeding in 
deep furrows, establishment of this species could result in about 
one plant in each 0.5 to 1.2 m of row. This species should be 
considered for inclusion in seeding mixtures if good seeding tech- 
niques are used and seed is available. Emergence and establishment 
of fourwing saltbush were good on some treatments and at some 
locations, but generally this species performed poorly by common 
standards. However, even with low frequency of established 
plants, distance between plants in the resultant stands of shrubs 
was <2 meters for the best treatments on the best sites, from 26 to 
55 meters for the less successful treatments, and from 142 to 573 
meters for the least successful treatments that did not result in 
complete failure. Fourwing saltbush should also be considered for 
use in seeding mixtures for sites where it is adapted and where good 
site preparation and seeding techniques are used. 
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RANGELAND 
HYDROLOGY 
by Farrei 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 manage- 
ment 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 the rapidly 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 state- 
ments. 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 andundergradu- 
ate 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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An Evaluation of 17 Grasses and 2 Legumes 
for Revegetation of Soil and Spoil on a Coal 
Strip Mine 
PAULA J. NICHOLAS AND WILLIAM J. MCGINNIES 

Abstract 

Seventeen grass species and two legumes were evaluated in a 
greenhouse study to determine their potential for revegetation of 
coal strip mine areas. Each species was grown in 25 cm of topsoil 
placed over 28 cm of mine-spoil or in 53 cm of spoil without 
topsoil. Herbage yields were seven times greater and root yields six 
times greater when the grasses were grown in topsoil than when 
grown in spoil without topsoil. When herbage production, root 
production, and crude protein were considered together and given 
equal weight, the five species with the highest combined ratings 
when grown in 25 cm of topsoil over spoil were tall fescue, hard 
fescue, Russian wildrye, western wheatgrass, and Arizona fescue. 
All grass species studied produced relatively low yields when 
grown in spoil without topsoil. Average herbage yields for the 
native and introduced grass species studied were similar, but intro- 
duced species averaged greater root production, particularly in 
spoil material. Two legumes, alfalfa and cicer milkvetch, produced 
much higher yields and higher crude protein than any of the grasses 
studied whether grown in topsoil over spoil or in spoil without 
topsoil. 

In reclamation of disturbed lands, establishment of a beneficial 
plant cover is essential for site stabilization and for the proposed 
future use of the area. Use of species adapted to the soil, climate, 
elevation, and exposure of the site has been suggested for success- 
ful establishment of vegetation (Cook et al. 1974, Currier 197 1, 
Plummer et al. 1968) on coal strip mine lands. However, relatively 
little has been reported on the actual growth patterns of these 
adapted plant species on reclaimed strip mine sites. 

Herbage growth patterns of plant species used for reclamation 
purposes are important to consider for site stabilization, game 
habitat, forage production, and aesthetic values. Studies in 
northwest Colorado (Berg and Barrau 1973, McGinnies and 
Nicholas 1980), North Dakota (Ries et al. 1977; Power et al. 1976, 
1978, 1979), Wyoming (Dollhopf et al. 1977, Schuman and Taylor 
1978), and Montana (Dusek 1975, Farmer et al. 1974, Hodder 
1973, Richardson et al. 1975) have evaluated the above-ground 
growth of several plant species, particularly grasses, grown on 
various depths of topsoil over spoil, topsoil and spoil mixtures, and 
in spoil alone. Several grass and legume species appear to produce 
adequate above-ground growth for reclamation purposes. 

Collecting root yield data is difficult, so very little is actually 
known about root growth patterns in undisturbed soils let alone in 
disturbed soils such as those created by the strip mining process. 
Hafenrichter et al. (1949, 1968) described normal root patterns for 
several grass and legume species used for soil conservation in the 
Pacific Northwest and the northern Great Basin. Weaver (1926, 
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1950), Weaver and Darland (1949), and others (Gist and Smith 
1948, Sprague 1933) have studied root systems in natural grassland 
communities and in croplands in several parts of the country. 

Root growth into spoil materials should contribute to the stabili- 
zation of disturbed sites, enhance soil development processes, and 
increase chances of plant survival during periods of drought. Roots 
below 50 cm normally comprise only a small fraction of the total 
root biomass but are extremely important in providing water and 
nutrients to plants late in the growing season. Schafer et al. (1977) 
found that 3 to 4 years were required before root systems of plants 
grown in mine spoils resembled those in natural soils in weight and 
distribution. In many of the youngest mine spoils, over 90% of the 
roots were found above 25 cm, which suggests that shallow roots 
develop first in reclaimed plant communities; even in old mine 
spoils, 63% of the roots occurred above 25 cm. 

In a previous study (McGinnies and Nicholas 1980), we found 
that above- and below-ground growth of intermediate wheatgrass 
and wheat increased with topsoil thickness (up to the 46 cm of 
topsoil thickness studied). When topsoil was placed over spoil 
under greenhouse conditions, intermediate wheatgrass produced 
more roots in the top 25 cm of topsoil and many more roots in the 
spoil below than did wheat, so it should provide better soil stabil- 
ity. In the field during the second growing season, stand ratings of a 
mixture of grasses increased with increased topsoil thickness (up to 
46 cm of topsoil). These results prompted further interest in eval- 
uating the growth characteristics of species currently used in 
revegetation programs when grown in topsoil over spoil and in 
spoil without topsoil. 

The greenhouse study was designed to (1) evaluate herbage and 
root growth of I7 grass and 2 legume species when grown in 25 cm 
of topsoil placed over spoil and in spoil without topsoil and to (2) 
determine the protein content of the herbage and roots of thegrass 
and legume species studied. 

Methods 

Topsoil and spoil material used in the study were obtained from 
Energy Fuels Mine No. 1. located 32 km (20 miles) southwest of 
Steamboat Springs, Colorado. Elevation was 2,135 m (7,000 ft) 
and average annual precipitation was 4 1 cm ( 16 in.). The soil was a 
Routt Loam and was classified as a fine, montmorillonitic Typic 
Argiboroll. Topsoil (primarily A horizon material) was obtained 
from an undisturbed sagebrush area. The spoil material was 
obtained from the Williams Fork Formation of the upper Cretace- 
ous Mesa Verde Groups and was of a mixture of shale and sand- 
stone. Topsoil and spoil characteristics are summarized in Table 1. 

Cans were made of galvanized metal (stove) pipes, 15 cm (6 
inches) in diameter by 6 1 cm (24 in.) in length, and were plugged on 
the bottom with a wood plug which allowed for drainage. The cans 
were filled with 28 cm (11 in.) or 53 cm (21 in.) of spoil material. 
Spoil material was passed through a 1.3-cm mesh screen to elimi- 
nate very large rock materials common to spoil. Twenty-five cm 
(10 in.) and 0 cm of topsoil were placed on top of 28 or 53 cm of 
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Table 1. Chemical and physical analyses of soil and spoil material used in the greenhouse study. 

Na HCOV 

PH’ SAR 
EC Kjeldahl extractable 

(mmhos/ N P Ca* Mg Na Sand Silt Clay 

cm) (PPW (meal 1) (%I 
Topsoil 5.9 0.04 0.32 2824 40 5.2 3.0 0.1 53 19 28 
Spoil 7.0 0.24 0.88 1825 4 23.2 26.2 1.2 42 30 28 

ISaturation paste. 
*Ca, Mg, and Na from saturation paste extract. 

spoil material, respectively. 
The greenhouse temperature averaged 22” C. Sunlight was aug- 

m&ted with sodium-vapor lights and light intensity ranged from a 
maximum PAR of 1000 PE me2 see-’ to a minimum of 100 PE mm2 
set-‘. Day length was 14 hours. 

Each can was planted on December 12, 1977, with 10 seeds of 
one of the 17 grass or 2 legume species. All species were planted l-2 
cm deep, except for timothy, orchardgrass, and hard fescue, which 
were planted 0.5 cm deep. Legume seeds were treated with inocu- 
lant. Four replications were made of each plant species on each of 
the two topsoil thickness treatments. Plants were thinned on Janu- 
ary 25, 1978, to leave the three most vigorous seedlings. 

Herbage was harvested on February 21, 1978, and again on 
March 30, 1978. Cans were split lengthwise in late May, 1978, and 
the soil and spoil were washed from the roots. The roots were 
separated from the herbage, and then the roots were separated into 
those growing in the topsoil and those growing in the spoil. All 
separated herbage and root material was oven-dried at 60” C and 

weighed. Total herbage production was the sum of the herbage 
harvests made in February, March, and May. 

Nitrogen content of all herbage and root materials was deter- 
mined using a modified Kjeldahl procedure (Isaac and Johnson 
1976). The data were converted to crude protein by multiplying % 
nitrogen by 6.25. 

Data were analyzed by standard analysis of variance techniques. 
Tukey’s “Honestly Significant Difference” test was used where 
needed to evaluate differences between means. The term “signifi- 
cant” is used in this paper to refer to statistical significance at a 
probability equaling or exceeding 0.05. 

Results and Discussion 

All species produced more herbage and more roots in the topsoil 
treatment than in the spoil alone treatment. Root production was 
greater in the topsoil than in the underlying spoil or in the upper 25 
cm of the spoil alone treatment (Fig. 1). The higher yields from the 

BIOMASS YlELD (g/can) 

GROUP I 
ARIZONA FESCUE 

HARD FESCUE 

GROUP II 

TIMOTHY 

ORCHAROGRASS 

GROUP III 

MOUNTAIN BROME 

SLENDER WHEATGRASS 

GROUP IV 

TALL FESCUE 

RUSSIAN WILDRYE 

25 CM TOPSOIL OVER SPOIL SPOIL ALONE 

INTERMEDIATE WHEATGRASS 

PUBESCENT WHEATGRASS 

WESTERN WHEATGRASS 

GROUP V 
THICKSPIKE WHEATGRASS 

BEARDLESS WHEATGRASS 

STREAMBANK WHEATGRASS 

DESERT WHEATGRASS 

SMOOTH BROME 

BASIN WILDRYE 

HERBAGE YIELD 0 

ROOT YIELD 
ABOVE 25 CM a 

BELOW 2S CM H 

Fig. 1. Herbage and root production of the 17 grasses grown in 25 cm of 
topsoil over spoil and in spoil alone in the greenhouse. Group I$ne-leaf 

fescues; Group II, pasture grasses; Group III, short-lived native grasses; 

Group IV, grasses with 35 to 45% of root growth in spoil under topsoil; 
Group V, other grasses. 
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topsoil treatment confirm and augment previously reported results 
(McGinnies and Nicholas 1980). Soil moisture was adequate in 
both topsoil and spoil materials and there were no known physical 
or chemical impediments to plant growth in the spoil material. 
Therefore. the increased yield in the topsoil treatment is believed to 
result from higher available nitrogen and phosphorus levels in the 
topsoil material (McGinnies and Nicholas 1980). 

For purposes of discussion, the grass species studied have been 
grouped on the basisofthe rootgrowthcharacteristics, life history, 
whether native or introduced, and productivity (Fig. I). The survi- 
vat and productivity of vegetation on reclaimed lands probably 
depends on the ability of plant species to extend a substantial 
portion of their root system through a relatively shallow topsoil 
layer and into the underlying spoil material. Roots growing into 
spa11 materuls can be expected to contribute to the stability of 
disturbed sites, enhance soil development processes, and increase 

chances of plant survival. 

Group I 
The first group includes the two fine-leaved fescues studied, 

Arizona fescue (Fesruco orizonico) and hard fescue (Fesruca ovina 
duriusrula). Both grasses formed a dense mat offinerootsnearthe 
soil surface,and relativelyfew rootspenetrated intothespoil below 
the 25 cm of topsoil, Hard fescue, an introduced bunchgrass, 
normally develops high root yields in the upper 20 cm (8 inches) of 
the soil profile (Hafenrichter et al. 1968). When grown in 25 cm of 
topsoil over spoil, hard fescue produced high root yields in the 
upper 25 cm, high total root yields, and high total biomass yields 
relative to the other grass species studied; however, root yields 
below 25 cm were low (Fig. 2, upper left). Root yields of hard 
fescue were high when it was grown in spoil without topsoil, but 
again, these roots were located near the soil surface. 



Arizona fescue, a native bunchgrass, also produced high root 
yields in the upper 25 cm and high total biomass yields when grown 
in topsoil over spoil. When grown in spoil alone, it produced low 
root yields above and below 25 cm, and therefore, a very low total 
biomass. This may be an example of a climax species being unable 
to make satisfactory growth in a pioneer situation. 

Group II 
The second group includes two normally high yielding, although 

generally short-to-medium lived, introduced pasture bunchgrass 
species, timothy (Phleum pratense) and orchardgrass (Dactylis 
glomerata). Timothy produced high root yields when grown in 
topsoil, but also the lowest root yields of all grasses studied when 
grown in spoil without topsoil (Fig. 2, upper center). 

Compared to that by timothy, herbage production by orchard- 
grass was lower, although root growth in spoil without topsoil was 
greater. Orchardgrass normally produces a dense mass of medium- 
sized roots and has been useful elsewhere for soil conservation 
purposes (Hafenrichter et al. 1968). 

Group III 
Two rapidly developing, short-lived, native bunchgrasses, 

mountain brome (Bromus marginatus) and slender wheatgrass 
(Agropyron trachycaulum), comprise the third group. Both 
grasses have been fairly easy to establish in field plantings. In the 
greenhouse, herbage production of mountain brome and slender 
wheatgrass was average relative to other species studied whether 
grown in topsoil or in spoil without topsoil. When grown in 
topsoil, these two species both produced low root yields; however, 
both produced more roots that penetrated into the spoil below the 
25 cm of topsoil than did any species in Groups 1 or II. Mountain 
brome produced average root yields and slender wheatgrass pro- 
duced poor root yields when grown in spoil alone. Both speciesare 
fairly common invaders in disturbed areas, so it was a surprise to 
find that they did not produce better root systems when grown in 
spoil (Fig. 2, upper right). 

Group IV 
The fourth group includes tall fescue (Festuca arundinacea), 

Russian wildrye (Elymus junceus), pubescent wheatgrass (Agro- 
pyron intermedium var. trichophorum), intermediate wheatgrass 
(A. intermedium), and western wheatgrass (A. smithii). These five 
species demonstrated moderate to high root production in the 

topsoil but had 35 to 45% of the total root mass occurring in the 
spoil underlying the 25 cm of topsoil. They also generally produced 
high root yields when grown in spoil without topsoil. Tall fescue, 
an introduced and naturalized bunchgrass, is normally considered 
a good ground cover because of the large amount of coarse, tough 
roots produced in the upper 20 cm (8 inches) of the soil profile and 
because it usually producesgood yields on poorly drained soils and 
on wet saline or saline-alkali soils (Hafenrichter et al. 1968). How- 
ever, it will usually not endure long periods of drought. Tall fescue 
produced and second greatest herbage and total root growth of all 
grasses studied whether grown in topsoil over spoil or in spoil 
without topsoil (Fig. 2, lower left). 

Root production of Russian wildrye, an introduced bunchgrass, 
was almost as great as that of tall fescue, but Russian wildrye 
produced considerably less herbage growth (Fig. 2, lower center). 
Russian wildrye has shown the greatest persistence of those species 
tested at intermediate elevations in western Colorado (McGinnies 
unpublished data). 

Intermediate wheatgrass, an introduced sodgrass, produced the 
highest root yields in the greenhouse of all grass species tested when 
grown in spoil without topsoil; however, its herbage production 
was only average. Pubescent wheatgrass is taxonomically similar 
to intermediate wheatgrass. It is usually considered to be a vigor- 
ous introduced sod-forming grass that is very productive and 
persistent on harsh sites. While herbage production of pubescent 
wheatgrass was amongst the lowest of the grasses studied, its root 
production was above average whether grown in topsoil or in spoil. 
Both intermediate and pubescent wheatgrass have been planted 
extensively in northwest Colorado. 

Western wheatgrass, normally a vigorous native sodgrass, pro- 
duced slightly below average root yields, but herbage yields were 
third highest of all grasses tested when grown on topsoil. When 
grown in spoil without topsoil, it produced average root yields but, 
again, above average herbage yields. 

Group V 
The fifth group was comprised of sixgrass species that did not fit 

into any one of the preceding groups. Thickspike (Agropyron 
dasystachyum), beardless (A. spicatum var. inerme), streambank 
(A. riparium), and desert wheatgrasses (A. desertorum), smooth 
brome (Bromus inermis), and basin wildrye (Elymus cinereus) 
were mostly average or below average in both herbage and root 
production compared to the other grasses studied. Their root 

Table 2. Average protein content (%) of herbage and root materials of 17 grasses grown in 25 cm of topsoil over spoil and in spoil alone. 

Spoil alone Topsoil 

Roots Roots 

Species Herbagel Upper 25 cm Below 25 cm Herbagel Upper 25 cm Below 25 cm 

Thickspike wheatgrass 5.94 4.75 4.25 7.06 5.69 4.75 
Desert wheatgrass 9.06 5.38 4.8 1 10.94 6.8 I 5.19 
Beardless wheatgrass 10.94 5.06 5.56 6.50 6.25 4.69 
Intermediate wheatgrass 8.8 1 4.88 4.69 8.63 5.06 3.94 
Western wheatgrass 6.94 5.81 5.06 9.94 6.31 5.38 
Streambank wheatgrass 6.06 4.38 4.38 8.00 6.25 5.06 
Pubescent wheatgrass 8.06 5.00 4.25 8.06 5.31 3.75 
Slender wheatgrass 7.63 4.69 5.00 1 I .06 7.50 5.94 
Smooth brome 7.44 5.06 4.00 5.81 5.06 4.56 
Mountain brome 7.06 4.44 4.19 7.31 5.25 4.00 
Orchardgrass 5.88 4.63 4.38 7.38 5.44 5.31 
Basin wildrye 9.56 7.69 5.8 I 8.19 7.13 6.56 
Russian wildrye 10.75 4.94 5.3 I 10.75 7.19 5.50 
Arizona fescue 7.19 4.69 -2 6.75 4.56 
Tall fescue 7.8 1 5.63 4.50 9.25 5.00 5.00 
Hard fescue 9.13 5.8 I - 9.56 5.06 
Timothy 3.94 5.13 - 8.38 5.50 - 

Tukey’s HSD (0.05) 3.75 N.S. I .06 N.S. 1.94 I .25 

‘Nitrogen was determined for herbage from the third clipping only. 
?Not enough root material for a nitrogen analysis. 
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Table 3. Average protein content (%) of herbage and root materials of two legumes grown in 25 cm of topsoil over spoil and in spoil alone. 

Spoil alone Topsoil 
Roots Roots 

Species Herbagel Upper 25 cm Below 25 cm Herbagel Upper 25 cm Below 25 cm 

Cicer mil kvetch 2 I.062 10.38 10.75 17.31 8.75 10.00 
Alfalfa 18.25 7.00 13.63 19.88 5.63 7.8 I 

Average 19.66 8.69 12.19 18.60 7.19 8.9 I 
‘Nitrogen was determined for herbage from the third clipping only. 
ZDifferences between species for % protein not significantly different for herbage or roots. 

growth into the spoil below the 25 cm of topsoil was only average. 
Thickspike wheatgrass, a native rhizomatous grass, produced 
good root growth below 25 cm, and yet, in general, it produced a 
low total root yield. 

Beardless wheatgrass, a native bunchgrass, demonstrated a defi- 
nite preference for topsoil. This may be another example of a 
climax species requiring a good soil for successful growth. 

Streambank wheatgrass, a native sodgrass that usually produces 
a good cover because of its strong rhizomes, had slightly better 
than average herbage and root growth when grown in spoil alone. 

Desert, or crested wheatgrass was very disappointing in regard 
to both herbage and root production when grown in topsoil placed 
over spoil, but was slightly above average in both regards when 
grown in spoil without topsoil. Desert wheatgrass has been suc- 
cessfully established and maintained on extensive acreages in 
northwest Colorado. 

Smooth brome is a widely adapted, introduced sodgrass often 
noted for its high yields of forage, roots, and seed. In the green- 
house, smooth brome produced disappointing herbage yields when 
grown in topsoil over spoil; however, root yields were above the 
average of the other species tested. When grown in spoil without 
topsoil, it produced near average root and herbage yields. 

Basin wildrye is a robust, native bunchgrass adapted to a variety 
of sites and commonly found on poor soils and disturbed sites such 
as road cuts and fills. In the greenhouse, basin wildrye produced 
below average herbage and root yields relative to the other species 
studied when grown in topsoil over spoil. When grown in spoil 
without topsoil, its root production was much below average. This 
was unexpected since established stands of basin wildrye have been 
known to survive extended periods of summer drought on harsh 
sites. 

Group VI 
The two legumes studied, alfalfa and cicer milkvetch, comprise 

the sixth group (Fig. 3). Herbage production by both legumes was 
an average of 225Ycgreater than the herbage production ofall grass 
species tested when grown in spoil without topsoil, and 42% greater 
when grown in 25 cm of topsoil placed over spoil. Root production 

ROOTS HERBAGE 

ALFALFA 

CICER 
MILKVETCH 

YIELD (g/can) 

Fig. 3. Herhage and root production qf the two legumes studied in the 
greenhouse grown in 25 cm of topsoil over spoil and in spoil alone. 

by the legumes was almost three times the average root production 
of the grasses when grown in topsoil over spoil; when grown in 
spoil alone, root production by the legumes was 16 times greater 
than the average root production of the grasses. The increased 
yields of both herbage and roots is probably due to the ability of the 
legumes to fix nitrogen, which, in turn, can stimulate growth. 
Nodulation was observed on legume roots in all replications in 
both topsoil and spoil. 

Alfalfa had slightly higher herbage and root yields than cicer 
milkvetch. Alfalfa produced an abundance of roots in the spoil 
under the 25 cm topsoil treatment and in the spoil-alone treatment 
(Fig. 2, lower right). 

Cicer milkvetch produced slightly less herbage and root growth 
than alfalfa and had a slightly lower proportion of roots in the spoil 
under the topsoil than alfalfa. However, the differences between 
these two legume species are probably not great enough to be of 
any concern. 

Native vs. Introduced Grasses 
Nine of the 17 grass species studied in the greenhouse were 

introduced species and eight were natives. Average herbage pro- 
duction of native and introduced species was similar and the 
herbage yields comprised nearly equal proportions of the biomass 
yields when grown in spoil without topsoil (62% vs. 60% for native 
and introduced species, respectively). When grown in topsoil, aver- 
age herbage yields of native species were higher than the average 
herbage yields of the introduced species and made up a greater 
proportion of the biomass (70% vs. 60%). However, average total 
root yields of introduced grasses made up a significantly greater 
proportion of the biomass than root yields of native grasses 
whether grown in topsoil over spoil (40% vs. 30%) or in spoil 
without topsoil (46$% vs. 38%). The proportion of total root yield in 
the upper 25 cm of the soil profile compared to the proportion 
below 25 cm for introduced and native species was similar whether 
grown in topsoil or in spoil without topsoil. 

Protein Content 
There was no significant difference in the average percent crude 

protein of grass herbage (Table 2) when species were grown in 25 
cm of topsoil over spoil (8.45%) and in spoil alone (7.78%). How- 
ever, roots of grasses grown in topsoil contained significantly more 
protein (5.41%) than roots grown in spoil alone (4.95%). 

Average crude protein content of legume herbage was similar for 
the two species (Table 3) whether grown in topsoil or in spoil alone 
(18.60% and 19.6670, respectively). In contrast to the grasses, 
legume roots grown in spoil generally contained more protein than 
roots grown in topsoil (10.47% and 8.05%, respectively). 

Protein content of roots is particularly important for soil devel- 
opment processes. When the roots die and decay, their nitrogen is 
incorporated into soil nitrogen pool and the higher the protein 
content of the roots, the more nitrogen that will be released into the 
nitrogen pool. This can be extremely important when spoil mate- 
rials are deficient in nitrogen. 

Conclusions I 

Successful reclamation of coal strip mine lands can be achieved 
when the plant species chosen possess suitable growth characteris- 
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tics that will enhance soil stabilization and soil development on the 
disturbed site. These desirable growth characteristics include high 
herbage production, a relatively dense root system that dominates 
the topsoil, and good root penetration into the spoil underneath 
the topsoil. All of these growth characteristics are rarely possessed 
by a single species. Furthermore, monocultures may not be desira- 
ble for long-term revegetation purposes or even be permitted by 
regulatory agencies. By selecting a mixture of species with various 
suitable growth characteristics, revegetation of disturbed lands can 
be most successful. 

Several of the grass species and both legumes studied in the 
greenhouse produced adequate above- and below-ground growth 
for revegetation purposes when grown in 25 cm of topsoil over 
spoil. If herbage production, root production, and crude protein (a 
major factor in forage quality) are considered together and given 
equal weight, the five grass species with the highest combined 
scores were tall fescue, hard fescue, Russian wildrye, western 
wheatgrass, and Arizona fescue. However, hard and Arizona 
fescues did not make good root growth into the spoil material, and 
thus should probably be considered only as components of a 
mixture of grass species. Both legumes, alfalfa and cicer milkvetch, 
produced much higher yields and had higher percentages of crude 
protein in both herbage and roots than any of the grasses studied. 

When grown in spoil without topsoil, all of the grass species 
studied produced low yields compared to their yields when grown 
in topsoil over spoil. Again, both legumes produced much higher 
herbage yields, root yields, and crude protein contents than any of 
the grasses studied. These two legumes could be beneficial in most 
reclamation programs whether grown in topsoil over spoil or in 
spoil alone because of their ability to fix N and to develop large and 
deep root systems. 

The results reported in this paper are entirely from greenhouse 
studies. Extensive field observations are now needed to corrobo- 
rate the findings reported here. 
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Punch Planting to Establish Grass 

VICTOR L. HAUSER 

Abstract 

Perennial grasses are difficult to establish from seed in the 
Southern Great Plains. The conventional planting practice is to 
plant grass seeds 1 to 2 cm deep in the soil; but that soil layer often 
dries quickly, thus preventing plant establishment. I investigated 
punch planting, which may avoid the problem of soil drying 
around grass seeds. Punch planting is defined as the placement of 
seeds in open, small-diameter holes, punched in the soil to a much 
greater depth than conventional planting. Under drying condi- 
tions, punch planting produced satisfactory stands for 5 grasses, 
but conventional planting produced failures. Where the soil was 
kept wet, both methods produced satisfactory grass stands. Opti- 
mum depth of punch planting was related to seed size and seedling 
vigor. Small-diameter holes (0.6 cm) produced best plant emer- 
gence, because soil at the bottom of these holes dried slower than at 
the bottom of large holes. Punch planting may offer a solution to 
the problem of seeding failures. 

Native grasses, legumes, and other forage plants are often diffi- 
cult to establish in both pasture and range conditions. Seeding 
failures are costly because seedbed preparation, seed, and seeding 
costs are lost, and production is lost from the land for one or more 
years. 

A 3-year study of grass seeding in the Great Plains (Great Plains 
Council 1966) showed that seeding failures were most common in 
the Southern Great Plains, and that more than 50% failures 
occurred even in humid areas. Weather conditions often deter- 
mined the degree of success or failure, and fallowed seedbeds or 
planting in crop stubble improved the chances for successful estab- 
iishmeit. However, even the best treatments produced numerous 
failures. 

Germination and establishment of grasses or legumes require 
that several factors or conditions be within some adequate range in 
the seed zone. Soil and air temperatures and soil water content are 
among the most critical conditions. Temperature can be controlled 
partially by selecting planting date wisely. However, soil water is 
often a serious limiting factor in the Southern Plains because the 
top 2 cm of soil, where grass seeds are planted, dries very quickly. 

Dowling and Smith (1976) reported that plant establishment for 
two Australian pasture grasses and two legurhes was linearly 
related to available soil water during the first 6 weeks after sowing 
seeds on the soil surface. Army and Hudspeth ( 1960) found that, in 
summer on the Texas High Plains, the top 1.3 cm of Pullman silty 
clay loam soil dried from field capacity to wilting point within 1 
day. Wiegand ( 1962) showed that during summer the top 2 cm of a 
sandy clay loam dried from field capacity to wilting point within 2 
days in the Lower Rio Grande valley of Texas. Reginato (1975) 
reported that the top I cm of a loam soils at Phoenix, Arizona, 
dried from near field capacity to the wilting point within 4 hours in 
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winter. The seeding zone for grasses’(upper 2 cm of soil) can often 
dry to wilting point in I day in the Southern Plains; however, grass 
seeds require several days in moist soil to germinate and produce 
seedlings with roots longenough to reach moist soil below the 2-cm 
depth. 

Cary (1967) demonstrated that lettuce and carrots could be more 
easily established by punch planting than by conventional 
methods. In punch planting, the seeds are placed in the bottom of 
an open hole that is deeper than normal planting depth (Fig. 1). 
The soil at the punch planting depth remains wet much longer than 
that at the conventional planting depth. Cary and Heinemann 
(1977), Heinemann et al. (1973), and Wilkins et al. (1979), who 
invented and tested punch planting machines, showed that punch 
planting was better than conventional planting for some vegetable 
crops. 

I studied punch planting to determine if it is a better way to 
establish numerous, healthy grass plants. 

Methods 

The studies reported here were conducted in the greenhouse. 
Field studies were also completed but the data are not reported in 
this paper because they are for 1 year only. The soil used in the 
greenhouse was Crockett sandy loam from Falls County, Texas 
(Wyrick 1978). Six boxes, which were 63.5 cm square and 91 cm 
deep, were filled with air-dried, sieved soil and placed in an air- 
conditioned greenhouse. A 5-cm-thick sand filter was placed in the 
bottom of each box to permit drainage. After initial wetting, 
tensiometers were inserted in each box at the 15- and 30-cm depth. 
Free water evaporation was measured daily from tubular brass 
containers 6.35 cm in diameter and 17.1 cm deep, which were 
buried with 2.5 cm protruding above the soil in 2 boxes. The water 
level in the brass tubes, was maintained near the level of the soil 

r OPEN HOLE 

PuNcti KANTING 
Fig. 1. Schematic diagram of punch planting vs. conventional planting. 
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surface. Soil temperatures were measured by thermocouples, air 
temperature and humidity were measured by a standard hygro- 
thermograph; and soil water was measured gravimetrically at seed- 
ing and test termination, and daily by the tensiometers. 

The holes for punch planting were made with bullet-nosed steel 
rods of the appropriate diameter, that were inserted into the soil 
through a template. Conventionally planted seeds were placed in 
furrows of appropriate depth, quickly covered with moist soil, and 
compacted to simulate field planting. Punch-planting depth was a 
variable under study. 

The grasses planted were: I. weeping lovegrass (Eragrostis cur- 
vula); 2. kleingrass (Panicum coloratum); 3. TAM wintergreen 
hardinggrass (Phalaris aquatica); 4. Kentucky 3 1 tall fescue (Fes- 
tuca arundinacea); and 5. eastern gamagrass (Tripsacum dacty- 
Zoides). The average number of seed per gram for each grass is as 
follows: lovegrass, 3300; kleingrass, 1000; hardinggrass, 750; 
fescue, 450; and gamagrass, 16. 

It is possible that punch planting might be successful for one or 
two species and not for others. Therefore, this set of grasses was 
chosen for these experiments because it contains a large range in 
seed size and difficulty of establishment, and both warm- and 
cool-season grasses. Lovegrass seeds are very small but they are 
relatively easy to establish. Kleingrass is difficult to establish (Wes- 
ter and Dahl 1977). Eastern gamagrass has very large seed, can be 
planted up to 5 cm deep, and those few seeds that germinate 
produce very robust seedlings. The two cool-season grasses differ 
greatly in ease of establishment: fescue is easily established but 
hardinggrass is difficult to establish in the field. 

The germination rate was highly variable between seed lots and 
species; therefore, germination tests of each seed lot were run as 
specified by the Association of Official Seed Analysts (1970). The 
number of seeds planted per treatment row was adjusted according 
to the germination rate of the seed being used. The germination 
rate varied as follows: lovegrass, 94 and 95%; kleingrass, 57, 74, 
and 87%; hardinggrass, 42 and 68%; fescue, 87%; and gamagrass, 
50%. Either 10, 20, or 30 seeds (1,2, or 3 seeds per punched hole) 
were planted per row to give 9 or more live seeds per row. Captan 
was applied to the seeds to control seedling diseases on all 
treatments. 

The greenhouse environment was kept dry to simulate the field 
environment for grass seeds and seedlings. Sometimes, as noted in 
the results section, water was added to all boxes after planting to 
simulate natural showers or to avert complete failure for the test. 
Water evaporation rates ranged between 0.6 and 1.3 cm per day, 
and air and soil temperatures were maintained within the optimum 
range for each grass under test in the greenhouse. 

I conducted six tests that included several variables in addition 
to conventional and punch planting, the primary variables. The 
hole diameter may affect the drying rate of the hole bottom and 
thus affect germination. The hole depth may also affect the drying 
rate of the hole bottom but the food reserves and seedling vigor of a 
particular grass is a limiting variable. Surface mulches are com- 
monly accepted as beneficial to seedling establishment and may 
affect the success of punch planting. Seed size and seedling vigor 
may permit some seeds to be planted deep enough by conventional 
methods to negate any benefits due to punch planting. Therefore, I 
tested all of these variables. 

In test la I compared conventional and punch planting methods 
with ample water provided after planting for lovegrass and klein- 
grass (warm-season grasses) and for hardinggrass (cool-season 
grass). In test lb 1 compared conventional and punch planting 
methods for lovegrass and kleingrass under dry conditions. All 
punch-plant holes were small (0.6 cm dia.) and 4 times theconven- 
tional planting depth. 

In test 2 I evaluated the effect of hole diameter and included 
conventional planting as a check treatment. Lovegrass was chosen 
as the test grass because it is an easily established warm-season 
grass. Water was added to the soil surface on day 11 to avert severe 
drought damage. In two treatments, the seeds were covered with 
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1.3 cm of dry or wet vermiculite in large diameter holes to conserve 
water around the seed. 

In test 3 1 compared conventional and punch planting methods 
for both bare soil and mulch cover. The mulch was bermudagrass 
hay cut 10 to 15 cm long, that was applied at 2500 kg/ ha to the 
surface of three boxes. I chose fescue for this test because it is a 
cool-season grass that is normally easy to establish in the field. 
Since the soil at the bottom of the punch hole was compacted by 
the punch, the hole in one treatment of this test was made by 
coring, to eliminate compaction. 

In test 4 I evaluated the effect of hole depth on germination and 
growth of kleingrass. The greenhouse climate was dry and no water 
was applied after planting. 

In test 5 I evaluated the interaction of grass species (lovegrass 
and kleingrass) with hole depth. Lovegrass seeds are very small but 
they produce fast-growing seedlings. Although kleingrass seeds are 
much larger, they produce less vigorous seedlings. 

In test 6 I compared conventional and punch planting methods 
for gamagrass and evaluated the effect of hole depth on emergence 
of plants produced by these very large seeds. Because the germina- 
tion percentage of gamagrass seeds is low, I planted both ungermi- 
nated and germinated seeds. The germinated seeds had radicles 
that were less than 2 mm long when they were planted. 

The experiments were ended when seedling emergence stopped. 
The results were expressed as percent emergence of the live seed 
planted, as determined by the standard germination test. The 
differences between means were tested by standard analysis of 
variance and Duncan’s multiple range test (5% level), as described 
by Little and Hills (1972). The arcsine transformation did not 
affect the outcome of the statistical analysis. 

Results 

In the greenhouse tests, the surface soil dried rapidly like the 
drying of field soil reported in the literature. The data shown in 
Figure 2 are typical of measured soil-water content in the green- 
house tests and resemble measured soil-water distribution in the 
field. The soil at both the 15- and the 30cmdepths was wetter than 
field capacity during all tests except one, when suction at the 30-cm 
depth only was 0.7 atmospheres. 

The effects of surface soil-water supply on the effectiveness of 
punch planting is shown in Table 1. When the soil surface was kept 
wet after planting, emergence was similar for each planting method 
and species; however, under dry conditions lovegrass emergence 
was markedly better for punch planting. Even though hardinggrass 
is often difficult to establish in the field, it produced excellent 
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Fig. 2. Typical soil water distribution (7% by wt.) in the surface layers of 

greenhouse soil 1, 3, and 10 days after irrigation, in relation to the 
conventional or punch planting soil zones (0.5 cm water added after 
sampling on day 3. 
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Table 1. Comparison of conventional and punch planting treatments in 
0.6-cm diameter holes, under either wet or dry conditions, test la and lb. 

Emerged’ 

Treatment Wet test2 Dry test3 
(%) (%) 

Lovegrass 
Conventional, 0.6 cm deep 52 c4 4b 
Punch 2.5 cm deep 63 cb 33 a 

Kleingrass 
Conventional, 1.3 cm deep 48 c Ob 
Punch 5.1 cm deep 42 c 11 b 

Hardinggrass 
Conventional, 1.3 cm deep 90 ab - 
Punch 5.1 cm deep 96 a - 

‘Plants emerged above ground as a percentage of live seed planted. 
IWell watered for first 20 days. 
3Emergence at 14 days after planting. no water added. 
“Within each column values followed by the same letter do not differ significantly ac- 
cording to the Duncan multiple range test. 

emergence in this wet test. Hardinggrass was not planted in the dry 
test to allow space for more replication of lovegrass and kleingrass. 
The dry test (1 b) was terminated after 14 days, which later experi- 
ments showed was insufficient time for punch-planted kleingrass 
to fully emerge. 

Punch-planting holes should be as small as possible to reduce 
drying; however, it is easier to plant seeds in larger holes. Under dry 
conditions, the bottom of a 0.6-cm diameter hole dried slowerand 
produced greater emergence than did the 2.5-cm diameter holes 
(Table 2). Although lovegrass is relatively easy to establish, con- 
ventional planting did not produce a satisfactory stand of plants in 
this test. The wet vermiculite which covered the seeds in this test 
also produced satisfactory emergence. 

Table 2. The effect of hole diameter and planting treatment on emergence 
and total live plants of lovegrass under dry conditions, evaluated 18 days 
after planting, (0.6 cm of water added 11 days after planting), test 2. 

Treatment 

Conventional, (0.6 cm deep) 
Punch plant (2.5 cm deep) 

0.6 cm dia., open hole 
1.3 cm dia., open hole 
2.5 cm dia., open hole 
2.5 cm dia., i- 1.3 cm dry 

vermiculite 
2.5 cm dia., + 1.3 cm wet 

vermiculite 

‘See footnote I, Table I. 

Emerged’ Live plants* 
(%) (%) 

1 c3 1 b 

30 a 47 a 
25 ab 57 a 

oc 1 b 

8 bc 38 a 

22 ab 51 a 

?Total live plants above or below ground surface as a percentage of live seed planted. 
See footnote 4, Table I. 

In test 3, mulching significantly improved emergence for the 
punch plant treatment, but, although fescue is relatively easy to 
establish in the field, conventionally planted fescue produced no 
plants. Seed planted in the small punch-plant holes produced 
significantly more plants than conventional planting with or with- 
out mulch. Plant emergence from the large diameter holes covered 
by mulch was satisfactory, but it was very poor without mulch. 
Forming the hole by coring, to reduce soil compaction in the 
bottom of the hole, did not improve emergence (Table 3). 

The hole depth in punch planting is important. If the hole is too 
shallow, the seed zone will dry too quickly, but, if the hole is too 
deep, the energy stored in the seed will be exhausted before the 
plant reaches the surface. The maximum hole depth for kleingrass 
is 5 cm or less (Table 4 and 5). Fewer seeds germinated in the deep 

Table 3. The interaction of mulch and punch planting treatment on the 
emergence of fescue, 22 days after planting (0.6 cm. water applied on day 
8), test 3. 

Treatment 

Conventional, 1.3 cm deep 
Punch plant 5.1 cm deep 

Punch plant, 0.6 cm dia. 
Punch plant, 2.5 cm dia. 
Cored hole, 2.5 cm dia. 

Mean3 

Mulch 
(%) 

0 c2 

85 a 
81 a 
77 a 
61 

Emerged’ 

No mulch 
(%) 

oc 

60 ab 
8c 

29 bc 
24 

‘See footnote I, Table 1. 
2Values which are followed by the same letter do not differ significantly according to 
Duncan multiple range test. 
3Mean values for mulch treatments are significantly different at the 5% level. 

holes than in the shallow holes and most or all plants died in the 
deep holes (Table 4). I did not determine the cause of poor germi- 
nation and plant death in the deep holes. 

Table 4. The effect of punch-planting hole depth on emergence of klein- 
grass, 21 days after planting in 0.6-cm diameter holes(no water applied 
after planting), test 4. 

Hole depth 
cm 

Emerged’ 
(%) 

Live2 
plants 

(%) 

Live plus3 
dead plants 

(%) 

2.5 49 a4 49 a 51 ab 
5.1 26 b 37 b 59 a 
7.6 1 c 5c 38 b 

10.2 oc oc 16 c 

‘See footnote I, Table I. 
2See footnote 2. Table 2. 
3Total live plus dead plants, either above or below ground surface, as a percentage of 
live seed planted. 
4See footnote 4, Table I. 

Lovegrass seeds produced more plants and they emerged faster 
than kleingrass (Table 5). Lovegrass plants emerged quickest and 
produced the most seedlings in the shallow (1.3-cm) holes; how- 
ever, under more arid conditions a 2.5-cm planting depth might be 
better. Plant emergence stopped before day 25 in test 5. The data in 
Table 5 demonstrate the difficulty of establishing kleingrass and 
agreed with the results of work by Wester and Dahl (1977). 

Eastern gamagrass seeds are large but often less than 15% of the 
seeds germinate. The gamagrass seeds used in test 6 were individu- 
ally selected by color, size, and density to yield a seed lot whose 
germination rate was 50%. Gamagrass seeds that do germinate, 
grow vigorously and they can be planted deep where the soil is 
moist. As expected, gamagrass seeds that were germinated before 
planting produced significantly more plants and forage than did 

Table 5. The interaction of hole depth and grass variety on emergence from 
0.6-cm-diameter holes, 4, 11, and 25 days after planting kleingrass and 
lovegrass (no water applied after planting), test 5. 

Grass Hole depth 
day 4 

(%) 
day 11 

(%) 
day 25 

(%) 

Kleingrass 

Lovegrass 

1.3 19 c2 
2.5 16 c 
5.1 oc 
1.3 66 a 
2.5 30 b 
5.1 oc 

28 bc 
40 b 
24 c 
77 a 
75 a 

3d 

28 b 
41 b 
43 b 
74 a 
73 a 

6c 

‘See footnote I, Table I. 
*See footnote 4, Table I. 
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Table 6. The effect of planting depth and pregermination on emergence of 
gamagrass 8 days after planting, and on oven-dry top growth harvested 
19 days after planting (no water applied after planting), test 6. 

Treatment and planting depth Emerged’ 
(cm) (%) 

Conventional planting 
5.1, ungerminated (dry) seed 
5. I, pregerminated 

12 d* 
75 b 

Punch planting (1.3 cm diameter 
hole) 

5.1, ungerminated (dry) seed 
5.1, pregerminated 

10.2, pregerminated 
20.3 pregerminated 

26 c 0.23 d 
98 a 0.61 a 
97 a 0.50 b 
35 c 0.10 e 

Yield 
(g) 

0.13 e 
0.34 c 

‘See footnote I, Table I. 
*See footnote 4. Table I. 

dry seed under both conventional and punch-planting treatments 
(Table 6). Again, punch planting at depths up to 10 cm produced 
significantly more seedlings than did conventional planting. The 
large gamagrass seed successfully established vigorous plants from 
holes as deep as 10 cm. 

Discussion and Conclusions 

Significantly more grass plants were established by punch plant- 
ing than by conventional planting methods when water was 
limited. Both air and soil temperatures were adequate for good 
growth in these tests. The high, soil-water content in the seed zone 
of punch-planted seeds was probably responsible for the good 
performance of punch planting. 

The best hole diameter was the smallest tested, 0.6 cm. The best 
hole depth varied with seed size- 1.3-2.5 cm for lovegrass, 2.5-5 cm 
for kleingrass, and 5-10 cm for eastern gamagrass. 

One problem with punch planting is that plant crowns form in 
the open hole, below the soil surface. As a result, adventitious roots 
which normally originate at the crown do not grow until the crown 
fills the hole and/or rain occurs and fills the hole with soil. Punch 
planting was successful with vegetable crops that have tap roots 
(Cary 1967, Wilkins et al. 1979). Tap-rooted plants do not require 
adventitious roots, thus do not have the same problem as grasses 
when planted in open holes. 

There are two major problems that limit the use of the punch- 
planting method for grass planting in the Southern Great Plains. 
First, the application of punch planting in the field is complicated 
by the possibility of rainfall filling the holes with soil before plant 
emergence. Second, the punch planting machines that have been 
developed are too slow and not strong enough to be practical on 
many grasslands (Cary and Heinemann 1977, Heineman et al. 
1973, Wilkins et al. 1979). 

The concept of punch planting does have much merit; it did 
establish significantly more plants than conventional planting 
procedures. It is one way to avoid the problem of rapid drying of 
the seed zone for grasses planted in the Southern Great Plains. 
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Legume Establishment on Strip Mined 
Lands in Southeastern Montana 
JERRY L. HOLECHECK, EDWARD J. DEPUIT, JOE G. COENENBERG, AND RAUL VALDEZ 

Abstract 

Research was conducted on topsoiled strip mined lands at Col- 
strip, Mon., over a 6-year period to evaluate germination, survival, 
productivity, and cover characteristics of Eski sainfoin (Onobry- 
this viciwfolia), Lutana cicer milkvetch (Astragalus cicer), birds- 
foot trefoil (Lotus cornicuhztus), and ranger and spreader alfalfa 
(Medicago sativa). Nitrogen and phosphorus fertilizer were ap 
plied at a low rate during the first year of study. None of the 
experimental units received irrigation. Lutana cicer milkvetch and 
both varieties of alfalfa demonstrated good establishment, survi- 
val, canopy cover, and productivity characteristics. Eski sainfoin 
showed good initial establishment but declined in following years. 
Birdsfoot trefoil appeared to be unsuitable for revegetation of 
mined lands at Colstrip. Spreader alfalfa was superior to ranger 
alfalfa in the parameters evaluated. Lutana cicer milkvetch showed 
much potential for mined lands revegetation in the study area 
because of site stabilization, persistence, palatability, nitrogen fix- 
ation, and productivity characteristics. 

Revegetation of coal strip mined lands in the Northern Great 
Plains has received considerable attention in recent years due to 
acceleration of mining and associated land disturbance. A number 
of investigations have been reported comparing the establishment 
of different grass species on strip mined lands in the Northern 
Great Plains (Sindelar et 1973; Farmer et al. 1974; Meyn et al., 
1976; DePuit et al. 1977; DePuit et al. 1978; DePuit and Coenen- 
berg, 1979; Holechek 198 1, 1982; Holechek et al. 198 la,b). Several 
legumes have shown potential on strip mined lands at Colstrip, 
Mon. and other mining locations in the Northern Great Plains 
(Sindelar et al. 1973; Sindelar et al. 1974; Dollhopf and Majerus 
1975; DePuit and Coenenberg 1977; Holechek 1981,1982). These 
include ranger and spreader alfalfa (Medicago saliva), Eski sain- 
foin (Onobrychis viciaefolia), and Lutana cicer milkvetch (Astra- 
galus cicer). However, specific research has not been conducted to 
compare the effectiveness of these species in revegetating strip mine 
lands in the Northern Great Plains. The objectives of this study 
were to determine the emergence, survival, productivity, and cover 
characteristics of the four legume species previously mentioned 
and birdsfoot trefoil (Lotus corniculatus) on mined lands at Col- 
strip, Mon. 

Methods 

During the spring of 1975, 15 experimental plots, 10 X 10 m, 
were established on strip mined land at Colstrip that had been 
previously graded, ripped, and topsoiled. The experimental design 
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included three blocks of five plots. The five species/varieties were 
randomly assigned to plots in each block. Seeding was accomp- 
lished by broadcasting and then cultipacking on May 3, 1975. All 
species were seeded at the rate of 538 pure live seeds per m2. All seed 
was obtained from Northrup and King Company and was mixed 
with nitrogen fixing bacteria prior to planting. Fertilizer was ap- 
plied to each plot on June 10,1975, with a hand operated broadcast 
spreader at the rate of 37-94-O kg/ha of N, P&5 and K20. 

The average chemical composition of soil samples from the 
study area at Colstrip is given in Table 1. Approximately 20 cm of 
topsoil with a sandy loam texture was applied over the spoil. The 
topsoil had about 0.5% organic matter and was low in nitrogen and 
phosphorus. The pH averaged 8.5. The spoil material beneath the 
topsoil was variable in texture and had less than 0.2% organic 
matter. The pH was between 8.2 and 8.4. The raw spoils material 
was also low in nitrogen and phosphorus. 

The mean annual precipitation for the Colstrip area is 40.1 cm 
(DePuit and Coenenberg 1979). The annual precipitation totals for 
the years of 1975 through 1979 at Colstrip were 44.4, 40.8, 39. I, 
57.8, and 22.3 cm respectively. In 1975, 1976, and 1980 when 
sampling was conducted, precipitation values during the spring 
growing season (March through June) were 113% 129%, and 49% 
of the mean, respectively. Conditions were very favorable for plant 
growth in 1978 because spring growing season precipitation was 
140% of the mean. Both 1979 and 1980 were years of severe spring 
drought. Irrigation was not used during any year of study. 

Plant density samples were collected on June 14 and August 14, 
in 1975; June 22, 1976; and July 9, 1980 using 20 X 20 cm square 
quadrats. Ten randomly placed quadrats were evaluated on each 
experimental unit on each sampling date. Plant canopy cover and 
frequency were estimated according to the methods of Dauben- 
mire (1970) on June 22, 1976, and July 10, 1980. One 14-m sam- 
pling transect was established diagonally across each plot, and ten 
20 X 50cm quadrats were evaluated per transect at randomly 
selected points within each l-meter interval. Sampling was not 
conducted at the top or the bottom 2-m of each plot. Aerial 
biomass was estimated June 22,1976, by harvesting to ground level 
ten 0.25-m2 quadrats per plot at random locations along the oppo- 
site side of the diagonal line used for cover sampling. No samples of 
any parameter were taken in a l-m buffer strip around each experi- 
mental unit. Density canopy cover and aerial biomass data were 
analyzed with a randomized complete block design (three blocks) 
using the procedures of Steel and Torrie (1960). Comparisons were 
made between the five species/varieties of legumes seeded using 
Newman-Keuls Test. 

Results and Discussion 

Plant density data collected in 1975, 1976, and 1980 are pres- 
ented in Table 2. Eski sainfoin had significantly (K.05) the highest 
percent emergence followed by Lutana cicer milkvetch. Seedling 
density was measured again on August 14, 1975, to determine first 
year establishment. In terms of first growing season survival 
and/or increase Lutana cicer milkvetch and ranger alfalfa were 
superior to other species. These species have shown good first-year 
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Table 1. Average chemical composition of soil samples from the study area at Colstrip, Mon.1 

Depth 

(O-20 cm) 
(21-60 cm) 
(61-90 cm) 
(91-120 cm) 

No. of 
Samples 

3 
3 
3 
3 

PH 

8.50 
8.35 
8.23 
8.23 

N&-N Pod-P K Ca MG Na E.C. 

(PPm) (ppm) (PPm) imeg/ IOOg) (megi 1OOg) (meg/ IOOg) (mmhos/cm) 

2.20 .60 54.17 29.36 2.18 .I3 .4l 
5.27 .53 56.67 21.20 2.21 .I3 .75 
3.86 .45 55.83 19.78 2.32 .I3 .80 
4.52 .47 56.67 19.87 2. I2 .I3 .80 

‘Soil samples were collected on November 17, 1974, prior to treatment application 

establishment in other studies at Colstrip (Sindelar et al. 1974; 
DePuit and Coenenberg 1979; Holechek 1981, 1982). 

The density of spreader alfalfa and Lutana cicer milkvetch 
increased between August 14, 1975, and June 22, 1976. Survival of 
Eski sainfoin and ranger alfalfa was relatively high from 1975 to 
1976. Birdsfoot trefoil suffered considerable mortality between 
1975 and 1976 although survival of this species was highduring the 
first year of seeding. 

Data collected in 1980 showed drastic reductions in the density 
of all species. Both natural thinning and two consecutive years of 
drought probably account for the reduction in plant numbers. 
Lutana cicer milkvetch had a higher density than all species, 
although its density was statistically similar to that of spreader and 
ranger alfalfa. The percent survival of Eski sainfoin and birdsfoot 
trefoil was significantly lower (K.05) than that of the other three 
species. Density data alone, however, do not entirely indicate the 
relative effectiveness of the differc t legumes in revegetation of the 
mine spoils. Biomass, frequency, and canopy cover data provide an 
appraisal of soil stabilization effectiveness, plant distribution and 
plant vigor. 

The density of invading species was significantly higher (K.05) 
on experimental units seeded to birdsfoot trefoil compared to 
other species in 1980. The average densities of invading species on 
birdsfoot trefoil, Eski sainfoin, Lutana cicer milkvetch, range 
alfalfa and spreader alfalfa plots in plants/ rnz were 43, 19, I I,8 and 
8. respectively. Russian thistle (Salsola kali) was the primary 
invader found on the plots. It had an average density of 14 
plants/m*. The second most common invaders were spreader 
alfalfa and crested wheatgrass (Agropyon cristatum) each of which 
had an average density of 0.5 plants/m*. The area surrounding the 
study was seeded to a 16 species mixure, native range occurred 
approximately 50 m to the north, and the study site was topsoiled. 
Howard and Samuel (1979) found that topsoil could provide a 
valuable source of native plant materials in reclamation of mined 

Table 2. Legume density and survival in 1975, 1976, and 1980. 

lands in Wyoming. However, the average density of native species 
on the plots was less than 0.1 plant/m? in the present study. These 
data suggest that natural revegetation on the mine spoils at Col- 
strip may be a very slow process even when a native seed source is 
available from nearby native range and in applied topsoil. 

Legume canopy cover, frequency and aerial biomass data are 
presented in Table 3. In 1976 spreader alfalfa produced more aerial 
biomass than any other legume species/variety in the study. How- 
ever, both Lutana cicer milkvetch and Eski sainfoin had higher 
plant density and frequency values. After two years of severe 
drought in 1980 only Lutana cicer milkvetch had higher canopy 
cover, frequency, and density values than spreader alfalfa. 
Spreader alfalfa is a rhizomatous, low growing variety of alfalfa 
that appears to have much potential for mined land revegetation at 
Colstrip because of its germination, survival, ground cover, and 
productivity characteristics. However, the effectiveness of this 
alfalfa variety in a seeding mixture remains to be evaluated. 

Throughout the 6 years of study, Lutana cicer milkvetch main- 
tained the highest plant densities and exhibited the most even 
distribution. In 1976 it was superceded by both Eski sainfoin and 
spreader alfalfa in canopy cover and productivity. However, in 
1980 it had more canopy cover than the other legume selections. 
Because of its low, spreading and rhizomatous nature, initial eval- 
uations of cicer milkvetch in the western United States were prim- 
arily concerned with its ability as a ground cover species to retard 
erosion (Carleton et al. 1971; Stroh et al. 1972). However more 
recently cicer milkvetch has also proven to be nutritious, palatable, 
non-bloating, and grazing tolerant (Stroh et al. 1972). Under the 
proper conditions cicer milkvetch appears to be capable of signifi- 
cant nitrogen fixation (Townsend et al. 1975; Rauzi et al. 1974). 
Unlike certain other members of the genus Astragafus, it appar- 
ently does not accumulate alkaloids to toxic levels. Research has 
also shown cicer milkvetch to perform well in species mixtures 
(Carleton et al. 1971; Stroh et al. 1972; DePuit and Coenenberg 

Species’ 

Lutana cicer milkvetch 
Spreader alfalfa 
Ranger alfalfa 
Eski sainfoin 
Birdsfoot trefoil 

Plants/M* Plants/ MI Plants/ M* Plants/ M? % %I Survival 
June 14, 1975 August 14, 1975 June 22, 1976 July 9, 1980 Emergence July 9, 1980 

200b 254” 361” 32” 
I 72bc 

37b 16” 
148” 248” 28” 

145bc 
32bc 16’ 

191” I56 23”b 27bc 
304” 241” 216bc 

13” 
15b 57” 5b 

113’ 115” 32d 4’ 21” 4b 

‘Densities of legume species/ varieties with different letters are significantly different (X.05) using Newman-Keuls Test. \ 

Table 3. Legume canopy cover (%), frequency (%), and aerial biomass (kg/ha). 

Frequency 
Species 1976’ 1980’ 

Lutana cicer milkvetch 100 89 
Spreader alfalfa 90 83 
Ranger alfalfa 83 78 
Eski sainfoin 100 56 
Birdsfoot trefoil 50 I4 

‘Values followed by different letters are significantly different at p< (Newman-Kuels Test). 

Canopy Cover Aerial Biomass 
19762 I980 1976’ 

40 43” 597. I b 
53 32b 1225.2” 
33 25’ 557.7” 
53 l2d 755.2’ 

2 I’ 10.3’ 
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1979). The primary disadvantage of cicer milkvetch has been slow 

Although Ranger alfalfa produced an adequate stand, it was 

initial establishment due to both low germination and rate of 
spreading (Carleton et al. 197 I; Montana Agricultural Experiment 
Station 1976). Research in the region of study concerning the 
establishment of Lutana cicer milkvetch has been contradictory. 
Studies conducted by Sindelar et al. (1973), Hodder and Atkinson 
( 1974), and Dollhopf and Majerus ( 1975) have shown either low or 
nonexistent initial establishment. However, DePuit and Coenen- 
berg (1979), and Holechek et al. (1981) reported Lutana cicer 
milkvetch had high initial and long term establishment in a 16 
species mixture. Meyn et al. (1976) also reported that Lutana cicer 
milkvetch has typically either maintained itself or increased once 
established on mined landsat Colstrip. In the present study Lutana c r 
cicer milkvetch showed good initial establishment and superior 
long term growth even under conditions of severe drought when 
compared with other legumes. 

gence, survival, productivity, distribution, and canopy cover. This 
variety of alfalfa gives good persistence and lacks in aggressiveness 
when grown in grass mixtures (Ditterline et al. 1976). Holechek et 
al. (198 1) reported that ranger alfalfa showed good initial estab- 

inferior to spreader alfalfa and Lutana cicer milkvetch in emer- 

to ranger alfalfa for reclamation in the Colstrip area. However, 
more research is needed to evaluate the response of spreader alfalfa 
in a grass-legume mixture. In addition research is needed to evalu- 
ate the long term response of spreader alfalfa, ranger alfalfa, and 
Lutana cicer milkvetch under grazing pressure. 
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Establishment, Growth, Utilization and 
Chemical Composition of Introduced Shrubs 
on Oklahoma Tallgrass Prairie 

N.D. STIDHAM, J. POWELL, F. GRAY, AND P.L. CLAYPOOL 

forage quality and utilization of selected introduced shrub species 
in a fallerass nrairie. 

The studv area is located in North Central Oklahoma at coordi- 
nates 3P7’iatitude,970 17’longitude,andZ km westofStillwater, 
Okla. The elevation of the area is about 290 m. 

On April 1,1977,14 species of containerized shrubs grown from 
seed in a ereenhouse were transolanted onto North-Central Okla- 
homa tall&w prairie to deter&e first-year growth and survival 
and fall utilization and forage quality of the shrubs. Plants of each 
species were transplanted onto Lucia loam (Udic Ustochrepts) 
and onto Grainola silt loam (Vertic Haplustalfs) soils. Grazing was 
permitted on one-half of the plants of all species during the fall. 
Growth and survival were greater on the more mesic Crainoln soil, 
whereas utilization was greater on the more reric Lucia soil. Early 
winter N, P, K, and Ca contents and in viva dry matter digestibility 
were two or three times greater in shrubs than in native herhaceous 
plants collected from the same area at the same time. Based on 
survival, growth, fall utilization and early winter forage quality, 
seven species deserve additional study under different soil, weather 
and management conditions. Atriplex canescens, Fallugiaporod- 
oxa, and Cowania mexicana var. slansburiann are the most prom- 
ising winter browse plants for Oklahoma tallgrass prairies. 

Studv Area 

The area has a continental climate with an annual mean min- 
imum temperature of 9OC and a mean maximum temperature of 
22OC. The average absolute minimum is -14’C June through 
August. The annual precipitation averages 820 5 250 mm. The 
average precipitation distribution during the 192.day growingsea- 
son is 23% (April-May), 34% (June-August), and 19% (Septem- 
ber-October). The establishment sites were located in good 
condition tallgrass prairie vegetation previously used as a hay 
meadow or moderately grazed during the summer by steers. 

The two soil types selected in the study area are on Shallow 
Prairie range sites with sandstone and shale parent material (Gray 
and Roozitalab 1976). Grainola silt loam isa fine. mixed. thermic 
Vertic Haplustalf. lt’is deep, well drained, and slowly permeable 

Because of decreasing acreage of Oklahoma rangeland and with a moderate water holding capacity. Lucien silt loam is a 
increasing demand for meat, there is increasing production pres- loamy, mixed, thermic, shallow Udic Ustochrept. It is shallow, well 
sure on rangelands. To increase meat production on rangelands, drained, and moderately rapid permeable with a low water holding 
not only must forage quality and carrying capacity be increased, capacity (Gray and Nance 1978). 
but the period of adequate forage quality needs to be extended. 

No forage class (i.e., grass. forbs. shrubs) maintains a high “q 
nutritional level throughout the year. Most forage plants are high 
in nutritive value during early growth but their forage value 
declines rapidly as they mature. Browse plants have a relatively 
high level of crude protein throughout the year (Dietz 1972). 
However, crude protein, phosphorus, and carotene levels decrease 
with plant maturity while calcium and fiber components increase. 
In general, shrubs contain higher percentages of crude protein but 
lower digestible energyduringfalland winter than grassesorforbs 
(Cook and Harris 1968, Cook 1972). 

Rangelands with more diverse vegetation are often more suita- 
ble for common use by several kinds of livestock and wildlife than 
for single use by only one kind of animal (Bell 1969, Cook 1954, 
Dusek 1975, Merrill and Young 1954). Establishment of adapted 
browse plants in tallgrass prairies would increase rangeland fall 
and winter carrying capacity for livestock as well as plant species 
and diet diversity. Therefore the objective of this study was to 
determine the first year summer survival and growth and fall 



The vegetation on the Grainola soil is dominated by Andro- 
pogon gerardii, Schizachyrium scoparium, and Sorghastrum 
nutans. The vegetation on the Lucien soil is typical for shallow, 
xeric soil. Dominant species include Boutelouagracilis, Bouteloua 
hirsuta, Bouteloua curtipendula, Bothriochloa saccharoides, and 
Bromus japonicus. A view of the study areas is shown in Figure I. 

Methods 

On April 1, containerized seedlings, grown from seed in a green- 
house, of Purshia tridentata (PUTR). Atriplex canescens (ATCA), 
Ceanothus ovatus (CEOV), Artemisia tridentata (ARTR), Atri- 
plex confertijolia (ATCO), Ceanothus velutinus (CEVE), Cera- 
toides lanata (CELA), Cercocarpus ledifolius (CELE), Cowania 
mexicana var. stansburiana (COME), Ephedra viridus (EPV I), 
Fallugia paradoxa (FAPA), Potentilla fructicosa (POFR), Ribes 
aureun (RIAU), and Ceanothus cuneatus (CECU) were removed 
from the greenhouse and transplanted in the study area. Artemisia 
frigida (ARFR) and Cercocarpus montanus (CEMO) plants were 
transplanted from southeastern Colorado in the study area at this 
time. Seed sources of other species are listed in Stidham (1978). 

Plants of each species were planted on each of the two adjacent 
soil types. The bottom of each transplanted pot was removed and 
additional cuts were made in the side to facilitate root growth. 
Mid-range plant height was determined by measuring the height of 
the tallest and shortest plant in each plot. Plants were enclosed with 
mammal graze-proof wire cages to prevent grazing and watered 
periodically throughout the summer to minimize soil water stress. 

On September 1 mid-range plant height was again determined 
for each species. The number of live plants in each pot was 
recorded. Summer plant growth was determined by subtracting 
April mid-range height from September mid-range height. Cages 
placed over one-half of the pots of each species on each soil type 
were removed at this time to allow grazing by cattle and wildlife. 
The different degrees of use by cattle and wildlife was not deter- 
mined; however, all species browsed were observed to be browsed 
by cattle. Pots were also removed from around plants to reduce 

\ livestock curiosity. 
On November 20, after freezing temperatures had stopped plant 

growth, mid-range plant height and number of live plants were 
determined for both grazed and ungrazed plants. Fall growth of 
ungrazed plants was determined by subtracting September mid- 
range caged plant height from November mid-range caged plant 
height. Fall utilization was determined by subtracting November 
mid-range grazed plant height from November mid-range caged 
plant height. Species survival was determined by subtracting the 
number of live plants in November from the number of live plants 
in April. Current twig and leaf growth was collected in November 
as three composite samples per species from plants caged through 
the fall for chemical analysis and nylon bag dry matter digestibility 
(NBDMD). 

Plant samples were dried at room temperature (25°C) to a 
constant weight, ground in Wiley mill with a 2-mm mesh screen, 
and analyzed for kjeldahl nitrogen, phosphorus, potassium, and 
calcium (OSU Soil and Water Testing Laboratory, Unpublished 
procedures). Dry matter content (%) was determined by heating 
duplicate 2-gram samples for 24 hours at 100°C. Two rumen- 
fistulated steers were used for NBDMD determinations (Johnson 
1966). A 3-gram aliquot of each sample was placed in each steer for 
48 hours. Samples were removed from steers, washed, dried at 
60°C for 48 hours and reweighed to determine NBDMD. 

Statistical comparisons for plant growth, utilization, and species 
survival were made by species and between soil types. Soil types 
were not replicated. Statistical comparisons for plant chemical 
composition and NBDMD were made by species. All differences 
discussed were significant at the 5% level of probability unless 
otherwise specified. 

Results and Discussion 
Species Growth by Soil Type 

Summer plant growth varied among species and between soil 
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Fig. 2. Average mid-range growth (cm) of 10 introduced shrub species on 
the two soils. Negative growth indicates terminal portion of stems died 
during the summer. 

types (Fig. 2). Growth ranged from 1 to 30 cm depending upon the 
species. ARTR, ATCA, and FAPAgrowth was not affected by soil 
type. Apparently these species are equally adaptable to both soils. 
However, FAPAflowered on the more mesic Grainola soil, but not 
on the Lucien soil. 

CELE, EPVI and RIAU plants failed to grow well on either soil 
type. The growing points on twigs of these species died during the 
summer. EPVI twig tips dried and became brittle in late July. 
Leaves of RIAU turned brown and fell from plants on both soil 
types by early July. However, after a rain in mid August and 
several days of cooler temperatures, some RIAU plants on the 
Lucien soil produced new leaves. New leaves appeared on RIAU 
plants on the Grainola soil in September. The more readily availa- 
ble soil water in the Lucien soil was probably responsible for the 
earlier leaf production of RI AU. 

ARFR plants on the Lucien soil produced seed whereas plants 
growing on the Grainola soil did not. Seed production may have 
been induced by the more xeric Lucien soil. CEMO plants were 
pruned before transplanting. Plants on both soil types produced 
very little woody stem growth but an abundance of leaves where 
stems were cut. 

CELA, CEOV, COME, and PUTR growth was affected by soil 
type. CELA growth was 15 cm greater for plants growing on the 
xeric, Lucien soil. CELA plants never attained an erect growth 
form or developed strong woody stems characteristic of this 
species. 

CEOV, COME, and PUTR plants growing on the Grainola soil 
exhibited growth of lOO%, 63, and 37%, respectively, greater than 
plants of these species growing on the Lucien soil. The increased 
plant growth was probably due to the greater water holding capac- 
ity of the Grainola soil. Differences in growth of CELA, CEOV, 
COME, and PUTR due to soil type indicate these species have 
particular requirements which influence adaptability. Fall growth 
was negligible for all species studied. 

Species Utilization by Soil Type 
Utilization differences were greater among species than between 

soil types (Fig. 3). Utilization ranged from 0 to 23 cm of vegetative 
growth depending upon the species. 

Browsing of CEMO, CEOV, and FAPA was greater on the 
shallower Lucien soil. Plants growing on shallower soils are often 
more leafy and produce smaller stems than the same species grow- 
ing on deeper soils (Cook 1959). Stem:leaf ratios were not deter- 
mined in this study. Utilization was not correlated with plant 
height growth. 

Utilization of ARFR, ARTR, ATCA, EPVI, and RIAU was not 
affected by soil type. Apparently soil type did not influence palata- 
bility to the extent that animals preferred plants growing on one 
soil type over the other. PUTR utilization was 50% greater on 
plants on the Grainola soil than plants on the Lucien soil. Due to 
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Fig. 3. Average fail utilization (cm) of 10 introduced shrub species on two 
soils. Utilization = November caged plant height - November grazed 
plant height. 

2.0 cm), and survival (LSD. 05=11?40) of 10 introducedshrub species on both 
soils. Initial transplanted growth plus new growth was consumed where 
utilization exceeded growth. 

the small sample (plants/ soil type) size, comparisons of utilization 
by soil may not be a true indication of preference. 

Species Growth, Survival, and Utilization 
Species growth, survival, and utilization, averaged for both 

soils, varied greatly among species (Fig. 4). Average mid-range 
growth ranged from 7 cm for CEOV to 30 cm for FAPA. ATCA, 
COME, FAPA, and PUTR produced mean growth of 15 cm or 
more. ARTR, CELA, CEOV, and EPVI grew less than 15 cm. 

ATCO, CEVE, POFR, and CECU failed to survive the summer. 
Apparently climatic differences between the study area and the 
native habitat of these species were too great for survival even 
though theplants were watered. No common habitat requirements 
or limitation for these four species could be determined from the 
literature. 

Species survival through the summer ranged from a low of 29% 
for CEOV to a high of 100% for ARFR and CEMO. Well deve- 
loped root systems of ARFR and CEMO when transplanted, 
probably enabled them to survive the higher summer temperatures 
and soil water stress. ARTR, CEOV, and COME survival was less 
than So%, whereas, survival of ARFR, ATCA, CELA, CEMO, 
EPVI, FAPA, and PUTR was 50% or greater. 

Utlization of ARFR and CEMO was relatively low. Utilization 
of new growth was approximately 50% for ARTR, COME, 
FAPA, and PUTR. Both leaves and stems of ARTR were 
browsed. Often entire plants were stripped of their leaves. 

ATCA utilization exceeded new growth by 5 cm (3 1%). Not only 
was new growth consumed but part of the original plant growth 
was eaten. All ATCA plants were heavily utilized. Most of the 
CELA plants scheduled to be grazed died. Consequently there 
were too few CELA plants to accurately determine utilization. 
Utilization of CEOV plants exceeded new growth by 9 cm (125%). 
Many plants were either chewed off at ground level or missing. 
EPVI plants failed to produce new growth but almost all old 
growth was consumed. 

Plant Chemical Composition and Digestibility 
November nitrogen content in the various species ranged from 

0.89 to 2.5%, phosphorus 0.07 to 0.23%, potassium 0.52 to 1.48%, 
and calcium 0.58 to 1.99% (Fig. 5). The high nitrogen content in 
CEMO plants may be due, in part, to the high percentage of leaves 
in the sample. This species produced very little woody stem growth 
but an abundance of leaves. At the time of sampling, leaves were 
greenish brown in color, flexible, and intact. This species appears 
to have a greater cold tolerance than other species; therefore 
translocation of nutrients from leaves to stems may occur later in 
the season. There was insufficient plant sample to determine nitro- 
gen content of CEOV and CELA. The nutrient content of study 
species were greater than nutrient levels in herbaceous samples 
collected in the study area. Mean nutrient contents for study 
species were 1.39% nitrogen, 0.16% phosphorus, 0.94% potassium, 
and 0.99% calcium. Mean nitrogen content of prairie hay samples 
cut at the same time was 0.57%. Phosphorus, potassium, and 

calcium levels of forage cut at the same time from a comparable 
area were 0.04%, 0.36% and 0.44%, respectively. 

The five species analyzed for NBDMD were relatively digestible 
for dormant plants, and the variation in NBDMD was less than 
that for chemical composition. Digestibility ranged from 46 to 53% 
(Fig. 6). Mean NBDMD of the five species analyzed was 49%. 
Digestibility of herbaceous forage samples collected from the study 
area at the same time was only 22%. There was not enough plant 
sample to determine NBDMD for ARFR, CEMO, EPVl, RlAU, 
CEOV, or CELA. 

Conclusions 

Plant growth and survival for most species were greater on the 
more mesic Grainola soil, while utilization was usually greater on 
the xeric Lucien soil. ARTR, ATCA, and FAPA growth was not 
affected by soil type and these species have good potential as 
browse plants in the tallgrass prairie. ARFR and CEMO also seem 
to be potential browse plants in this area. CELE, EPVl, and RlAU 
did not grow well on either soil type and their successful establish- 
ment and growth are doubtful. ATCA, CEMO, FAPA, and PUTR 
made the greatest growth. ATCA, CEOV, and FAPA were the 
most heavily browsed and would increase diet diversity. ARFR, 
CEMO, ATCA, CELA, and FAPA had the highest survival 
percentage. 
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Fig. 5. Average (X f S.D.) November nitrogen (N), phosphorus (P), 
potassium (K), and calcium (CA) contents PO) in I I introduced shrub 
species. Those values for the same nutrient with the same letter are not 
signlyicantly different at the 0.05 level. 
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nylon bag dry matter digestibility 

Based on growth, utilization, survival, and chemical composi- 
tion, further work towards establishment of ATCA and FAPA in 
tallgrass prairie is recommended to provide additional sources of 
supplemental nutrients in the fall and winter. 
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Botanical Composition of Summer Cattle 
Diets on the Wyoming High Plains 

MARILYN J. SAMUEL AND GENE S. HOWARD 

Abstract 

Botanical composition of the summer diet was determined for 
cattle grazing semiarid grassland in southeastern Wyoming. Diet 
samples from beef cattle with esophageal fistulas were examined 
using a microscope technique. Western wheatgrass was the most 
abundant single species. Western wheatgrass, blue grama, sedges, 
and needleandthread made up 70% of the diet. Western wheatgrass 
and needleandthread were found in the diet at proportions greater 
than the relative amount available; conversely, blue grama was 
found at proportions less than the relative amount available. 

In recent years many studies have been conducted on thediets of 
domestic and wild animals. Theurer et al. (1976) reviewed and 
evaluated the methods of collection and botanical analyses of 
domestic livestock diets. They also tabulated the results of diet 
composition on western rangelands from several locations. 

Hansen and Gold (1977) found that almost half the diet of cattle 
in northeastern Colorado was composed of western wheatgrass 
(Agropyron smithii Rydb.) and sedges (Curex spp.) on a yearlong 
basis. Vavra et al. ( 1977), working in the same area, reported that 
blue grama (Boutefouagracilis (H.B.K.) Lag. ex Griffiths) was the 
most abundant constituent of the summer cattle diet but it ranked 
eleventh in preference. Western wheatgrass, sedges and needleand- 
thread (Stipa comutu Trin. & Rupr.) had preference ratings of 
second, sixth, and seventh, respectively. Kautz and Van Dyne 
(1978) who also worked in northeastern Colorado, compared the 
diets of cattle, as well as bison, sheep, and pronghorn antelope, 
under light and heavy stocking rates and winter and summer 
seasons. Blue grama, western wheatgrass, and needleleaf sedge 
(Curex eleochuris Bailey) were the major species in the yearlong 
diet of cattle. Calculated preference ratios indicated that cattle 
selected for forbs and cool-season grasses and selected against 
warm-season grasses. 

Although specific animals have their preference for different 
species, diet is also affected by consumer food requirement, food 
availability and selectivity. Selectivity is low for a hungry animal 
but increases with increasing satiation (Ellis et al. 1976). 

Most authors have reported diets on a seasonal or monthly basis 
but have not shown the weekly pattern. We initiated this study to 
determine the kinds, relative amounts, and weekly patterns of 
species in summer cattle diets on native prairie of southeastern 
Wyoming. 

Study Area and Methods 
The study area was two native semiarid grassland pastures at the 

High Plains Grasslands Research Station northwest of Cheyenne, 
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Wyo. The topography consisted of rolling hills at an elevation of 
1890 to 1950 m. The 37-year ( 194 I - 1977) average annual precipita- 
tion was 37 cm. About 44% of the moisture usually occurred during 
the months of April through June, while 22% fell in July and 
August. The frost-free growing season averaged 132 days (U.S. 
Dep. Commerce 1970-1977). During the study, precipitation aver- 
aged 8 1% of normal. Forage production, measured by clipping to 
ground level in late August of each year, averaged 988 kg/ ha for 
both pastures. 

Hereford and Hereford cross-bred cattle grazed the lightly 
stocked 295 ha pasture at an average stockng rate of 0.75 AU M/ ha 
from mid May to November or December. The heavily stocked I92 
ha pasture was grazed at an average rate of 1.39 AU M/ ha from the 
end of June through October. Animals from the latter pasture were 
on improved pastures during the spring and fall. Diet sampling was 
done with esophageal-fistulated cattle. Fistulas were established by 
the procedure of Van Dyne and Tore11 (1964). Fistulated animals 
were 1- or 2-year-old heifers in 1975. Replacements in 1976 and 
1977 were I- and 2-year-old steers. One animal was present all 3 
years, another for 2 years. When cattle were on the native range in 
1975, dietary forage samples were obtained biweekly from two or 
three animals per pasture. Early morning and late afternoon collec- 
tions were made on two consecutive days, respectively, of the same 
week. 

In 1976 the sampling regime was changed to weekly sampling. 
Samples were collected early morning one week and late afternoon 
the next. The two samples which were collected during one week 
from each animal were combined to obtain samples of adequate 
size for analyses and to monitor any changes which may have 
occurred from one week to another. Sampling procedure was the 
same in 1977. Each pasture was sampled by four cattle in 1976and 
three or four cattle in 1977. Animals were fasted for 12 hours before 
collections, then harnessed with collection bags and allowed to 
collect at will for 30 to 45 minutes. 

Diet samples collected from the first of June through the middle 
of September were analyzed. Fifty-seven, 105, and 72 diet samples 
were obtained for 1975, 1976, and 1977, respectively. Samples were 
dried, ground, and mounted on microscope slides as described in 
Sparks and Malechek (1968). Slides were viewed through a phase 
contrast microscope at 125 X magnification. Fragments were 
located by scanning back and forth lengthwise on the slide. Fifty 
fragments per slide per animal per sample were identified in 1975 
and 1977; 25 fragments were identified in 1976. Fragments were 
identified by comparing them to photomicrographs of a reference 
collection (Howard and Samuel 1979). 

Data were analyzed using unbalanced analysis of variance 
procedures (Harvey 1975). Pasture and year effects were tested by 
the variation among animals while the repeated measure effects of 
weeks and time-of-day were tested by the within-animal error term. 

Sixteen different sets of “known”slides were made from ground 
herbage samples. The identity and percent weight of the three to six 
species used in each slide were not known to the identifier. The 
fragments on these slides were identified along with the animal 
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Table 1. Regression equations for percent fragments(X) on percent weight 
(Y) on slides of known plant composition. 

Species Regression equation r* 

Western wheatgrass Y = II.809 + .470X 0.83 
Blue grama Y = .831 + .789X 0.74 
Sedges Y = 2.940 + .549X 0.90 
Needleandthread Y = 1.807 + 1.357X 0.92 

samples. Data from “known” slides were used to obtain regression 
equations (Table 1) to estimate percent weight of thediet from least 
square means of percent fragments for western wheatgrass, blue 
grama, sedges and needleandthread. All forbs were grouped 
together for purposes of analysis because each species comprised 
only a small portion of the diet; other miscellaneous grasses were 
also grouped. Conversion equations were not developed for forbs 
and other grasses because of the variable botanical composition of 
these two groups. The forb and other grass groups were assumed to 
make up the remainder of the diet, after the four major diet species 
were adjusted to a weight basis. 

Results and Discussion 

lapse photography to study grazing on individual tillers of western 
wheatgrass on the same pastures during 1976 and 1977, also found 
that forage removal from individual tillers was not influenced by 
stocking rate. 

There was a significant increase in dietary composition of blue 
grama from the first to the second week in July (Table 2, week 6-7). 
Streeter et al. ( 1968) also reported a sharp increase of blue grama in 
the diet during July at a site 130 km northeast of Cheyenne. Hansen 
and Gold (1977), who worked 40 km southeast of Cheyenne, 
reported that blue grama averaged 5% of the diet during April and 
May and then increased to an average of 12% during the June 
through August period and remained near that level September 
through March. Blue grama was the only major diet component 
which showed a difference in dietary composition between pas- 
tures (Fig. 1). The significant increase in dietary blue grama (week 
7) was delayed 1 week in the heavily stocked pasture on which 
grazing was started 5 to 6 weeks later than on the lightly stocked 
pasture. The increase in blue grama in August in the diet from the 
heavily stocked pasture was significant only during the last week in 
August. This late season increase of dietary blue grama was proba- 
bly related to the higher stocking rate on that pasture. Vavra et al. 
(1977) reported more blue grama in the diets of cattle on heavily 
used pastures than on lightly used pastures. 

Botanical Composition of the Diet 
Western wheatgrass was the species found most often in the diet 

samples. For the 3 years, average weekly values of western wheat- 
grass ranged from 30 to 4 1% by weight of the diet (Table 2). The 

Table 2. Average weekly and yearly percent weight of the four major E 

species in cattle diets for 1975 through 1977; pastures combined. 

Month 

June 

July 

. 

Species 

Western Blue Needleand- 
Week wheatgrass grama Sedges thread 

~~~~~ 

I 33 cdefl 4 ef 9a 25 ab 
o,m.*-a... . . . ..I . . 

2 35 bcdef 2 f IO a 26 a 
6 11 16 

3 30 f 5 def IO a 23 ab dun JUI AUO 
4 32 ef 7 cdef II a I9 abc 

S-P 
5 41 a 6 def 7a I2 cde 
6 32 ef 5 def I2 a I8 bc 

Fig. 1. Three-year average weekly blue gramapercent weight in cattle diets 

7 34 cdef I4 ab IO a I4 cd 
for two native pastures. 

August 

Sept. 

8 
9 

IO 
II 
I2 
I3 
I4 
I5 
I6 

37 abcde 
34 cdef 
37 abcde 
39 abc 
39 abc 
41 ab 
38 abed 
41 ab 
39 abc 

I4 ab 
I8 a 
I6 ab 
I I bed 
I6 ab 
IO bcde 
I3 abc 
IO bcde 
I2 abc 

IO a 
II a 
IO a 
I2 a 
9a 
9a 
8a 
9a 
7a 

7 de 
7 de 
8 de 
8 de 
7 de 
8 de 

I2 cde 
5e 
8 de 

Year 
1975 
1976 
1977 

32 z II x 
41 x 9x 
37 Y II x 

9x I6 x 
IO x 8~ 
IO x I5 x 

‘Within species, means followed by the same letter are not significantly different 
(K.05) according to Duncan’s multiple range test. 

significantly higher amount of this species in the diet during the last 
week in June (week 5) may have been a response to a specific 
phenological stage because western wheatgrass headed at about 
this time. This increase was present both years that diet samples 
were taken weekly. Cook and Harris ( 1968) reported a total protein 
content of 15% in western wheatgrass during the boot stage which 
was higher than that of the 4th leaf or seed stages. The yearly means 
were significantly different for the three years; western wheatgrass 
in the diet was greatest in 1976 and least in 1975 (Table 2). There 
was no difference in dietary composition of western wheatgrass 
between the two pastures. Hart and Balla (1982), who used time 

Sedges included needleleaf sedge, which was the major sedge 
species, and threadleaf sedge (Curexfilifolia Nutt.). The amount of 
sedges in the diet remained nearly constant throughout the season 
and between years (Table 2), and did not differ significantly 
between pastures. 

The amount of needleandthread in the diet differed significantly 
between weeks and years (Table 2). Collections made in June were 
mostly higher in needleandthread content than during the rest of 
the summer. The average amount of needleandthread in the diet 
was lower in 1976 than in the other 2 years. Between years, there 
were significant differences during 3 weeks in June and 1 week in 
August (Fig. 2). The amount of needleandthread was lower in the 
first 2 weeks in June of 1976 than in the same month the other 2 
years. For week 4, more needleandthread was seen in the diet in 
1975 than in the other years. In 1975 there was also more dietary 
needleandthread for week 14 than in 1976, while the amount in the 
diet in 1977 was intermediate and not significantly different from 
that in either of the other years. Some of this variation in amount of 
needleandthread may be accounted for by the uneven distribution 
of the species on the native range. Rauzi et al. (1976) reported that 
the weight of needleandthread varied from 0 to 53% of the total 
phytomass on these pastures. 

All grass species other than western wheatgrass, blue grama and 
needleandthread were grouped together into ‘other grasses’ which 
also included unknown graminoids. The number of fragments in 
the other grass group showed significant differences between years, 
pastures, and weeks but these were associated with an unknown 
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Fig. 2. Yearly variation in needleandthread content of cattle diets. 

grass-like plant which was seen only in the diet in some collections 
in 1975 in the heavily stocked pasture. This plant must have been 
eaten when the animals in this pasture watered out of an irrigation 
lake which they used only during this year. This plus other con- 
founding factors eliminated any valid conclusions which could be 
drawn from the data in this group. Forbs and other grasses were 
not included in Table 3 because they were not converted to percent 
weight. i3oth groups contained several species, and reliable regres- 
sion equations could not be developed. 

Table 3. Percent weight for standing crop and cattle diet content. Data are 
means for 1975 through 1977. 

Species 

August 
standing 

crop, Diet 

ungrazed June July August 

Western wheatgrass 
Blue grama 
Sedges 
Needleandthread 

18 33 34 40 
46 5 13 13 
14 9 II IO 
IO 20 II 9 

Variation Between Sampling Times and Dates 
Data from 1975 were also analyzed to determine significant 

differences between the early morning and late afternoon sampling 
times. Significantly more blue grama was seen in the afternoon 
collections ( 13%) than in the morning collections (9%) when aver- 

40 

I 

_ Morning 
. . . . . . . Afternoon 

dun 

I 

1s I10 
JUI Aua 

I 
S-P 

Fig. 3. Blue grama content of cattle diets for early morning and late 
afternoon collections during 197.5. 
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aged over the summer. There was more blue grama in the after- 
noon collections in mid and late August (Fig. 3). Van Dyne and 
Heady (1965) reported that cattle and sheep in the California 
annual range grazed more grasses and fewer forbs in the afternoon 
than in the morning. 

There was a significant time-of-day by week interaction for 
needleandthread for only one sample period, week 2. Although the 
amount of needleandthread in the early morning collection (50%) 
was much higher than in the late afternoon collection (8Y0) for this 
period, this difference may not be real because of the uneven 
distribution of this species in the pastures. Time-of-day did not 
significantly affect percentages of western wheatgrass nor sedges in 
the diet. 

The average summer diet pattern, showing the relative amounts 
of the various species, appears in Figure 4. Significant differences 
within these species or groups have been discussed in detail pre- 
viously. Here, however, a contrasting pattern of dietary composi- 
tion of blue grama and needleandthread was visible. The 
correlation between amounts of these two species in the diet was 
negative and significant (r = -.81). 

60. 

PO: 

Fig. 4. Average diet of cattle grazing on semiarid grassland during 197.5 
through 1977. 

When availability of each species, expressed as percent of toal 
forage production, was compared with the average percent in the 
diet, western wheatgrass was selected for, while blue grama was 
selected against (Table 3). Needleandthread appeared to be 
selected for in June. These preferences agree with findings of Vavra 
et al. (1977). Kautz and Van Dyne (1978) reported that cattle in 
northeastern Colorado selected native cool-season grasses; west- 
ern wheatgrass, needleleaf sedge, and needleandthread made up 
over 90% of this group. Cattle selected against warm-season 
grasses which included about 80% blue grama. 

Conclusions 
Western wheatgrass was the predominant species in the summer 

diet of cattle grazing on semiarid grassland in southeastern Wyom- 
ing. Western wheatgrass, blue grama, sedges, and needleandthread 
accounted for about 70% of the diet; various forbs and other 
grasses made up the remainder. lnitially western wheatgrass was 
about one-third of the diet but increased to about two-fifths. 
Needleandthread represented about 25% of the diet in early June, 
declined to about 8% in mid July and remained near that level. Blue 
grama was about 5% of the diet until early July but then increased 
to nearly 15% in July and then slowly declined to about 10% by 
September. Dietary blue grama was apparently influenced by graz- 
ing pressure. Also there was more blue grama in the afternoon 
collections than in the morning collections. Sedge usage was rela- 
tively constant during the summer. Western wheatgrass and need- 
leandthread were preferred diet species, while blue grama was 
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selected against. These species were selected for or against when the 
collecting animals were hungry and thus the least selective in their 
diet. Therefore, these preferences should hold true or perhaps 
intensify throughout the grazing period. 
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Botanical Composition Determination of 
Range Herbivore Diets: A Review 
JERRY L. HOLECHEK, MARTIN VAVRA, AND REX D. PIEPER 

Abstract 

Procedures used for estimating the botanical composition of the 
range herbivore’s diet include diet observation, utilization tech- 
niques, fistula sampling, and fecal analysis. Each of these proce- 
dures has important limitations. Direct observation requires 
minimal time and equipment inputs but accuracy and precision are 
a problem, particularly with wild animals. Utilization studies are 
generally unsuitable when plants are actively growing and more 
than one herbivore is using the area under study. Fistula methods 
are accurate but are difficult to use with wild animals. In addition 
they are costly and require considerable time. The esophageal 
fistula is preferable to the rumen frstula because it provides more 
accurate information and requires less labor. Stomach analysis 
involves animal sacrifice and, therefore, is generally restricted to 
wild animals with large populations. However, trocar sampling of 
the rumen contents is a new method that avoids this problem. Fecal 
analysis has been used extensively in recent years to evaluate diet 
botanical composition of wild herbivores. This procedure gives 
good precision but accuracy is a problem because of differential 
digestion between plant species. Techniques are available that can 
be used to reduce this source of error. Microhistological analysis 
has become the most widely used method for quantifying botanical 
composition of masticated forage or fecal material. Recent studies 
show microhistological analysis can give an accurate representa- 
tion of percent diet botanical composition by weight if observers 
use had compounded diets to check their accuracy. A new proce- 
dure, infrared spectrophotometry, may have considerable poten- 
tial for evaluating herbivore diet botanical composition of fIstula 
or fecal samples. 

In the past 30 years considerable information has been collected 
by various methods on the botanical composition of the grazing 
animal’s diet. A comprehensive review of these studies is provided 
by Van Dyne et al. (1980). Knowledge of range herbivore food 
habits is essential for efficient range management. This informa- 
tion is required for optimal forage allocation to different types of 
herbivores, selecting types of grazing animals compatible with the 
forage resource, selecting species for reseeding deteriorated ranges, 
predicting the outcome of overgrazing by different animals, identi- 
fying new species on which to base management, and determining 
the suitability of exotic animals for a particular range type. Pres- 
ently knowledge of range herbivore food habits is far from com- 
plete, and much more information will be needed in the future if 
range management effectiveness is to be improved. In the last few 
years the information on methodology for studying range herbi- 
vore food habits has substantially increased. Procedures used to 
evaluate the botanical composition of the grazing animals’ diet 
have included direct observation of the animal, utilization tech- 
niques, stomach analysis, fecal analysis and fistula techniques. The 
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purpose of this review was to consider these procedures emphasiz- 
ing the more recent information. 

Utilization Techniques 

Utilization is one of the oldest approaches used to evaluate the 
grazing animal’s diet. The advantages of this approach include 
speed and the fact it provides information on where and to what 
degree a range is being used. When a forage species was used and 
how often a forage species was used are questions that this 
approach will not answer. A serious problem with any utilization 
technique is that large scale losses of plant parts from weathering, 
trampling and animals other than those of interest can greatly 
confound results (Cook and Stoddart 1953). Further when forage 
is actively growing, regrowth after defoliation can make accurate 
estimates of utilization difficult to obtain. Studies comparing utili- 
zation data with fistula samples have shown lack of agreement 
between the two procedures (Lesperance et al. 1960b, Ridley et al. 
1963, Conner et al. 1963, Laycock et al. 1972, Mclnnis 1977). Data 
from these studies and Cook and Stoddart (1953) indicate that 
when forage is actively growing and/or use is by more than one 
herbivore, any utilization technique has severe limitations. Under 
these conditions other procedures in most cases should be selected 
for determination of diet botanical composition. 

Reviews of the various utilization techniques for estimating diets 
of grazing animals are given by Smith et al. (1962) and Martin 
(1970). Edlefsen et al. (1960) provide a description of these proce- 
dures. Approaches to utilization have involved evaluating differen- 
ces between grazed and ungrazed plots; evaluating differences 
before and after grazing; measurement: correlation and regression 
of factors related to utilization; and general observations and 
comparisons with predetermined standards of use. The most com- 
monly used methods have been the ocular estimate method of Reid 
and Pickford (1941) and caged plots. Visual appraisals of forage 
species use are compared to known values of hand clipped plants 
with the ocular estimate methods. Caged plot methods involve 
comparing the amount of herbage present inside a cage with that 
outside. The major problem with this procedure is that microcli- 
mate can be changed by the use of cages (Grelen 1967, Owensby 
1969). However, Heady (1957) found these changes were relatively 
small when open-mesh wire cages were used on annual range in 
California. Laycock et al. (1972) reported that the caged plot 
method gave results that were less consistent with data from eso- 
phageally fistulated sheep than the ocular estimate method. 

Direct Observation of the Animal 

A widely used procedure in past and present studies of herbivore 
diet botanical composition is direct observation of the grazing 
animal. Information on this procedure is reviewed by Bjugstad et 
al. (1970), Theurer (1970). and Theurer et al. (1976). Simplicity, 
minor equipment requirements and ease of use are major advan- 
tages of direct observation. Difficulty in species identification and 
quantification of how much of a plant was consumed are impor- 
tant problems associated with the procedure. 
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Quantitative information from direct observation has been 
obtained from the bite-count and feeding minutes approaches. 
When the feeding minutes approach is employed, time spent graz- 
ing each species is quantified and assumed to be proportional to the 
importance of the species in the diet (Bjugstad et al. 1970). The 
bite-count procedure differs in that number of bites taken from 
each species, rather than the length of grazing time, is recorded 
(Reppert 1960). Free et al. ( 197 1) modified the bite-count approach 
by quantifying the weight per bite of primary forage species in the 
diet. Species data were then converted to relative percentages by 
weight. Regelin et al. (1974) reported small differences between 
percentage of bites and percentage weight converted from bites for 
several forage species consumed by cattle. 

Wild animals are often difficult to locate and approach closely 
enough for accurate observation. These problems are reduced or 
eliminated with tame animals. However, only one animal can be 
observed at a particular time even with tame animals, In addition it 
may be difficult to differentiate between mere nibbling and active 
grazing (Bjugstad et al. 1970). There are other problems associated 
with using tame animals. Diet selection is a complex behavioral act 
that is influenced by several factors (Krueger et al. 1974). Physio- 
logical condition, degree of hunger, topography, other animals 
present and past grazing experience all influence which and how 
much of individual plant species are consumed. The previously 
mentioned factors can be severely altered by using artificially 
reared and maintained animals. 

Two studies have shown that results from direct observation of 
tame animals were consistent with data from esophageally fistu- 
lated animals (Free et al. 197 1, Sanders et al. 1980). However, 
Sanders et al. (1980) reported that direct observation was not 
practical for use on large brush infested pastures with rough ter- 
rain. Data from rumen fistula samples and direct observation 
differed considerably in a study conducted by Gait et al. ( 1969) in 
Arizona. 

Factors influencing the accuracy and precision of the direct 
observation procedure include the degree of training of the 
observer, complexity of the plant community present, and/or 
phenological development of individual plants. Plant identifica- 
tion is much less of a problem on desert rangelands where plants 
are widely spaced than on prairie ranges where plants are close 
together. As plants mature, they also become easier to identify. 
Free et al. (1971) reported the least consistency between direct 
observation and data from esophageally fistulated cattle in the 
spring when plants were beginning growth. 

Stomach Analysis 

A common procedure used by wildlife researchers is stomach 
and intestinal tract analysis (Chippendale 1962, Talbot and Talbot 
1962, Chamrad and Box 1964, Korschgen 1966, Chamrad and Box 
1968, Smith and Shandruk 1979). The main disadvantage of this 
procedure is that it involves sacrifice of animals and, therefore, is 
restricted primarily to wild animals with large populations. Other 
important disadvantages are that differential destruction of forage 
species during digestion alters the proportions of the food items 
consumed (Norris 1943, Courtright 1959, Bergerud and Russell 
1964, Scatter 1966, Mclnnis 1977, Vavra and Holechek 1980), and 
the location of consumption cannot be determined. There may be 
considerable difficulty in identification of partially digested food 
items (Hill 1946, Martin 1949, Brown I96 1, Anderson et al. 1965). 
Stomach analysis will provide information on what species are 
being consumed and gives an indication of relative proportions 
consumed. 

Tabulation of food item numbers, tabulations of frequency of 
food item occurrences, volumetric measurement, and weight mea- 
surement are methods that have been used to evaluate stomach 
contents (Medin 1975). There is some question concerning which 
of these methods is best. Chamrad and Box (1964) described a 
method for quantifying species composition by volume which 
appears to be superior to other methods in speed, accuracy, and 

precision. The microhistological technique of Sparks and 
Malechek ( 1968) and the microscope point technique of Heady and 
Van Dyne (1965) can be used to evaluate species composition by 
weight. 

A method recently reported by Wilson et al. (1977) can be used 
to avoid the problem of animal sacrifice when stomach analysis is 
used to sample large ruminant diets. Tranquilization is used to 
immobilize animals, and rumen samples are taken with a trocar. 
After sample collection the resulting wound is sewn shut. Layering 
of rumen contents, effective tranquilization of animals, and 
infection by parasites are problems associated with trocar 
sampling. Because death from parasites, disease, and overdosing 
occur often, this technique should not be used on rare or 
endangered species. 

Fecal Analysis 

In the past 10 years, fecal analysis has received greater use for 
evaluating range herbivore food habits than any other procedure. 
Fecal analysis has several unique advantages which account for its 
popularity as a research tool. These are discussed by Croker ( 1959) 
Ward (1970), Anthony and Smith (1974), and Scotcher (1979). 
Advantages of fecal analysis are: 

I. It does not interfere with the normal habits of the animals. 
2. It permits practically unlimited sampling. 
3. It places no restriction on animal movement. 
4. It has particular value where animals range over mixed 

communities. 
5. It is the only feasible procedure to use when studying 

secretive and/ or endangered species. 
6. It can be used to compare the diets of two or moreanimals 

at the same time. 
7. Actual sampling requires very little equipment. 

However, fecal analysis also has some important disadvantages 
which are discussed by Ward (1970), Slater and Jones (1971), 
Owen (1975) Scotcher (1979), Smith and Shandruk (1979), Vavra 
and Holechek (1980), and Sanders et al. ( 1980). These include: 

I. Accuracy is a problem because forage species passed in the 
feces are often not proportional to those consumed. 

2. Preference indices cannot be accurately assigned because 
where the food was consumed cannot be determined. 

3. Identification of feces may be a problem. However, 
Howard ( 1976) reported procedures involving pH analysis that 
can be used to differentiate between animals with similar feces. 

4. Considerable equipment and labor are required for actual 
analysis. 

5. An extensive reference plant collection is required. 
6. An observer must have considerable training in order to 

accurately identify plant fragments. 
7. Many plant species are difficult to separate at the species 

and sometimes at the genus level. 
8. Plant identification is both tedious and time consuming. 
9. Destruction of some plant species may occur during slide 

preparation (Vavra and Holechek 1980). 
10. Procedures of sample collection may bias the results. 
1 1. Some species may become unidentifiable in the feces 
(Slater and Jones 1977). 
12. Identification is further complicated by aging of fecal 
material before sample collection. 
13. Fragmentation may differ between species during 
digestion so the relative proportion of species appears 
different. 

The previous listing of fecal analysis disadvantages indicates that 
accuracy is the greatest overall limitation. 

Vavra et al. (1978) compared esophageal fistula and fecal 
samples of cattle on shortgrass range in northeastern Colorado. 
They found that during the growing season fecal sampling tended 
to underestimate the percentage of forbs and overestimate the 
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percentage of grasses in the diet compared to fistula sampling. The 
two procedures were more comparable in the winter months when 
plants were dormant. Esophageal, rumen, and fecal samples from 
sheep fed known diets were compared to the actual diet in a study 
by Mclnnis (1977). Fecal samples were significantly lower in their 
composition of forbs than the actual diet, and they did not 
represent the actual diet as well as esophageal and rumen samples. 

Smith and Shandruk (1979) used rumen contents, intestinal 
feces, site feces, and utilization to evaluate the diet of pronghorn 
antelope. Both intestinal and site feces had fewer plant species than 
rumen contents. Mule deer were fed known diets in a further test of 
the accuracy of fecal analysis. Forbs were underestimated while 
grasses and forbs were overestimated. Other studies showing lack 
of agreement between known diets or stomach contents and those 
determined by fecal analysis include Storr ( 196 I), Stewart ( 1967), 
Zyznar and Urness (1969), Free et al. (1970), Slater and Jones 
(1971), Jacobs ( 1973), Dunnet et al. (1973) Westoby et al. ( 1976) 
and Kessler et al. ( 198 I). However not all studies have shown that 
fecal samples misrepresented the actual diet. Hansen (1971) 
reported good agreement between composition of ingested and 
fecal material but no data on plant species were included. Although 
certain species were consistently either under-or-over-estimated 
depending on the animal and season, Casebeer and Koss ( 1970) 
claimed close similarity between stomach contents and fecal 
material of wildebeest, zebra, and cattle. Johnson and Pearson 
(1981) reported high similarity between esophageal fistula and 
fecal samples from cattle in Louisiana although there was a 
tendency for forbs to be underestimated. 

Microdigestion techniques have recently been used to study 
differential destruction of plant speciesduring passage through the 
digestive tract. Investigations by Deardon et al. (1975) and Vavra 
and Holechek (1980) evaluated the percent weight composition of 
hand-compounded diets subjected to microdigestion. The 
microhistological technique of Sparks and Malechek (1968) was 
used for diet analysis in both studies. There was considerable 
difference in estimated and actual diets in both studies. However, 
in each study, the investigators solved the accuracy problem by 
developing regression equations to correct estimated percent 
weight to the actual percent weight. Aguirre-DeLuna et al. (1981) 
found that microhistological analysis did not accurately indicate 
the percent weight composition of hand compounded diets. 
However, subjecting the samples to microdigestion greatly 
improved accuracy. The species evaluated in their study apparently 
would not require correction factors if fecal analysis was used. 
When fecal analysis is used in ruminant diet quantification, 
sufficient plant material should be collected so that hand 
compounded mixtures can be made and digested in vitro (Vavra 
and Holechek 1980). Bias due to differential digestion can be 
reduced by developing regression equations between estimated and 
actual values for bias correction. In vivo trials would be required to 
correct for this type of bias in non-ruminants. Less bias would be 
expected with non-ruminants because they are less efficient in fiber 
digestion. 

Presently little information is available on the precision of fecal 
analysis. Research reported by Anthony and Smith (1974) 
indicated that 15 fecal samples would give the same level of 
precision as 50 deer rumen samples. They considered 15 to be the 
minimum fecal sample number that should be used to evaluatedeer 
diets during a particular season at a particular location. Further 
study is needed regarding the precision of fecal sampling. 

Fistula Techniques 

Esophageal and rumen fistula techniques have considerable 
advantage over the sampling methods previously discussed 
because they enable the investigator to obtain naturally grazed 
samples. Both fistulas have been widely used (Theurer et al. 1976). 
However, the esophageal fistula is generally preferred over the 
rumen fistula because rumen evacuation subjects animals to 
abnormal physiological conditions, is limited to large animals, and 

is more laborious (Rice 1970). Esophageal fistula samples have 
been found to be more representative of known diets than rumen 
samples. One advantage that rumen sampling does have over 
esophageal sampling is that the rumen sample contains all the 
forage consumed during the collection (Rice 1970). The esophageal 
fistula can become plugged allowing material to pass through the 
rumen or forage can be lost from collection bags which are 
required with the esophageal fistulated animal. Reviews regarding 
the development and use of the esophageal fistula include those of 
Van Dyne and Torrell(1964), Theurer (1970), Rice (1970), Camp- 
bell et al. (1968) and Theurer et al. (1976). Surgical techniques of 
esophageal fistulation for large animals are described by Torrell 
(1954), Cook et al. (1958, 1963), Hamilton et al. (1960) McManus 
(1962a), McManus (1962b), and Chapman and Hamilton (1962). 
Information on surgery success and maintenance has been 
reported by Torrell (1954), Cook et al. (1958), Lesperance et al. 
( 1960a), Cook et al. ( 1963), Van Dyne and Torrell ( 1964), Jefferies 
and Rice (1969) and Lake and Clanton (1972). Closuredevices for 
esophageal fistulas are discussed by Holechek et al. (1982b). The 
care of esophageally fistulated animals is discussed by Cook et al. 
(1958) and Hoehne et al. (1965). Holechek (1982b) reported that 
fistulated animals could be used for several years when given 

adequate care. 
Problems associate with the use of the esophageal fistula include 

contamination by rumen contents, incomplete recoveries, high 
cost, and low sampling precision for individual species in the diet. 
The effect of saliva on the chemical composition of ingested forage 
is reviewed by Holechek et al. (1982b). Holechek (unpublished) 
found no differences between several hand compounded diets fed 
to esophageal fistulated cattle and the actual botanical composi- 
tion of the diets. Studies conducted by Grimes and Watkins ( 1965) 
and Campbell et al. (1968) showed that esophageal fistula sample 
recovery ranged from 35 to 94%. Holechek (1980) reported few 
recovery problems when the closure device described by Bedell 
(1968) was used. 

Samples contaminated by rumen contents cannot be used for 
botanical analysis. Bath et al. (1956) reported that collection 
periods of longer than 30 minutes increased the chance of 
regurgitation of rumen contents into the collection bag. However 
the present authors have found this problem is primarily related to 
time since previous eating. Withholding feed from animals for a 
few hours will usually overcome this problem. 

Several studies have shown that estimates of diet botanical 
composition obtained with esophageally fistulated animals are low 
in precision (Van Dyne and Heady 1965, Galt et al. 1969, Galt 
1972, Harniss et al. 1975, Holechek 1980). Van Dyne and Heady 
( 1965) calculated 24 or more animals would be required to estimate 
major species with adequate precision (90% confidence the esti- 
mate is within 10% of the mean). At the forage class level (grass, 
forb, browse) as many as nine animals were required for the same 
precision level. Galt et al. (1969) found that 30 steers would be 
needed to adequately (90% confidence, 10% of the mean) sample 
important species on desert grassland range in Arizona. Even 
higher numbers were required for major species to be within 10% of 
the mean with 90% confidence in studies conducted by Galt ( 1972), 
Harniss et al. (I 975) and Holechek (1980). It appears impractical to 
estimate content of individual species in the diet to a close degree of 
precision because of the large number of animals required. 

Botanical Analysis of Fistual Samples 
Reviews on the various methods of determining the botanical 

composition of fistula samples include Theurer (1970), Ward 
(1970), and Theurer et al. ( 1976). These methods can be categorized 
into the basic groups of visual appraisal, manual separation with 
weight or volume analysis, microscope point methods, and micro- 
histological methods (Theurer et al. 1976). Only the techniques 
involving the use of microscope provide a quantitative evaluation 
diet botanical composition (Theurer et al. 1976). Visual analyses 
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can be used to identify most browse plants but grasses and forbs are 
generally masticated beyond recognition (Cook et al. 1958). After 
reviewing studies involving manual separation of plants into major 
groups or specific species (Hoehne et al. 1967, Obioha 1967), 
Theurer et al. ( 1976) concluded this procedure was low in precision 
and time consuming. For these reasons the microscope point and 
microhistological techniques have become the most widely used 
methods for botanical analysis of diet samples. The two techniques 
are differentiated by sample preparation procedures, plant quanti- 
fication procedures, and the degree of microscope magnification 
used in plant fragment identification. 

In a review Theurer et al. (1976) reported the microscope point 
technique was first used by Levy and Madden (1933), further 
developed by Heady and Torrell(1959), and illustrated by Harker 
et al. (1964). This technique involves spreading clipped fistula 
forage over a tray. The tray is then passed under a microscope with 
16X magnification with cross hairs and established stops. The 
plant that occurs under the crosshairs is identified and recorded for 
100 different point locations. Percent composition by weight is 
estimated from point data by regression equations. Several modifi- 
cations of the basic method previously discussed have been used to 
evaluate diet botanical composition (Chamrad and Box 1964, Van 
Dyne and Heady 1965, Galt et al. 1969, Durham and Kothmann 
1977). 

A summary of precision and reliability estimates for microscope 
point analysis is given by Theurer et al. ( 1976). Studies have shown 
that consistency between observers was high when the microscope 
point technique was used to quantify known diets. Different 
observers were consistent in estimating the amounts of different 
plant species in known mixtures in studies conducted by Harker et 
al. (1964) and Galt et al. ( 1968). 

Because a I: I ratio does not exist between percent points 
observed and percent weight (Heady and Van Dyne 1965, Harker 
et al. 1964, Galt 1972), regression equations are developed between 
these two parameters by feeding and analyzing known diets. In all 
the studies reviewed by Theurer et al. (1976) the correlation coeffi- 
cient (r) was 85 or greater which shows that the percent points can 
be accurately used to predict botanical composition by weight. 
Theurer et al. (1976) reviewed research conducted by Galt (1972) 
which showed that the relationship between the percent volume 
and the percent points was stronger than the relationship between 
the percent weight and the percent points. Relating volume, rather 
than weight, to points may be better for quantifying diets because 
the regression equations are less dependent on the species composi- 
tion of the mixture (Theurer et al. 1976). 

Baumgartner and Martin (1939) first described the microhisto- 
logical technique which was later refined by Dusi (1947), Sparks 
and Malechek (1968), Voth and Black (1973), and Holechek and 
Gross (1982b). The technique, as demonstrated by Sparks and 
Malechek (1968), involves oven drying and then grinding diet 
samples through a l-mm screen to reduce all fragments to a uni- 
form size. Five slide mounts are then prepared for each diet sample 
using Hertwig’s clearing solution (Baumgartner and Martin 1939) 
and Hoyer’s mounting solution (Baker and Wharten 1952). After 
drying at 60° C, the slides are analyzed under a compound binocu- 
lar microscope. Twenty microscope fields under a 125X magnifica- 
tion are read for each slide. Epidermal fragments other than hairs 
are recorded as presence of the plant species on the slide. The 
percent frequency is calculated for each species in the mixture, and 
the table developed by Fracker and Brischle (1944) is used to 
convert frequency to density. Relative density and relative percent 
dry weight can be assumed to have a 1 :I regression ratio on the 
basis of the plant species used in the study by Sparks and Malechek 
(1968). 

A number of studies are now available which have examined the 
relationship between observed and expected values for known 
mixtures when microhistological analysis was used to estimate 
species composition by weight (Denham 1965, Sparks and Male- 
chek 1968, Westoby et al. 1976, Vavra and Holechek 1980, Hole- 
chek and Gross 1982a). These studies, with the exception of 

Westoby et al. ( 1976), have shown that correlations coefficients(r) 
between expected and observed values to be greater than .95. The 
investigation conducted by Holechek and Gross (1982a) is the most 
intensive examination of this relationship. They used 26 hand- 
compounded mixtures containing various combinations of 
grasses, forbs and shrubs from semidesert range. The regression 
equations developed in their study agreed quite well with those of 
Sparks and Malechek (1968). The study conducted by Holechek 
and Gross (1981a) differed from other studies in that observers 
were given special training with hand compounded diets prior to 
analysis of the test mixtures and observers were replicated. 

A I: 1 relationship between relative density and relative percent 
composition by weight does not exist for all plant species (Westoby 
et al. 1976, Havstad and Donart 1978, Vavra and Holechek 1980, 
Holechek 1982, Holechek et al. 1982a). Studies by Havstad and 
Donart (1978) and Holechek (1982) showed that ratios of identifia- 
ble to nonidentifiable fragments and ratios between grasses, forbs 
and shrubs were not equal to one. Holechek (1982) found that 
sample preparation techniques influenced both accuracy and the 
ratio of the identifiable to nonidentifiable fragments when micro- 
histological analysis was used. Soaking sample material in either 
sodium hydroxide or bleach improved accuracy compared to use 
of standard sample preparation techniques described by Sparks 
and Malechek ( 1968). The improved accuracy was attributed to the 
removal of pigments associated with certain forb and shrub species 
that make identification of epidermal material difficult. Use of 
microhistological analysis may result in poor estimation of certain 
browse species because leaves from these species have a low pro- 
portion of epidermal material in relation to total biomass (Wes- 
toby et al. 1976). Correlation coefficients between observed and 
expected values for dietary species were low in Westoby’s investi- 
gation indicating that regression would be an unsatisfactory means 
of correcting data. In contrast, Holechek and Gross (1982a) and 
Holechek et al. (1982a) found browse species were accurately 
estimated in their studies. Only current years growth of browse was 
used, and observers were replicated and required to pass an inten- 
sive training program in the studies of Holechek and Gross( 1982a) 
and Holechek et al. (1982a). Vavra and Holechek ( 1980) found that 
sample preparation partially destroyed one shrub species used in 
hand compounded diets. Eptdermal fragments of for& can also be 
destroyed during sample preparation (Rogerson et al. 1976). Sev- 
eral studies now show that hand compounded diets should be used 
in all studies involving microhistological analysis to test the 
assumption of a one to one ratio between actual and estimated diet 
percent by weight composition (Westoby et al. 1976, Rogerson et 
al. 1976, Havstad and Donart 1978, Vavra and Holechek 1980, 
Agruirre-De Luna et al. 198 1, Holechek 1982, Holechek and Gross 
1982a, Holechek et al. 1982a). Regression analysis can be used for 
correction if certain species do not exhibit this ratio (Vavra and 
Holechek 1980). 

Holechek et al. (1982a) examined the influence of plant growth 
stage on the results from microhistological analysis. They used 
hand compounded diets containing equal proportions of grasses, 
forbs and shrubs. Mature and immature growth stages were com- 
pared for diets having the same botanical composition. Little 
difference was found between the two stages of maturity for most 
of the species that were studied. Holechek and Gross (1982a) used 
combinations of mature and immature plants to evaluate the accu- 
racy of microhistological analysis. Stage of maturity appeared to 
have little or no influence on results. 

Research has shown that the precision of microhistological anal- 
ysis is a function of the number of frequency observations recorded 
per slide rather than the number of fields examined per slide 
(Holechek and Vavra 198 I). At least 20 frequency observations 
should be recorded per slide in order to maintain repeatability 
between slides. The numbers of slides required for different levels 
of precision when this restriction is met are provided by Holechek 
and Vavra (1981). 

Holechek and Gross (1982b) found the conversion of frequency 
to density by the Fracker and Brischle (1944) table was less accu- 
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rate and more time consuming for obtaining diet percent by weight 
composition than a more simple procedure. The alternative proce- 
dure involves adding the total number of frequency observations 
for all species. The number of frequency observations of each 
species is divided by the total number of frequency observations for 
all species. This number multiplied by 100 is used as the percent by 
weight composition of the diet. 

Variation associated with observers was reported in studies by 
Holechek and Gross (1982a) and Holechek et al. (1982a). Both 
studies showed that observers were fairly consistent in their esti- 
mates of hand compounded diets if given previous specialized 
training. However, Holechek et al. (1982a) found that estimations 
from an experienced observer not given specialized training were 
both inconsistent with observers receiving such training and much 
lower in accuracy. The average coefficient of variation associated 
with four trained observers was 17% when they evaluated 26 hand 
compounded diets comprised of various combinations of 30 differ- 
ent forage species in a study by Holechek and Gross (1982a). 
Holechek et al. (1982a) recommended that observers should be 
replicated if the study objective is to accurately quantify herbivore 
diets using microhistological analysis. However, if only relative 
differences between herbivore species and dietary trends are of 
interest, this is probably not necessary, particularly if the proce- 
dures described by Holechek and Gross (1982a) are used to train 
and evaluate observers. 

A new procedure called infrared reflectance (IR) has been used 
effectively to evaluate the nutritive value of herbivore diet samples 
(Norris et al. 1976, Ward 1980). The principles behind IR are 
discussed by Norris et al. ( 1976) and Stermer et al. ( 1977). A review 
of the procedure is provided by Shenk et al. (1979). Preliminary 
research has shown that the botanical composition of grass-legume 
mixtures can be predicted within 10 percent of the mean using IR 
(Shenk et al. 1979). IR may hve potential for botanical analysis of 
fecal and fistula samples from range herbivores. 

Summary and Future Research Needs 

The methods presently available to estimate range herbivore diet 
botanical composition all have important limitations. Utilization 
studies for diet determination are most suitable for winter ranges 
having dormant plants that are used primarily by one species of 
herbivore. If direct observation is used in conjunction with tame 
animals, it can give accurate results. Fecal analysis has largely 
replaced stomach analysis as a procedure to evaluate wild herbi- 
vore diets. This has been because fecal analysis gives greater sam- 
pling precision and does not require animal sacrifice. Differential 
digestion reduces accuracy with either stomach or fecal procedures 
but information can be obtained on what species are being con- 
sumed. The use of microdigestion and regression procedures with 
known diets has considerable potential to correct this problem. An 
additional disadvantage of fecal analysis is that it requires large 
labor inputs. Despite its limitations, fecal analysis is the method of 
choice for evaluating wild herbivore diets in many situations. Diet 
samples most representative of what the range animal has actually 
consumed are provided with fistula techniques. The esophageal 
fistula provides a sample more representative of the actual diet 
than the rumen fistula and also requires less labor. Poor precision 
and expense are major problems associated with fistula proce- 
dures. In addition fistula techniques are difficult to use with wild 
ruminants. Several techniques have been developed to estimate 
botanical composition of masticated forages or fecal droppings. 
However, only the microscope point and the microhistological 
techniques provide quantitative results. Research is available 
showing both techniques can provide reasonably accurate esti- 
mates of herbivore diets on the basis of percent composition by 
weight. The microscope point technique requires less sample prep- 
aration than microhistological analysis but its application is res- 
tricted to masticated forages. Relating microscope points to 
volume rather than weight may give more accurate results. Hand 
compounded diets are essential for training observers and checking 

observer accuracy when microhistological analysis is used. 
Presently research is needed in comparing the microscope point 

and microhistological techniques. The microscope point method 
may be more suitable for analysis of fistula samples than microhis- 
tological analysis because less time is required and problems asso- 
ciated with sample preparation are reduced. However, this has not 
been studied. Much more research is needed evaluating the accu- 
racy of fecal analysis. Although microdigestion procedures look 
promising as a means to correct for differential digestion, their 
actual effectiveness has not been established. Information on the 
precision of fecal sampling is limited to one study involving deer, 
and needs further study. Infrared reflectance is a new procedure 
used for analysis of forage nutritive value that may have potential 
for evaluating the botanical composition of fecal and fistula sam- 
ples. This should be investigated. 
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An Analysis of Forage Preference Indices 
CRAIG LOEHLE AND LARRY R. RITTENHOUSE 

Abstract 

Of those models currently used to describe the preference of 
animals for various plants undeigiven conditions, all have serious 
shortcomings for purposes of accurately explaining the data, in the 
regression sense. When five equations, based in various ways on 
preference and availability, were used to estimate diets of cattle and 
sheep, no clear advantage of one expression over another could be 
found. All models tested with the sheep data resulted in increased 
predicted sums of squares compared with total sums of squares. In 
contrast, models tested with the cattle data showed some reduction 
in unexplained variation in diet estimates during the entire year, 
spring, and summer, but not during fall. This improvement was 
probably because the cattle pastures were more homogeneous than 
the sheep pastures and species were aggregated. The best model 
was Ratio 4 (preference -availability) but it requires a complex 
and expensive parameter estimation technique. It was concluded 
that sampling problems combine with inadequacies of the 
preference indexes to prevent accurate representation of the con- 
cept of diet preference. It was also concluded that sampling 
problems arise when the fecal, rumen fistula, or esophageal fistual 
techniques are used to estimate diets. A technique for adjusting 
these techniques to make them suitable for predicting diets was 
described. Further investigations into animal behavior are needed 
to determine variables which affect what the animal perceives as 
being desirable in relation to what is available. 

Preference indices in range work are used to summarize grazing 
trials, to draw conclusions about animal behavior (Krueger 1972), 
and to incorporate into diet prediction models (Nelson 1977, 
Nelson 1978) or simulation models (Anway 1976). However, the 
concept of preference has never been given a rigorous test. The 
objective of this paper is to approach such a test by analyzing the 
indices which purport to measure preference. 

All models that could be located in the literature which 
incorporated preference were examined for usefulness in the 
context of large herbivores, particularly domestic stock. Those 
that passed logical examination were tested against grazing study 
data. Only one model (Silen and Dimock 1978) had been 
previously tested. None had been tested against data from natural 
pastures. 

Review of Previous Indices 

Many authors have developed indices of preference for animal 
diets. Some of the models developed for predation can be adapted 
to herbivory with suitable changes of definition. 

Many of the models developed are limited to the 2-prey case. 
Chesson ( 1978) and Cock ( 1978) review and discuss many of these 
models. It is often stated (e.g., Cock 1978) that 2-prey models can 
be extended to the n-prey case by pooling all prey except type 1 into 
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the type 2 category and then treating as a 2-prey situation. This 
technique has never been validated and in fact is not tenable unless 
the pooled species are equally preferred. Consider, for example, an 
animal (predator or herbivore) with 3 food items. Species 1 and 2 
are greatly preferred but are much rarer than species 3. Normally, 
the diet consists of equal parts of 1 an.d 2 plus a small amount of 3. 
If 2 and 3 are pooled into a new class 2’, the desirable characteristics 
of species 2 are overwhelmed by the undesirable character of 3. 
This approach leads us to conclude, then, that the animal will eat 
almost entirely items of type 1. The problem is that there is no 
tenable rationale for pooling species with different probabilities of 
encounter for herbivores or of capture for predators, frequencies in 
the habitat, and desirabilities to the predator (or herbivore). There 
are times when pooling species is unavoidable, but pooling into 2 
classes as a standard procedure is an unjustified oversimplification. 
Similarly, pooling of plant parts may be an unjustified 
oversimplification (D. Swift, personal communication). 

Because, in general, large herbivores consume more than two 
types of food, the many models that can represent only choices 
between two food items are not deemed useful. For these reasons 
such models will not be considered further in this paper. 

Four relative preference indices (RPI’s) are discussed by 
Krueger (1972). He rejects two of the indices because they do not 
meet the criterion that every plant has the same value when 
selection by animals is completely random. The models which pass 
Krueger’s (1972) random grazer test are RPIl and RPlz, which 
correspond to Ratio 1 and Ratio 2, discussed in the following 
section. 

Prediction Using Preference Ratios 

In this section, four preference ratio models are analyzed for 
logical validity. Those that meet this criteria are tested against data 
in the next section. 

Ratio 1 
Ratio 1 (R I) is the same as RPIl (Krueger 1972) and is given by 

Rli = fdi l Dr (1) 
fri l RAi 

where Rli is the value of Ratio 1 for the i’th plant species; fdi = 
frequency of species i in the diet; fri = frequency of species i in the 
pasture; Di = percent by weight of the diet for species i; and RAi = 
relative availability (percent by weight) of species i in the pasture. 
Used as a predictive formula, we get 

&= fri l Rli*R&. (2) 

This index has problemfdarising from the use of frequency. 
Because frequency depends on plot size and shape, and different 
management agencies and research workers use different sampling 
schemes, it would be very hard to get comparable results from 
place to place. In addition, the frequency of a food item to a 
herbivore depends on its mobility, the visibility of the food item 
under various conditions, and other factors. For these reasons, the 
usefulness of this index seemed dubious and it was not considered 
further. 
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Ratio 2 
This ratio has been used frequently (Krueger 1972, Jacobs 1974, 

Cock 1978) and is commonly called the forage ratio in range work. 
It is given other names in other fields of ecology. It is described as 
the ratio of the percent of a species in the diet to the percent on the 
range. Its computational formula is 

!?__/n 
k=l R&k 

(3) 

where A is the mean preference ratio over n trials. Di is the percent 
1 

of species i in the diet, and RAi is the percent of species’i in the 
herbage. The mean over n trials is necessary due to the nature of the 
data (see methods). This model is easy to interpret in terms of 
whether an animal is selecting for or against a food item (species or 
species part). 

The ratio can range from zero to infinity. In practice, infinite 
values are encountered when a rare species is found in the diet that 
was missed during vegetation sampling. This problem became 
apparent in this study during analysis of the Montana data. Once 
an infinite value is obtained, deriving a mean preference value is 
meaningless. In fact, large values, even if not infinite, can result 
from pasture heterogeneity and the difficulty of sampling rare 
species. In a statistical sense, conclusions drawn for such a rare 
species cannot be justified. The same conclusions apply to the log 
transform, below. This problem was addressed in this study by 
discarding all species that were rare enough to occur in the diet but 
not in the vegetation sampled. 

Jacobs (1974) showed that by taking the log of the elements 
being summed in (3) symmetrical scales for positive and negative 
preference can be obtained. Kautz and Van Dyne (1978) used this 
formula: 

let Xik = Dik + 0.1 

RAik + 0. I 
(4) 

then 

i 1Il (Xik) 

In(A) = k=l 
n 

(5) 

where the 0.1 term is added to avoid taking the log of zero or 
infinity. For more than one trial (k > I), the symmetric nature of 
the scale seems to break down. It is not clear what meaning can be 
attributed to the results of all these manipulations. However, since 
the index Pi in (5) was used in Kautz and Van Dyne (1978), it is 
tested here, along with t&e other indices. 

Once the preference (Pi) is obtained from (3) or (5) the diet is 
estimated by 

fik = ‘Esi l R Aik . (6) 

In practice it was found that normalizing the diet estimates within 
trials so that they summed to 1 improved the fit slightly. This 
practice was necessary because of the rare species which were 
excluded from consideration. 

Manly et al. (1972) derived an instantaneous version of Ratio 2 
that includes a preference factor and an estimation technique. 
Their method is limited to 2 species at present, which excludes it 
from further consideration. 
Ratio 3 

Ratio 3 (R3) is the same as the electivity index of lvlev (1961). It 
is given by 

n 
R3i= C Dik-R&k /n 

k=l Dk + R Aik 
(7) 

where symbols are as before. Compared to (3), (7) has the desirable 
property that it is symmetrical and bounded between -1 and 1. 
Negative numbers indicate that the animal selects against a species; 
positive numbers indicate selection for the species. 

Once R3i has been obtained from (7) empirically, (7) can be 
treated as a single formula instead of a mean of ratios resulting in 
the predictive formula 

Dik = RAik (I + RX) . (8) 
(I-R3i) 

A problem with this method is the fact that the diets predicted by 
(8) do not sum to I in all cases. Ratios derived for one pasture and 
applied to a similar one give diets that are reasonable but do not 
sum to I. Ratio 2 has the same problem, but we can justify 
normalizing the diets to sum to I in that case if weconsider Din (6) 
as the joint probability of occurrence and selection. It is difficult to 
apply a similar argument to the normalization of b obtained from 
Ratio 3. 

Ratio 4 
A predictive model has been developed by Ellis et al. (1976) and 

used by Anway (1976). First, relative preference and relative 
availability indices were developed: 

RPi = pi RAik =Aik (9) 
+Pi + Aik 

where Pi is preference for species i and Ai is availability of species i 
in trial k. Preference was obtained from (3). The relative rank is 
then developed 

~~~~ = RPi l R&c 
I;(RPi l RAik) 
i 

(10) 

Ellis et al. (1976) then define the amount of food class (Ci) con- 
sumed per unit time as 

Gk = (S) (CFR) (RRik) + (I-S) (CFR) (RAik) (11) 

where S= proportion of food taken on a preference-density basis, 
I-S = proportion of food taken strictly on an availability basis, 
CFR = total amount of food consumed in a unit time; if CFR = 
100% or 1 .O, then Ci = Di, as defined earlier. This model was tested 
with RPi in (10) derived by the method below. It was included 
because, while not strictly speaking a ratio index, it is still a simple 
formula closely related to preference. 

If it is assumed that the animal takes no food based purely on 
availability, and that diet units are in percent, then the following 
equation results (Silen and Dimock 1978): 

Dik = RPi l RAik 

C(RPi l RAik) 
i 

(12) 

Silen and Dimock (1978), however, do not use RPi derived from 
(9). Problems are encountered with the derivation of relative 
preference by methods such as Ratio 2, as discussed in preceding 
sections. It is therefore desired to obtain RPi directly from (11) or 
( 12) in some manner. 

Deriving preference values from (11) or (12) presents a number 
of statistical difficulties. The functions are non-linear so the usual 
regression techniques cannot be applied. In addition, the 
preference values do not truly represent parameters in the sense of 
the parameters of a function such as the negative binomial. The 
appropriate technique is therefore an iterative procedure that 
minimizes the difference between actual and predicted values for 
diet composition. This minimization procedure is subject to the 
constraint that the preference values must be greater than zero and 
sum to 1. Such a technique was used in this study. 

Test of Preference Ratio Predictions 

Methods 
A test was conducted with field data to see how well preference 

indices could explain data in the regression sense. Regression was 
not used to estimate preference indices because they are used in the 
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literature as indices to be computed rather than as regression type 
models and because no single regression technique known to the 
authors would work for all models tested. An exception to this is 
Ratio 4. Thus variances of the parameter estimates could not be 
computed. Statistics were based on a goodness of fit approach. The 
null model was simply the mean percentage of each food item in the 
diet, the mean being computed over n trials. Preference values were 
computed from the data, and then these values were used to back 
calculate predicted diets. Predicted diets were normalized to sum 
to one within each trial because of missing species. These predicted 
diets were compared to the actual percent of the food item in the 
diet, over all trials. If the sum of squares of predicted diets minus 
actual diets was less than the sum of squares of mean diets minus 
actual diets then the unexplained variation was considered to have 
been reduced, i.e., the preference index provided an informative 
summary of the data. 

For both data sets, individual trials consisted of a fistula sample 
from one animal on a pasture for one day. In order to get a 
sufficient sample size, trials from several animals on several 
pastures had to be combined. 

The test data consisted of sheep diets from a Montana mountain 
forb type obtained from Krueger (personal communication) and 
cattle diets from a midgrass type in Texas obtained from Anderson 
( 1977). 

Krueger’s unpublished data were used in Krueger ( 1972). Diets 
were sampled from esophageally fistulated sheep for I-hr 
collections shortly after sunrise. The vegetation was sampled with 
30 plots 0.5 m* on each pasture. Grazing trials consisted of 5 
individual sheep grazing on several dates on each of several 
pastures. A total of 78 trials resulted. Over 37 species occurred in 
the diets, but 93% of the diets were accounted for by 14 species and 
71% by 5 species. The 5 most common species comprised the test 
data set. Species not appearing in the vegetation but nevertheless 
appearing in the diet were excluded from consideration. 

In Anderson’s (1977) study, diets were sampled from 
esophageally fistulated cattle for 30 to 60 minutes shortly after 
sunrise. Animals grazed continuously and on a five-pasture 
rotation system (28 days graze and 120 days rest year-round). 
Availability was determined from 100 ‘/4-m* plots in each pasture 
by a method similar to Edlefsen’s (1960). Data were analyzed by 
season, i.e., spring, summer, or fall. Within each season, the 
original data had four categories; grasses, forbs, cactus (Opuntia 
spp.) and annual broomweed (Xanthocephalum spp.). The latter 
two were excluded from consideration in the analyses due to 
virtually complete unpalatability to cattle. 

The forage ratio was tested by obtaining preference values from 
the data using (3) or (5) which was then put into (6) to obtain the 
diet estimate. The log transform (5) was only tested against the 
Texas data. 

Electivity was tested with values from (7) being put into (8) to 
obtain the diet estimate. 

The two models based on preference-availability (11) and (12)) 
were tested by obtaining preference values by non-linear 
optimization. 

Results 
Results of the tests of the predictive models are summarized in 

Tables 1 and 2. Table 1 shows that all models tested against the 
of this model for all data sets and seasons tested suggest that it is the 
most promising of those tested. 
squares for all seasons except fall (Table 2). 

A closer examination of the sheep diet data (Table 1) revealed 
some trends. For all models the green weights gave slightly better 
predictions than the dry weights, although the significance of the 
difference was not tested. The reason for this is not clear. For both 
green and dry weights the best to worst models in a goodness of fit 
sense were preference-availability (12), electivity (8) and forage 
ratio (3), respectively. Because all of these models were unable to 
improve the prediction of the diets over the simple use of mean 

Table 1. Analysis of selected models for sheep grazing in Montana, based 
on the five most common species, which comprise 71% of the diet (data 
from Krueger (1972)). Diet percentages obtained from (6) and (8) were 
normalized to sum to 1 for each trial within an experiment. Numbersare 
100 times residual sum of squares divided by total sum of squares for each 
experiment. 

Equation 
number Equation name Dry weight Green weight 

56 
8 

12 

Forage ratio 
Electivity 
Preference- 
availability 

152.29 139.7 I 
129.52 122.37 
125.27 119.93 

proportions, it is probably not valid to consider the above ranking 
of model performances as meaningful. 

In contrast to the Montana study, all models showed reasonable 
power to reduce variability in the Texas data (Table 2). Once again 
the preference-availability method was best, followed by the forage 
ratio. Electivity and the log transform of the forage ratio gave 
approximately equal results. The fall data did not always follow 
this trend and had a very poor fit, possibly because of the smaller 
number of trial dates within the fall season. For the entire year and 
for the spring, there was no difference in predictive power between 
the preference-availability and forage ratio methods. Nevertheless, 
the good fit with the preference-availability model obtained by 
Silen and Dimock ( 1978) and the consistently better performance 
of this model for all data sets and seasons tested suggest that is it the 
most promising of those tested. 

Other results include further tests of the Montana data. The use 
of the 14 most common species, comprising 93% of the diet, 
resulted in much larger residual sum of squares than the 5-species 
test. No aggregation tests were tried. The model (1 1) of Ellis et al. 
( 1976) was tested for 5 species, with S (selectivity) varying from 0 to 
0.9 by increments of 0.1. Results of this model were always worse 
than the test of (12). Because of the poor fit of all models for the 
Montana data, it was not possible to say that (1 I) was invalidated 
by this result. 

Discussion 
There are two main causes of the lack of fit with the models 

tested: experimental design flaws relative to the diet prediction 
objective and lack of usefulness of the indices. 

A major difference between the two data sets tested is pasture 
heterogeneity. The Texas pastures were relatively uniform and 
data were lumped into only 2 categories. In contrast, the Montana 
pastures were species rich and heterogeneous. No aggregation of 
the Montana data was attempted. 

Spatial heterogeneity is important because a grazing animal 
makes choices largely on the basis of vegetation composition in its 
immediate area. Short grazing trials of a uniform pasture are 
clearly more likely to be representative of choices for an entire 
pasture than is a short grazing trial of a very heterogeneous 
pasture. The inference concerning spatial heterogeneity is 
confirmed when we consider the study of Silen and Dimock ( 1978), 

Table 2. Analysis of selected models for cattle grazing in Texas (data from 
Anderson (1977)). Diet percentages obtained from (6) and (8) were 
normalized to sum to 1 for each trial within a season. Numbers are 100 
times residual sum of squares divided by total sum of squares for trials 
over the respective seasons. 

Equation Entire 
number Equation name year Spring Summer Fall 

X6 Forage ratio 55.20 7 1.89 56.07 278.22 
576 Forage ratio (Log 63.03 72.97 66.05 193.34 

transform) 
8 Electivity 

12 Preference-availability 
62.28 73.38 64.44 195.98 
55. IO 71.61 46.77 189.4 I 
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who used ( 12) to model damage patterns to tree seedlings by deer 
and hares. Their results were statistically highly significant. They 
counted damage to seedlings on a 24-hour basis. Because no trial 
had more than 144 seedlings, this gave the hare or deer sufficient 
time to make choices from the entire population of plants, 
particularly as the number undamaged decreased. In contrast, a 
large herbivore grazing for one hour while filling an esophageal 
fistula bag, cannot adequately cover most pastures. Natural 
pastures are quite heterogeneous, and the vegetation covered by a 
herbivore during one hour may not be very representative of the 
“average”vegetative composition as sampled by plots or transects. 
A larger number of fistula samples averaged together, or a longer 
sample period, such as obtained with rumen or fecal sample 
techniques, would be more likely to result in diet estimates that can 
be compared with the total pasture species composition [the 
assumption being that biases inherent in these techniques can be 
accounted for]. 

The length of the sample period or number of samples sufficient 
to obtain a representative diet needs to be determined 
experimentally. Increasingly long sample periods could be tested 
until relatively constant percentages of species in the diet are 
obtained. For example, for day I the fecal (or esophageal or 
fistular) sample variation between animals is obtained. On day 2 
feces are obtained and pooled in equal proportions with that left 
over from day I from the same animal to obtain a 2-day-long 
sample. This procedure is repeated until the between-animal 
variation reaches a relatively constant minimum. This same tech- 
nique could be used for rumen or esophageal fistula samples, for 
example, by comparing 10, 15, etc., minute fistula samples until a 
constant diet per animal or between animals was obtained up to the 
physical collection time limit, often less than 1 hour. 

Another aspect of animal behavior that affects measures of 
availability is the relationship of grazing time with distance from 
fences or water and steepness of slope. On large and/or hilly 
pastures, in particular, it is hard to justify the exclusion of such 
factors from consideration unless the pasture is very 
homogeneous. It is possible to include factors affecting animal 
distribution by constructing a probability density function for 
occupation of parts of the pasture based solely on physical factors 
such as slope steepness and distance from water or fences (Senft, et 
al. 1980). The correlation of plant species with topography is a 
possible confounding factor. To correct for this, when the 
vegetation is sampled, each species on each sample plot can be 
weighted by the probability of the animal being found in that part 
of the pasture. These weighted availabilities are likely to be quite 
different from the mere sum of biomasses over the pasture. This 
procedure might require more plots to obtain a stable estimate of 
species proportions and abundances but would likely eliminate a 
great deal of the bias inherent in the current random sampling 
methods. 

Assessing the role of the models in the failure to fit the data is 
difficult because of the experimental design problems discussed 
above. The magnitude of the experimental design problem 
becomes apparent when a comparison is made between the highly 
significant results for (I 2) obtained by Silen and Dimock ( 1978) 
and the residual sum of squares values obtained with (12) for the 
Texas data. Whether diets on many-species pastures can be 
adequately explained with the models tested cannot be stated until 
the sampling problems caused by spatial heterogeneity are 
resolved. 

The problems inherent in the esophageal fistula technique 
discussed above led to the examination of other aspects of 
sampling vegetation for diet analysis or prediction. Availability to 
the animal is usually measured strictly in terms of standing crop per 
hectare based on I m* (or other size) plots. There are a number of 

reasons to suspect the general usefulness of this approach. 
Consider that domestic stock do not know the biomass of all 
species on a per hectare basis except relatively and approximately 
on small pastures. We should be measuring variables relevant to 
the grazer’s perception of availability if we hope to make any useful 
predictions.-For example, plants or-plant parts that grow closer to 
the ground than the animal can graze are not available to the grazer 
and should not be counted in the total forage per hectare. Another 
problem was pointed out by Arnold (1963) who showed that 
preferred green forage may be completely inaccessible at certain 
seasons because of dense standing dead material. Simply clipping 
the available forage on sample plots is obviously misleading in such 
cases. The same problems arise when measuring frequency. A plant 
should not be counted as occurring on a plot if it is not available to 
the animal. 

It is not clear in any case that standing crop is the variable of 
interest to the grazer. Tall plants are more visible and may be 
perceived as more abundant by the grazer. Other factors, such as 
cover, leaf size, frequency, moisture content, sugars, protein, etc., 
may also be important. The validity of using standing crop as the 
sole independent variable needs to be demonstrated and cannot be 
assumed a priori. 

The role of the indices themselves in the failure to explain the 
data is difficult to ascertain. The concept of preference makes 
intuitive sense and is therefore difficult to abandon. The results of 
this study, however, show the danger of using indices or models 
without ever testing their validity. 
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Botanical Composition of Steer Diets on Mes- 
quite and Mesquite-free Desert Grassland 

H.D. GALT, BRENT THEURER, AND S. CLARK MARTIN 

Abstract 

Botanical composition of cattle diets on mesquiteand mesquite- 
free desert rangeland was determined on a weight basis by a 
microscope point technique and density constants of species. Pas- 
tures consisted primarily of grasses, small amounts of forbs and 
shrubs, and velvet mesquite (17% crown canopy) on one unit. 
Dietary composition of plant groups consisted of 67 to 97% 
grasses, 0 to 4% forbs, and trace to 33% shrubs. Species composi- 
tion of diets varied by seasons and among animals. Plant prefer- 
ence was not necessarily related to plant availability. Composition 
of diets was markedly different from composition of pastures. 
Black grnma averaged only 3% of diets, but comprised about 
one-third of herbage production. Arizona cottontop, which aver- 
aged 20% of herbage on pastures, was the most consistently 
selected species, averaging 34% of the diet. Seasonal preference 
was shown for certain grasses such as rothrock grama in spring and 
bush muhly in winter. Highest preference for shrub species was 
shown in winter and early summer. Overall dietary composition 
between pastures was much the smne, but average herbage produc- 
tion for a 2-year period was 347 kg/ha greater where mesquite bad 
been controlled. Leaves comprised the major plant part of steer 
diets on both pastures. Leaf content of diets increased from winter 
to summer while stems decreased for the same periods. Botanical 
composition of animal diets can be P guide to more efficient use of 
the range resource by grazing animals. 

Proper management of our range resources is necessary to meet 
increasing demands for red meat. A better understanding of the 
botanical composition of the grazing animal’s diet will help the 
resource manager make sound decisions regardingmanagement of 
the range and care of the animal. More complete information on 
the diet of grazing animals is being obtained through the use of 
fistulated animals. 

Several investigators have made botanical analyses of animal 
diets on a qualitative basis with fistulated cattleand sheep (Cook et 
al. 1958, Connor et al. 1963, and Edlefsen et al. 1960). Recent 
studies of botanical composition of the grazing animal’s diet have 
been on a quantitative basis (Van Dyne and Heady 1965, Gait eta,. 
1969, Free et al. 1971, Thetford et al. 1971). These studies have 
shown that cattle and sheep graze selectively and species composi- 
tion of the animal’s diet varies with season of use (Theurer et al. 
1976). 

The objective of this study was to tictermine the quantitative 
botanical composition of steer diets on a desert grassland. Diets of 
cattle on mesquite infested and mesquite-free pastures were com- 
pared during four seasons of a year. 

Experimental Procedure 

The study area was on the Santa Rita Experimental Range 
about 56 km south of Tucson, Arizona. Two adjacent 16.2 ha 
pastures used for the study were similar in vegetation cover except 
for a 17% canopy cover of velvet mesquite (Prosopisjuliflora var. 
velutina (Woot.) Sarg. on one unit (Fig. I). Mesquite on the 
adjacent pasture had been individually treated with low grade 
diesel oil in 1954 and 1955. Percent kill of mesquite was about 
100%. 

Grasses comprised most of the vegetation and were dominantly 
Arizona cottontop, black grama, slender grama, and spidergrass 
(see Table I for scientific names). Smaller amounts of shrubs 
occurred on both pastures. Common shrubs were catclaw, false 
mesquite, desert honeysuckle, and Englemann pricklypear. Forb 
species made up a minor part of the total vegetation. 

Condition of the range in relation to site potential was classed as 
fair on the mesquite pasture andgoodon the mesquite-free pasture 
according to Forest Service surveys. Predominant soils of the area 
are White House gravelly sandy loam and Tumacacori coarse 
sandy loam (Young et al. 1935). Annual precipitation averages 
about 40.6 cm with 60% falling from late Junethrough September. 
Generally. grass green-up begins during the March-April period 



and May and June are usually without effective rainfall. Most 
herbaceous plant growth occurs in July and August but may 
continue into September and October if moisture is available. 
Precipitation was favorable for plant growth during the period of 
the study. Total rainfall in I966 was 4 1.2 cm and 48.9 cm in 1967. 
Rainfall totals in 1966 and 1967 during the period from June 
through September were 26.7 and 25.0 cm, respectively. 

Rumen fistulated steers (2-year old grade Herefords) were 
paired and placed on the experimental pastures from December 
1966 to September 1967. Dietary samples were collected two con- 
secutive days for two periods in each of the four seasons according 
to a cross-over experimental design. Seasons (and sampling peri- 
ods) were as follows: winter (Jan. 22-23 and Feb. 5-6); spring (Apr. 
16- 17 and May 3-4); early (dry) summer (June 17-l 8 and July 5-6); 
and summer (Aug. 7-8 and Aug. 22-23). Pairs of steers were rotated 
between grazing units after each collection period. Forage intake 
and digestibility investigations were also made in conjunction with 
this study (Galt 1972). 

Forage samples of steer diets were obtained by rumen evacua- 
tions (Lesperance et al. 1960). The cattle were penned at daybreak 
before starting to graze. The rumen and reticulum were cleared of 
ingesta and rinsed with water prior to sampling. lngesta was tem- 
porarily stored in clean receptacles. Evacuated steers were allowed 
to graze for about 45 minutes. While the steers were grazing, one 
steer from each pair was observed with binoculars to determine as 
closely as possible the species grazed. Freshly grazed material was 
then removed from the rumen and the original rumen ingesta was 
replaced. Rumen forage samples were placed in plastic bags and 
quick-frozen with dry ice in the field. Samples that were collected 
from each steer for two consecutive days per sampling period were 
combined on an equal weight basis before botanical analyses. A 
total of 32 dietary samples were examined. 

Botanical analyses of rumen forage samples were made in the 
laboratory using the microscope point technique as illustrated by 
Harker et al. (1964) and used by Galt et al. (1969). Botanical 
composition was determined on a weight basis through the use of 
density constants (wt./vol.) as described by Galt (1972). Plant part 
composition remained on a percent point basis. 

Rumen forage samples were mixed in water using a rotating 
tumbler for 15 minutes and then spread on absorbent paper to 
air-dry. A random sample of masticated forage was taken to cover 
the bottom of a 45 X 15 cm tray to approximately 3 mm in)depth. 
Masticated plant material was examined with a binocular imicro- 
scope having 20 to 80 X magnification. Plant fragments were 
identified by a key based on morphological characteristics of plant 
parts in known specimens. Four hundred microscope points were 
taken per sample and recorded as hits on plant blade, sheath, leaf, 
stem, inflorescence or unidentifiable part. Percent points per sam- 
ple was based on the total number of identifiable points. The 
unidentifiable portion of the sample was assumed to be propor- 
tional to the identifiable. Percent points of a species was found to 
be approximately equal to percent volume (Gait 1972). Density 
constants (g/cc) were developed for each species to convert percent 
points to percent weight. Percent weight of mesquite pods in 
samples collected from the cattle during the summer was deter- 
mined by hand separation. 

Botanical composition of the experimental pastures was deter- 
mined on a weight basis at the end of the growing seasons in 
October of 1966 and 1967. Composition and production of her- 
bage was measured by placing 50,0.89 m2 quadrats in each pasture 
using the double-sampling method (Wilson et al. 1944). Foliage 
above 1.5 m on shrubs was not sampled. Herbage in plots was 
clipped at ground level. Crown canopy of mesquite was determined 
by the line transect method. Utilization checks were made after the 
first four trials on both pastures and just before the summer 
grazing season in July. Utilization was determined as percent 
weight removed from the key plant species in each pasture using 
the grazed-plant-count method of Roach (1950). 

Whole plant samples for eight major grass species observed 
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grazed by the fistulated steers were collected for analyses of plant 
part composition. Approximately 100 g dry weight samples of 
species were randomly collected from each pasture on the rumen 
sample collection dates previously given. The species were separ- 
ated into blade, sheath, stem, and inflorescence, and dried at 45” C 
for 24 hours. 

Data were analyzed by analyses of variance based on a cross- 
over experimental design (Cochran and Cox 1964). Duncan’s mul- 

Table 1. Botanical composition and herbage production of mesquite 
mesquite-free pastures on the Santa Rita Experimental Range.’ 

and 

GRASSES 
Arizona cottontop 
(Trichachne californica) 

Black grama 
(Boureloua eriopoda) 

Spidergrass 
(Aristida ternipes) 

Slender grama 
(Bouteloua filiformis) 

Rot hrock grama 
(Bouteloua rothrockii) 

Sideoats grama 
(Bouteloua curtipendula) 

Plains bristlegrass 
(Setaria macrostachya) 

Santa Rita threeawn 
(Aristida glabrata) 

Bush muhly 
(Muhlenbergia 

Tanglehead 
(Heteropogon 

Other grasses* 

porteri) 

contortus) 

FORBS 
Melon-loco 
(Apodanthera undulata) 

Tetramerium 
(Tetramerium hispidum) 

Wright’s buckwheat 
(Eriogonum wrightii) 

Careless weed 
(Amaranthus palmeri) 

Other forbs-’ 

SHRUBS 
Velvet mesquite 
(Prosopis julijlora var. velutina) 

False mesquite 
(Calliandra eriophyplla) 

Desert honeysuckle 
(Anisacanthus thruberi) 

Catclaw 
(Acacia greggi) 

Englemann prickly pear 
(Opuntia englemannii) 

Other shrubs5 

Total 

27 

29 

8 

7 

6 

7 

5 

5 

4 

2 

T 

T 

T 

T 

T 

T 

I74 

T 

T 

T 

T 

T 

100 

234 

67 

56 

47 

57 

38 

39 

34 

16 

T 

T 

T 

T 

T 

T 

IO 

T 

T 

T 

T 

818 

32 

16 

13 

8 

4 

T 

3 

5 

5 

T 

T 

T 

T 

T 

T 

0 

2 

T 

T 

T 

T 

100 

373 

185 

146 

93 

45 

16 

36 

45 

49 

T 

T 

T 

T 

T 

T 

0 

22 

T 

16 

T 

T 

1165 

‘Values are averaged for 1966 and 1967, air dry weight basis. T--Refer> to trace 
amounts less than 2Yc. 
?Includes 9 other grass species. 
Jlncludes 4 other forb species. 
4Percent crown cover of velvet mesquite. 
slncludes 4 other shrub species. 
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tiple range test was used to test differences among sample means. 
Numbers of animals needed to sample certain botanical compo- 
nents for a specific degree of accuracy were calculated according to 
Snedecor ( 1956). 

Results and Discussion 

Pasture Composition 
Species composition and herbage production of the experimen- 

tal pastures averaged for 1966 and 1967 are shown in Table 1. 
Herbage production was consistently greater on the mesquite-free 
pasture. Production averaged 1165 and 818 kg per hectare for the 
mesquite-free and mesquite pastures, respectively for the two year 
period. Herbage production was greater in 1967 than in 1966 with 
an additional 337 kg/ ha produced on the mesquite pasture and 673 
kg/ ha on the mesquite-free pasture. 

The pastures were managed for utilization to keep an adequate 
amount of the major grass species available. Greatest use occurred 
in early July, 1967, when the overall use of key species averaged 
48% on the two pastures. During this period, 345 kg/ ha of herbage 
remained on the mesquite pasture and 422 kg/ ha of herbage was 
left on the mesquite-free pasture. Grass green-up began in early 
July and growth continued until October as a result of good 
moisture conditions. Thus, an adequate amount of forage was 
available throughout the study. 

A total of 36 plant species were identified on the pastures. 
Grasses made up most of the herbage on the grazing units. Even 
though a wide variety of grasses were present on the experimental 
pastures ( 19 species), 10 species made up 98% of the total produc- 
tion. There were differences in amounts of major grasses between 
the two pastures. Arizona cottontop was more abundant on the 
mesquite pasture; spidergrass and slender grama were more preval- 
ent on the mesquite-free pasture. The grama grasses, Bouteloua 
species, were an important group and comprised 49 to 58% of the 

total herbage production on the grazing units. Only minor 
amounts of forb species were found on the study area. Common 
forbs were melon-loco and Wright’s buckwheat. In addition to 
mesquite on one unit, small amounts of shrub species such as false 
mesquite, desert honeysuckle, and catclaw were present on both 
pastures. 

Species Composition of Steer Diets 
Botanical composition of the steer diets are shown by pasture 

treatments within seasons (Table 2). A total of 27 plant species 
were identified in the rumen forage samples. Fifteen grass species 
made up 67 to 97% weight of the rumen forage samples; six of these 
species were found in trace amounts. Grasses have been reported to 
be the largest plant group of cattle diets on ranges by several 
workers (Cook et al. 1963, Van Dyne and Heady 1965, Thetford et 
al. 1971). The major grass in the diets was Arizona cottontop. 
Spidergrass and rothrock grama were the next most preferred 
species. Grasses such as plains bristlegrass, slender grama and 
sideoats grama were consistently selected to a lesser extent. Forbs 
were a minor component of the diet (O-4%) and were selected 
primarily in winter and summer. Primary forbs in the diet were 
melon-loco, tetramerium and careless weed. Variable amounts of 
shrub species (O-33%) were selected by the steers at different times 
of the year. Preference was shown for species such as velvet mes- 
quite, false mesquite, catclaw, and Englemann prickly pear. 

Coefficients of variation (CV) were calculated as a measure of 
variation for individual species and plant groups in the steer diets. 
Extreme variability was found for species and plant groups among 
the steer diets. Coefficients of variation ranged from 13 to 287%. 
The CV’s for Arizona cottontop, plains bristlegrass, and spider- 
grass were 91%, 93%, and 57%, respectively. The large variability 
in dietary botanical composition occurred among and within 
seasons. 

The unidentifiable portion of the diet averaged 19% and ranged 

Table 2. Botanical composition ($6 weight) of steer diets by seasons on mesquite (M) and mesquite-free (MF) pastures of the Santa Rita Experimental 
Range.lv2 

Winter Spring Early summer Summer Grand 
Species M MF M MF M MF M MF mean 

GRASSES 
Arizona cottontop 40 46 39 12 28 40 39 23 34 
Plains bristlegrass 12 4 6 3 IO 7 IO 7 7 
Spidergrass 2 9 13 19 12 21 20 14 I5 
Slender grama 5 6 2 4 7 4 4 25 7 
Sideoats grama 2 T 7 6 4 3 7 6 4 
Rothrock grama T T 17 37 6 15 4 16 12 
Black grama 4 4 5 7 T T 0 3 3 
Bush muhly 9 18 T 2 T T T T 4 
Santa Rita threeawn 2 T 5 T T T 0 T T 
Other grasses3 T T 3 T T T T 2 T 

Total grasses 76 87 97 90 67 90 84 96 86 

FORBS 
Melon-loco T 3 0 0 0 T T T T 
Tetramerium 0 0 0 0 0 0 T 2 T 
Careless weed 0 0 0 0 0 0 T 2 T 
Other forbsj T 0 0 0 0 0 0 T T 

Total forbs T 3 0 0 0 T T 4 T 

SH RlJBS 

Velvet mesquite 13 0 3 0 6 0 16 0 5 
False mesquite 9 T T T 27 T 0 T 5 
Catclaw 0 T 0 7 0 10 0 T 2 
Englemann prickly pear 2 IO 0 3 T T 0 T 2 
Other shrubs5 0 0 0 T T T T T T 

Total shrubs 24 IO 3 IO 33 IO 16 T 14 

iTrlbular values are averages of four steers. T--trace amounts less than 2% weight. 
?Collcction dates for seasons. 1967 are: Winter l/22-23. 215-6; Spring 4/ 16-17. 513-4: Early Summer 6/ 17-18, 7/5-6; Summer 8/7-8, 8/22-23. 
‘Includes six other grass species. 
‘Includes three other forb species. 
‘Includes two other shrub species. 
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from 8 to 25%. The unidentifiable portion was highest in winter 
samples and became progressively less from spring to summer. 
Unidentifiable material consisted mainly of plant particles which 
could not be identified due to the absence of unique morphological 
characteristics of plant parts. 

A second investigation was made simultaneously with this study 
on the behavior and grazing preference of fistulated steers on a 
desert grassland (Zemo 1968). Intensive observations were made of 
the fistulated steers used in this study from June 27 to September 9, 
1967. The grazing preference study was based on the number of 
bites taken by an animal, per unit of time. Zemo ( 1968) determined 
an overall preference rating of the major grasses, forbs and shrubs. 
His rating placed the following species in order of preference: 
Arizona cottontop, slender grama, plains bristlegrass, rothrock 
grama, spidergrass, sideoats grama, forbs, Santa Rita threeawn, 
bush muhly and shrubs. Except for the lower rating of spidergrass, 
Zemo’s study approximates a preference rating based on amounts 
of these grasses in diets determined from this study. The behavior 
study of the same fistulated steers (Zemo 1968, Zemo and 
Klemmedson 1970) reported grazing times of 6.7 hr per animal day 
and 2 hr per animal night during four definite daylight and two 
nighttime periods throughout the study. These workers concluded 
that the activities of the fistulated steers did not differ from those of 
intact cattle. 

same. Steers on the mesquite-free pasture consumed more 
(KO.05) slender grama and rothrock grama than on the mesquite 
infested pasture, but these species were also more abundant on the 
mesquite-free pasture. Total shrub species in diets were not signifi- 
cantly different between pasture treatments. False mesquite was 
preferred on the mesquite pasture while catclaw was selected from 
the mesquite-free pasture, although availability for these shrubs 
was similar between pastures. On the mesquite-infested pasture, 
mesquite leaves were most abundant in winter diets but more 
mesquite was consumed during summer as seedpods. New Mexico 
workers also noted consumption of mesquite during the summer, 
primarily as seedpods (Rosiere et al. 1975). 

Selectivity of Plant Parts 

Seasonal Variation in Dietary Plant Species 
Arizona cottontop was the most consistently selected species 

throughout the year, comprising 12 to 46% of the diets, compared 
to 27 and 12% of the herbage production on the mesquite and 
mesquite-free pastures, respectively (Table 2). 

Plant part composition of major species on the experimental 
pastures and in the cattle diets shows that the steers were selective 
not only of certain plants but also parts of species. Average plant 
part composition of eight major grass species as determined from 
whole, clipped plants on the experimental pastures is shown in 
Table 3. These species comprised a major part of the steer diets 
(Table 2). Availability of various grass parts varied by seasons. The 
percent of grass blades was highest in early summer and summer 
(47 to 30%) compared to winter and spring (15 to 23%). Sheath 
parts remained at 24% weight except for a slight decline in early 
summer. More stems were available in winter and spring (51 to 
44%) compared to both summer periods (30%). Seedheads com- 
prised 16% weight in summer but were less than 10% of plant 
weight in other seasons. 

species collected during four 

Spidergrass, the second most abundant species in diets, was 
selected throughout the year. It was selected less in the winter (6% 
avg.) than in other seasons (17% avg.). This bunchgrass produced 
an average of 13% herbage on the pastures. Plains bristlegrass was 
the third most consistently selected species by the steers. However, 
availability of this species on the study area was limited from 5 to 
less than 2% of herbage production. Slender grama was not grazed 
to a large degree until summer, when it accounted for 25% of the 
diets on the mesquite-free pasture. 

Table 3. Plant parts (% weight)of majo:grass 
seasons from experimental pastures. ’ 

Grass parts Winter Spring 
Early 

summer Summer 

Blade 15 23 47 30 
Sheath 24 24 18 24 
Stem 51 44 30 30 
Seedhead 9 8 4 16 

Other grasses more preferred during certain seasons were 
rothrock grama and bush muhly. Rothrock grama was not grazed 
to any extent until spring when it was greater (P<O.O5) than in 
winter or summer diets. This species averaged 7% of herbage 
production, but comprised 17 and 37% of the spring diet. Bush 
muhly was greater (IYO.05) in winter diets (14%) than for other 
seasons (less than 2%). This was a minor species on grazing units 
and comprised an average of 5% of the herbage production. 

rValues are averages for eight grass species identified in diets (Arizona cottontop. 

plains bristlegrass, spidergrass. slender grama, black grama, sideoats grama. bush 

muhly, and rothrock grama). 
‘Dry matter basis. 

Black grama was a relatively minor component of the steer diets 
and was selected primarily in winter and spring. This species 
averaged 4% of diets in winter, 6% in spring and minor amounts 
during summer periods, but made up about one-third of the total 
herbage production. Thus, black grama was not a preferred species 
in this study, confirming earlier reports (Campbell and Crafts 
1939, Galt et al. 1969). Cattle diet studies on a semidesert range in 
New Mexico showed average preference for black grama by Here- 
ford steers on year long and seasonally grazed range (Rosiere et al. 
1975). However, plant composition of the New Mexico range was 
widely different from composition of the range in this study. 

Plant parts of all grasses in the cattle diets were averaged for 
pastures within season (Table 4) since no significant differences 
(KO.05) were found between mesquite and mesquite-free pas- 
tures. Plant part composition in diets was based on the number of 
microscope points. Considerably more grass blades were present in 
spring through summer diets (-60%) than in winter (34Yc). Grass 
sheaths decreased from 34% in winter diets to a low of 14Yc in early 
summer. Grass stems comprised less than 20% of the diets and 
followed a decline similar to that for sheaths from winter (19%) to 
summer (3%). No particular preference was shown for grass seed- 
heads, although the largest amount (8%) occurred in summer diets, 
when the predominant grasses were heading. 

Only relative comparisons can be made between percentage by 
weight of parts of eight major grasses on the study area (Table 3) 

Common shrub species in the steer diets were false mesquite and 
catclaw. False mesquite was selected primarily in winter and early 
summer. On the mesquite-free pasture, catclaw was preferred in 
spring and early summer. These shrubs began growing in May and 
June and provided green forage when most grasses were dormant. 
Prickly pear cactus was selected primarily during winter. Moisture 
content of cactus may have been a factor affecting preference since 
this species maintains a high moisture level (70 to 80% avg.) during 
winter when the grasses are dormant and are low in moisture (IO to 
20% avg.). 

Table 4. Parts of grasses (% 
desert grassland.lV2 

microscope points observed) in steer diets on 

Effects of Pasture on Steer Diets 
Overall dietary composition for the two pastures was much the 

Blades 34 57 60 62 
Sheaths 34 21 14 28 
Stems 19 15 IO 3 
Seed heads 2 3 2 8 
‘Tabular values are averages of four steers. 
?Grasses in the diet and collection dates for seasons are given in Table 2. 
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and percent point composition of total grasses in diets (Table 4). 
Leaves (blade & sheath) averaged 39, 47, 65, and 54% weight in 
winter, spring, early summer, and summer respectively, for major 
grasses on the pastures. Leaf content of diets averaged 68, 78, 74, 
and 90% points for the same periods. Steers were selecting leaves 
over stems in all seasons, and the increase of leaf content in steer 
diets appeared to be related to availability of leaf herbage as the 
growing season progressed. 

Shrub leaves comprised a minor part of diets and was from trace 
to 7% based on number of microscope points. More stems of 
shrubs were in diets than leaves (up to 17%; Galt 1972) with higher 
amounts in the early summer season as a result of false mesquite 
selectivity (Table 2). 

Number of Animals Required 
Estimates were made on the number of animals necessary to 

estimate certain botanical components of steer diets within 20% of 
the mean at the 90% confidence level. Number of animals required 
to sample range vegetation at this level of confidence would be 
excessive for components (Table 5). To sample major grasses and 
genus groups such as Arizona cottontop, spidergrass, rothrock 
grama, and Bouteloua species would required from 15 to 55 anim- 
als. To sample certain plant groups such as grasses or leaves would 
require fewer animals. Large variability among animals in selectiv- 
ity for species in their diets was also supported by Van Dyne and 
Heady (1965). These workers determined that 24 or more animals 
were necessary to estimate major species by genus groups on 
annual California range within 10% of the mean and 90% confi- 
dence. These results suggest that it is impractical to measure major 
botanical genera with a high degree of confidence due to large 
variation of botanical composition among animals. 

Table 5. Relative numbers of animals required to estimate certain 
botanical components of steer diets within 20% of the mean and 90% 
confidence. 

Botanical components 

Grasses 
Arizona cottontop 
Plains bristlegrass 
Spidergrass 
Slender grama 
Sideoats grama 
Rothrock grama 
Bouteloua species 

Number of animals 

55 
177 
22 
9 

54 
33 
15 

Results of this study support the work of other investigators 
(Connor et al. 1963, Van Dyne and Heady 1965, Bredon, et al. 
1967) who found botanical composition to vary greatly among 
animals, ‘season of use, and parts of species grazed. Species compo- 
sition of animal diets in this study varied considerably among 
animals and seasons with a high degree of selectivity shown for 
certain species and plant parts. Composition of steer diet was quite 
different from the available herbage. This study shows that the 
presence of velvet mesquite had little effect on dietary composition, 
but a greater amount of forage was produced where mesquite was 
removed. 

Based on results of this study, management plans for similar 
kinds of rangeland should provide for increase and maintenance of 
major species such as Arizona cottontop and spidergrass (Martin 
1966). Not only are these grasses important to cattle diets, but they 
also include a significant part of the herbage on similar ranges in 
good to excellent condition. 

Utilization may be improved for species such as black grama by 
grazing seasonally. Studies in southern New Mexico( Rosiere et al. 

1975) showed that steers had a high preference for black grama in 
winter and in summer. Winter preference of black grama was 
attributed to its growth activity during this season while summer 
preference was related to lack of other forage during drought. A 
strong preference for black grama during December was shown in 
an earlier steer diet study on the Santa Rita Experimental Range 
(Galt et al. 1969). 

Summary and Conclusions 

Four rumen fistulated steers were used to study the botanical 
composition of cattle diets on mesquite and mesquite-free range 
during four seasons of a year. Grasses were the major plant group 
on the study area and forbs occurred in minor amounts on the 
pastures. Average density of mesquite on one pasture was 17% 
crown canopy and several shrub species occurred in small amounts 
on both grazing units. 

Species composition of steer diets varied by seasons and among 
animals. Certain species were preferred throughout the year, while 
others were selected on a seasonal basis. Composition of animal 
diets was markedly different from composition of the pastures. 
Grasses comprised 67 to 97% weight of the diets. Arizona cotton- 
top was the most consistently selected species and was usually the 
largest component in the diets. This species made up 12 to 27% of 
the herbage on the grazing units. Black grama, in comparison, was 
only 0 to 7% of steer diets, but comprised about one-third of total 
herbage production. Spidergrass was the second most abundant 
species in diets. This species averaged 2 to 2 1 TO of diets and 13% of 
the herbage on the pastures. 

Several other species were selected at certain seasons. Slender 
grama was not an important dietary component until summer 
when it comprised 25% of steer diets on the mesquite-free pasture. 
Rothrock grama was preferred in spring diets (up to 37%), while 
bush muhly was selected primarily in winter. Slender grama and 
rothrock grama were the only two species that were different 
(KO.05) in diets between pastures. Overall species composition of 
diets were much the same between pastures. The presence of velvet 
mesquite had little effect on dietary composition, but more forage 
was produced where mesquite was removed (1165 vs 8 18 kg/ ha 
over a 2-year period). 

Shrub species in diets varied with season (0 to 33%). False 
mesquite was selected primarily in winter and early summer. Cat- 
claw was preferred in spring and early summer. Mesquite leaves 
were consumed in small amounts during the year, but more prefer- 
ence was shown for mesquite seedpods in summer. Forbs were a 
minor dietary component (0 to 4a/,) and were selected primarily in 
winter and summer. 

The steers selected certain plant parts as well as species in their 
diet. Leaf content increased in diets from winter to summer while 
stems decreased for the same periods. Leaf content in steer diets 
appeared to be related to more available leaf herbage as the grow- 
ing season progressed. 

Such information on amounts of species selected throughout the 
year by cattle should enable range managers to make more efficient 
use of forage resources on southwestern grass-shrub ranges. 
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Contributions to the Ecology of Dactylocte- 
nium aegyptium (L.) P. Beauv. 
B.M. SHARMA AND A.O. CHIVINGE 

Abstract 

Dactyfoctenium aegyptium, which is a nutritious fodder, grows 
abundantly in the campus of University of Ibadan, Nigeria, under 
tropical climate and supported by reddish-brown loamy soil. The 
species shows morphological variations and three forms have been 
recognized. Form A is small sized, Form B medium, while Form C 
is large. Each form grows with different associated species, though 
some of them are common to all forms. The three forms behaved 
differently with respect to germination requirements, biotic distur- 
bance, and water stress. Cultural experiments revealed germina- 
tion lower on filter paper than on soil, a progressive decrease in 
germination with depth, no germination at 4 cm and 5 cm depths, 
and a general increase in germination from 10” C to 25” C. Form C 
did not germinate at all in total darkness but had the highest 
germination in glass-house and it was the only one that germinated 
in continuous light. Most of the results of various germination 
experiments showed that Form A had the least germination, fol- 
lowed by Form B, while Form C had the highest germination. 
Experiments on water stress revealed that Form B showed the best 
growth but it was only Form C that had flowered. There are 
persistent differences in three Forms with regard to growth habit, 
period of maturity, spike coloration, and germination behavior, 
which indicate that they are likely to be ecotypes. 

The superb job of nature in spreading the grasses and legumes on 
a considerable range of earth along with adaptations to different 
climates is a boon to mankind and livestock. A knowledge of their 
developmental physiology is, therefore, of the greatest importance, 
particularly in the management of grasslands and crops. Consider- 
able work has already been done on different grasses and the 
present investigation on Dactyloctenium aegyptium is a general 
contribution to its ecology. This species is considered to be a 
nutritious forage plant in many parts of the world, as it is easily 
eaten by horses, cattle, sheep, and goats at all stages ofgrowth. The 
species is a native of the Old World and occurs in tropics, subtrop- 
ics, and warm temperate regions from sea level to 2000 m altitude, 
on roads, in fallow and waste land, as a common weed in cultiva- 
tion and in pastures of relatively dry areas, where it can tolerate a 
considerable degree of salinity (Bogdan 1977). The species is an 
annual grass and is a troublesome weed in crops such as corn, 
cotton, sugarcane, and peanuts. Its principal range as a weed is 
from latitude 15” South to 15” North. 

In West Africa Dactyloctenium is represented by only one taxo- 
nomic species-Dactyloctenium aegyptium (L.) P. Beauv. (Clay- 
ton 1972), though D. giganteum and D. bogdenii are common in 
South and East Africa respectively (Bogdan 1977). Anattempt to 
study the biological variability of the Nigerian representative speci- 
mens was motivated by different descriptions of the species given 
by Townrow ( 1959) and Stanfield ( 1970). Townrow (1959) des- 
cribes it as a mat-forming perennial, 30 to 40 cm high, rooting at 
the nodes with a maroon coloration. The attribute of maroon 
coloration has not been documented by other workers such as 

1 hc authors arc Senior Lecturer and Single Honoursstudent. respectively. Depart- 
n~!nt of Botany. Ilniversity of Ibadan. Nigeria. 
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Britton and Millspauch (1962), Goodling et al. (1965), and Tadros 
(1973). 

In the University of lbadan campus, having an area of 1032 
hectares (University of lbadan Calendar 1978), Dactyloctenium 
aegyptium has been observed to have variations in morphology 
and other features. On comparing the various forms with speci- 
mens in the herbariums of the Botany Department and that of the 
Forestry Department, it has been found that they belong to the 
same species, viz. Dactyloctenium aegyptium. However, we have 
arbitrarily categorized them into three forms. Our interest centered 
in knowing the nature of ecological variations and this led to the 
planning of a number of experiments. It is hoped that this study 
would add to an understanding of some of the intricacies involved 
in the ecological variability of the species and hence allow one to 
assess, in relative terms, the success of the species as a weed. In 
addition, the information obtained in such a study is likely to 
stimulate thoughts on taxonomic differentiation which the forms 
might have reached. The three forms of Dactyfoctenium aegyp- 
tium are recognized on the basis of morphological differences 
(Table I, Fig. 1). 

Climatic and Edaphic Factors 

Climate and vegetation show a very close relationship. It is 
possible to regard vegetation as an indicator of climate and to 
utilize plant distribution for delimitation of climatic zones (Walter 
1971). Some of the climatic data for the University campus are 
presented in Table 2. Data on temperature and precipitation are 
graphically shown in Figures 2 and 3. There appear to be two 
seasons-the wet season from March to October and the dry 
season from November to February. The relative humidity ranged 
from 32% at 1600 hours in January to a maximum of 95% at 0700 
hours in May. The general monthly trend shows that it is lower 
during November to March. Similarly, the number of sunshine 
hours has been higher during the dry season. The importance of 
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Table 1. Morphological differences of the three forms of Dactyluctmiutn oegyptium (L.) P. Beruv. in the University of lbadan Campus, Nigeria, 

Form A 

I. Root system: 8- IO roots per tiller; 
Average rooting depth 10 cm. 

2. Culms: IO-15 cm. high, occasionally 
30 cm. 

Form B 

Rooting at nodes of stolons; lo-15 
roots at each node; average rooting 
depth IS cm 

30-35 cm, occasionally 50 cm 

Form C 

15 roots per tiller; rooting at node also; 
average rooting depth 25 cm 

45-50 cm. high, occasionally 60-80 cm; 
Im according to Holm et al. (1977) 

3. Growth pattern: Matforming 
tendency, diffused type 

Stoloniferous type 

4. Leaf: Longest leaf is 20 cm Longest leaf is 25 cm 

5. Spikes: Dark brown above and Slight brownish coloration but 
light green below, maroon mostly dark green with short 
coloration (Townrow, 1959); extended rachis; maximum length 
max. length 3 cm. 4 cm. 

6. Seed color: Reddish brown Reddish brown 

Upright form in tufts with a little 
tendency to form stolons. 

Longest leaf is 35 cm 

Mostly green color 

Maximum length 6 cm. 

Greyish brown 

sunshine hours is considerable since, as Wilsie (1962) has shown, sterilized cotton wool in sterilized petri dishes. All germination 
light intensity at seedling stage may determine the success or failure experiments were carried out as replicates of three. Various cultu- 
of grasses. ral experiments conducted were as follows: 

The temperature curve goes higher in February, gradually dec- 
lining with a minimum in July and again increasing until 
December. The total annual rainfall was 1578.5 mm with nil 
amount in December and the highest (305.2 mm) in April. The 
rainfall shows two peaks, one in March-April and another in 
September. 

Germination on different substrates such as vermiculite, soil, 
and filter paper. 
Germination at different temperatures from 10°C to 45°C. 
Germination at different soil depths from surface to 5 cm 
depth. 

The soil in the area is reddish-brown loam. It is permeable and 
strongly leached. The soil profile does not show visible stratifica- 
tion. The soil reaction is acidic to neutral, varying from 6.47 to 
6.93. Wilsie (1962) is of the opinion that grasses grow well in such a 
pH range. The soil moisture during the dry season was quite low 
(0.02%) while the organic matter, as determined by loss on ignition, 
varied from 2.03 to 2.32%. 

1. 

2. 
3. 

4. 

5. 

Germination in different environments such as glasshouse, 
orchid house, total darkness, continuous light. 
Experiment to show effect of biotic disturbance under the 
following conditions. 
a) Five plants of each form uprooted and left on soil without 
watering. 

Materials and Methods 

b) Five plants of each form uprooted, left on soil surface and 
watered daily with 100 ml tap water. 
c) Five plants of each form uprooted, replanted and watered 
daily with 100 ml tap water. 

Specimens of various forms were carefully collected in polythene 
bags and brought to the laboratory for a detailed study with the 
help of local flora (Hutchinson and Dalziel 1963; Lowe and Stan- 
field 1974; Stanfield 1970; Townrow 1959). Seeds of each form 
were collected at the proper time and sterilized by treatment with a 
solution of 0.1% mercuric chloride for germination studies. 
Twenty such seeds were placed on sterilized filter papers over 

6. Effect of water stress by watering daily, alternate day, twice a 
week, fifth day, and tenth day. The volume of water provided 
on each occasion was 500 ml 

Results and Discussion 
Variation is a feature of common occurrence in plants. The 

pattern and extent of variation of weed species is of immediate 

Table 2. Climatic data for the University of Ibadan Campus, Nigeria, for the year 1978-79. 

Relative humiditv % 

Month 0.700 hr 1000 hr 1600 hr 1800 hr Lowest Sunshine hours 

1978 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1979 
January 
February 
March 
April 

89 68 32 43 II 247.6 
91 74 38 47 27 212.4 
93 80 53 62 34 208.5 
94 82 66 74 54 168.3 
95 80 67 74 54 205.6 
94 86 69 78 59 166.6 
94 85 74 71 57 118.5 
93 85 71 77 60 116.0 
94 85 73 80 61 106.6 
94 85 72 78 62 166.1 
93 76 52 69 30 171.6 
94 79 47 60 25 219.4 

93 
92 
92 
93 

81 
74 

43 
34 
44 
56 

52 
44 

:; 

21 206. I 
8 208.7 

25 192.8 
40 190.5 
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Fig. 2. Temperature curves for the University of Ibadan Campus, 1978. 
I=Extreme maximum. 2=Mean dail_v maximum. 3=Average dail_v 
mean. I=Mean dai(v minimum. S=Extreme minimum. 
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Fig. 3. Precipitation at the University of lbadan Campus, 1978. 
IX-Germination soon after seed collection (November, 1978). 
Y-Germination after 4% months. 
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concern both to the ecologist and taxonomist, who aim at under- 
standing the pattern and direction of species differentiation in 
order to delimit the forms and studies in ecotypic differentiation as 
a priority. Turesson (1922) by his transplant experiments has 
conclusively shown that variations may be either habitat deter- 
mined and genotyically fixed, being called ecotypes or the manifes- 
tations of the phenotypic plasticities of the same genotype. The 
variations characterized by simple somatic plasticity in response to 
the habitat result in ecads (Ashwanii 1968) or ecophenes (Dauben- 
mire 1947). The morphological variations occur during the course 
of evolution and there is the formation of ecotypes, depending on 
circumstances determined by soil, climate, and methods of man- 
agement. The important biotic factor operating on the campus 
populations is the constant cutting and shearing of the weeds and it 
is very much likely to produce changes in plants thereafter, as can 
be seen in Dactyloctenium aegyptium adopting three forms. Var- 
ious cultural experiments conducted with the three forms to estab- 
lish whether they are ecotypes, are discussed. 

Germination Studies 
Table 3 shows the results of germination for three forms under 

different conditions. It is seen that percentage germination ranged 
from nil for all forms on vermiculite to 65% on soil for Form C. On 
the soil medium, the least germination was in Form A (20%), 
followed by Form B (35%). Germination on filter paper was rather 
low compared to that on soil. Here too, the least germination was 
in Form A (5%), followed by Form B (150/o) and finally Form C 
(35%). The higher germination on the soil for each form might be 
due to the fact that soil has a high infiltration capacity, adequate 
aeration, and there is a close contact between soil particles and 
seeds. 

There was a progressive decrease in germination with depth (Fig. 
4). Germination was nil at 4 cm and 5 cm depths. This might be 
explained due to the fact that seeds are very small, weighing 
0.00025 to 0.00027 g, and the little food reserve is inadequate to 
allow proper development of the plumule. There was a significant 
negative correlation between germination and soil depth. The 
value of r for Form A and Form C is -0.94 while for Form B is 
-0.95. 

Table 3. Germination hebavior of Dactyloctenium aegyptium (L) P. 
Beauv. 

Parameter 
% germination of each form 
A B C 

1. Substrate 
Filter paper 
Vermiculite 
Soil 

II. Soil Depth (cm) 
Surface 

2 

4 
c 

111. TeJmperature (“C) 
10 
15 
20 
25 
30 
35 
40 
45 

IV. Environment 
Continuous light 
Total darkness 
Orchid house 
Glass house 

X’ 
5 
0 

20 

25 65 
10 35 
5 20 
5 IO 
0 0 
0 0 

5 
15 
20 
20 

5 
5 
5 
0 

0 15 
IO 5 
45 55 
30 65 

Y 
10 
0 

15 

0 
5 

25 
25 

5 
5 
0 
0 

X 
15 
0 

35 

35 
10 
10 
5 
0 
0 

5 
10 
35 
25 

5 
5 
5 
0 

0 
5 

30 
45 

Y 
15 
0 
50 

70 
55 
25 
10 
0 
0 

0 
15 
40 
30 
15 
5 
0 
0 

5 
0 

45 
70 

X Y 
35 30 

0 0 
65 55 

45 80 
30 50 
25 30 
10 30 
0 0 
0 0 

IO 5 
25 30 
40 45 
30 30 
10 15 
10 10 
10 0 
5 0 

10 40 
0 0 

30 40 
55 80 lJ- 



30, 

x 

2 25 

ii 
az 
W 
c3 20 

is 

15 

SOIL DEPTH (CM1 
Fig. 4. Correlation between soil depth and germination. 

There was germination in all forms between 10°C and 40” C. 
However, only Form C germinated at 45OC. There was a general 
increase in the percentage from lo” C to 25°C (Fig. 5). However, 
germination was maximum at 20” C (Form A-20%, Form B-35%, 
Form C-40%). It decreased after 30°C. This observation agrees 
with that of Holm et al. (1977), who reported maximum germina- 
tion of 80% at 20” C. Low germination at lowerand higher temper- 
atures might be due to the inactivation and destruction ofenzymes, 
respectively. Statistically, the correlation is not significant as is 
clear from Figure 6. The value of r for Form A is -0.21, Form B 
-0.45, and for Form C it is -0.65. 

Considering the germination of various forms in different envir- 
onments, it was seen that Form C did not germinate at all in total 
darkness but had the highest germination in glass-house and it was 

TEMPERATURE (“C) 

FORki A 

FORM8 

FORM C 

Table 4. Results of field experiment on Ducfylocfenium uegyptium (L.) P. 
Beauv on disturbance at pre-flowering conditioning (November, 1978). 

Forms 

No. of A B C 

days Xl Yl Zl X2 Y2 z2 x3 Y3 23 

I + + f + + + + f + 

2 + + f + + - + f - 
3 + f f + + - + zk - 
4 + f - + + + f 
5 + f - + + + - 
6 + f + f + - 
7 + f + f + 
8 + - + f + 
9 + - + f + 

IO + + f + 
II + f I!I + 
12 + f - + 
13 + + _ + 
I4 + + f 
I5 + Ik 
I6 f _ I!z 
17 f _ 

18 f _ 

I9 f 
20 f 
21 + 
22 _ 

XI. Xz. X3 = Uprooted. replanted, watered daily. 
Yl. Ys. Y3 = Uprooted, watered daily 
21, ZZ, & = Uprooted, unwatered. 

-I = Alive and healthy f = Withering - = Dry. 

5 

0 

Fig. 5. Germination at different temperatures. 
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Table 5. Growth behavior of Ductyk.MeAm aegyptiwn (L.) P. Beauv. when watered daily. 

Characteritic Wk. I Wk. 2 Wk. 3 Wk. 4 Wk. 5 Wk. 6 Wk. 7 Wk. 8 

Form A 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 

Form B 

4 7 12 IS I6 I3 I4 I5 
8.5 I2 I8 20 23 I8 20 20 

I I 2 3 3 3 3 3 
- - - 

Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

Form C 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

9 21 
I5 24 

I 3 
- 

28 23 
23 24 

4 4 

26 26 
34 32 

4 4 
- fl* 

29 
33 
4 

fl 

4 
9.5 

4 5 
IO I6 1: 

I I I 

5 
21 

I 
fl 
3 

6 5 6 6 
20 21 21 21 

fl 
3 

fl 
2 

fl 
2 

fl 
3 

- 

*fl = flowering. 

Table 6. Growth behavior of Dactylocteniunt aegyptium (L.) P. Beauv. when watered every alternate day. 

Characteristic Wk. I Wk. 2 Wk. 3 Wk. 4 Wk. 5 Wk. 6 Wk. 7 Wk. 8 

Form A 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

Form B 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

Form C 
Number of leaves 
Longest leaf 
Number of tillers 
Flowering period 
Number of spikes 

4 7 
8 I3 
I I 
_ - 

IO 
I4 
2 
- 

9 9 9 I4 9 
I6 I6 22 20 I6 
3 3 3 3 3 
- - 

- - 

5 8 I4 I4 13 I4 I6 I4 
9 I5 24 28 26 26 25 28 
I I 2 2 2 2 2 2 

- - 

262 
5 7 

I2 I6 
I I 

6 
I6 206 20” 

I 
fl 

2-3 

2: 2: 

fl 
2-3 

fl 
2 

fl 
3 

fl 
3 

- 

Table 7. Growth behavior of Dactyloctenium aegyptium (L.) P. Beauv. when watered every third day. 

Characteristic Wk. I Wk. 2 Wk. 3 Wk. 4 Wk. 5 Wk. 6 Wk. 7 Wk. 8 

Form A 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

Form B 
Number of leaves 
Longest leaf (cm) 
Number of tiller 
Flowering period 
Number of spikes 

6 6 
I8 24 

6 
23 

I 

5 6 6 
26 24 24 

- - - 
- 

6 I3 I2 I4 I2 I3 
20 2.6 26 26 26 26 

2 2 2 2 2 2 
- - 

5 6 
I2 I6 
I I 

- - 

Form C 
Number of leaves 
Longest leaf (cm) 
Number of tillers 
Flowering period 
Number of spikes 

IO IO 6 IO IO 
22 20 22 22 22 

2 2 2 2 2 
fl fl fl fl fl 
3 2 3 3 2 

5 6 
I4 I8 
I I . 

_ 

IO 
20 

2 
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the only one that germinated in continuous light. Form A germi- 
nated well in orchid house, a cool and shady structure housing 
orchids and lower plants. 

Information from all available floras on West Africa and Nigeria 
in particular, indicates that there is only one species of Dacfylocte- 
nium aeg_vptium. The present investigation revealed persistent dif- 
ferences of growth habit, period of maturity, spike coloration and 
germination behavior in the proposed three forms. This fact leads 

Most of the results of various germination experiments show 
that Form A had the least germination followed by Form B while 
Form C had the highest germination. The only exceptions were the to their behaving as three ecotypes, though it requires further 
germination under total darkness and orchid house. confirmation. The effects of the interaction of environmental con- 

Comparing the germination of seeds soon after collection and 
that after four and half months, it was seen that forall forms, there 
was a general increase in the percentage under the later condition. 
This shows that the species needs a period of after-ripening for the 

ditions on plant growth require to be well understood; but prior to 
the study of the interactions, effect of individual environmental 
factors should be understood (Downs and Hellmers 1975). This 
study has attempted to act in thisdirection and the results are likely 

embryo to become more active. However, the exceptions were the to establish whether the three forms represent ecotypes. In any 
germination at IOOC, 40°C, 45” C and total darkness. Bogdan case, a part of an overall picture of basic plant behavior does 
( 1977) has also pointed out that it is generally not recommended to emerge, which may be useful in guiding future work. 
sow seeds immediately after harvest but after 6 months of storage. 

Biotic Disturbance 
Table 4 shows results of the field experiment where plants were 

Literature Cited 

disturbed as explained under materials and methods. In all the 
Ashwani, K.S., and K.C. Misra. 1968. Ecotypic differentiation in Boerha- 

via difSusa L. Trop. Ecol. 9:52-62. 
three forms, the greatest effect was on the uprooted and unwatered Bogdan, A.V. 1977. Tropical Pasture and Fodder plants (Grasses and 
plants. The plants dried very rapidly after remaining in withered Legumes). 104 p. Longman, London & N.Y. 
stage for one to three days. Those that were uprooted and watered Britton, N., and F. Millspauch. 1962. The Bahama Flora. Hafner Publ. Co. 

survived slightly longer, though in an unhealthy state. The period 38 p. 

ranged from 4 days in Form C, followed by 7 days in Form A and Daubenmire, R.F. 1947. Plants and Environment. Wiley Eastern Private 

11 days in Form B. Form C is the most sensitive while a longer 
Ltd. New Delhi. 351-373 p. 

survival of Forms A and B might be due to the tendency to root at 
Downs, R.J., and H. Hellmers. 1975. Environment and the experimental 

nodes when in contact with the wet soil. The uprooted, replanted, 
control of plant growth. Academic Press, London. 122 p. 

Goodling, E.G.B., A.R. Loweless, and G.R. Proctor. 1965. Flora of Barba- 
and watered plants survived the longest periods. The period of dos. Her Majesty’s Service Office. 47 p. 
survival depended on the stage at which transplantation was done. Hagan, R.M. 1957. Water-Soil-Plant relations. California Agr. II. 9-12 p. 
Almost mature plants, if uprooted and replanted, do not survive Holm, G.L., D.L. Plucknet, J.V. Pancho, and J.P. Herberger. 1977. The 

longer. Death of plants was due to maturation, old age, and more World’s Worst Weeds, Distribution and Biology. East-West Centrr 

so, due to the onset of dry season. However, Form A seems to have Book, Honolulu. 

survived the longest under these conditions, probably because of Hutchinson, J., and J.M. Dalziel. 1963. Flora of West Tropical Africa. Vol. 

the rhizomatous nature. 
II. Millbank, London. 

Lowe, J., and P.D. Stanfield. 1964. The Flora of Nigeria. Sedges. Univ. 
Tolerance of Water Stress lbadan Press. Ibadan. Nigeria. 53 p. 

Tables 5, 6, and 7 show the results of experiments on water Stanfield, P.D. 1970. The Flora of Nigeria. Grasses. Univ. lbadan Press. 

stress. The plants survived when watered every day, on alternate Ibadan, Nigeria. 30 p. 

day, and every third day. Those plants that received water on every 
Tadros, T.M. 1973. Atlas of Common grasses in Tanzania. Pt. II: 24-25. 

fifth and tenth day did not survive. Comparing the growth of three 
Herbarium Bot. Dep. Pub. 

forms under the different conditions of water stress shows that 
Townrow, J. 1959. Some grasses of South Western Nigeria. Univ. Ibadan, 

Press Ibadan, Nigeria. 10 p. 
Form B surpasses the other two, Form A being the least vigorous. Turesson, G. 1922.-The genbtypic response of plant species to habitat. 
However, Form C developed flowers and was capable of survival Hereditas J. 3:210-350 p. 

by sexual reproduction -under water stress, even though the Walter, H. 1971. Ecology of Tropical and Sub-tropical Vegetation. Oliver 

number of spikes was two to three in comparison to the normal and Boyd, Edinburgh. 44 p. 

five. Hagan (1957) also observed the reduction of plant organs Wilsie, C.P. 1962. Crop adaptation and distribution. W. H. Freeman and 

under water stress. 
Co., San Francisco. 66-85 p. 

JOURNAL OF RANGE MANAGEMENT 35(3), May 1982 331 



Cattle Grazing and Behavior on a Forested 
Range 
LEONARD ROY ROATH AND WILLIAM C. KRUEGER 

Abstract 

Environmental and topographic parameters on a mountainous 
forested range were analyzed to establish causes of cattle behav- 
ioral responses. Distinct home range groups of cattle were identi- 
fied through examination of quality and patterns of forage use, 
cattle distribution, herd social structure, and cattle activities. The 
home range of one group encompassed only upland areas. Water 
and vegetation type were important parameters in determining 
area and degree of use. Vertical distance above water was the most 
important factor in determining vegetation utilization on moder- 
ately steep slopes. Time after sunrise and relative humidity factors 
were key factors in determining kind and timing of cattle activity. 

Cattle have been grazing forested ranges in western United 
States for more than 125 years (United States Senate 1936). Graz- 
ing units on the forests have been fenced, restricting livestock to 
given areas. Fencing placed definite limits on forage and often 
increased animal concentration on key vegetation types. Some 
vegetation types were over-utilized while others were left ungrazed. 

As the demand for more and varied uses of mountain land areas 
increases, it becomes important to enhance livestock distribution, 
alleviating concentration problems and minimizing real or poten- 
tial conflicts with other resource uses. Detailed information assess- 
ing the pattern of livestock use, the types and amounts of forage 
consumed, and livestock distribution is required. This is only 
baseline information; in order to apply it, one must know the cause 
and the mechanism of each parameter. 

Determining causes for observed actions of cattle overlaps range 
management and applied behavioral sciences. External physical 
and biotic influences interact with the animal’s innate behavioral 
complex to produce a given response. Measurement of influencing 
parameters must be matched with the animal response and exam- 
ined to establish the cause and effect relationship. Distance from 
water, topography, temperature, humidity, and forage availability 
have been rated as important parameters in modifying animal 
behavior. Herd structure is a behavioral factor which could have 
considerable influence on grazing patterns and forage use. Many 
researchers have observed a given event and assessed the impact on 
vegetation, but those observations were often not analyzed in 
terms of what caused the event. 

This research was designed to quantitatively define the influen- 
ces of topography, environment and biotic factors on cattle distri- 
bution and grazing habits. Cattle behavioral responses to external 
factors were described by regression relationships. 

Study Area Description 

Research was conducted on a unit of a Forest Service allotment 
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on forested mountainous range in the southern Blue Mountains of 
Oregon. The unit consisted of 2656.5 ha of primarily forested land, 
and was bisected by a permanent stream. Topography was steep 
adjacent to the bluegrass bottoms and gentle-to-moderately rough 
in upland areas. Elevation on the unit ranged from 1440 to 1800 m. 
Precipitation consists of deep winter snows, especially on the 
higher elevations, with some rain during spring, and dry summers. 
Precipitation ranges from approximately 36 cm per year on the 
lower elevations to over 60 cm per year at higher elevations (Carl- 
son 1974). Upland areas have moderate soil depths. The horizon 
consists of 1 l-30 cm of volcanic ash with 7-25 cm clay subsoils 
beneath. Rock outcrops are frequent. The lowlands are bluegrass 
bottoms with characteristic silt loams on the flood plain. 

Ten vegetation types were identified on the area, but only eight 
supported reasonable amounts of grazing (Fig. 1). The bluegrass 
bottoms type was characterized by Kentucky bluegrass (Poa pru- 
tensis), sedges (Carex spp.) and a great many forbs including 
cinquefoil (Potentilla spp.), camas (Camasia spp.), western yarrow 
(Achiffea millefolium), and many others. Columbia needlegrass 
(Stipa columbiana), slender wheatgrass (Agropyron trachycau- 
lum), and mountain brome (Bromus marginatus) were also present 
on the riparian type but did not constitute a substantial component 
of the total biomass. 

The sagebrush (Artemisia tridentata spp. vaseyana), Sandberg 
bluegrass (Poa sandbergii) type had mountain big sagebrush and 
Sandberg bluegrass as the most prominent plant species in the 
type. Mountain big sagebrush also served as an overstory domi- 
nant with bluebunch wheatgrass (Agropyron spicatum) as the 
herbaceous dominant on the steep south slopes. This type had 
characteristic slopes of 30-70%. 

Idaho fescue (Festuca iduhoensis) and bluebunch wheatgrass 
were the dominant grasses under mountain big sagebrush on the 
open hills. The open hills type occupied rolling upland areas where 
conifers were precluded because of the south-southwest exposure. 

Pine (Pineponderosa) upland Douglas fir (Pseudotsuga menzie- 
sii) types were interspersed. The pine type occupied the level or 
gently rolling upland areas having slopes of O-l 5% with Douglas 
fir dominating on the steeper aspects. Slopes of IO-40% were 
common in this type. Ponderosa pine was the dominant overstory 
in the pine upland, with elk sedge (Carex geyeri) and pinegrass 
(Calamogrostis rubescens) in the understory. Heartleaf arnica 
(Arnica cordzfoliu) was the primary forb in this type. The Douglas 
fir type showed the same basic understorydominants, but Douglas 
fir was the overstory tree. Coniferous canopy cover averaged 57%. 

The pine-bitterbrush (Purshia tridentatu) type had shallower 
rocky soils with slopes ranging from O-15%. This community, in 
addition to the conifer canopy cover of 36% had an intermediate 
shrub layer of bitterbrush. Elk sedge was more sparse and was 
accompanied by western needlegrass (Stipa occidentalis) as well as 
heartleaf arnica in the herbaceous layer. The pine-bluebunch 
wheatgrass type was found at mid-elevations on south exposure 
slopes ranging from 2060%. Soils were thin and rocky. Pine was 
dispersed through this type with bitterbrush and bluebunch wheat- 
grass providing the understory components. 
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- BLUEGRASS BCMOMS @ SALT 

; SAGFRRIISH-_?kwttlh /fib \UATlrb 

q  PINE UPLANDS @j PONDEROSA PINE-Bluebmch wheatgrass 

Fig. 1. Vegetation types of the stud?) area. 

Grazing seasons on the study unit were initiated on June 29 and 
June 23 in 1977 and 1978, respectively. Two hundred fifty cross- 
bred cow-calf pair of primarily Hereford, Angus, and Shorthorn 
backgrounds grazed the unit both years. All cattle were individu- 
ally marked with a freeze brand. Precipitation was below normal in 
1977, resulting in early plant maturity and dessication. Many 
catchment type watering areas and seeps which cattle normally 
used were dry, severely restricting available water on the unit. 
Precipitation was normal or slightly above during 1978, resulting 
in a longer duration of lush forage and greater water availability. 

Methods and Procedures 
Vegetation used by livestock was accounted for by utilization 

estimates combined with forage production measurements for two 
successive seasons, 1977 and 1978. Forage production by species 
was measured on the uplands employing the double-sampling 
technique described by Wilm et al. (1944). Ten estimates of one- 
half square meter rectangular plots for each of three transects were 
made in each vegetation type. Two correction plots per transect 
were clipped to ground level. Percentage utilization estimates by 
weight were made at the end of the grazing season. Average utiliza- 
tion was estimated, as was distribution of utilization in relationship 
to measured distance from water, distance from salt, and elevation. 

Forage removal on the riparian area was measured using 
sequential double-sampling throughout the grazing season. One- 
quarter square meter plots were used on the riparian area and 15 
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movable cages were employed to correct for regrowth. 
Detailed observations of cattle numbers and cattle movements 

were collected throughout the grazing season. A minimum of two 
observations per week were taken in I977 and a minimum of three 
per week in 1978. Time of cattle movements, locations, and activi- 
ties were recorded. 

Environmental observations of temperature and relative humid- 
ity were accumulated from six hygrothermograph locations, three 
on uplands and three on the riparian zone. Grazing season precipi- 
tation events were measured at two rain gauge stations. Barometric 
pressure was recorded with an altimeter barometer once per day at 
the same location to obtain consistent readings. 

Analysis of variance was employed to test differences in forage 
utilization between years. Regression techniques and discriminate 
analysis were used to quantify climatic, vegetation. and topogra- 
phic influences on livestock movement and behavior. Significance 
was based on pL.05 level unless otherwise specified. 

Results and Discussion 
Vegetation Types and Forage Use 

Cattle use on mountainous habitats is controlled by an interac- 
tion of factors including topography, vegetation type, climate. 
availability of water, and livestock behavior. Only 922.1 ha of the 
unit were grazed, representing 35% of the land area available 
(Table 1). Obviously, livestock dispersion on the unit was not 
uniform on vegetation types or land area (Fig. 2). The bluegrass 
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Table 1. Areas and percentages for the vegetation types on the Camp Creek Unit. 

9% Grazed areas 
% Vegetation Area grazed 1 veg. contributed by 

Vegetation types Area (ha) 70 of Area type grazed type (ha) veg. type 

Riparian zone 49.4 1.9 100 49.4 5.4 
Sagebrush-sandberg bluegrass 7.7 0.3 100 7.7 0.8 
Steep south slopes 122.8 4.6 47 57.7 6.3 
Open hills 95.8 3.6 46 44.1 4.8 
Pine-bluebunch wheatgrass 49.9 1.9 55 27.4 3.0 
Pine-bitterbrush 125.2 4.7 75 93.9 10.2 
Pine uplands 1042.6 39.2 42 437.9 47.5 
Douglas fir-elk sedge 1005.9 37.9 20 201.2 21.8 
Lodgepole pine 38.7 1.5 I 0.4 t 
Mountain mahogany 118.5 4.5 2 2.4 

Total 2656.5 922. I 34:7 

bottoms comprised 1.9% of the total area on the allotment but the forage consumed in both 1977 and 1978. The sagebrush- 
constituted 5.4% of the land area grazed. The vegetation types Sandberg bluegrass type adjacent to the bluegrass bottoms were 
which were grazed generally represented a larger proportion of the used more than the upland vegetation types. This type had very 
area grazed than of the total area available. This indicated prefer- gentle slopes and was close to water. The yield on the sagebrush- 
ential use of some vegetation types. Sandberg bluegrass type was only about 500 kg/ ha. Presumably, 

Forage consumption per ha on the bluegrass bottoms was far greater forage availability on this type would have greatly changed 
greater than on any other type. This reflected difference in forage its percentage contribution to the total forage resource. Vegetation 
availability, time spent on the area and lack of physical constraints types adjacent to the bluegrass bottoms had a larger percentage of 
to grazing. The proportion of forage consumption provided may their area used than upland types. Cook’s (1966) findings were 
be an indication of the contribution of each type to livestock similar. As will be later demonstrated, use on these types was 
grazing. The bluegrass bottoms, which contributed 21% of the probably influenced by their accessibility and relatively low eleva- 
total herbaceous biomass produced on the unit, provided 8 1 %I of tions above water. However, there was no evidence that amount of 

SCALE: I / 16,745 

BLUEGRASS BOTTOMS 

cl OPEN HILLS 

I!3 + MTN. MAHOGANY 

L ” PINE UPLANDS 

Fig. 2. Vegeration rypes grazed on rhe Camp Creek unit. 

@ SALT @ WATER 

I!3 \ NO USE 

q  DOUGLAS FIR- Elk Sedge 

I!!!! PONDEROSA PINE- Bitterbrush 

Ezl $0 LODGEPOLE PINE 

a ,, I b PONDEROSA PINE - Bluebunch wheatgmss 
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Table 2. Forage consumption and percentage contribution of each vegetation type to total forage use on the Camp Creek Unit. 

1977 1978 
% Total forage o/o Total forage 

kg/ ha consumed Ha grazed use/ type kg/ ha consumed Ha grazed use/ type 

Riparian zone 1937 49.4 81 2198 49.4 81 
Pine uplands 30 2137.9 II 40 437.9 I3 
Douglas fir-elk sedge 20 201.2 3 20 201.2 3 
Steep south slopes 50 57.5 2 30 57.7 I 
Open hills IO’ 44.1 T IO’ 44. I T 
Pine-bitterbrush IO’ 93.9 I IS 93.9 I 
Pine-bluebunch wheatgrass IO’ 27.4 T IO’ 27.4 T 
Sagebrush-Sandberg bluegrass 80’ 7.7 I 83 7.7 I 

‘Estimated values based on reconnaissance 

utilization on the riparian zone directly affected utilization on 
these adjacent vegetation types. This agrees with the findings of 
Patton ( 197 1) and Phillips (1965). 

Consumption of vegetation on upland types tended to be low. 
The pine-bitterbrush type, which had 75% of its area grazed (Table 
I), received very low use per ha (Table 2). Cattle dispersed widely 
over the type but spent little time grazing. This was also true for the 
open hills and pine-bluebunch wheatgrass types. These types con- 
tributed small percentages of the total vegetation use and were 
considered to be relatively unimportant in relation to other types. 
The pine upland type produced 11 and 13% of the forage consumed 
in 1977 and 1978, respectively, and was the most important upland 
type for grazing. The Douglas fir-elk sedge type comprised the 
greatest percentage of the land area, about 38%, but produced only 
3% of the forage consumed in 1977 and 1978. 

The pine upland had an open canopy cover and gentle terrain. 
This type and the pine-bitterbrush type had similar terrain and 
canopy cover; however, cattle used the pine uplands type much 
more than the pine-bitterbrush. This difference in use was reflected 
both by amount of vegetation consumed per ha (Table 2) and by 
number of animals observed in the type. Similar results were found 
by Clary et al. (1978) in Northern Arizona. The Dougas fir-elk 
sedge type received more use near water, but use rapidly decreased 
with distance away from water. This probably resulted from a 
combination of factors: primarily steep slopes common to the site; 
closed overstory canopy; north and west aspects of the type; and 
sparse understory vegetation. Hedrick et al. (1968) and Miller and 
Krueger (1976) found that a combination of overstory canopy 
cover and the amount of herbaceous vegetation in the understory 
were prominent factors in determining use on mixed coniferous 
forests. Miller and Krueger (1976) found that tree canopy cover 

accounted for 98% of the variation in herbaceous plant yield in the 
understory. The lodgepole pine and the portions of the Douglas fir 
type which had a north aspect received negligible amounts of use. 
Gonzalez (1964) and Van Vuren ( 1979) reported in research done 
in Utah, that northerly aspects were avoided by cattle. Extreme 
slopes of the mountain mahogany and lodgepole pine types also, 
apparently precluded cattle use. 

Regression analysis revealed that correlations of linear distance 
away from waterand salt with herbage utilization were low, but the 
square root transformations of distance from salt accounted for 
64% of the variation in utilization, while 38% of the variation in 
utilization was accounted for by the square root of the distance 
from water (Table 3). Combining the two parameters in a multiple 
regression resulted in a relationship accounting for 62% of the 
variation in utilization. The partial correlation coefficients were 
-0.53 and 0.80 for water and salt, respectively. 

The linear model using distance from salt accounted for a 
reasonable amount of variation in herbage utilization; however, 
the effect of distance from salt was confounded by the effect of 
preferred vegetation type. 

Observations of cattle movements in 1977 and 1978 provided 
evidence about the effect of vegetation type on utilization. A pine 
uplands area was grazed with approximately equal intensity in 
1977 and 1978, even though salt was in the area only in 1978. 
Therefore, it would seem that utilization of that type would be 
more controlled by vegetation type preference than desire for salt. 
The confounding effect of preferred vegetation type also influ- 
enced the relationship between utilization and distance from water 
(Table 3, Rep. I). Apparently the cattle were willing to travel a 
greater initial distance to graze in that vegetation type. The moder- 
ate amount of variation accounted for by the multiple regression 

Table 3 .Utilizrtion on perennial grasses in relationship to distance from salt and water. 

Rep. I Rep. 2 
Distance Distance Distance Distance 

from from from from 
% Util , water (m) salt (m) % Ut1l water (m) salt (m) % Util 

35 1490 5 27 665 5 30 
15 1530 50 I5 710 50 20 
I5 1680 200 I5 860 200 20 
I2 I780 I2 II60 500 I5 
I 2000 935 I 1540 880 I 

Mulitiple Regression Model 

- Y = -0.202 fi - 0.695.d % + 34.525 R2=0624t=464** 
Xl = distance from water rxl = A.534 * 
& = distance from salt = -0.804 

rxf: = 0.556 

Linear Regression Models 
Distance from salt jl = 30.26 - 0.84 & Rz = 0.644 t = 4.88*+ K.0001 

Distance from Water 9 40.44 - 0.75 JF‘ RJ = P<.OI t = 3.23** P< .Ol 

Rep. 3 
Distance 

from 
water (m) 

725 
826 

II80 
I360 
1540 

Distance 
from 

salt (m) 

70 
I25 
600 
835 

1070 
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model indicated that unmeasured factors influence the amount of 
utilization an area receives. Miller and Krueger (1976) reported 
distance from salt and water accounted for 72% of the variability in 
vegetation use on a pasture with gentle terrain. Cook ( 1966) found 
he could only account for about 52% of the variability in livestock 
use with 21 measured parameters. He concluded patterns of pre- 
vious use on the area were the best way to predict future use on that 
unit. 

Observation of the cattle indicated that they were using slopes 
adjacent to the riparian zone on the contour. When the slopes were 
steep, the cattle grazed relatively close to the stream, but as the 
slope decreased the cattle grazed farther away. 

Measurements of utilization versus vertical rise (Table 4) dem- 
onstrated that utilization approached zero at 80 m or more on 
vertical rise above the stream level. Regression analysis of utiliza- 
tion in 1977 and 1978 on the primary bunchgrass species revealed 
that 94 and 82% of the variation in bluebunch wheatgrass and 
basin wildrye use, respectively, were accounted for by vertical 
distance above the stream. Van Vuren (1979) indicated the same 
relationship for cattle in Utah mountain range. Calculations of 
vertical rise from Mueggler ( 1965) also suggested this relationship. 
The relationship between vertical rise above water and utilization 
on gentle slopes is poor. There may be a slope threshold value at 
which vertical rise above water replaces distance from water as the 
limiting factor on cattle distribution away from the water source. 
More extensive measurements would be required to make any 
prediction of that threshold value. Slopes in excess of 60% were not 
used by cattle regardless of vegetation type or aspect. 

Livestock Distribution 
Observations of cattle distribution on the unit indicated that 

water was a primary factor in determining cattle use of an area. 
During a year of below average precipitation, 1977, when many 
sources of water were dry, livestock use in those areas was lower 
than in 1978 when water was more available. The areas that were 
not utilized frequently in 1977 tended to be farther away from 
water than those areas receiving more frequent use. Water 
appeared to be the central point of distribution, with all the anim- 
als returning to a watering area at least once per day. 

Salt was used regularly by livestock in both years. However, 
there was a pronounced difference in the pattern of livestock 
movements to and from salt. In 1977, the dry year, cattle trailed to 
salt from areas near water, then trailed back to water. Cattle were 
not observed to bed near the salting areas. In 1978, the vegetation 
was succulent later in the season, and water was more widely 
distributed on the unit. Cattle in that year often bedded in the 
vicinity of the salt block, remaining in the area several hours. 

Distance from water did not have a strong influence on utiliza- 
tion; however, it is important to note that the distances from water 
at which vegetation utilization approached zero, about 1900 m, 
were similar within the pine upland type. Apparently, when other 
influencing factors do not limit cattle distribution, distance from 
water ultimately controls the limit of vegetation utilization. 
Hodder and Low (1978) indicated that in Australia, water con- 
trolled the distance cattle would travel to utilize forage. In other 
vegetation types, and in steeper terrain, distances from water to 
where the utilization approached zero were much shorter. 

The study unit had b&n previously logged, leaving a network of 
logging roads and skid trails. Cattle used logging roads extensively 

Table 4. Utilization on species as affected by vertical distance above water. 

Species 35 50 75 >80 

1977 Bluebunch wheatgrass 55 45 20 <I 
Basin wildrye 25 20 IO <I 

1978 Bluebunch wheatgrass 55 45 IO <I 
Basin wildrye 50 35 IO <I 

Bluebunch wheatgrass j, = 94.73 - 1.107x R? = .940 I = 9.695** PC.05 
Basin wildrye 9 = 63.75 - 0.754x R? = .818 t = 5.19** PC.01 

as primary routes of travel. Roads apparently played a key role in 
distribution of livestock, enabling them to travel easily through 
steep and broken country. Some use was made of vegetation near 
the roads in this terrain, but the distance at which utilization 
occurred decreased dramatically with increases in slope above or 
below the road. Cattle using these steep areas returned to the road 
to bed or rest. The roads had been seeded to orchardgrass (Dactylis 
glomerata), timothy (Phleum pratense), and intermediate wheat- 
grass (Agropyron intermedium) after logging and also provided a 
substantial amount of forage. 

Roads in gentle terrain did not seem to be an important factor in 
distribution. Cattle trails in this terrain frequently did not follow a 
road, even when one was nearby. Preferred vegetation types such 
as pine uplands were not grazed when isolated by rough terrain 
with no road access. Williams (1954) and Workman and Hooper 
( 1968) found that cattle distribution was greatly enhanced by roads 
or trail construction. 

A characteristic pattern of cattle movement was demonstrated 
each year. Livestock were turned on the unit at one single gate. A 
road directed the cattle onto the riparian zone, where most of the 
cattle began grazing. After 7-10 days, livestock dispersed over the 
allotment to other preferred grazing areas. Approximately 35-40?& 
of the cattle remained on the riparian zone for the duration of the 
season. Cattle seemed to congregate again on the riparian zone the 
last week of the grazing season. 

Cattle Behavior 
General patterns of herd movements on the unit were a reflection 

of a behavioral response. Turning the cattle in at a single point, 
especially where a primary route directed the animals onto a 
riparian zone, seemed to temporarily inhibit the formation of the 
grazing groups and prevented early dispersion of cattle onto other 
vegetation types. Arnold and Dudzinski (1978) described a typical 
exploring response of animals just moved to a new pasture. This 
did not occur with cattle in the study herd on this unit. Perhaps 
familiarity with the unit combined with the management influence 
precluded that response. Cattle which strayed in from a neighbor- 
ing unit did display this typical exploring activity, moving at 
random through the unit and from group to group. 

Three discrete groups of cattle formed on the unit. These groups 
were oriented to particular areas of the unit, similar to the “home 
range” groups described by wildlife biologists (Dasmann 1964). 
Analysis of individual movements indicated that approximately 
44% of the herd formed a home range group which primarily used a 
pine uplands area away from the stream (Fig. 1). Distribution of 
this group was focused on three watering spots. Another home 
range group, comprising about 22% of the herd, localized in an 
area on the lower eastern portions of the unit. The remaining group 
primarily used the bluegrass bottoms and overlapped its home 
range boundary with both of the other two groups. 

Substrata in each group were apparent. These substrata seemed 
to be tightly knit groups of individuals moving together within the 
framework of the entire home range group. The upland and the 
transition groups had three distinct subgroups, the east home 
range group had two. There was no real evidence to determine 
what factors controlled the animal associations in the substrata or 
in the home range group. These appear to be socially structured 
hierarchical groups. Elliott (1976) also found discrete groups of 
cattle on mountainous terrain. Hunter (1964) found home range 
behavior of sheep in hilly country in Scotland. He indicated that 
visual and topographic barriers caused a stronger social link 
between animals, creating home range groups. Behavioral scien- 
tists studying on flat or gentle terrain did not observe home range 
group formation (Dudzinski et al. 1969, Hodder and Low 1978, 
Lynch 1967). Range scientists have not recognized home range 
groups in work reported, but most observations were of cattle 
grazing gentle topography (Culley 1938, Herbel and Nelson 1966, 
Martin and Ward 1973, Moorefield and Hopkins 195 1). Substrata 
of the home range groups seemed to move as a unit within the home 
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Table 5. Results of regression analyses determining climatic parameter influence on cattle activities. 

BOTTOMS 
Morning grazing Time after sunrise Relative humidity 0.78 

Morning bedding 

Afternoon grazing 

UPLANDS 
Morning grazing 

Morning bedding 

Regression M ode1 

Time after sunrise 

Regression M ode1 

Time after sunrise 

Regression M ode1 

Time after sunrise 

Regression M ode1 

Time after sunrise 

Relative humidity maximum 0.98 

j, = 0.26x, + 0.15X2 - 4.23 

Temperature change 0.78 

Relative humidity change 0.86 

Relative humidity 0.92 

9 = -0.26~1 + 0.58~2 - 0.60~3 + I I .70 

Barometric pressure 0.97 

9 = - I .68x + 1085.6 

Relative humidity maximum 0.89 

Thermal humidity index 0.95 

jl = 0.18~1 - 0.18~2 - 0.42 

Relative humidity maximum 0.53 

Relative humidity change 0.67 

Relative humidity 0.8 I 

Regression Model 

Temperature change 0.98 

9 = 0.69~1 - 0.92~2 - 0.56~3 + 0.15~1 + 4.88 

INDEPENDENT PARAMETERS CONSIDERED 
Barometric pressure 
Temperature o C 
Relative humidity 

at the time the activity was observed 

Thermal humidity index 
Temperature minimum 
Temperature maximum 
Temperature change 
Relative humidity maximum 
Relative humidity minimum 
Relative humidity change 
Thermal humidity index maximum 

0.039 

0.064 

0.101 

0.016 

0.04 I 
0.089 

0.026 

0.038 

0.030 

0.007 

range area. Social linking between these individuals was not 
verified. 

Size of the total areas used as a home range seemed to be 
consistent year to year; however, in 1977 thedry weather seemed to 
limit the amount of use in the peripheral areas distant from water. 
Cattle use was more uniform over the total area in 1978. Increased 
bedding time at the salt block apparently reflected less dependence 
on water. Moorefield and Hopkins (195 1) reported similar obser- 
vations, finding that when vegetation was succulent cattle spent 
less time near water. 

season cattle grazed the steep south slopes in the evenings and 
bedded on those areas. Culley (1938), Gonzalez (1964), Hughes 
and Reid (1951), Sheppard et al. (1957), Sneva (1970), and Tribe 
(1950) reported similar patterns of activity. 

Characteristic patterns of activities and movements were dis- 
played by the animals. Individuals within subgroups showed con- 
siderable uniformity in the timing of activity and movement, 
although time when an activity occurred often was different 
between home range groups. This difference seemed to be in rela- 
tionship to the area the group grazed, upland or meadow. The 
general pattern showed cattle would move from the bedding area 
shortly after sunrise and begin an active feeding period. This period 
varied in length but averaged about 3 hours. Cattle would generally 
bed in a shaded area until about midday, trail to water, drink, then 
bed in the shade near water. Shading up in the daylight hours rarely 
occurred on the riparian zone; cattle seemed to prefer adjacent 
slopes for bedding. If water and shade were near the grazing area, 
cattle would bed there after the morning active grazing period and 
remain in that area until mid or late afternoon. Lethargic grazing 
by some individuals, but rarely all the members of the groups, 
frequently occurred in mid-afternoon. During the late afternoon 
until sunset there was another active grazing period. Cattle stayed 
bedded from dark until sunrise. Areas chosen for night bedding by 
groups using the riparian zone were on adjacent slopes. Later in the 

Cattle behavior interacting with other ambient factors produced 
a pattern of responses that determined activities, distribution, 
forage used, and herd structure. Discriminate analysis was used to 
determine the importance of elapsed time after sunrise and envi- 
ronmental parameters in predicting the probability of a specified 
activity occurring. Time after sunrise was the most important 
parameter and change in relative humidity the second most impor- 
tant in predicting the probability of a given activity occurring. 
Although those two parameters were significant, only 59% of the 
observations could be properly classified as to site and activity. 
Time after sunrise dictated the probability of the type of major 
activity occurring in that time frame. However, change in relative 
humidity altered the probability of predicting a particular activity 
during the beginning or end of the time frame. Dudzinski and 
Arnold (1979) and Hughes and Reid (1951) also found that the 
time after sunrise was an important factor in determining the time 
frame of activities. It seems logical that activities of cattle on a 
diurnal schedule would show a high relationship to time after 
sunrise. Other environmental parameters tend to change the timing 
or duration of the activities within a given time frame (Dudzinski 
and Arnold 1979). 

Regression analysis indicated relative humdity parameters were 
principally responsible for the time when morning activities were 
initiated (Table 5). The thermal-humidity index (Ehrenriech and 
Bjugstad 
activities 

1966) was not an accurate predictor of cattle grazing 
One would assume physiological response to humidity 
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parameters to be a response to humidity-temperature interaction, 
but in most cases temperature was not a significant factoraccount- 
ing for variation in time when an activity occurred. Levels of signifi- 
cance were consistently higher using time after sunrise as a measure 
of the time an activity occurred than those using time after morning 
twilight as the dependent variable. Afternoon grazing was most 
related to barometric pressure; the total ramifications of this are 
not understood. 

Management Implications 
Management plans for grazing on mountainous ranges could be 

best formulated with detailed information about how cattle use 
those ranges and why cattle respond in a given manner. Cattle on 
the Camp Creek unit formed definitive home range groups of 
animals. These groups occupied the same home range area year to 
year. This suggested that the groups were semi-independent of each 
other. If this is so, cattle numbers could be manipulated in one 
group without substantially altering other groups. This could be 
especially valuable for the riparian zone which received a large 
percentage of the cattle use. Cattle which are known to be within 
the home range group on the bluegrass bottoms could be culled 
from the herd, decreasing the number of cattle on the bluegrass 
bottoms. Knowing which animals to cull in such a situation is 
contingent on knowing the herd structure and the individuals in 
each group. 

Wildlife scientists have long known that many species will invar- 
iably return to their home ranges following disruption of their 
normal patterns, sometimes even after having been moved great 
distances. It seems unreasonable to herd cattle, which have deve- 
loped a home range on the bluegrass bottoms, to an area away 
from there and expect them not to return to their home range. 
Skovlin (1957) reported that “cattle can be trained to use certain 
areas and will repeat that use year after year.” It appears that 
livestock operators could take animals which have not grazed a 
unit before and behaviorally bond those cattle to a new area which 
had been previously under-utilized, given that water, forage, 
shade, and salt are available in that area. For this to be an effective 
management tool, the livestock must be handled so they disperse 
when turned on the pasture, avoiding initial concentration on the 
bluegrass bottoms. 

These manipulations, however, must be consistent with other 
factors which control or limit grazing distribution. Water is an 
integral factor in determining where cattle will graze. Given that 
water is available, then other factors determine the amount of 
utilization and actual types which will be grazed. Trail building and 
other practices may be feasible. Some areas, because of extreme 
slopes or aspect, will continue to be avoided by cattle unless 
innovative vegetation or other management manipulations can be 
implemented. 
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Effect of Continuous Grazing on the Diet of 
Steers 

DAVID A. YATES, D.C. CLANTON, J.T. NICHOLS 

Abstract 

Continuous grazing of Sandhill native forage at a normal stock- 
ing rate in late August had no effect on organic matter intake 
(OMI), but the protein content and in vitro organic matter digesti- 
bility (IVOMD)5declined over a 3-week period. The average OMI 
was 75 g/kg W’ . As the availability of forage declined, the ability 
of the steers to selectively graze was apparently reduced. Similarly, 
continuous grazing of mixed prairie-type range from October 30 to 
March 13 had no effect on OMI but the protein content of the diet 
was reduced. The IVOMD did not change during the winter graz- 
ing trial. The average OMI was 66 g/kg W.75 Steer calves gained .24 
kg daily during the grazing period. 

Crampton et al. ( 1960) stated, “Of all 6000 feeds thus far studied, 
forages continue to present the greatest problem of a meaningful 
quantitative description of their nutritive value.“Nutritive value is 
the product of quantity and quality of the diet consumed by 
grazing animals. Crampton et al. (1960) also stated, “The impor- 
tance of the relative intake of a forage as compared to its digestibil- 
ity in determining the numerical value of the Nutritive Value Index 
is approximately 70 vs 3070, respectively.” 

The best assessment of the qualitative value of the diet of a 
grazing animal is determined using forage samples collected by 
esophageal fistula (Lesperance et al. 1974, Kartchner and Camp- 
bell 1979). 

The quantity of forage consumed by the grazing animal can be 
measured indirectly using indicators (Harris et al. 1967, Raleigh et 
al. 1980) with or without total fecal collection (Kartchner and 
Campbell 1979). 

Many factors, i.e., weather, type of forage, chemical composi- 
tion, and plant maturity, have been associated with the quantity 
and quality of the grazing animal’s diet. An excellent review of 
these factors appears in the work of Kartchner and Campbell 1979. 
The effect of continuous grazing on voluntary forage intake and 
diet quality have not been studied extensively on native range, 
especially Sandhills or mixed-prairie type vegetation. 

The objective of the research reported here was to study the 
effect of continuous grazing on the quantity and quality of steer 
diets when grazing Sandhills range in late summer or mixed-prairie 
type range during the winter. 

Materials and Methods 

Two experimental pastures of different vegetation types, located 
in west central Nebraska, were used for two separate grazing trials. 
Both study areas were located within the 43 to 48-cm precipitation 
zone. Stocking rates were calculated for each study area in accor- 
dance with site potential and range condition class as suggested by 
Soil Conservation Service guidelines. Pastures were fully stocked 
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according to their productive potential to approximate normal 
stocking rates and forage availability under ranching conditions. 
Grazing trials were conducted during late summer and winter when 
the forage was mature, thus not having the potential for regrowth. 
This was important to insure that the quantity of forage was 
declining as the animals grazed and to eliminate the possibility of 
new growth confounding the quality of the animals’diet. Pastures 
were not grazed during the growing season proceding the start of 
the grazing trials. 

Five yearling esophageal fistulated steers were used for diet and 
fecal collections in each trial. Diet samples and total fecal collec- 
tions using bags were made over a 5-day period. Fecal collections 
were initiated 2 days after diet sampling started. Steers were not 
fasted prior to sampling of grazed forage. Diet samples were 
collected during approximately 45 minutes of grazing timeearly in 
the morning. Fecal collections were made twice daily. Fecal sub- 
samples were composited into one sample per day for each steer. 

All samples were weighed, thoroughly mixed, subsampled, iden- 
tified, and stored frozen for further analysis. The frozen samples 
were allowed to thaw 6 hours before being placed in a forced-air 
oven and dried at 45°C. Samples were allowed to equilibrate at 
room temperature for 2 days. Fecal samples were then weighed for 
determination of air-dry fecal output. 

Diet and fecal samples were ground through a 20-mesh screen in 
a Wiley Mill prior to analysis for dry matter and ash. Diet samples 
were analyzed for crude protein (CP) according to A.O.A.C. 
( 1975). In vitro organic matter digestibility (1VOMD) determina- 
tions were made on diet samples using the Barnes ( 1969) revision of 
the Tilley and Terry (1963) procedure. Organic matter intake 
(OMI) was determined using the following calculations: 

OMI = Kg fecal organic matter ouput 
% indigestible diet organic matter 

Data were statistically analyzed using least squares analysis of 
variance as outlined by Harvey (1960). When significant (K.05) 
F-values were found, means were contrasted using orthogonal 
contrasts to the third degree (Steel and Torrie 1960). 

Trial I 
The first trial was conducted at the University of Nebraska 

Sandhills Agricultural Laboratory 14 km northeast of Tyron, Neb. 
The study area was on a sands range site with soils classified as 
Valentine fine sands. Range condition was classified as good (58%) 
with predominant grass species being switchgrass (Panicum virga- 
turn). prairie sandreed (Calamovilfa longlfolia), little bluestem 
Schizachyrium scoparium), needleandthread (Stipa comata), sand 
bluestem (Andropogon hallii), and blue grama (Bouteloua graci- 
lb). The stocking rate was based on the commonly accepted rate of 
1.48 AUM/ha which calculated to be .33 ha per animal for the 
21day trial. The 21-day trial, August 15 through September 4, 
1977, was divided into three ‘I-day collection periods. 

The esophageal-fistulated steers were grazed on an adjacent 
pasture of similar range condition 10 days prior to the beginning of 
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the trial. The steers were translerred to the 2-ha experimental 
pasture the night previous to the beginning of the trial. 

Trial II 
The second trial was conducted at the University of Nebraska 

North Platte Station, North Platte, Neb. The study area supported 
a mixed prairie type vegetation. The topography is rough and 
characterized by steep slopes and sharp breaks. Soils are primarily 
silt loams. The uplands were dominated by blue grama, needleand- 
thread and thread-leaf sedge (Caresfilifolia), as well as numerous 
other species of lesser importance, i.e., prairie sandreed (Calamo- 
vilfa longifolia), junegrass (Koleria cristata), sand dropseed (Spo- 
robolus cryptandrus), small soapweed (Yucca glauca), and some 
perennial forbs. The sharp breaks, sometimes characterized by 
limey parent material outcrops, support stands of little bluestem, 
sideoats grama (Bouteloua curtipendula), hairy grama Bouteloua 
hirsuta), big bluestem (Andropogon gerardi), blue grama, and 
numerous perennial forbs. The narrow bottoms are dominated by 
western wheatgrass (Agropyron smithii), blue grama, big blues- 
tern, and scattered areas of snowberry (Symphorocarpus spp.). 
The upland range sites are predominately classified as silty and the 
narrow bottoms as overflow. 

Five esophageal-fistulated steers grazed winter-long with 25 
weanling steer calves in a 32-ha pasture. The trial lasted from 
October 30, 1977, through March 13, 1978. Fivecollection periods 
were conducted during the following dates: October 30 through 
November 5; December 1 through 7; January 2 through 8; Febru- 
ary 3 through 9; and March 7 through 13. All animals received .68 
kg of a 40% natural protein supplement each day. Cattle were fed 
hay when snow prevented grazing. The fistulated steers were indi- 
vidually fed supplement 1 week prior to and during the collection 
period. 

Fistulated steers were grazed on an adjacent pasture for 3 weeks 
before being transferred to the experimental pasture 2 days prior to 
the start of Trial II. The steers and calves were gathered early in the 
morning for supplement feeding. Fistulated steers were prepared 
for diet sample collections and total fecal collections. The fistu- 
lated steers were then transported in a stock trailer to the area being 
grazed the previous afternoon and evening for diet sampling. At 
the end of each collection period all cattle were weighed in the 
morning after being off feed and water overnight. 

When supplement was fed, OMI of forage was calculated after 
deducting the amount of organic matter (OM) in the feces resulting 
from the supplement fed. This was accomplished by multiplying 
the amount of OM in the supplement by its percent indigestibility 
and subtracting from the total fecal OM. 

Results and Discussion 

Trial I 
Organic matter intake, IVOMD and CP of steer diets were not 

different (m.05) among animals. The means and standard errors 
for OMI (g/kg W75), IVOMD (%), and protein (%) of grazed 
forage were 75 f 5, 60 + 1, and 7.9 f .3, respectively. In contrast, 
Rittenhouse (1969) found differences (p<.Ol) among animals for 
forage intake when grazing the same pasture, but found no animal 
differences (p>. 10) in IVOMD or protein content. Differences in 
experimental procedures among researchers may partially explain 
the animal variability in intake. For example, Rittenhouse (1969) 
used chromic oxide as an external indicator to measure intake. A 
correction factor for incomplete Cr& recovery was determined 
from total fecal collections on a few animals. This may explain why 
animal variability for intake measurement reported by Ritten- 
house was significant (K.05). 

Intake of Forage 
Intake of the grazing steers expressed as grams OM/ kg W’75 

increased linearly (K.05) from period 1 through period 3 (Table 
1). Average intake as a percent of body weight was 1.6%. This value 
agrees with dry matter intake requirements for steers at mainte- 
nance (N.R.C.. 1976). Steers in this study just maintained their 

Table 1. Average OMI, CP, and IVOMD 
the three sampling periods (Trial I). 

of grazed forage 

Period 
OMI IVOMD 

(g/kg w.75) (% :f’OM) (%) 

I (Aug. I5 - Aug. 21) 65’ 8.9’ 62’ 
2 (Aug. 22 - Aug. 28) 81 7.7 60 
3 (Aug. 29 - Sept. 4) 79 7.3 58 
sx 3.8 .21 .56 

‘The relationship among means within a column is linear (X.05). 

weight throughout the 3-week period. The removal of forage by 
continuous grazing did not reduce intake. 

Protein Con tent 
Daily CP content of the diet within each period was not consist- 

ently different; however, the CP decreased linearly (K.05) from 
period 1 through period 3 (Table 1). This decline in CP was 
probably due to reduced forage availability which limited the 
ability of the animals to select a higher quality diet. This agrees 
with work reported by Obioha ( 1967), Campbell et al. ( 1968), and 
Barth and Kazzal (197 1) from grazing trials with cattle. 

Lake (1974) and Yates and Wallace (1978) found that daily diet 
CP decreased linearly as available forage decreased in irrigated 
pasture studies. It should be noted that their studies were with , 
either pure stands of grass or pastures with only two species of 
grass. Comparable studies on native range have not been reported, 
but the same response would be anticipated on a less pronounced 
scale. 

Organic Matter Digestibility 
IVOMD of cattle diets decreased linearly (K.05) for periods 1 

through 3 (Table 1). These values are in agreement with those of 
Streeter et al. (1968). They found that diet dry matter digestibility 
values were 54 to 60% from steers grazing western Nebraska 
shortgrass-type range in August. They also reported that diet 
digestibility decreased as the summer grazing season progressed. 

A linear relationship (K.05) existed between forage digestibil- 
ity over days during period 1. Mean IVOMD values on a percen- 
tage basis were 64, 64, 63, 59, and 59, for days 1 through 5, 
respectively. There were no differences in periods 2 and 3. Arnold 
( 1960) stated that grazing animals preferentially graze those plants 
or plant parts that result in the highest quality diets. As available 
forage declined, the ability of the steers to selectively graze was 
apparently reduced. This agrees with the findings of Arnold (1960). 
Burzlaff and Clanton (1971) studied quality changes in standing 
forage on upland-type Sandhills range from July through January 
of 1962 and 1963. It would appear that the small changes in 
digestibility and protein content of the standing forage in August 
reported in their study would not account for all the quality 
changes reported here. 

Trial II 
Organic matter intake, IVOMD and CP of steer diets were not 

different (D.05) among animals in Trial 11. The mean and stand- 
ard errors for OMI (g/kg W’“), IVOMD (%), and protein (%) of, 
grazed forage were 66.7 f 2.4, 48 f 1, and 5.3 f .2, respectively. 

Intake of Forage 
The OMI expressed as g/kg W.75 showed a quadratic relation- 

ship (K.05) over periods (Table 2). 
Intake (79 g/kg W75) during period 2 was higher than the intake 

for the other periods. There was no explanation for this higher 
intake but it undoubtedly contributed to the quadratic effect. 

The average forage OMI throughout the trial was 66 g/kg W.75. 
This intake would provide maintenance for a 422 kg steer (N.R.C. 
1976). Intake values reported by Rittenhouse et al. (19705, on the 
same experimental pasture were 30 g dry matter/ kg W.7 durin 
inclement weather with snow cover, and 57 g dry matter/ kg W 4 

during nice weather with open grazing. Scales et al. ( 1974) reported 
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Table 2. Average OMI, CP, and IVOMD of grazed forage within each of 
the five sampling periods (Trial 2). 

OMI CP IVOMD 
Period (g/kg W7? (% of OM) (%) 

I (Oct. 30 - Nov. 5) 62’ 8.6’ 462 
2 (Dec. I - Dec. 7) 79 5.6 52 
3 (Jan. 2 - Jan. 8) 62 4.7 46 
4 (Feb. 3 - Feb. 9) 69 3.8 48 
5 (Mar. 7 - Mar. 13) 61 3.7 45 
sx 2.4 .I7 .5 

‘Means within a column follow a quadratic relationship (K.05). 
?Means within a column follow a cubic relationship (K.05). 

intake values of 47 g dry matter/ kg W.75 on mixed prairie-type 
range in northeastern Colorado. If their dry matter intake values 
were adjusted to OMI they would be somewhat lower. 

Protein Content 
in period 1 and 2, average daily CP of the diet samples was quite 

variable. The CP for days 1 through 5 in period 1 were 7.1,7.0,8.7, 
8.9, and 11.6%, respectively. In period 2 they were 7.3,5.2,5.1,5.4, 
and 4.9, respectively. The large daily variation in period 1 may have 
been a reflection of inadequate animal adjustment to the experi- 
mental pasture. Daily changes in CP of diet samples, for periods 3, 
4, and 5, were not different (IQ.05). Lack of daily diet differences 
in CP during the last three periods may be due to a lack of higher 
quality forage available from which to selectively graze. 

The average CP of the samples of grazed forage decreased 
(K.05) from periods 1 through 5. The decline in CP in the animals 
diet as the winter progressed reflected the lower content in the 
forage and the fact that cattle probably grazed the higher quality 
forage first. 

Scales et al. (1974) found that steer diets decreased in CP as 
availability of forage decreased. Their mean protein values for 
December, January and February were 5.9, 5.7, and 4.7%, 
respectively. 

Organic Matter Digestibility 
Significant (P<.O5) average daily variations of IVOMD 

occurred in periods 1, 2 and 4. Considerable daily variation could 
be expected. There was a significant (K.05) period effect on 
1VOMD (Table 2). It appeared to be a period to period difference 
with no specific trend such as was shown with the protein content 
of the diet. 

Scales et al. (1974) found the average digestible energy content of 
grazed forage from short grass-type winter range to be 41%. Rit- 
tenhouse et al. (1970) collected diet samples with esophageal fistu- 
lated cattle on the same pasture used in Trial 11. They determined 
an average dry matter digestibility of 39%. Had their data been 
corrected to organic matter digestibility it would have been quite 
similar to the values found in this study. 

Weight Gains 
Intact steer calves with a mean weight of 192 kg gained an 

average of .24 kg daily during the winter grazing trial. Intake 

estimates by yearling fistulated cattle averaged 66 g OM / kg W’75 
during the trial. Weanling steer calves gaining .24 kg per day 
should consume approximately 89 g dry matter/kg W (N.R.C. 
1976). This would correct to near 82 g organic matter. The forage 
intake estimated tends to support the actual weight gains of the 
grazing steer calves. 
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Habitat Preferences of Feral Hogs, Deer, and 
Cattle on a Sierra Foothill Range 
REGINALD H. BARRETT 

Abstract 

The relative habitat preferences of feral hogs (Susscrofa), black- 
tailed deer (Odocoileus hemionus columbianus), and cattle were 
assessed for 17 habitat types by sampling the distribution and 
abundance of fecal sign on a northern California annual range. 
Hogs preferred oak thickets and irrigated pastures; deer preferred 
brushland and oak woodland; and cattle preferred level topo- 
graphy and sites with relatively high herbage production including 
irrigated pastures, upland plains, and oak savanna-woodland. 
Deer and cattle used the study area during winter only, whereas the 
hogs were permanent residents. An association analysis indicated 
the greatest potential for interspecific competition would be 
between cattle and deer on foothill ridge tops and between cattle 
and hogs on irrigated pastures. 

As part of a study of the life history and ecology of the feral hog 
in California (Barrett 1978) a preliminary analysis was made of the 
habitat preferences of the three ungulates (hogs, deer, and cattle) 
living on the Dye Creek Ranch situated 15 km south of Red Bluff, 
Tehama County, California. The results were used to delineate 
those habitats (range sites) on which there is a potential for conflict 
between livestock and game preserve enterprises utilizing the same 
land. Information is available on the habitat preferences of deer 
and cattle on Sierra foothill rangelands (Leopold et al. 1951, 
Wagnon 1968), but little is available for feral hogs (Pine and 
Gerdes 1973). No studies have considered all three species 
simultaneously. 

Study Area and Methods 

The study area included a portion of the eastern plains of the 
Sacramento Valley and stretched eastward 15 km into the lower 
foothills of Mt. Lassen. The climate is Mediterranean with annual 
rainfall averaging 450-650 mm (Barbour and Major 1977). The 
foothills rise to 400 m above the valley floor and are dissected by 
east-west drainages. Available habitats were subjectively classified 
on aerial photos using topographic and vegetation criteria. Topo- 
graphic categories included: (1) plains of the Sacramento Valley 
floor, (2) flat ridge-tops between the river canyons with slopes 
under IO%, (3) north, and (4) south slopes of the canyons. Vegeta- 
tion categories included: (1) irrigated pasture, (2) upland plain, (3) 
boulder wash, (4) south slopes of the canyons. Vegetation catego- 
ries included: (1) irrigated pasture, (2) upland plain, (3) boulder 
wash, (4) rock-grass, (5) buckbrush, (6) oak savanna, (7) oak 
woodland, and (8) oak thicket (includes riparian forest). The first 3 
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vegetation categories (Fig. 1) are located exclusively in the Sacra- 
mento Valley below 100 m elevation on old floodplains and terra- 
ces (U.S. Department of Agriculture 1967). The remaining five 
vegetation categories (Fig. 2) are found only in the foothills (Bar- 
rett 1978). A total of 17 combinations of the topographic and 
vegetation categories were mapped as habitat types. Mapping units 
varied between 50 and 200 m in width, thus were small relative to 
ungulate home ranges. 

Two resident feral hog sub-populations were recognized (Barrett 
1978), and sampling was stratified accordingly into a valley edge 
area (2327 ha) and a foothill area ( 1562 ha). Deer and cattle utilized 
the study area as winter range and had free access to all habitats in 
both strata, with the exception that cattle were restricted by fences 
in irrigated pastures. 

North-south belt transects were positioned systematically at 
intervals of 0.8 km. In 1968, 448 plots (1.5 X 32 m) were sampled 
(0.06% sample), but only 291 plots were sampled in 1969 (0.04% 
sample). The proportion of plots located in each habitat type was 
used as an indicator of the availability of each type. 

Sampling of accumulated hog scats, deer pellet groups (1968 
only), and cow pats in each plot was completed within 2 weeks 
during September each year just prior to the influx of deer and 
cattle. This season was selected after pilot samples indicated the 
density of hog scats was greatest at the end of the dry season. Most 
deer and cattle droppings from the previous winter also remained 
identifiable through the dry season. Thus the data are representa- 
tive of the fecal deposition pattern for each species over a 2-year 
period. 

Data were pooled for all plots within each habitat type and 
compared between years and between strata. The frequency of 
occurrence and density of sign of each animal were calculated for 
each habitat type. A Chi-square test of association indicated that 
the frequency distributions of all types of sign were not signifi- 
cantly different (KO.05) between years, therefore, data for both 
years were pooled. There were minor but statistically significant 
differences between strata. However, since the rank order of pref- 
erence for the various types was, with a minor exception, the same 
in both strata, all data were pooled. 

Results and Discussion 

Hogs 
Topography was apparently not an important environmental 

variable to hogs except through its correlation with vegetation and 
water availability (Table 1). Of the 3 habitat types in the Sacra- 
mento Valley, hogs preferred pasture as evidenced by both scats 
and rooting. In summer I commonly saw 50 to 100 hogs in a 
pasture of only 160 ha. Most of the hog scats in the upland plain 
type were dropped along trails as the hogs crossed this type to reach 
the pastures and the washes. As scats were difficult to observe in 
the pastures because they were hidden by tall grass or were 
trampled into the soft ground by cattle, preference for irrigated 
pasture is likely underestimated. Boulder washes were intensively 
rooted for brodiaea (Brodiuea sp.) bulbs particularly in years of 
low acorn production. 
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In the foothills the hogs strongly preferred oak thicket vegeta- 
tion. Other than caves, live oaks (Quercus wislizenii) and asso- 
ciated vegetation provided the major bedding cover for hogs. This 
was particularly true during the winter when blue oaks (Quercus 
douglasii) were leafless. Live oak thickets, found mainly on north 
slopes, and riparian forests were the coolest locations during the 

hot summer months, and the live oaks were a major source of 
acorns during the autumn. The oak thicket was heavily rooted 
because of the availability of acorns and invertebrates in the deep. 
moist soils. Preference for the remaining habitats decreased in 
proportion to the amount of vegetation present. 

Deer 
Black-tailed deer showed little response to topographic varia- 

tion in the foothills, but they are strongly averse to venturing onto 
the otxn plains ofthevallev.evenat nieht(Tabk : I). In the foothills 
deer ‘cl&y preferred buckbrush habitats and gecondarily oak 
woodland. Their use of the oak savanna and oak woodland types 
was not significantly different and both these types were preferred 
to the oak thicket and rock-grass habitats. Preference for sites 
dominated by buckbrush (Ceonothus cunearus) is consistent with 
previous studies of deer in the Sierras (Leopold et al. 1951). 

Cattle 
Cattle preferred theSacramento Valleytothefoothills(Table I). 

Within the foothills they preferred ridge tops and other level 
topography, undoubtedly because they havedifficultytraveling on 
steep, rocky slopes (Wagnon 1968). In the valley cattle strongly 
preferred irrigated pastures. The sample would have shown an 
even greater preference for irrigated pastures if cow pats remained 
longer and were more visible in the pastures. Cattle made relatively 
little use of the boulder wash type. It is difficult for them to 
traverse, plus there is less forage in the washes, due in part to 
rooting by the hogs. In the foothills cattle preferred the oak 
savanna and oak woodland types which provide the greatest 
amoung of high quality cattle forage (Barrett 197 I). 

Potential for Interspecific Competition 
The potential for resource competition within each habitat type 

is illustrated for all species combinations by 3-dimensional plots of 
an association index and the respective habitat preference indices 
(Fig. 3). Habitat preference indices were calculated using lvlev’s 
(1961) method. Significance of results was tested by Chi square 
goodness of fit tests; a Chi square value with I degree of freedom 
was used to obtain an approximate test if the observed index for 
each case was different from zero (Wensel 1977). Association 
indices based on thesamesigndensitydatawerecalculated accord- 
ing to Southwood (1966~332). All indices are scaled on a -I to + I 
basis such that 0 indicates no preference or association,+1 means 
absolute positive preference or association, and conversely -I 
indicates absolute negative preference or avoidance. Thus, points 
falling within the top quadrant in Figure 3 indicate positiveassoci- 
ation and joint habitat preference. Ifinterspecific competitionfora 
scarce resource (food or cover) is occurring, it is most likely in 
habitat types falling in this top quadrant (Schoener 1974, Pianka 
1976). 

Considering the study area as a whole, only cattle and deer 
showed significant positive association (mean association index, 
Fig. 3C). However, considering each of the I7 habitat types indi- 
vidually, hogs and cattle are most likely to be competing in the 
irrigated pastures; hogs and deer overlap most importantly in the 
backbrush, north slope type, and cattle and deer are most likely to 
be competing on ridge tops in buckbrush, oak savanna and oak 
woodland types. 

It should be emphasized that joint preference and positiveasso- 
c&ion as indicated by the distribution of sign is a necessary but 
insufficient condition for dowmating resource competition. 
Moreover, interference competition may exist to the degree that 
there is no apparent overlap in habitat use as a result of interspe- 
cific competition (Colwell and Futuyma 1971). Thus any inferen- 
ces regarding competition based on these results must be 
considered as hypotheses to be tested experimentally. 

Finally, these analyses of habitat overlap provide insight as to 
the suitability of the present habitat classification (emphasizing 
patterns on aerial photos) for assessing the relative habitat prefer- 
ences of the three ungulates. For example, say the oak savanna 
type as mapped included a mosaic of understories such that the I.5 



344 



Table 1. Habitat utilization and preference of 3 ungulates for 17 habitat types as indicated by fecal sign on 0.005 ha plots on the Dye Creek Ranch, 
California. Values in parenthesis indicate habitat preference is not statistically significant (mO.05). 

Habitat type 

Hog scats Deer pellet groups Cattle pats 

% % Yo Habitat Preference Index 

N Freq Mean N Freq Mean N Freq Mean Hogs Deer Cattle 

1. Plains, Pasture I7 
2. Plains, Upland Plain 81 
3. Plains, Boulder Wash 9 
4. Rock Grass, S. Slope 109 
5. Rock Grass, Ridge 73 
6. Rock Grass, N. Slope 38 
7. Buckbrush, S. Slope I9 
8. Buckbrush, Ridge I4 
9. Buckbrush, N. Slope I2 

IO. Oak Savanna, S. Slope 89 
II. Oak Savanna, Ridge 94 
12. Oak Savanna, N. Slope 81 
13. Oak Woodland, S. Slope I3 
14. Oak Woodland, Ridge IO 
15. Oak Woodland, N. Slope 45 
16. Oak Thicket, S. Slope I5 
17. Oak Thicket, N. Slope 20 

Total Study Area 739 

59 0.8 II 0 0.0 
36 0.7 49 4 0.0 
78 1.9 7 0 0.0 

5 0.5 63 81 3.3 
8 0.8 42 64 1.9 

I8 0.2 21 71 2.0 
21 0.3 II 100 8.6 
21 0.4 6 100 Il.8 
42 0.9 6 100 6.8 
32 0.7 62 97 5.6 
20 0.3 62 94 5.0 
47 0.9 45 98 4.5 
62 1.4 5 60 3.2 
60 0.7 6 100 8.5 
56 I.1 31 100 5.8 
93 4.7 7 100 3.9 
95 4.4 I3 92 1.9 

32 0.7 448 76 3.8 

I7 100 
81 100 

9 89 
109 89 
73 90 
38 90 
I9 95 
I4 93 
I2 67 
89 97 
94 99 
81 89 
I3 92 
IO 100 
45 96 
I5 67 
20 30 

739 91 

13.1 0.459 -1.000 0.476 
9.3 (0.002) -0.979 0.336 
3.0 (0.044) -1.000 -0.215 
2.5 -0.877 -0.07 I -0.294 
3.0 -0.790 -0.342 -0.223 
1.9 -0.495 -0.320 -0.4 I4 
4.3 -0.379 0.390 (-0.042) 
5.4 (-0.325) 0.515 (0.078) 
0.8 (0.133) 0.286 -0.695 
4.6 (-0.036) 0.192 (-0.001) 
7.1 -0.419 0.135 0.212 
3.6 (0.097) 0.089 -0. I30 
4.6 0.328 (-0.084) (-0.003) 
9.3 (-0.001) 0.383 0.334 
3.1 0.236 0.210 -0. I97 
I .4 0.742 (0.009) -0.536 
0.4 0.725 -0.327 -0.860 

4.6 

Chi Square Goodness of Fit., I6 df. 928.6 663.4 1227.9 

X 32 m sample plots within that type could be further classified into 
sub-types with shrub or grass understories. Both deer and cattle 
could obtain a high preference index for oak savanna but a very 
low association index if deer primarily defecated in sample plots 
with a shrub understory while cattle primarily defecated in sites 
with a grass understory. In this case the habitat classification 
would be inadequate for assessing sites of potential competition 
without recognizing these sub-types. The case of hogs versus deer 
in oak woodland on north slopes (Fig. 3B) was the only one in 
which both species showed significant preference for the habitat 
but a negative association index. 1 cannot suggest an aspect of the 
oak savanna that these species might be responding to, causing this 
spatial segregation. 

Summary and Conclusions 
The preferences of hogs, deer and cattle for the various habitat 

types was assumed to be proportional to the amount of the time the 
animals spent in each habitat type beyond that expected from the 
extent of the habitat in the study area. Animal use (time spent 
including all behaviors, not just foraging) was assumed propor- 
tional to the abundance of fecal sign found in each type. The latter 
assumption may not have been met, weathering being more rapid 
in the mesic habitats, particularly irrigated pastures. However, it 
appeared that weathering of droppings of all three ungulates pro- 
ceeded at approximately the same rate within each habitat. Conse- 
quently, relative habitat preference indices should be comparable 
even if the absolute values are biased (i.e. underestimated in mesic 
habitats). Other signs, including trails, rooting, and forage utiliza- 
tion substantiated the relative habitat preferences indicated by 
fecal signs (Barrett 1971). 

The results presented above reveal considerable habitat parti- 
tioning by hogs, deer and cattle on the Dye Creek Ranch. Deer 

MEAN ASSOCIATION 
MEAN ASSOCIATION 

Fig. 3. Relationships between association indices for 3 ungulates and their 
respective habitat preferencesfor I7 habitat types (see Table I for names 
of habitats). Positive association is noted by A. Positive association and 
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joint preference for a habitat, 0, indicates potential for interspec@ 
competition within the habitat. Relationships include (A) hogs versus 
cattle, (B) hogs versus deer, and (C) cattle versus deer. 
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seem relatively unselective of topography in the Sierra foothills but 
avoid the open plains of the Sacramento Valley. They are a brush- 
loving species here as in all other places they have been studied. 
Cattle show strong preference for level topography and for vegeta- 
tion types producing large amounts of herbage, a pattern noted in 
many other studies. 

In contrast to these species, feral hogs are more specialized. 
Topograpy does not appear to be particularly important; hogs will 
travel directly across all types of topography to reach water, bed- 
ding cover and feeding areas. Vegetation, however, is a very impor- 
tant determinant of hog distribution; in general, the denser the 
vegetation, the greater the use by hogs. This is especially true where 
the dominant vegetation is a major source of food as well as cover. 

During the hot, dry summer, water and green forage become 
critical for hogs even though deer and cattle leave the area. At this 
time, hogs within about 5 km of the edge of the Sacramento Valley 
prefer to forage nocturnally in the irrigated pasture and boulder 
washes. These hogs exhibit greater reproductive success, higher 
growth rates, and lower juvenile mortality than those hogs remain- 
ing in the foothills (Barrett 1978). 

The most extensive point of overlap in habitat use among the 
three ungulates occurred between cattle and deer on ridge tops in 
oak woodland, oak savanna and buckbrush types. Direct interac- 
tions between cattle and deer were observed in these sites and in all 
cases deer were dominated if not excluded by cattle. It may be that 
both interference and resource competition exists between cattle 
and deer in these habitats. 

Potential for resource competition between deer and hogs exists 
in the north slope, buckbrush type. However, differences in food 
habits suggest that if resource competition exists in this type it is 
minimal. Deer normally withdraw in confrontations with hogs, but 
the relative scarcity of hogs suggests interference competition is 
also minimal. 

Considerable potential for competition between cattle and hogs 

exists in the irrigated pastures. Over 30% of some pastures have 
been rooted up in a single month, completely destroying cattle 
forage. Loss of this relatively expensive forage for cattle, even for a 
month until regrowth occurs, is an important management 
problem. 
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Grazing Management of Crested Wheat- 
grass Range for Yearling Steers 
D.A. DAUGHERTY, C.M. BRITTON, AND H.A. TURNER 

Abstract 

Sixty, spring-born, yearling steers of Angus-Hereford breeding 
were used to compare continuous vs short duration grazing on 
crested wheatgrass range. Grazing trials were conducted in two 
successive years. Grazing fields to remove about 30% of available 
forage and then moving to a fresh field increased (P<.O5) daily 
gains of steers compared to continuous grazing. However, this 
increase occurred late in the grazing season with no apparent initial 
advantage for short duration grazing. The effect of grazing treat- 
ments on forage yields and quality resulted in several management 
implications. These implications and further research needs are 
discussed. 

A successful grazing management plan should consider seasonal 
quality of forage resources, adapt them to animal requirements 
and maximize animal production without adversely affecting long- 
term forage production. Van Poollen and Lacey (1979) reviewed 
specialized grazing systems on western ranges and concluded that 
they increased mean annual forage production by 13% compared 
to continuous or season-long grazing. Reducing stocking levels 
had an even greater effect. Additionally, Allison and Kothmann 
(1979) found that with lower stocking levels animals selected 
higher quality diets. 

Crested wheatgrass on ranges of eastern Oregon has a growing 
season of April, May, and June. Forage is of high nutritive value 
early in the season but decreases rapidly in digestible protein and 
energy with increasing maturity. Young rapidly growing animals 
can efficiently utilize early season high quality forage and yearling 
steers can maintain daily gains above 0.8 kg through mid-June 
(Raleigh 1970). After this time, gains decrease with decreasing 
forage quality. 

Crested wheatgrass develops stiff unpalatable culms and a high 
stem to leaf ratio with increasing maturity. However, Hyder and 
Sneva (1963) have shown that adjusting stocking levels to achieve 
close grazing in late May, while plants are in the boot stage, will 
reduce formation of reproductive shoots and stimulate vegetative 
growth. 

The objectives of the current trials were to evaluate short dura- 
tion and continuous grazing schemes. Results were compared by 
measurement of yearling steer gains and changes in quantity and 
quality of the forage resource. 

Study Area and Methods 

The study area consisted of two crested wheatgrass (Agropyron 
desertorum) ranges located at the Squaw Butte Experimental 
Range Ranch approximately 60 km west of Burns, Ore. The ranges 
consisted of 29 and 62 ha with the larger site divided into five fields 
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of 6.5 to 28 ha in size. Both ranges have approximately equal 
production capabilities based on past use records. Mean elevation 
is 1375 m and annual precipitation is 30 cm. About 70% occurs as 
snow in winter and the remainder as rain during the growing 
season. 

Thirty, spring-born, yearling steers of Angus-Hereford breeding 
were used as study animals in each of two trials during the spring 
and summers of 1978 (Trial 1) and 1979 (Trial 2). Mean initial steer 
weights were 28 I and 260 kg for Trials I, and 2, respectively. Steers 
were randomly assigned to grazing treatments by weight and pre- 
vious winter treatment, which consisted of two levels of energy 
supplementation. 

Experimental treatments consisted of two grazing practices on 
crested wheatgrass range to determine effects on performance of 
yearling steers and to determine the effects of grazing on forage 
yields and quality. Continuous (C) season-long grazing on a 29-ha 
range was compared with a specialized grazing treatment, desig- 
nated as short-duration grazing, on pastures of a 62-ha range. 

Short-duration grazing (S) was designed to utilize 30% of availa- 
ble forage at the time steers were placed in the field and then moved 
to an ungrazed field. Steer movements were based on hand clipping 
estimates of forage yield and estimated consumption of steers. 
Forage available for grazing was estimated as 80% of the total and 
consumption of steers was estimated using 2.75% of their body 
weight. The five fields on the S treatment were 9.9,6.5,9, and 28 ha 
in size and were grazed in the order listed with the largest field last 
to insure sufficient forage for completion of the trials. 

Steers started treatment during both trials in early May as forage 
yield reached 225 kg/ ha as recommended by Sharp ( 1970). A daily 
supplement schedule of barley and biuret developed at Squaw 
Butte Experimental Station (Table I) was fed from June 15 to 
August 15 to insure gains of .85 kg or better (Raleigh 1970). Initial 
and final steer weights were taken in Trial I with additional weights 
at 28-day intervals in Trial 2. The trials were terminated by August 
15 of both years as higher levels of supplement are necessary to 
account for the decreasing forage quality and resultant reduced 
intake of forage. 

Forage yields in both trials were estimated by hand clipping 20, 
I-m* circular quadrats in each S treatment field before and after 
grazing and in the C treatment field at monthly intervals. Forage 
samples were dried in a forced-air oven (6OOC) for 48 hours, 
weighed to the nearest I g and reported as kg/ ha. Forage was 
cornposited into two samples for each field by clipping date, 
ground through a Wiley mill, subsampled, and analyzed for 
Kjeldahl-N. Nitrogen concentrations were reported as crude 
protein. 

Animal performance data were subjected to least squares analy- 
sis of variance and differences in treatment means determined by 
using Student’s t test at K.05 (Steel and Torrie 1960). Polynomial 
curve fitting was used to describe response curves for forage yields, 
crude protein percents and yields, and animal growth rates across 
time (Snedecor and Cochran 1972). Forage curves represent the 
period of March 15 (day I) through September I5 (day 180) and 
animal curves represent the period of May 5 (day 50) through 
August 15 (day 150). 
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Table 1. Daily supplement schedule for yearling steers grazing crested 
wheatgrass range (Trials 1 and 2). 

Nitrogen’ Digestible energy’ 
Period (g) (kcal) 

Start-6/ I5 7.8 1640 
6/16-6/ I7 13.2 1640 
6118-61 I9 15.0 1640 
6/20-6/ 25 16.9 I640 
6126-712 24. I 1640 
713-719 28.3 2133 
71 IO-71 I6 34.3 2625 
7117-7123 39.5 2954 
7124-814 44.9 4100 
S/5-end 48.8 4920 

1 Biuret and barley were used as supplemental sources of nitrogen and digestible energy, 

respectively. While supplemental nitrogen was not considered necessary until 6/ 16. the 
barley supplied small amounts as indicated. 

Results 

Polynomial equations for the response across time of forage 
yield between years and treatments and the effects of grazing on 
forage yield, crude protein content, and crude protein yield are 
presented in tabular form (Table 2) to support the subsequent 
discussion of response curves. Variation in precipitation patterns 

Table 2. Polynomial equations for forage yield and quality responses 
across time. 

Equation’ Rf P value 

Forage yield (kg/ ha) 
1978 Y = 180.405 - 17.3378 x + .678 I x2 - .0048 x3 

+ .0000097 x4 
1979 Y = 182.214 - 15. I I56 x + .4806 x2 - JO236 x3 

Range site yield2 (kg/ ha) 
C Y = - 1247.052 + 37.633 x - .I7084 x2 
S Y = - 1125.208 + 36.645 x - .I6718 x2 

Forage yield3, ungrazed (U) vs grazed (G), (kg/ ha) 

1978 (U)Y=94.348-8.112x+.40893x2-.00188x3 
(G) Y = - 785.004 + 32.031 x - .I879 x2 
-.00044 x3 

1979 (U) Y - 182.203 - 15.1 I4 x + .4806 x2 
- JO236 x3 
(G) Y = - 6917.72 + 241.326 x - 2.484 x2 + 

.088l I x3 

.97 

.99 

.99 

.94 

Crude protein (%) 
(U) Y = 23.4288 - .2585 x + .00083 x2 .97 
(G) Y = 24.6898 - .2973 x - .00103 x2 .99 

Crude protein yield (kg/ ha) 
(U) Y = - 35.1951 + 2.3516 x - .01237 x2 
(G) Y = -358.428+ 14.0119x.15044x~-.00496x3 

.67 

.97 

.97 

.99 

.93 

.99 

<.OOl 

<.ool 

.06 
<.OOl 

<.OOl 
<.OOl 

<.OOl 

.06 

<.OOl 
<.OOl 

.I I 

.02 

Ix = days with day I being March 15. 
K’ontinuous and short duration grazing represented by C and S, respectively. 
‘Ungra/ed and grazed represented by U and G, respectively. 

between the 2 years of study resulted in considerable differences in 
forage production (Fig. 1). Precipitation for 1978 and 1979 totaled 
28.0 and 32.0 cm, respectively, was similar to the 30 year average of 
29.7 cm. However, in 1978, March, April, and May precipitation 
totaled 4.4 cm compared to 2. I cm for 1979 and 3.0 cm for the 
30-year average. This additional moisture in 1978 lengthened the 
growing season and resulted in 130% of the long-term average 
forage production compared to 1979 which represents 90% of the 
average forage year (Sneva 1979, unpublished data). 

The S treatment was designed to graze 30% of the forage availa- 
ble at the time steers were moved onto a field. Pasture size, days 
graled and percent utilization are presented in Table 3. Grazing at 

P 

ii 
T 

1600 

600 

4/l 5/I 6/t 7/l 6/I 9/t 

DATE 

Fig. 1. Crested wheatgrass yields (kg/ha) on ungrazedplotsfor 1978 (Trial 
1) and 1979 (Trial 2). 

Table 3. Pasture size, days grazed, and percent utilization for pastures on 
the short duration (S) treatment. 

Pasture size 

(ha) 
9.1 
9.1 
6.5 
9.3 

27.9 

1978 1979 
Utilization Utilization 

Days grazed (%) Days grazed (%) 

7 24. I 8 26.8 
IO 21.4 I2 27.5 
II 24.9 II 27.0 
I4 24. I I7 25.8 
6 22.8 49 19.5 

this level had little effect on forage growth rates early in the 
growing season. This is illustrated-by-differences between yield 
estimates made on ungrazed fields (U) and yield estimates made 
after grazing (G) in Trial 1 (Fig. 2) and Trial 2 (Fig. 3). Differences 

1600 

L3 

ii 
600 

s 

400 

4/l S/l 6/l 7/l 6)/t 

DATE 
Fig. 2. Crested wheatgrass yield (kglha) before (U) and after (G) grazing 

on the short duration treatment site for 1978 (Trial I). 
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Fig. 3. Crested wheatgrass yield (kglha) before (U) and after (G) grazing 
on the short duration treatment site for 1979 (Trial 2). 

in yield were accounted for by estimated steer consumption. How- 
ever, as moisture became limiting and forage growth rates slowed, 
the yield difference between U and G increased. This response 
came later in Trial 1 due to the above average spring precipitation. 
As moisture became limiting, grazing reducing forage growth rates 
and this effect was greater during thedrier year of 1979. Trampling 
and increased leaf shatter from grazing after forage matured also 
had a role in increasing the difference between U and G forage 
yields. 

Forage yields increased on the grazed ranges in August for Trial 
2 (Fig. 3). This upswing in forage yields was a result of regrowth 
from early August precipitation levels 3-fold greater than average. 
Regrowth was substantially greater on grazed as compared to 
ungrazed areas. 

Grazing decreased the crude protein content of forage compared 
to ungrazed forage on the S teatment for Trials 1 and 2 combined 
(Fig. 4). Steers were able to select for the higher quality forage parts 
(leaves) throughout the grazing season. Combined crude protein 
yields (Fig. 5) before and after grazing for Trials 1 and 2 were 
largely a function of forage yields and have similar response curves. 
The increasing difference between grazed and ungrazed forage for 
crude protein yields after maturity was probably the result of both 
increased leaf shatter from grazing and the selectivity by animals 
for the higher quality forage parts. Regrowth in August of 1979 

I2 . 
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WI WI 711 O/I 

DATE 
Fig. 4. Crude protein content (??Jo) of crested wheatgrass before (U) and 

after (G) grazing on the short duration treatment site for Trials 1 and 2 
combined. 

y 

‘G 

I 1 

3/l 6/l v 1 e/1 
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Fig. 5. Crude protein yield (kglha) of crested wheatgrass before (U) and 

after (G) grazing on the short duration treatment site for Trials I and 2 
combined. 

resulted in a large increase in crude protein yield with the greater 
response occurring on grazed forage. 

The S treatment produced significantly higher animal daily 
gains (P<.O5) than the C treatment. Animal weights were greater 
on the S treatment than the C treatment but not significantly so 
because of the length of the trials (Table 4). Steers had greater daily 
gains on the S treatment regardless of the previous low or high 
energy winter treatment. However, steers from the previous low 
energy winter treatment made compensatory gains during the 
grazing season, which reduced the magnitude of the effects of the 
grazing treatments. 

Table 4. The effects of grazing treatment on yearling steer performance. 

Trial I Trial 2 

ltem Continuous Short duration Continuous Short duration 

No. of steers’ 15 15 1s 13 
Grazing period, 105 105 97 97 

days 
Initial wt, kg 28 1.81t33.8 280.41t30.3 259. I f26.4 260.9f22.9 
Final wt, kg 376.5f33.0 386.2f3 I .9 364.3f27.8 373.7+_ 18.4 
Gain, kg’ 94.7f19.5 a 105.7&I 1.3 b 105.2f8.8 a Il2.8A17.7 b 
Daily gain, kg .90*.19 a l.Ol+.l I b 1.08k.09 a 1.16f.08 b 

‘Two steers died of unknown causes on the short duration graying treatment in trial 2. 
*Means within trials followed by different letters differ significantly (K.05). 

Additional steer weights at monthly intervals in Trial 2 and 
formulation of polynomial equations for rate of gain and steer 
weights across time (Table 5) allowed for better interpretation of 
the effects of the two grazing treatments on animal performance. 
The S treatment had no beneficial effect on steer performance earl) 
in the grazing season as the steers on the C treatment also had 
access to an abundance of high quality forage. Daily gains were less 
(K.05) on the S treatment compared to the C treatment during 
May and June (Fig. 6). However, as forage matured, the increased 
selectivity by steers on the S treatment resulted in significantly 
greater daily gains for the remainder of the grazing period. The S 
treatment produced heavier steers by the end of the grazing periods 
(Fig. 7). 

Discussion 
The results of these trials provide several managemellt implica- 

tions for crested wheatgrass range. Crested wheatgrass is charac- 
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Table 5. Polynomial equations for steer rate of gain and weight responses 
across time. 

Equation’ R2 P value 

Steer weight2, (kg) 
C Y = 179.748 + 1.6139 x - .00245 x2 
S Y = 219.197 + .4944 x + .00376 x2 

Rate of gain, (kg/day) 
C Y = - 2.006 + .06097 x - .00028 x2 
S Y = - 1.528 + .04545 x - .00018 x2 

.99 <.oo 1 

.99 <.oo 1 

.99 <.oo 1 

.87 <.OOl 

lx = days starting with day 50 being May 5. 
Tontinuous and short duration grazing represented by C and S, respectively. 

terized by vegetative shoots which arise from axillary buds of old 
stem bases. Differentiation of some shoot apices to reproductive 
shoots occurs in early May and is followed by rapid elongation of 
the shoot apex. Hyder and Sneva ( 1963) concluded that stocking to 
achieve close grazing about May 20 to 25 while the heads are in the 
boot stage will stimulate tillering of new vegetative shoots. This is 
dependent upon removal of the shoot below the rudimentary 
inflorescence, otherwise the reproductive shoots will continue to 
grow with no further leaf development. 

The S treatment of the current studies was designed to achieve 
maximal animal gain from the early-season, high-quality forage 
with little regard for its affects on total forage production. Remo- 
val of 30% of the forage from fields early in the season would not be 
sufficient to stimulate tillering. Therefore, it would be critical to the 
grazing management plan to follow the S treatment steers with 
other animals to achieve close grazing in late May to early June. 
Added advantages are maximizing nutrient harvest, limiting dry 
matter loss from leaf shatter, and increasing regrowth potential. 

Although the S treatment resulted in a significant increase in 
overall daily gains, the daily gains were lower early in the grazing 
season. No difference was expected between gains early in the 
season as steers on both the C and S treatments had access to an 
abundance of high quality forage. The S treatment steers were 
stocked at higher levels but for short periods of time. Allison and 
Kothmann ( 1979) reported that at lower stocking levels animals 
have increased selectivity as evidenced by an increase in in vitro 
digestibility of organic matter and crude protein of cattle diets. 
However, this appears not to have been a problem as steers on the S 
treatment tended to select higher quality forage parts throughout 
the grazing season. Although greater acreage and selectivity with 
treatment may have been responsible for increased gains, the lower 

2.0 

1 

400 . 

A 

0 
s 
Y 

3so . 

I- 

5 
iii s 300 . 

w” 
w 
)_ 250 ’ 
v) 

DATE 
Fig. 7. Steer growth curves for the continuous (C) and short duration (S) 

grazing treatments in Trial 2. 

gains on treatment S were probably the result of increased animal 
movements early in the season. The S treatment fields, used early in 
the season, were small (6.5 to 9.0 ha) and the movements were 
frequent (8 to 16 days). The movements were usually early in the 
morning, a peak grazing time, and steers would habitually walk a 
new field, further reducing grazing time and expending energy with 
increased activity. 

Results indicated that the S treatment response came after for- 
age had matured and nutritive value was declining. Further 
research is needed to define better what appears to be a potentially 
promising grazing practice. Intake studies, digestion trials, and 
long-term forage measurements would answer questions on the 
degree of increased selectivity afforded animals and the effects of 
the grazing treatment of forage production. Altering the grazing 
scheme so that a larger field could be grazed through mid-June and 
then starting short duration grazing of fields to increase the anim- 
als’ selectivity could possibly increase animal performance. Addi- 
tional advantages would be a reduction in frequency of animal 
movements and the omission of the need for follow-up grazing to 
stimulate tillering and reduce reproductive shoots. However, a 
planned pasture rotation system should be developed so that the 
same fields would not always be grazed in the spring. This would 
result in a deferred rotational system including short duration 
grazing from mid-June to mid-August. 
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Efficiency of Forage Harvest by Grazing 
Cattle 
C.D. ALLISON, M.M. KOTHMANN, AND L.R. RITTENHOUSE 

Abstract 

Three grazing trials of 14 days each were conducted in April, 
July, and September, 1977, to examine the effects of grazing 
pressure on forage disappearance, organic matter intake, and the 
relationship between intake and forage disappearance. Levels of 
grazing pressure studied were 10, 20, 40, and 50 kg of forage 
allowed per animal-unit per day (kg/au/da). Standing crop was 
measured before, during the middle, and immediately after each 
trial. Organic matter intake was estimated at the beginning and end 
of each trial by the fecal excretion:indigestibility ratio technique. 
Total standing crop declined steadily during the grazing trials, with 
forage availability being significantly less at the end than at the 
beginning or middle of the trials. Averaged over the three trials, 
total forage disappearance during a 14-da grazing period was 236, 
334,355, and 457 kg per pasture and forage losses per au per day 
were 8.5,12.0,12.7, and 16.3 kg for the 10,20,40, and 50 kg/au/da 
grazing pressures, respectively. However, daily intake averaged 
across all treatments, periods, and trials was approximately 9 
kg/au/da. At the grazing pressure level of 10 kg/au/da, forage 
disappearance approximated the average daily intake, whereas, 
grazing pressures of 20,40, and 50 kg/au/da had forage disappear- 
ances that exceeded intake by 28,48, and 90%, respectively. These 
data indicate a possibility for a two-fold increase in the efficiency of 
forage harvest by grazing cattle as grazing pressure is increased. 

Harvesting forage before and after grazing has been used for 
estimating the quantity of forage consumed by grazing animals. 
This method assumes that forage consumption is equivalent to the 
difference in standing crop of forage determined before and after 
grazing. It is most applicable to short grazing periods in order to 
minimize sources of error such as: forage growth during grazing; 
unrecoverable reject; unaccountable depressing or stimulating 
effects of the animals on grazed forage yield; and unmeasured use 
of nutrients by the animals (Carter et al. 1960, McNaughton 1979). 

Range herbage disappearance may be proportional to, but is 
greater than, forage consumption by livestock because of herbage 
losses such as those resulting from weathering and trampling (Lay- 
cock et al. 1972). Forage consumed by insects and rodents (Van 
Dyne and Meyer 1964, Hewitt et al. 1976; Pearson 1975) also biases 
estimates of forage consumed by grazing animals upward when 
measured by forage disappearance. 

Laycock et al. (1972) reported intake estimates were up to three 
times higher when comparing paired, clipped plots with fecal 
excretion:indigestibility ratio techniques. Higher intake estimates 
obtained from clipping were attributed to trampling losses and 
“invisible” utilization. 

Gordon et al. (1966) stated that as grazing pressure was 
increased, cattle consumed more of the available forage. These 
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data were not actual consumption, but rather forage disappear- 
ance as measured before and after a grazing period. Average 
grazing pressures of Il. 1, 16.2, and 2 1.9 kg of forage per cow per 
day resulted in dry matter disappearance values of 10.6, 13.4, and 
15.0 kg of forage per cow per day, respectively. It can be seen from 
this research that forage losses for the most intensive grazing 
pressure level (I 1.1 kg per cow per day) closely approximate 
expected dry matter intake of the cows. 

The objective of this study was to evaluate and compare forage 
disappearance and forage intake of cattle under four levels of 
grazing pressure on a Stipa-Bouteloua mixed grass prairie in 
North-Central Texas. 

Study Area 
Field research for this study was conducted on the Texas Experi- 

mental Ranch near Throckmorton, Texas, during 1977. The study 
area is part of the Rolling Plains vegetation region which com- 
prises approximately 6.3 million ha of rolling to rough 
topography. 

Average frost-free period is 220 da, with peak periods of forage 
production occurring in April, May, June, and September. Aver- 
age annual precipitation, over a 50-year record, is 65.6 cm. Mea- 
sured precipitation at the study area during 1977 was 53.8 cm. 

Perennial grasses usually comprise over 80% of the vegetation 
with less than IO% annual grasses and approximately 10% forbs. 
Three species, sideoats grama [Bouteloua curtipendula (Michx. 
Torr.)], Texas wintergrass (Stipa leucotricha Trin. & Rupr.), and 
buffalograss [Buchloe dactyloides (Nutt) Engelm], generally 
account for over 70% of the ranch vegetation (Kothmann et al. 
1970). 

Experimental Procedure 
Intake, dietary chemical and botanical components, and stand- 

ing crop changes were monitored under four levels of grazing 
pressure. The definition of grazing pressure as used in this paper is: 
“the mean weight of forage allowed per animal-unit-day for a 
relatively short grazing period of specified length” (Society for 
Range Management 1974). 

Levels of grazing pressure monitored were IO, 20,40, and 50 kg 
of forage per animal-unit-day (kg/au/da) for a 14-da grazing trial. 
Grazing pressures were created by varying pasture size with electric 
fences on an area with a relatively uniform standing crop of 
vegetation. 

Three separate 14-da trials were conducted during 1977. Trial I 
was in April (4-5-77 through 4-18-77) Trial II was in July (7-5-77 
through 7-18-77), and Trial III was from mid-September to early 
October (9-20-77 through 10-2-77). Trials were conducted at these 
times to evaluate the effects of changes in chemical composition of 
forage, phenology of plant species, and physiological status of the 
cows upon forage intake and disappearance. Trial I was conducted 
when Texas wintergrass was growing rapidly, warm-season grasses 
had not yet begun rapid growth, and cows were in heavy lactation. 
Trial II was initiated when Texas wintergrass was mature, warm- 
season grasses were growing, and cows were dry and pregnant. 
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Trial 111 was conducted when Texas wintergrass was dormant, 
warm-season grasses were maturing, and cows were in late 
gestation 

Each trial was conducted on a different area in order to prevent 
treatment effects of a previous trial from confounding results of 
subsequent trials. All trials, however, were conducted on a Clay 
Loam range site. The four grazing pressure treatments were repli- 
cated twice in all three trials. 

Sixteen animals, eight cows with established esophageal fistulae 
and eight intact 4-year-old Hereford cows were used during each 
trial. Animals were randomly assigned at the initiation of each trial 
with one esophageaily fistulated cow for diet collections and one 
intact COW for total fecal collections within each of the two replica- 
tions per treatment. The same animals were used in all three trials. 

Due to the limited number of animals per treatment, a prehmi- 
nary intake trial, designated as a “covariate trial”, was conducted. 
This covariate trial included two consecutive days of diet collection 
with esophageally fistulated cows and four consecutive days of 
total fecal collection. This trial was conducted 1 week prior to 
initiation of each of the three grazing pressure trials. Intake esti- 
mates for individual cows during this trial were used toadjust their 
intake data from the grazing pressure trials using analysis of covar- 
iance procedures. 

Standing Crop 
Standing crop estimates of range vegetation were made by hand 

clipping vegetation rooted within plots 1 m2. Vegetation was 
clipped to a height of I cm or less. Time and labor restrictions 
limited the number of plots that could be clipped to five in each 
treatment of each replication. 

Plants were separated in the field during clipping and placed into 
one of the following three categories: (1) cool-season grasses; (2) 
warm-season grasses; and (3) forbs. Cool-season grasses were com- 
prised of Texas wintergrass and Japanese brome (Bromusjaponi- 
cus Thurb.). Warm-season grasses included mostly sideoats grama 
and buffalograss. The major components of the forb category were 
heath aster (Aster ericoides L.) and western ragweed (Ambrosia 
psilostachya DC.). 

Vegetation was dried at 60°C for 48 hours and weighed to the 
nearest 0. I g. These measurements were converted and expressed 
as kg/ ha. Confidence intervals (P=.O5) were computed for each of 
the three categories and for the total standing crop. 

Standing crop estimates were conducted three times for each of 
the three trials. Plots were clipped approximately 2 weeks prior to 
placing animals within the trial area. This estimate of standing crop 
also served as a basis from which pasture sizes of the four grazing 
pressure treatments were calculated. A second set of plots was 
clipped immediately after the first 3-da fecal collection which 
coincided with day five of each 14-da trial. The third clipping 
immediately followed the second 3-da fecal collection which was 
day 15 of each trial. 

Intake Determination 
Organic matter intake of cattle was estimated by the fecal excre- 

tion:indigestibility ratio technique: 

intake = fecal output 

I-DOM 

where, intake = organic matter (g) 
fecal output = organic matter (g) 

DOM = digestible organic matter coefficient. 

Fecal output was measured by total fecal collection procedures 
similar to those discussed by Kartchner and Rittenhouse (1979). 
The indigestibility of organi, matter in the diet was determined by 
in vitro techniques employing a 48-hour fermentation of samples 
with rumen liquor obtained from a steer on an all-roughage diet 
(Tilley and Terry 1963) followed by neutral detergent fiber (NDF) 
extraction (Van Soest and Wine 1967). In vitro values were cor- 
rected using a standard forage of known in vivo digestibility which 
was included in each batch analysis. 

Significant treatment differences for standing crop and organic 
matter intake of cows were determined by analysis of variance. 
Mean separation was conducted by Duncan’s new multiple range 
test (Steel and Torrie 1960). Due to the unbalanced nature of the 
data, a computerized general linear models program of Barr et al. 
( 1976) was used for the analysis of variance. 

Results and Discussion 

Forage availability reached a maximum of 2,222 kg/ ha (Table 1) 
during July, when averaged across all levels of grazing pressure and 
periods within trials. Total above-ground herbaceous standing 
crop estimates during April (Trial 1) and September (Trial III) were 
significantly lower than values estimated for July. Cool-season 
grasses comprised the largest proportion of standing crop during 
April (63%) but had declined to 30% in September. Warm-season 
grasses increased significantly during the growing season, reaching 
a maximum of 1,095 kg/ ha during September, which was signifi- 
cantly higher than amounts for April and July. Forbs, likewise, 
increased with season of year, reaching a high of 278 kg/ ha during 
September (Table 1). 

Table 1. Mean standing crop (kg/ha) for three trials averaged across 
treatments, replicates, and periods. 

Trinl 

Apr. July Sept. 

Cool-season grasses 
Warm-season grasses 
Forbs 
Total 

861b’ 1307” 576’ 
465 728b 1095” 

2’7” 187b 278” 
1353’ 2222” I 949b 

labcMeans in the same row with a common superscript are not significantly different at 
the .05 level of probability. 

Total standing crop, averaged across trials, was not significantly 
different in the 40 and 50 kg/au/da treatments; however, standing 
crop was significantly lower in the 20 and 10 kg/au/da treatments 
(Table 2). Cool-season and warm-season grasses were significantly 
lower in the 10 and 20 kgjau/da grazing pressure treatments than 
in the 40 and 50 kg/au/da treatments. The composition of forbs 
was approximately equal for all treatments. 

Table 2. Mean standing crop (kg/ha) for four levels of grazing pressure. 

IO 
Grazing pressure’ 

20 40 50 

Cool-season grasses 
Warm-season grasses 
Forbs 
Totals 

733” 829& 1025” 979”b 
620b 662b 750ab 862” 
168” 194” 148” 1798 

1521’ I 685b 1923” 2020” 

‘Grazing pressure levels are IO, 20,40. and 50 kg forage allowed per animal-unit per 
day. 
*abnlMeans in the same row with a common superscript are not significantly different 
at the .05 level of probability. 

Total standing crop and standing crop of cool-season grasses 
declined steadily during the trials, with forage availability being 
significantly less at the end of the 14-da trials than at the beginning 
or middle (Table 3). Standing crops of both warm-season grasses 
and forbs were significantly lower at the end of a trial than at the 
beginning, but they followed different trends for disappearance. 
Standing crop of warm-season grasses declined significantly to the 
middle of the trial but did not decline significantly from the middle 
to the end of a trial. Standing crop of forbs did not differ between 
the beginning and middle of a trial, but was significantly less at the 
end of a trial (Table 3). 

Cool-season grasses were highly preferred in April but in July 
and September, they were utilized more heavily during the last 7 
days than during the first 7 days. During July and September, 
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Table 3. Mean standing crop (kg/ha) for three periods within a trial. 

Period’ 

1 2 3 

Cool-season grasses I 140a2 81 lb 597 
Warm-season grasses 968” 644b 522b 
Forbs 187” I 92” 107b 
Total 2293” I 647b 1226’ 

‘Periods I, 2, and 3 correspond to days I, 7, and 14 of a I4day grazing trial. 
2SbCMeans in the same row with a common superscript are not significantly different at 
the .05 level of probability. 

cattle preferred warm-season grasses initially in a trial, but as a trial 
progressed, forbs were utilized more. Presumably, cattle selected 
warm-season grass leaf material first, shifting selection to forbs 
once grass leaf material declined in the standing crop to a point 
where stems accounted for a major portion of warm-season grass 
standing crop. 

Figure 1 illustrates the forage disappearance trends for the four 
treatments, averaged across the three trials. All grazing pressures 
resulted in a linear decline in forage availability during the trials. 
The rate of forage disappearance within a treatment increased as 
the total amount of forage available in the pasture increased. 

Forage Disappearance within Trials and Treatments 
Forage disappearance trends were similar in all three trials 

within the respective treatments (Table 4). When averaged over the 
three trials, forage disappearance between the beginning and end 
of the 14-da trials was 236,334,355, and 457 kg per pastureforthe 
10, 20, 40, and 50 kg/ au/da treatments, respectively (Table 5). 

Table 5. Forage disappearance (kg/pasture) from the beginning to the end 
of three trials for four levels of grazing pressure. 

Grazing pressure 
(kg/au/da) 

IO 
20 
40 
50 

Apr. 

202 
297 
265 
466 

Forage disappearance 
(kg/ pasture) 

July Sept. 

247 257 
378 322 
309 483 
397 496 

x 

236 
334 
355 
457 

When these values are expressed on a disappearance per animal- 
unit per day basis, they become 8.5, 12.0, 12.7, and 16.3 kg/au/da 
for the 10,20,40, and 50 kg/au/da treatments, respectively (Table 
6). Data such as these have been interpreted by some researchers to 
indicate that a greater amount of forage was consumed under 

15 F 

14 - 

13 - 

12 _ 

11 - 

2 - 

1 L 

*. *. 1’. ‘\ 

- 10 kg/AU/da 
-- - 20 kg/AU/da 
-e-.1 40 kg/AU/da 

50 kg/AU/ da . . . . . . . 
1 confidence interval (P = .05) 

Period 

Fig. 1. Mean forage availability per pasture for four levels of grazing 
pressure (kg/au Jda) at three periods averaged across Trials 1,2, and 3. 

lighter grazing pressures. However, when intake values are exam- 
ined (Table 6), it is seen that average daily intake was approxi- 
mately equal for all four treatments. Estimated intake accounted 
for 99% of forage disappearance at the 10 kg/au/da grazing pres- 
sure (Table 6). At grazing pressures of 20,40, and 50 kg/au/da, the 
efficiencies of forage utilization (intake i disappearance X 100) 
were 78, 68, and 5370, respectively (Table 6). These data support 
those of Gordon et al. ( 1966) and indicate the possibility for greater 

Table 4. Mean herbaceous standing crop (kg/pasture) and confidence intervals (P=.O5) for three trials, four levels of grazing pressure and three periods 
within a trial, averaged across two replications. 

Grazing 
pressure’ 

Period* 

IO 20 40 50 

I 2 3 I 2 3 I 2 3 I 2 3 

Trial 13 

278f46 147532 7655 I 556f93 348+93 25% 108 I I I If185 784f230 8461t216 3389-1232 1219+262 923f210 

Trial 2 

280f28 169f34 33+16 56M57 270+73 l82f66 ll2Mll4 867fl47 8ll+l3l 14oofl42 1254fll4 1003f227 

Trial 3 

280f49 143538 23+6 56ti98 378+100 238f74 ll2Ml96 7335186 637+146 1400+245 1204&284 904f217 

x Trials I, 2, and 3 

280f41 153f35 44+24 560+83 332+89 226+83 I l20& I65 795+ I88 765+ I64 I4Oof206 I 226&220 943f2 I 8 

‘Grazing pressure levels are expressed as IO, 20, 40, and 50 kg forage available per animal-unit per day. 
*Periods. I, 2. and 3 correspond to days I. 7, and I5 of a 14-da gra7ing trial. respectively. 
‘Trials I, 2, and 3 correspond to April, July. and September, 1977. respectively. 
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Table 6. Average forage disappearance and organic matter intake for four fied further in light of the increasing usage of short duration 
levels of grazing pressure averaged across three trials and two periods grazing systems. Specifically, data are needed that look at stocking 
within each trial. density and grazing pressure relationships. Optimum levels of 

grazing pressure for success of intensive short duration grazing 

Forage systems, in terms of plant and animal response, are still not known. 

Grazing pressure Intake’ disappearance? Efficiency’ 

(knlaulda) (kg/au/da) (kg/au/ da) (%I Literature Cited 
10 8.4 8.5 
20 9.4 12.0 
40 8.6 12.7 
50 8.6 16.3 

‘intake values are expressed as ovendry organic matter. 
ZForage disappearance values are expressed as air-dry dry matter. 

l(lntake f forage disappearance) X 100. 

99 
78 
68 
53 

efficiency of forage harvesting as grazing pressure becomes more 
intense. With more intensive grazing pressures, produced by 
greater stocking densities, more of the forage disappearance frac- 
tion can be attributed to consumption by grazing animals, thus 
reducing the “invisible” utilization reported by Laycock et al. 
(1972). 

This phenomenon of increasing the harvesting efficiency of graz- 
ing animals by increasing the grazing pressure may play a role in 
the reported successes of short duration grazing systems (Savory 
and Parsons 1980). Short duration grazing systems entail high 
stocking densities in combination with short grazing periods and 
optimal grazing pressure (a function of stocking density and length 
of grazing period). More research and a re-examination of past 
research data are needed to study this harvesting efficiency by 
grazing animals and the effects short duration grazing systems 
have on this efficiency. 

Conclusions 
Total forage availability declined significantly during the 14day 

grazing trials under all grazing pressure treatments. Forage disap- 
pearance per pasture and per animal-unit varied significantly 
among levels of grazing pressure. The efficiency of forage harvest 
varied linearly from 99% at IO kg/au/da grazing pressure to 53% at 
the 50 kg/au/da grazing pressure. Continued research is needed to 
define and explain the relationship between harvesting efficiency 
and grazing pressure further. This relationship needs to be quanti- 
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Recovery of Cryptogamic Soil Crusts 
Grazing on Utah Winter Ranges 

DAVID C. ANDERSON, K.T. HARPER, AND S.R. RUSHFORTH 

Abstract 

Range exelosures located throughout Utah in cool desert shrub 
communities were analyzed tu determine, (1) the response of cryp- 
togamic crusts tu grazing, (2) soil variables that influence the 
development of cryptogamic crusts and (3) the time needed fur 
reestablishment of cryptogamic communities after disturbance. 
The amount of lichen, muss and algal cuwr was found tu be 
considerably reduced by domestic grazing. Sites with moderate to 
high as opposed to light cryptognmic cuver were characterized by 
significantly heavier textured soils and greater salinity. Crypto- 
gnmic cwer increased from 4% to 15% during the tirst 14-18 years 
of exclusion from grazing, but increased only 1% during the next 
20 years. Reestablishment of a cryptogsmic crust uccurs in at least 
14-18 years and possibly sooner. 

Until recently little attention has been given the soil stabilizing 
role of nonvascular plants (cryptogams). Studies in the semidesert 
regions of Utah in the past decade have made it increasingly clear 
that such plants (particularly lichens, musses and algae) exert a 
significant impact on soil stability and rates of water infiltration 
(Anderson et al., 1982: Kleiner and Harper 1972; Kleiner and 
Harper 1977: Loope and Gifford 1972). 

The control of wind erosion is of primary importance in the arid 
West. Many desert ranges are sparsely vegetated, resulting in large 
amounts of exposed soil surface. Brady (1974) suggested “the 
presence of a stable soil crust” or a “rough” soil surface decreased 
the severity of wind erosion. Cryptogamic soil crusts have such a 
double protective influence at the soil surface, since they “cement” 
soil fragments into cohesive units and produce roughened surfaces. 
Filamentous blue-green algae associated with soil crusts produce 
thick gelatinous sheaths (Durrell and Shields 1961) that render 
them moretolerant tu the desiccatingconditionsofthedesert(Fig. 
I). These gelatinoussheathscoupled with theintertwinninggrowth 
habit of algal filaments effectively bind surface soil particles, form- 
ing a distinct felt-like surface or shallow subsurface meshwork on 
many desert soils. 

Moss and lichen constituents of cryptogamic crusts are also 
important soil stabilizers. Thalli of these plants often cover much 
of the soil surface and small ventral rhizoids penetrate the surface 
in much the same way that algal filaments do. Lichens and musses 
thus become anchored on the sail surface and shield the soil from 
erosive winds and the rain. 

The irregular soil surface caused by algal growth and lichen 
and/or moss thalli (Fig. 2) breaks up the micro-patterns of wind 
flow, reduces windborne soil losses and trapsdrifting soil particles. 
The stabilizing effect of cryptogamic crusts as described here lacks 
quantitative analysis, thus our conclusions are based on personal 

from 

experxnce and the observations of others(Anantani and Marathe 
1974, Durrell and Shields 1961, Fletcher and Martin 1948. Kleiner 
and Harper 1972, Kleinerand Harper 1977, Singh 1950). However, 
there is little question that cryptagamiccommunities areoiimpor- 
tance in stabilization of many arid regions of western North 
American. 

Wind erosion on arid ranges is probably intensified by grazing 
during dry periods. Although hooved grazing animals are destruc- 
tive to highly developed cryptogamic soils crusts, it seems possible 
that grazing programs can be developed that minimize damage to 
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Fig. 3. Sire locations: (A) Gyp Plant Hill; (B) Burns Bench; (C) Rush 
Valley B; (0) Rush Valley A; (E) Cisco Mesa; (F) Cisco Wash; (G) 
Wesrwater; (H) Cottonwood; (I) Walker Flat;(J) Hotel Mesa;(K) Cows- 
kin. 

the crusts and provide good protection against wind erosion (And- 
erson et al., 1982). 

The primary purpose of this study is to determine the rate of 
cryptogamic crust reestablishment when domestic grazers are 
excluded. Such information combined with an understanding of 
the effects of grazing and soil chemistry on cryptogamic crust 
development should permit managers to develop management 
practices that utilize cryptogamic crusts to improve soil stability on 
many western ranges. 

As a check on accuracy of algal cover estimates, we estimated 
cover in the field and then removed a block of the undisturbed 
surface soil to the laboratory where it was incubated underfavora- 
ble conditions for algal growth for 3 days. At the conclusion ofthe 
incubation period when the algal growth was conspicuous, algal 
cover was again estimated, and recorded. Algal cover estimates in 
the laboratory indicate algal cover outside the exclosures was 53% 
of that inside the exclosure. Estimates made in the field show a 
similar 53%. Cover estimates in the lab were approximately 3 times 
that of estimates in the field, even further confirming that soil algae 
although inconspicuous are present in greater abundance than 
thought. 

Table 2. Comparison of six independent variables between sites having 
different degrees of algal cover. Standard deviations are in parentheses. 

Materials and Methods 

Eleven grazing exclosure located in the cold desert shrub zone of 
central and eastern Utah (Fig. 3 and Table 1) were selected to 

Table 1. Name, location, elevation, and years of protection for the 11 
grazing exclosures utilized in this study. All exclosures are managed by 
the Bureau of Land Management. For Additional information concern- 
ing specific exclosures, see Laycock (1969). 

Independent Cryptogamic Cover 

variable < 10% cover >lO% cover 

No sites 5 6 

PH 7.92 (f.26) 8.05 (&IO) 
EC (mmhos/cm) 64 (i .12) 69 (zt .33) 
P (ppm) 2.40 (& 1.52) 2.13 (zt .93) 
% Sand 58.36 (& 10.85) 41.88 (* 16.73) 
% Silt 25.46 (f 6.91) 41.83 (* 11.36) 
% Clay 16.18 (~(16.87) 16.28 (k6.04) 
Vas. plant cover 12.28 (+ 6.13) 15.33 (f5.42) 

‘NSDifference not significant at the .05 level. 
2Difference significant at the .05 level. 

T value 

I .0277Ns’ 
.3450us 

-.3468Ns 
-I .967dy” 

2.9374.2 
.0254Ns 
.8657N5 

Location 
Physiographic Elevation Years of 

Exclosure County providence (m) protection 

Rush Valley A Tooele Great Basin 1556 38 
Rush Valley B - ” * ” 38 
Walker Flat Sevier Colorado Plateau 1891 37 
Cisco Mesa Grand * ” 1476 I8 
Cisco Wash * ” 1373 17 
Hotel Mesa ” . . ” 1342 17 
Cowskin n 3. *. 1537 17 
Cottonwood w 7. n 1403 18 
Westwater * 

Uintah ” 

n 1464 17 
Burns Bench Uintah Basin 1589 ‘14 
Gyp Plant Hill w n n 1629 14 

A subsample of the surface 2.5-cm of soil was taken at each 
0.25-m quadrat and the 15 subsamples were pooled to provide a 
single soil sample for each transect. The soil was air dried in the 
laboratory and analyzed by the Agronomy Department of 
Brigham Young University. 

Texture, pH, electrical conductivity (EC), and extractable phos- 
phorus (P) were determined for each soil sample. The results of 
these analysis are used to test our initial assumption that the 
primary factor controlling differential cover of cryptogams inside 
and outside exclosures is grazing, not soil chemistry. 

Electrical conductivity was determined using a I:5 soil-to-water 
solution. Cation exchange capacity was determined by standard 
procedures (Chapman 1965). Soil phosphorus was extracted with a 
solution of 0.2 N acetic acid and analyzed using the method of 
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provide as broad a time range as possible for protection from 
domestic grazers. The exclosures are all dominated by Atripfex 
(saltbush) species. All study sites are characterized by high summer 
and low winter temperatures. Precipitation occurs mostly during 
winter months as snow or light rains. Summer precipitation is 
usually minimal and often comes in torrential downpours. 

At each site, two areas were subjectively selected along exclosure 
fences where topography, soil, and vegetative potential appeared 
uniform between exclosure and adjacent grazed area. One transect 
was placed inside the exclosure where grazing had been excluded 
for a known number of years. The other was located outside the 
exclosure fence in the grazed area. In both instances, the starting 
point and direction of the transect were randomly selected. 

Fifteen quadrats, each Sm X .Sm (0.252) were distributed along 
each transect at 2-m intervals. Percent cover of vascular and non- 
vascular species (algae excluded) was estimated visually using six 
cover classes and a method similar to that proposed by Dauben- 
mire (1959, p. 43). The amount of nonvascular cover tias further 
divided into the amount contributed by soil lichens, rock lichens, 
and mosses. Algal cover was estimated visually and expressed as a 
percent of the total quadrat area. The algal cover estimates were 
somewhat subjective and dependent upon experienced observers, 
since algae are less obvious than lichens and mosses. For this 
reason, algal cover was estimated separately from that of lichens 
and mosses. Since all observers regularly conferred to standardize 
algal cover estimates, we consider the estimates to be reliable. 



Table 3. Summary of vascular and non-vascular characteristics considered at each pair of transects. 

% Cover No. spp./ 0.25mz 

Site location Vascular Moss Lichen Algal (field) Algal (lab) Lichens Mosses 

Avg. outside exclosure 15.13 .6l 3.18 8.49 24.50 .40 .72 
Avg. inslde exclosure 13.95 6.00 9.42 16.05 46.40 .88 I .53 

T-value .64Ns’ -3 40**3 -2.50e2 -2.27* -2.90**’ -4 33**.I -3 9l**’ 

NS’Difference not significant at .05 level. 

?*Difference significant at .05 level. 

j** Difference significant at .O I level. 

Goldenberg and Fernandez ( 1966). Soil texture was determined by 
the hydrometer method (Day 1965). 

Significance tests applied are based on paired r-test models 
described by Steel and Torrie (1960). 

Results 

Abiotic Factors 
Previous studies indicate that soil texture and soil salinity are 

strongly correlated with cryptogamic crust development (Ander- 
son et al., 1982; Kleiner and Harper 1972; Kleiner and Harper 
1977). In this study, six soil characteristics (ph, P, EC, % sand, % 
silt, and % clay) were compared between ungrazed transects having 
less than 10% and over IO% cryptogamic cover (algae excluded in 
both cases). The analysis was restricted to within-exclosure tran- 
sects, since grazing has been shown to have a negative influence on 
cryptogamic cover (Kleiner and Harper 1972). Our results coincide 
with those from other studies in that the finer textured soils 
(increased % silt) supported more cryptogamic cover than did 
coarse textured soils (Table 2). 

When the six soil characteristics noted in the foregoing para- 
graph are regressed against cryptogamic cover using a stepwise 
multiple regression analysis, electrical conductivity, % silt and % 
clay account for almost 90% of the variation in cryptogamic cover 
on ungrazed transects. The regression equation q= -2.9674+ 5.59 
(EC) + .07 (% silt) -.I I (% clay), showed that both EC and %silt 
are positively and % clay negatively correlated with cryptogamic 
cover. Electrical conductivity exerts the strongest influence, 
accounting for 65% of the variation. These results confirm pre- 
vious attempts to identify those soil characteristics that are 
strongly correlated with the degree of cryptogamic crust develop- 
ment (Anderson et al., 1982; Kleiner and Harper 1972; Kleiner and 
Harper 1977). 

We also conclude as did Kleiner and Harper (1972) that the 
development of cryptogamic crusts is not detrimental to vascular 
plant success. Table 2 illustrates that vascular plant cover does not 
decrease or increase as cryptogam cover increases. 

Grazing 
The exclosures we examined throughout Utah provided excel- 

lent fence line contrasts where the effects of grazing on crypto- 
gamic cover could be evaluated. The kind of domestic grazer, 
whether sheep or cattle, differed among exclosures (Laycock 
1969). The intensity and season of grazing in most cases is 
unknown, although it was obvious that most of the sites were 
grazed in the winter and grazing was intense at most sites. We made 
no attempt to quantify range conditions outside or within 
exclosures. 

Cover characteristics of vascular and nonvascular communities 
for each grazed-ungrazed pair of transects are reported in Table 3. 
Our results demonstrate no significant difference in vascular cover 
attributable to grazing. In contrast, total cryptogamic cover (moss, 
lichen, and algal) differs strongly between transect pairs, as does 
the number of moss and lichen species per 0.25m2. Grazed areas 
supported only one-tenth as much moss cover, one-third as much 
lichen cover and about one-half as much algal cover as did the 
areas within exclosures. The number of lichen and moss species per 
0.25m2 was reduced by about 50% on the grazed transects. 
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Table 4. Summary of soil characteristics considered at each pair of transects. 

0 14 -18 37-38 

YEARS PROTECTED 

A C ryptogams (algae ignored) 
l Vascular 
l Algae 

Fig. 4. Cover variations of both cryptogamic and vascular cover over a 
period of 38 years. Eleven sites are pooled in the category of 0 years of 
protection, 8 sites are pooled in the 14-18 year category, and 3 sites are 
pooled in the 37-38 years protected category. 

Site location PH 

Avg. outside exclosure 8.0 
Avg. inside exclosure 8.0 

t-value -.41NS 

INSDifference not significant at .05 level. 

EC 
(mmhos/cm) 

.74 

.67 

.59Ns 

P 
(ppm) 

2.05 
2.25 

- I .04Ns’ 

% Sand 

48.7 
49.4 

-.20NS’ 

Soil texture 

% Silt % Clay 

35.0 16.3 
34.4 16.2 

.24NS’ .IoNS’ 
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. 
A summary of the soil analysis is reported in Table 4. The results 

confirm that our selection of transect pairs avoided soil differences. 
None of the six variable considered differ significantly between 
transect pairs. Thus, observed differences in the cryptogamic com- 
munities seem attributable to grazing alone. 

The reduction of cryptogamic cover by grazing observed in our 
results parallels the result of a previous study in the Great Basin 
Region of Utah (Anderson et al. 1982). We conclude that if a 
functional cryptogamic crust is to be maintained on our ranges, 
new grazing programs must be implemented. 

Recovery Rates 
We selected exclosures of known ages to evaluate the response of 

cryptogamic communities over time when domestic grazing pres- 
sure is removed. The change in vascular and cryptogamic plant 
cover over a 30-year period within the 11 exclosures is summarized 
in Figure 4. A sharp increase can be seen in cryptogamic and algal 
cover after a period of from 14 to 18 years of protection from 
grazing. The 20-year span following this initial period of recovery 
shows only a slight increase in cryptogamic and algal cover. Appar- 
ently, the crust is almost fully recovered from grazing in a period of 
less than 18 years. The vascular plant cover vacillates in the three 
temporal categories but no significantly positive or negative trends 
can be shown, 

The contribution ofdifferent cryptogamic groups to the crusts in 
the three protection categories is shown in Figure 5. Of particular 
interest is the high relative importance of algal cover on the grazed 
sites (0 years protection). Obviously algae resist grazing distur- 
bance better than either lichens or mosses. The relative contribu- 
tion of algae to total cover decreases after 14- 18 years of protection 
from domestic grazers, but the lichens and mosses still provide only 
40% of the total cover. Nevertheless, the relative contribution of 
lichens and mosses after 14-18 years of protection is double their 
contribution in grazed communities. It appears that after the first 

l 7 l 

0 14-18 37-38 
YEARS PROTECTED 

A Moss 
m Lichen 
l Rock Lichen 

,oAlgae 

Fig. 5. Percent of total cryptogamic cover contributed by each group of 
cryptogams in each protection category. 

15-20 years, the cryptogamic community reaches an equilibrium, 
since the next 20-year period shows little change in percent compo- 
sition. The number of soil lichen species encountered per transect 
increases over this period (Fig. 6), but the flora is merely enriched 
since the data show no significant increase in cover (Fig. 5). New 
lichen species still appear to be colonizing the exclosures almost 40 
years of protection. The ratio of cryptogamic cover between grazed 
and ungrazed areas over time is shown in Figure 7. After 14-18 
years the outside community shows only 16% as much cryptogamic 
cover as exists inside (algae excluded). After 38 years only 4% as 
much cryptogamic cover is noted. We should be cautious about the 
slow recovery rate of cryptogamic communities after the first 
14-18 year period. Differences in the cryptogamic communities 
will be difficult to detect after 15 years of protection and we may 
not readily perceive a gradual increase or decrease in cryptogamic 
cover. Without relic areas such as range exclosures, we would not 
know the capacity of our ranges to support cryptogamic species. 

Discussion 

The soil stabilizing ability of cryptogams and their unique ability 
to check the erosive forces of wind and water have gained credibil- 
ity in recent years. If range management schemes could be designed 
that would favor cryptogam species, without greatly reducing 
domestic animal carrying capacity, soil stability on western ranges 
would be enhanced at little cost to the grazing industry. 

Our data demonstrated that cryptogamic cover is severely 
reduced by domestic grazers. Both the number of cryptogamic 
species and their contribution to the total cover suffer under the 
hooves of grazing animals. Management techniques favoring rees- 
tablishment of cryptogamic soil crusts will apparently not be detri- 
mental to vascular plant success, since the two plant groupsdo not 
appear to be in competition (Table 2 and Fig. 4). Other studies 
(Anderson et al., 1982; Kleiner and Harper 1972)also show that an 
increase in cryptogamic cover is not associated with a decrease in 
vascular cover. 

Cryptogamic soil crusts are prevalent throughout the arid and 
semiarid regions of the western North America. Although most are 
reduced by current management practices, cryptogams account for 
up to one-third of the total cover even under harsh grazing condi- 
tions (Anderson et al., in review; Table 3). The 15% moss and 
lichen cover (Table 3) observed on the exclosures of the winter 
ranges considered in this study is not abnormally high for desert 
soils even though the figure is considerably higher than the 4% 
cover of mosses and lichens on the grazing exclosures of the Desert 

1 I 4  
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Fig. 6. Average number of soil lichen and moss species encountered per 
transect at three periods of grazing protection. 
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Experimental Range of the Intermountain Forest and Range 
Experiment Station in the Great Basin (Anderson et al., 1982). 

As noted in Figure 5, algae make up 80% of the total crypto- 
gamic cover on grazed sites. To the untrained eye, the algal crusts 
are not recognized as a biological phenomenon and usually go 
unnoticed. It is not difficult to see why cryptogamic crusts have 
been ignored and excluded from range management practices in 
the past. 

Management practices favoring cryptogamic crust development 
seem possible, although much is yet to be learned. The present 
study suggests that crusts recover in a relatively short period of 
time under complete protection from grazing. We recognize that in 
some cases, the degree of cryptogamic crust development observed 
inside range exclosures may not be compatible with use of our 
range resources by domestic grazers. It is our opinion, however, 
that management practices can be implemented that will maintain 
crusts that are more capable of controlling erosion than can be 
maintained under current management practices. For example, 
prolonged grazing during seasons of low precipitation, high 
temperature and persistent wind is almost certain to destroy even 
well-developed cryptogamic crusts. During such seasons the cryp- 
togam species are dormant and the crusts become fragile and 
susceptible to any mechanical disturbance. The hooves of grazing 
animals, whether domestic or wild, will crush the crusts. Neverthe- 
less, year-round grazing is permitted on some semidesert ranges of 
the arid West. 

Along the Colorado Plateau and in the Great Basin, the bulk of 
the precipitation occurs in the winter months as either snow or light 
rains. The summers are dry and hot. What precipitation does fall 
during the summer often comes as torrential rains. Adjusting the 
time of grazing to increase the likelihood that cryptogamic growth 
will be able to reestablish before the arrival of dry summer condi- 
tions should minimize soil erosion by both wind and water. The 
practice of summer grazing in such areas can only lead to a decline 
in the stabilizing effect of cryptogamic crusts. 

Our data suggest that recovery of disturbed cryptogamic crust 
occurs in less than 15 years. Since we know of no exclosure in Utah 
semideserts that are younger than about I5 years, we have no way 
of knowing the shape of the recovery curve of cryptogamic crusts 
for the interval between 1 and 15 years. Future studies on recovery 
rates of cryptogamic crust communities would be greatly aided by 
establishment of new range exclosures and documentation of crust 
recovery on a year-by-year basis. Our incubation studies do dem- 
onstrate, however, that even the algal components which are more 
resistant to grazing than either mosses or lichens (Fig. 4) do not 
recover immediately. 

Soils currently under grazing pressure generated only about 25% 
cover during incubation while adjacent ungrazed soil produced 
over 46% algal cover under comparable conditions (Table 3). 
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Recovery of Streamside Woody Vegetation 
after Exclusion of Livestock Grazing 
W.H. RICKARD AND C.E. CUSHING 

Abstract 

Removal of livestock grazing along a small, perennial desert 
stream allowed the reestablishment of woody vegetation (Sulix 
amygdaloides) in the riparian zone within 10 years. 

Small spring/streams are widely distributed in the semiarid, 
sagebrush-steppe region of the northwestern United States. They 
are characteristically bordered by narrow corridors of deciduous 
trees especially cottonwoods (Populus spp.) and/or willows (Salix 
spp). The value of these wooded habitats of limited extent to bird 
populations is well recognized and has been especially well docu- 
mented on the Arid Lands Ecology (ALE) reserve in south-central 
Washington (Rotenberry et. al. 1979). Historically, spring streams 
have also been the focal points of human habitation and the 
congregation areas for herds of domestic livestock that pasture in 
the surrounding sagebrush-steppe and trek back and forth to the 
few widely separated spring streams that serve as watering points. 
The physiological requirement for drinking water has tended to 
concentrate livestock at a few places, causing damage and even 
destruction of riparian woody vegetation (Thomas et al. 1979). Our 
paper reports on the self-recovery of woody vegetation along a 
small spring/ stream in south central Washington after exclusion of 
livestock by fencing. 

Location and Historical Land Use 

Rattlesnake Springs is a small permanent spring/ stream located 
on the Department of Energy’s Hanford Site in south central 
Washington. It is isolated from the nearest major water body, the 
Columbia River, by more than 20 km of mostly undeveloped land. 
The spring/stream originates in the bottom of a narrow, deep, 
steep walled arroyo as a series of seeps. It flows out of the arroyo 
onto a wide plain before soaking into the ground about 2 km 
downsteam from the seeps. The neo-European history of Rattles- 
nake Springs is not well documented but the water flow at one time 
was delivered from the lower reaches of the spring stream to a small 
cultivated field about 6 km downstream via a series of pipes and 
ditches. The most probable time for this was during the period 1900 
to 1940. The land around the spring-stream during this period was 
intensively grazed by domestic cattle, sheep, and horses and the 
spring-stream served as a water source and as a major congregating 
place for livestock attracted from a wide area. 

Livestock had an adverse impact on the woody plants. Shoots 
within reach of livestock were persistently browsed. Some mature 
trees along the stream were also probably cut by homesteaders for 
firewood, a scarce commodity in the treeless sagebrush/steppe. In 
1943, the spring/stream and the surrounding land was incorpo- 
rated into the Hanford Site. The resident human population was 
evicted and livestock grazing was discouraged. However, a few 
stray cattle and horses continued to water at Rattlesnake Springs 
from time to time until I962 when an N&acre fenced exclosure was 
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built around the entire spring-stream. Since 1963 there have been 
no intrusions by livestock. 

In the absence of livestock the woody plants have increased in 
stature and density and now form a more or less continuous tree 
corridor along the entire length of the stream, particularly in the 
canyon section and immediately downstream from it. 

Vegetal Recovery 

An aerial photograph of Rattlesnake Springs area taken in 1963 
(Fig. I) shows the riparian tree/shrub corridor as very sparse and 
discontinuous. Ground surveys at the time showed only a few 
widely spaced broken topped (wind damaged), peach leaf willow 
trees (Salix amygduloides). Tree willows now form a more or less 
continuous narrow corridor along the length of the spring-stream 
(Fig. 2). The vigorous recovery of tree growth along the spring- 
/stream is attributed to the exclusion of livestock and the absence 
of a resident human population. In lieu of domestic livestock the 
woody plant community is presently utilized by a few head of wild 
mule deer (Odocoileus hemionus), and elk (Cervus canadensis) 
(Rickard et al. 1978). 

Ecological Significance of Woody Vegetation to Aquatic 
Biota 

Trees can be important environmental features to small, spring 
streams because overhanging tree canopies provide shade during 
the hot summer months and help to keep water temperatures more 
stable, a feature that is believed to be beneficial to aquatic orga- 
nisms (Behnke 1979). Tree leaves are relatively rich in biologically 
essential mineral nutrients especially nitrogen and phosphorus and 
they also serve as a carbon source for populations of small detriti- 
vorous aquatic organisms as they fall into the stream during the 
yearly autumnal leaf fall event (Cushing et al. 1975). 

Although shade and mineral nutrients are some of the positive 
attributes of tree communities, a negative aspect might be that trees 
can act as phreatophytes and if present in sufficient numbers, they 
might transpire enough water in summer to cause a reduction of 
stream flow by root tapping the subterranean aquifer. Reduction 
in flow could be deleterious to at least some stream organisms and 
the fauna would be changed dramatically if stream flow became 
intermittent rather than permanent. 

Mitigation 

It is clear that riparian tree/ shrub communities in an otherwise 
treeless area play important roles in determining the abundance 
and species composition of fauna. The total demise of woody 
plants can be regarded as biologically detrimental; however, 
revegetation is not especially costly. Seed bed preparation, seeding, 
or fertilizer applications are not required. In our case removal of 
cattle as a stress was sufficient to allow the development of tree 
shrub communities. 
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Forage Production and Removal from West- 
ern and Crested Wheatgrasses under 
Grazing . 

R.H. HART AND E.F. BALLA 

Abstract 

Forage production and removal from tillers of western wheat- 
grass (Agropyron smithii Rydb.) and crested wheatgrass [Agro- 
pyron desertorum (Fisch. ex Link) Schult.] were studied at two 
stocking rates with long-interval time-lapse photography. As 
stocking rate increased, frequency of grazing increased markedly, 
but the proportion of available herbage removed at each grazing 
event increased only in 1977 on western whedgrass. Forage pro- 
duction per tiller of western wheatgrass was usually higher under 
light than under heavy stocking, and in one year production of 
grazed tillers under light stocking was often higher than produc- 
tion of ungrazed tillers. Production per tiller of crested wheatgrass 
under grazing was marginally less than that per ungrazed tiller, 
with no difference between stocking rates. Patterns of forage remo- 
val with grazing were markedly different from those with clipping, 
and removal with grazing was much less severe than that imposed 
in most clipping studies reviewed. 

Western wheatgrass (Agropyron smirhii Rydb.) is the major 
species in cattle diets in southeastern Wyoming (Samuel and How- 
ard 1982) and presumably in similar range areas. Crested wheat- 
grass [Agropyron desertorum (Fisch. ex Link) Schult.] is widely 
used for improved pastures in the West. Therefore, knowledge of 
the reaction of these species to grazing is important. 

Both species evolved under grazing, and properly managed graz- 
ing would be expected to do them little harm. Reed and Peterson 
( 1961) reported that, after I3 years of grazing at 0.73,0.93, and I .26 
AU M/ha, cover of western wheatgrass was about the same on all 
pastures but herbage production was 610 and 360 kg/ha at 0.73 
and 1.26 AUM/ ha, respectively. Lewis et al. (1956) found that 4 
years of grazing with utilization over 55% reduced the fraction of 
total herbage production contributed by western wheatgrass by 
over 60% as compared to grazing with utilization under 35%. 
Klipple and Costello (1960) found that annual herbage production 
of western wheatgmss was approximately 200, 180, and 40 kg/ ha 
after 13 years of 2 I, 37, and 54% utilization, respectively. Launch- 
baugh (1967) studied grazing on native range in Kansas for 20 years 
at stocking rates of 0.8, 1.4, and 2.0 ha/yearlingsteer. In the last IO 
years of the study, utilization was 66,49, and 40%, and production 
of western wheatgrass was 60,410, and 1410 kg/ha, respectively. 
Thus it appears that even moderate grazing may reduce herbage 
production of western wheatgrass. 

Several studies have shown that herbage production of western 
wheatgrass is greatly depressed by clipping. When western wheat- 
grass was clipped four times at 3-week intervals, production was 16 
and 59% less than that of an unclipped control at stubble heights of 
IO and 2.5 cm respectively (Everson 1966). Branson (1956) clipped 

Authors are research agronomist U.S. Dep. Agr.. Agr. Res. Serv., High Plains 
Grasslands Res. Sta., 8408 Hildreth Road, Cheyenne, Wyo. 82009: and range scient- 
ist, Range Management Administration, P.O. Box 199, Khartoum, Sudan. The 
research was conducted at the HPGRS while Balla was a graduate assistant, Range 
Science Dep., Colorado State Univ.. Fort Collins 80521. 

Manuscript received October 3, 1980. 

western wheatgrass to 2.5 cm every 2 or 4 weeks for 14 weeks and 
found herbage production was reduced 80 and 60%, respectively, 
below that of unclipped stands. Santos and Trlica (1978) reduced 
forage production below that of an unclipped check by 75 and 50% 
by clipping to a 5- or IO-cm stubble every 2 weeks for 24 weeks. 
Furthermore, when Buwai and Trlica (1977) clipped western 
wheatgrass 1-3 times annually for l-3 years, herbage production in 
the fall after the last clipping was depressed 69-97% below that of 
an unclipped check. 

Clipping may similarly decrease forage production of crested 
wheatgrass. Carter and Law (1948) found that clipping to a 2.5-cm 
stubble every I5 or 30 days for 20 weeks reduced herbage produc- 
tion below that of an unclipped check by 51 and l8%, respectively. 
Bedell ( 1973) reported that clipping crested wheatgrass at or before 
the 3-leaf stage did not depress total herbage yield below that of 
grass cut after maturity, but forage yield was depressed more and 
more as cutting was delayed after the 3-leaf stage. 

These findings indicated that western and crested wheatgrasses 
are adapted only to light or infrequent grazing, and/or that clip- 
ping experiments do not really simulate what happens to grasses 
under grazing. To evaluate these hypotheses, it is necessary to 
determine the frequency and intensity of forage removal from 
grasses under grazing. Greenwood and co-workers (1968, 1974) 
and Hodgson and Ollerenshaw (1966, 1969) have studied ryegrass 
(L&urn perrene L.) under grazing, and Gammon (1978) and Gam- 
mon and Roberts (1978) have studied grazing of native plants on 
the African veld. However, their techniques require frequent and 
intensive measurements of individual plants, with considerable 
disturbance of the stand. Hart (1970) pioneered the use of photo- 
graphy for nondestructive estimates of grazing effects on individ- 
ual plants. Springfield (1974) later used the same technique to 
study forage production and utilization of shrubs, and Schmutz et 
al. (1963) had used photography to estimate stand utilization. We 
decided to use long-interval time-lapse photography to determine 
the frequency and intensity of forage removal and to estimate 
forage production of individual tillers of western and crested 
wheatgrass under two intensities of grazing. 

Materials and Methods 

Western wheatgrass was studied in two native range pastures at 
the High Plains Grasslands Research Station near Cheynne, Wyo. 
The range was a typical mixed-grass prairie, developing under an 
average annual precipitation of about 35 cm. Herbage production 
in 1976 and 1977 was 970 and 1020 kg/ha, respectively, of which 
about 22% was western wheatgrass. Four transects, each 25 m 
long, were located in each pasture. Transects were moved each year 
but remained in the same general area. The western wheatgrass 
tiller nearest each meter mark on each transect was ringed with a 
plastic poultry leg band 2 cm in diameter, and the band was wired 
to a 9 cm spike driven into the ground to the head. Bands were 
attached in a regular sequence of red, white, blue, yellow, and green 
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to facilitate location of tillers by number along a transect. One 
hundred tillers of western wheatgrass were marked in each pasture. 

Three transects, each 35 m long, were located in each of two 
crested wheatgrass pastures and the tiller nearest each meter mark 
was banded. One hundred five tillers of crested wheatgrass were 
marked in each crested wheatgrass pasture. Herbage production in 
these pastures was 2250 and 1940 kg/ha in 1976 and 1977, 
respectively. 

During the grazing season, each crested wheatgrass tiller was 
photographed weekly and each western wheatgrass tiller was pho- 
tographed every 2 weeks. Tillers were photographed against a 
board marked with a 2.5 cm grid, equipped with dials which were 
set to the tiller number. We attached a card with the date and 
transect number to the board. Each time the banded tillers were 
photographed, 25 unbanded tillers of each grass species were 
selected to cover a wide range of tiller weights. These tiller were 
photographed, clipped at ground level, dried, and weighed. By 
using these photographs of tillers of known dry weights as checks, 
we were able to estimate the dry weights of the banded tillers at 
each observation date. 

When the tiller was grazed between successive observation dates, 
the amount removed by grazing was estimated by a modification of 
Linehan’s method (Linehan 1952). We first calculated a regression 
equation relating the weight of ungrazed tillers to their weight on 
the preceding observation date. We then used this equation to 
estimate the weight each grazed tiller might have achieved had it 
not been grazed. This estimate served as d in the equation. 

Forage grazed = (c - f) In d - In f 
In c - In f 

in which c and f are tiller weights before and after grazing, 
respectively. This equation incorporates a correction for growth 
during the period between observations, assuming a logarithmic 
growth curve. If a tiller is completely removed,f= 0, lnf= minus 
infinity, and (In d - lnj)/(ln c - lnfi becomes essentially unity, so 
forage grazed = (c - f) = c, as f = 0. 

Tillers that were not completely removed during the grazing 
season were clipped, dried, and weighed at the end of the season, 
and total forage production was calculated as the final weight plus 
the total of the estimated weights of forage removed by grazing. 
Utilization was then equal to the total weight removed by grazing 
divided by the total forage production. 

Pasture sizes, stocking rates, and grazing seasons are shown in 
Table 1. Native range was grazed by a combination of cow-calf 
pairs and replacement heifers, while crested wheatgrass was grazed 

Table 1. Pasture sizes, stocking rates, and grazing seasons. 

Pasture and measurement 

Crested wheatgrass 
Pasture size, ha 
Steers/ ha 
Grazing season 

Native range 
Pasture size, ha 
AU/ha 
Grazing season 

1976 1977 
Heavily Lightly Heavily Lightly 
stocked stocked stocked stocked 

I3 I3 I3 I3 
I.53 I.16 I .63 I .09 
May l7-July 2 May 24-July 5 

192 295 192 295 
0.22 0.12 0.20 0.1 I 
June IS- May 5- June 24- May l8- 
Nov. 6 Nov. 6 Oct. I2 Oct. I2 

by steers. Although the heavily stocked native range pasture was 
grazed from June 24 to October 12, 1977, tillers were marked and 
the first photographs were taken July 27. Thus only 10 weeks of 
data were available from this pasture in 1977, and comparisons of 
grazing frequency were made with the first 10 weeks of grazing on 
the lightly stocked range pasture. Similarly, although the lightly 
stocked and heavily stocked range pastures were grazed 25 and 20 
weeks respectively in 1976, comparisons of grazing frequency 
involve only the first 20 weeks of data from the former. 

Results and Discussion 
A sample series of photographs of a western wheatgrass tiller are 

shown in Figure 1. We could determine whether or not a tiller had 
been grazed between two observation dates, but could not 
determine whether it had been grazed more than once. Therefore, 
our estimates of grazing frequency are minimum estimates. Tillers 
of both western and crested wheatgrass were grazed more 
frequently under the higher stocking rate in both years (Table 2). 
Only at the higher stocking rate on crested wheatgrass in 1977 were 
all tillers grazed at least once; otherwise, 5-22% of the tillers 
remained ungrazed at the end of the grazing season. This would 
seem to constitute a sort of rest-rotation grazing system on an 
individual tiller basis. With the long grazing season on native range 
in 1976, some western wheatgrass tillers were grazed five or six 
times before the season ended or they were completely removed. 

Stocking rate had little effect on the proportion of the total 
available forage removed at each grazing event (Table 3). Only on 
western wheatgrass in 1977 was the difference between stocking 
rates significant. Under heavy stocking in 1977 fewer western 
wheatgrass tillers had 2 l-40% of the available forage removed at a 

Table 2. Frequency of grazing of western and crested wheatgrass tillers under two stocking rates. 

Species Year 
Grazing Stocking Times grazed 

season rate 0 I 2 3 4 >4 P’ 

Western 1976 
wk 
20 

AU/ha 
0.12 
0.22 

Crested 1976 

1977 IO 0.1 I I8 46 30 5 I 
0.20 22 28 26 20 4 <.Ol 

Steers/ ha 
7 I.16 

1.53 

1977 6 I .09 5 26 37 29 4 
1.63 0 IO 30 38 21 <.Ol 

8 
I2 

I6 I9 33 I8 I4 
II 20 I6 27 26 .o l-.05 

I3 
27 

% of tillers- - 
28 34 I4 3 
20 9 I4 I8 <.Ol 

‘Probability that frequency of grazing was the same under both stocking rates; chi squares from which probabilities in this and succeeding tables were derived were calculated 
from original data, not percentage data. 
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Fig. 1. Western wheatgrass tiller at seven dates, with estimated tiller weight and amount grazed since last date. 

single grazing event, and more had 61- 100% removed, than under 
light stocking. Usually more than 20% of the forage was removed 
whenever a tiller was grazed. However, total removal of a tiller was 
not all that common; removal of more than 90% of the forage 
occurred in lo-26% of the grazing events, depending on species, 
stocking rate, and year. 

Forage removal by grazing followed a totally different pattern 
from forage removal by clipping. Under grazing, forage was 
removed from different tillers at different times and in different 
amounts; some tillers were ungrazed throughout the season and 
some were completely removed. In contrast, in clipping 
experiments all tillers are clipped at the same time, all have 
approximately the same amount of herbage removed, and in some 

cases nearly all herbage is removed from all tillers. In all the 
clipping ‘studies of western wheatgrass we reviewed, herbage 
removal was more severe than that we observed under grazing. In 
the clipping studies, up to 90% of the current year’s growth was 
removed at each clipping, and all plants were clipped at least once 
and as often as twelve times per season. It is not surprising that 
forage production decreased sharply, but the results have little 
application to grazing conditions. Similar criticism can be directed 
at the clipping studies of crested wheatgrass. 

Forage production of ungrazed western wheatgrass tillers did 
not differ between years, so data were combined for the two years 
to increase sample size. In 1977, western wheatgrass tillers grazed 
once, twice, or more than three times produced significantly more 

Table 3. Forage removed from western and crested wheatgrass tillers at two stocking rates. 

Species Year 
Stocking rate 

(AU/ha) I-20 
% forage removed per grazing event 

21-40 41-60 61-80 81-100 P’ 

Western 1976 0.12 3 35 
0.22 5 31 

Crested 

1977 0.1 I 5 41 24 8 12 
0.20 7 23 28 17 25 <.Ol 

1976 1.16 2 29 24 16 28 
1.53 1 34 26 19 20 .20-.30 

1977 I .09 I 17 27 19 36 
1.63 6 12 22 25 35 .30-.50 

-% of grazing events -- 
28 18 
22 16 

17 
26 . I o-.20 

‘Probability that pattern of forage removal was the same under both stocking rates. 
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Table 4. Herbage production of western wheatgrass tillers as influenced by stocking rate, length of grazing season, and grazing frequency. 

Year 

Stocking Grazing Times 
rate season grazed 

NJ/ha) (wk) (no.) JO-. 10 

P’ Mean 
Forage production, g/tiller Grazed vs. Light tiller 
. IO-.20 .20-.30 >.30 ungrazed vs. heavy weight (g) 

Both Both - 0 

1976 .12 25 I 
2 
3 
4 

>4 

12 

11 
14 
15 
5 

13 

.22 20 I 37 
2 32 
3 35 
4 0 

>4 17 

1977 .ll 21 I 
2 
3 

>3 

.20 IO 1 
2 
3 

>3 

0 
IO 
0 
0 

35 
40 
32 
0 

-_% of tillers- 
64 21 

22 55 
64 7 
53 21 
62 34 
31 44 

50 14 
68 0 
65 0 
93 7 
66 17 

8 85 
20 48 
40 53 
12 69 

55 7 
44 12 
53 10 
75 25 

3 

I1 . I o-.20 .o I -.05 .21 
14 .70-.90 .20-.30 .I8 
12 .70-.90 .30-.50 .I8 
0 >.90 .70-.90 .I8 

13 .30-.50 . IO-.20 .21 

0 .20-.30 
0 . lo-.20 
0 .20-.30 
0 .50-.70 
0 >.90 

8 <.Ol 
21 .Ol-.05 
8 . IO-.20 

20 <.o I 

3 .05-10 
3 .20-.30 
5 .50-.70 
0 >.90 

- 

- 
- 
- 
- 
- 

<.Ol 
.<.Ol 
<.OI 
<.Ol 

- 
- 
- 
- 

.I7 

.I8 

.I2 

.I2 

.I5 

.I5 

.26 

.23 

.22 

.26 

.I3 

.I3 

.I4 

.I6 

‘Probability that distribution of forage was same for both populations. 

forage than ungrazed tillers (Table 4). In all other cases, there were 
no significant differences between forage production of grazed and 
ungrazed tillers. However, forage production of grazed tillers 
appeared to be consistently less than that of ungrazed tillers on the 
heavily stocked pastures. 

Tillers in the lightly stocked pasture produced more forage than 
those in the heavily stocked pasture in 1977, regardless of grazing 
frequency, and more in 1976 when grazed once. Although 
differences were not significant, there was a trend toward higher 
forage production under light stocking than under heavy stocking 
at the higher grazing frequencies in 1976. 

Herbage production of crested wheatgrass tillers did not differ 
significantly between years of stocking rates, so data were 
combined (Table 5). Tillers grazed twice produced significantly less 
forage than ungrazed tillers, and tillers grazed at other frequencies 
appeared to do likewise, although the differences were not 
significant. There were fewer grazed tillers than ungrazed tillers in 
the high-producing categories, and more in the class producing 
0.05-0.10 g per tiller. 

The mean weight of all tillers in the stand, grazed and ungrazed, 
can be compared with the mean weight of ungrazed tillers for an 
overall estimate of the change in herbage production due to 
grazing. Mean weight of all crested wheatgrass tillers was 0. I7 g, a 
reduction of 16% from 0.20 g, the mean weight of ungrazed tillers. 
The change in herbage production of western wheatgrass tillers 
varied with year and stocking rate. Mean tiller weights and percent 
change compared to the mean weight, 0.17 g, of ungrazed tillers 
were, respectively, 0.18 g and +9% under light stocking vs. 0.13 g 
and -26% under heavy stocking in 1976 and 0.24g and i-4 1% under 
light stocking vs. 0.14 g and -19% under heavy stocking in 1977. 

It is commonly accepted that forage stands in humid 
environments are more productive under some intermediate 
frequency of forage removal than under too severe forage removal 
or when no forage is removed at all. Examples abound in the 
literature, but one will suffice. Burton et al. (1963) found that 
forage production of ‘Coastal’ Bermudagrass increased as time 
between clippings increased from 3 to 6 weeks. Clipping every 8 or 
12 weeks produced the same amount of forage as clipping every 6 
weeks, but clipping only at the end of the growing season produced 
the smallest forage yield of all. One might expect a similar response 
from forage stands in less humid environments, although 
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maximum forage production might be attained at a less severe level 
of forage removal, and in some cases water supply might be 
insufficient for regrowth. 

A number of mechanisms for this response have been suggested: 
increased tillering; maintenance of optimum LAI; a greater 
proportion of younger leaves and hence more efficient 
photosynthesis; removal of older tissues which may lose more dry 
matter by respiration than they fix by photosynthesis; and 
allocation of a greater proportion of photosynthate to top growth. 
The three latter mechanisms and reallocation of photosynthate 
from other tillers might also account for the greater production per 
tiller under light grazing than under no grazing. The allocation or 
reallocation of more photosynthate to top growth should cause a 
reduction in root growth and root reserves coinciding with any 
increase in top growth, or a proportionately greater decrease in 
root growth and reserves when top growth decreases. In clipping 
experiments with western wheatgrass, Everson (1966) found that 
clipping decreased top growth 16-59a/ but decreased root growth 
86-97y0 and root carbohydrate concentration 46-84a/c, while 
Branson (1956) reduced forage production by 60-800/o and root 
growth by 95-98%. Unfortunately, no clipping experiments were 
found in which top growth was increased, so it was not possible to 
determine whether this was accompanied by a decrease in root 
growth. 

An important reason for the decrease in forage production of 
western wheatgrass under heavy stocking and of crested 
wheatgrass lies in the timing of grazing as well as in the increased 

Table 5. Herbage production of crested wheatgrass tillers as influenced by 
grazing frequency. 

Mean 
Times Forage production, g/tiller tiller 
grazed weight 
(no.) .oo-. 10 . IO-.20 .20-.30 >.30 P’ W 

c/o of tillers- 
0 12 44 23 21 - .20 
I 23 49 19 9 .30-.50 .I6 
2 34 48 13 5 .o l-.05 .I4 
3 19 51 25 5 .05-. IO .I7 

>3 17 57 18 8 . IO-.20 .I7 

‘Probability that distribution of forage production was same for grazed and ungrwed 
tillers. 
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removal of photosynthetic tissue. We started grazing crested 
wheatgrass just as the culms were beginning to elongate, and many 
of the growing points were removed before they could produce 
much forage; these were the tillers tht ended in the 0.05-o. 10 g class 
mentioned above. The same thing happened in the heavily stocked 
range pastures, where observations of tiller growth did not begin 
until June 15, 1976 and July 27, 1977, by which time culms of 
western wheatgrass were beginning to elongate (in 1976) or had 
already emerged (in 1977). 

Our results can be related to those of the grazing studies 
previously cited. Over both years in our study, utilization of 
western wheatgrass under light stocking was 65% and production 
per tiller was 25% greater than under no grazing, while utilization 
under heavy stocking was 75% and herbage production was 
decreased 22%. Klipple and Costello (1960) noted that herbage 
production of western wheatgrass remained the same when 
utilization of that species increased from about 10% to about 20%, 
but declined sharply when utilization increased to 4Oa/o. 
Launchbaugh (1967) found that forage production of western 
wheatgrass declined from 1410 to 410 to 60 kg/ ha as utilization of 
the species increased from 44 to 65 to 80%. Reed and Peterson 
( 196 1) reported that, as utilization of western wheatgrass increased 
from 24 to 47%, forage production decreased from 610 to 360 
kg/ ha. These grazing studies indicated that decline in stand forage 
production occurs at somewhere between 20 and 40% utilization, 
while our study indicated that decline in production/tiller occurs 
between 65 and 75% utilization. This discrepancy would arise if 
tiller numbers/ unit area decreased faster than production/ tiller. In 
Everson’s study of western wheatgrass (Everson 1966), tiller 
number of plants clipped to 10,7.5,5, or 2.5 cm was 99,85,73, and 
5 I%), respectively of that of unclipped plants, while forage 
production was 84, 64, 54, and 41% of that of unclipped plants, 
indicating that production/ tiller stayed fairly constant. The rapid 
reduction in tiller number must reflect the reduction in root growth 
and reserves noted above. 

The rate of forage removal that produces the maximum total 
forage production is not necessarily the rate which produces the 
maximum grazed forage. If, for example, maximum forage 
production is achieved at 20% utilization, if 90% as much forage is 
produced at 30% utilization, and if utilized forage is the product of 
production times utilization, the amount of utilized forage under 
heavy utilization would exceed that under light utilization by .27 to 
.20, even though total forage production was reduced. If the high 
rate of utilization could be maintained without further reduction in 
stand or productivity, a 35% increase in utilizable forage would be 
achieved by a 10% decrease in total forage production. 

Several conclusions can be drawn from our study. First, long- 
interval time-lapse photography was shown to be a useful tool for 
studying the effects of grazing on forage production and 
utilization. Second, there appeared to be some level of forage 
removal from western and crested wheatgrass which produced 
maximum weight per tiller, and this weight may have been greater 
than the weight per tiller of undisturbed plants. However, this level 
of forage removal was probably greater than that which produces 
the lnaximum number of tillers per unit area and the maximum 
forage yield. Maximum forage yield, maximum yield of utilizable 
forage. and maximum survival may or may not be achieved at the 
same level of utilization. However, our study has provided a model 
for a realistic simulation of grazing by clipping, so that these 

problems 
formerly. 

can be studied with more precision than was possible 
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Short Duration Grazing at the Texas Experi- 
mental Ranch: Effects on Aboveground Net 
Primary Production and Seasonal Growth 
Dynamics 
R.K. HEITSCHMIDT, D.L. PRICE, R.A. GORDON, AND J.R. FRASURE 

Abstract 

The effects of short duration grazing on aboveground net prim- 
ary productivity (ANPP) and seasonal growth dynamics were 
evaluated. Total ANPP was estimated to be 234 g/m2 in 1978 in the 
ungrazed control plot as compared to 330 g/m2 in the grazed 
treatment plot. ANPP estimates in 1979 were 352 and 268 g/m* in 
the ungrazed and grazed treatments, respectively. Close examina- 
tion of growth dynamics suggest that under certain environmental 
conditions grazing accelerated vegetative growth. 

The effect of livestock grazing on rangeland vegetation has been 
most often related to changes in standing crop resulting from 
changes in species composition (Sims et al. 1978, Sims and Singh 
1978, Van Poollen and Lacey 1979). But information regarding the 
effects of grazing on the dynamics of aboveground net primary 
production (ANPP) are seriously lacking. A primary reason for the 
lack of such studies can be related to experimental design. With 
year-long and seasonal grazing systems, fenced exclosures or por- 
table cages must be utilized to prevent livestock consumption of 
forage. Exclusion of livestock grazing creates an artificial environ- 
ment because periodic grazing may alter the growth response of a 
plant in contrast to a non-grazed plant (McNaughton 1979). This 
problem may in part be alleviated in a short duration grazing 
system (SDG) if the period of grazing is short. Utilizing frequent 
harvest techniques, the effects of grazing on the dynamics of above- 
ground growth may be evaluated and estimates of ANPP 
calculated. 

The primary objective of this study was to quantify the short- 
term effects of a SDG system on aboveground biomass dynamics 
and ANPP. It has been hypothesized that an increase in ANPP will 
occur at optimal levels of herbivory (Dyer 1975, McNaughton 
1979) and Heitschmidt et al. ( 1982a) hypothesized that an increase 
in ANPP may be a major factor whereby a significant increase in 
livestock carrying capacity may be realized following implementa- 
tion of a SDG system utilizing the method of grazing advocated by 
Savory (1978). 

Treatment and Study Area 

The study was conducted at the Texas Experimental Ranch 
located (99’ 14’W, 33’ 20’N) in Throckmorton County during the 
1978 and 1979 growing seasons. The ranch consists of approxi- 
mately 2900 ha of native grasslands. Continuous weather data 
since 1961 (unpublished), indicates a highly variable climate of 
warm wet springs and falls, mild winters, and hot summers. Mean 
daily maximum temperatures range from 13” C in January to 36’ C 
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in July. Mean daily minimum temperatures range from -3°C to 
21°C in January and July, respectively. Average precipitation is 
690 mm bimodally distributed (Fig. 1). Average frost-free growing 
season is 233 days extending from March to November. 

Study plots were located in an ungrazed area and in one pasture 
of a IO-pasture SDG treatment. The SDG treatment was stocked 
with Hereford/Angus crossbred growing heifers. Because of an 
inadequate labor force during winter months, the trial was run only 
from early April to early October each year. Stocking rate during 
these 6 months was 0.24 ha/AUM. A stocking rate near 0.54 
ha/ AU M is considered moderate for mature cows under yearlong 
continuous grazing at the ranch (Heitschmidt et al. 1982b). Length 
of each grazing event ranged from a minimum of 3 days during 
periods of rapid vegetative growth to a maximum of 7 days during 
summer dormancy. Periods of rest ranged from 35 to 42 days. 

Both treatment plots were 60 X 60 m subdivided into two 30 X 60 
m replicates. Slope was approximately 1% with a southwest expo- 
sure. The ungrazed plot was located approximately 30 m south of 
the grazed plot. Prior to initiating the study in 1978, both areas 
were periodically grazed at a moderate rate of stocking during 
various grazing trials. The ungrazed treatment plots had not been 
grazed for approximately 1 year. The grazed plots had not been 
grazed for approximately six months. 

YONTN 

Fig. 1. Month!v deviation PO) in precipitation (mm)receLVed during 1978 
(A) and I9 79 (B)f rom 20-yearaverage (C)at Texas Experimental Ranch. 
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Plots were located in close proximity to one another to reduce 
spatial variation in soils. However, a detailed soil map developed in 
1979 indicated some soil differences between treatments. Soils in 
the ungrazed treatment plot were primarily of the NuValde soil 
series, and soils in the grazed treatment plot were NuValde, Valera 
and Leeray soils in nearly equal proportions. 

The NuValde series is a well drained, moderately permeable clay 
loam. The Valera series is a well-drained, silty clay of moderately 
slow permeability. Range site classification for both is Clay Loam. 
Frequency data from 20-year exclosures at the ranch (unpub- 
lished), indicate climax vegetation on Clay Loam sites is domi- 
nated by sideoats grama [Bouteloua curtipendula (Michx.) Torr.], 
Texas wintergrass (Stipa leucotricha Trin. and Rupr.), and peren- 
nial threeawn (Aristida spp.) with lesser amounts of buffalograss 
[Buchloe dactylodies (Nutt.) Engelm] and sand dropseed [Sporob- 
lus cryptandrus (Torr.) Gray]. 

The Leeray series is a well-drained clay soil of very slow permea- 
bility. Range site classification is Clay Flat. Exclosure data indi- 
cate principal climax species on this site are sideoats grama, Texas 
wintergrass, perennial threeawn, and buffalograss. 

The entire ranch was aerially sprayed for control of honey 
mesquite (Prosopis glandulosa var. glandulosa Torr.) in 1964 and 
1972 with 2,4,5-T [(2,4,%trichlorophenoxy) acetic acid]. In June 
1979, the entire ranch was again sprayed but with a mixture of 
2,4.5-T and picloram (4-amino-3,5,6-trichloropicolinic acid) for 
control of both mesquite and grassland pricklypear cactus (Opun- 
tia macrorhiza Engelm). Mesquite and pricklypear stands within 
the study areas were light. 

Methods 

Stauc’ing crop of forage was periodically sampled by harvesting 
ten 0.2imr randomly located circular quadrats per replicate. 
Standin, crop was clipped by species at the soil surface and all 
material separated into either live, recent dead (current year’s 
dead) 01 old dead (previous year’s dead). Samples were stored in 
paper saL ks, oven dried at 60” C to a constant weight, and weighed. 
Pricklypeat cactus was not sampled and quadrats initially located 
in pricklypear motts were randomly relocated. Following removal 
of standing crop, litter was hand collected, sacked, and oven dried 
at 60” C to a constant weight. After drying litter was sieved through 
a standard 14-mesh window screen to remove soil contamination 
prior to weighing. 

Harvest dates were dependent on the rotation schedule of the 
heifers. Prior to each period of grazing in the pasture containing 
the treatment plots, standing crop was harvested in both thegrazed 
and ungrazed treatment. Following the brief grazing period, stand- 
ing crop was harvested again in the grazed treatment. Both treat- 
ments were also clipped at the beginning and end of the growing 
season. Harvest dates both years were: early March; mid-April; 
mid-May; late Jlme; late July and early August: mid-September 
and late October. 

Following the late Julie harvest in 1979, belowground and crown 
biomass were sam;)led t’rom within each harvested quadrat utiliz- 
ing four cores 7.5 cm in diameter X 10 cm deep. Roots and crowns 
were then washed from the core following the techniques described 
by Lauenroth and Whitman ( I97 I). After oven drying at 60° C to a 
constant weight and prior to weighing, crowns were removed from 
each sample to provide an estimate of both root and crown bio- 
mass. An additional 5.08-cm core was taken to a depth of 80 cm in 
each harvested quadrat to determine vertical distribution of roots. 
Each core was subdivided into IO-cm increments, washed, oven- 
dried, and weighed. All crown and root biomass was ashed at 60” C 
after weighing to determine percent organic matter. 

Aboveground biomass estimates were summarized both by spe- 
cies and by functional group. Functional groups were defined as 
phenologically similar species. ANPP was estimated by summing 
positive changes in current year’s production which is the sum of 
the live and recent dead categories (Singh et al. 1975). 
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Fig. 2. Total standing crop (gJm2) by 
grazed (B) treatments during 1978. 

category in the ungrazed (A) and 

AUQ SEP 

Data were statistically analyzed utilizing standard analysis of 
variance procedures (Snedecor and Cochran 1967). The above- 
ground biomass data were not subjected to statistical analysis since 
the objective of the study focused on the seasonal dynamics of this 
component. However, summarization of all treatment data was by 
replicate and any discrepancies between replicates are discussed in 
the text. 

Results and Discussion 

Old Dead 
Total standing crop in the ungrazed treatment in March 1978 

was 285 g/ m* with 266 g of old dead (Fig. 2). Total standing crop in 
the grazed treatment was I90 g/ m* with I76 g of old dead. These 
initial treatment differences in quantity of old dead material were 
primarily the result of differences in pretreatment grazing. To 
minimize differences between treatments at the beginning of the 
1979 growing season, the ungrazed treatment was grazed for 1 
month during the winter of 1978-79. By March 1979, total standing 
crop in the ungrazed treatment was 83 g/ m* with 16 g of live (Fig. 
3). Total standing crop in the grazed treatment was 139 g/m* with 
59 g of live. 

Relative rates of disappearance of old dead in the ungrazed and 
grazed treatments, respectively, were 0.014and 0.019 g/g/ m*/day 
during the 1978 growing season and 0.0 15 and 0.029 g/ g/ m*/ day in 
1979. Thus, the relative rate of disappearance of old dead standing 
crop was accelerated both years by grazing. 

Live 
Peak live biomass in 1978 in the ungrazed treatment was 128 

g/ m2 occurring in late June (Fig. 2). By late July essentially no live 
biomass was recorded but a rather dramatic increase was noted 
from August through October. Peak live biomass in the ungrazed 
treatment in 1979 was 216g/ m* occurring near mid May(Fig. 3). A 
gradual, steady decline in live biomass was noted from the peak in 
May to late October. 

Differences between years in the live biomass dynamics in the 
ungrazed treatment were directly related to differences in rainfall 
distribution during the two growing seasons. The winter, spring, 
and early summer in 1978 were very dry (Fig. I) which prevented 
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Fig. 3. Total standing crop (gfmz) by category in the ungrazed (A) and 
grazed (B) treatment during 1979. 

any appreciable growth of annual cool-season grasses. Less than 1 
g/m* of annual grasses was present in June and because of the very 
dry July nearly all live biomass had senesced by early August. But 
the abundant early August rains, followed by limited but adequate 
September and October rains (Fig. I), resulted in an abundance of 
fall regrowth. By late October 1978 total live biomass was 102 
gl m*. 

In contrast, ample winter and spring rains in 1979 resulted in an 
abundance of annual cool-season grasses, particularly Japanese 
brome (Bromusjuponicus Thunb.). By May, 87 g/m* of live cool- 
season grasses were present with a total live standing crop of 216 
g/m*. Although precipitation in August of 1979 was also well 
above normal (Fig. I), the extremely dry September and October 
reduced fall regrowth relative to 1978. By late October total live 
biomass was 86 g/m*. 

The dynamics of the live component in the grazed treatment 
followed the same seasonal pattern both years as the ungrazed 
treatment (Fig. 2 and 3). However, quantity of live biomass was 
less in the grazed treatment on all sample dates except during the 
fall of 1978 and the early spring of 1979. Thegreater quantity of live 
biomass present in the fall of 1978 was hypothesized to be in part 
the result of a stimulation of growth by SDG grazing. We hypo- 
thesize that the accelerated fall regrowth was in part related to 
treatment differences in amount of shading of individual leaves 
and/ or evapotranspiration. Prior to the August rains, total stand- 
ing crop in the ungrazed treatment was 200 g/m* as compared to 
108 g/m* in the grazed treatments. Following the rains a dramatic 
increase in live material was noted in both treatments but the 
increase in the ungrazed tree.ment was primarily Texas winter- 
grass, a cool-season species, while the response in the grazed 
treatment was both Texas wintergrass and warm-season grasses 
dominated by Texas cupgrass [Eriochloasericeo (Scheele) Munro] 
(Fig. 4). This difference in species response between treatments 
may have been simply because of initial differences in species 
composition but we suggest that it was in part because the canopy 
of Texas wintergrass that had developed in the ungrazed treatment 
during the early spring was of sufficient magnitude by August to 
seriously impede the growth of the warm-season species. However, 
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Fig. 4. Live standing crop (glm2) f or cool-season grasses (A) and warm- 
season grasses (B) in the ungrazed and grazed treatments during 1978. 
Vertical lines represent f I standard error of treatment means. 

as a result of grazing the canopy in the grazed treatment was 
effectively reduced which thus permitted substantial growth of 
both warmand coolseason species following the August rains. The 
lack of a similar response in the fall of 1979 (Fig. 5) after the August 
rains, was partially because total live biomass in both treatments 
was appreciably greater in early August 1979 than in 1978. Thus, 
the potential in 1979 to dramatically increased overall growth rates 
was considerably less than in 1978. But the response in 1979 is also 
hypothesized to have been related to the interaction effects of 
drought, greater shading of individual leaves, and increased evapo- 
transpiration relative to 1978. 

Sims and Singh (1978) developed a similar hypothesis from 
studies extending across 10 western North American grasslands. 
They reported a nearly liner relationship between peak live bio- 
mass and growing season precipitation. However, above 450 mm 
of precipitation, peak live biomass began to decline below the 
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Fig. 5. Live standing crop (g/mz).for cool-season grasses (A) and warm- 
season grasses (B) in the ungrazed and grazed treatments during 1979. 
Vertical lines represent f I standard error of treatment means. 
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Litter biomass (g/m=?) in the ungrazed andgrazed treatments during 
(A) and I979 (B). Vertical lines represent f I standard error of 

treatment means. 

linear relationship established for regions with 100 to 450 mm of 
precipitation. They suggested that shading of individual leaves 
may play an important role in this departure from linearity. Our 
data support their suggestion. 

It is also interesting to note the similarity between the results of 
this study and those reported by McNaughton (1976) in the Seren- 
geti National Park in Tanzania and Kenya. He reported that 
during a 4-day grazing period, high concentrations of wildebeest 
reduced green biomass 85% before vacating the study areas. Over 
the next 28 days, green biomass increased 2.6 g/m* in the grazed 
areas and declined an average of 4.9 g/m*/day in adjacent 
ungrazed areas. Although the precise mechanisms responsible for 
this dramatic increase in growth of live material are unknown, 
elimination of shading of individual leaves may have been 
important. 

Recent Dead 
Peak recent dead in the ungrazed treatment in 1978 was 116 

g/m* recorded on August 1 (Fig. 2). Because of the extremely dry 
conditions in July, all live material had senesced by early August. 
Thus, measurable increases in recent dead from August through 
October 1978 did not occur since the maximum age of live tissue by 
late October was less than 3 months. The dynamics of recent dead 
in the grazed treatment in 1978 were similar to the ungrazed 
treatment with a peak of 78 g/m* occurring on August 1 (Fig. 2). 

Transfer of live material to the recent dead compartment began 
in 1979 approximately 1 month earlier in both treatments than in 
1978 because of the presence of annual grasses (Fig. 3). By early 
August recent dead averaged 136 g/m* in the ungrazed treatment 
with 56 g of Japanese brome. Total recent dead in the grazed 
treatment by early August was 72 g/ m* with 6 g of Japanese brome. 
A small decline occurred in August primarily because of the 
transfer of the fragile annual grasses into the litter component. The 
increase in September and October reflected maturation of peren- 
nial grasses. 

Litter 
Litter in the ungrazed treatment average 272 g/m* over the 2 

years while averaging 165 g/ m* in the grazed treatment. Although 
quantity of litter before and after each grazing event was not 
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significantly different a general trend was apparent suggesting less 
litter was present following each gazing event (Fig. 6). This was 
particularly true during the later portions of each growing season. 
Presumably litter fragments were brittle at this time and livestock 
trampling was more effective in reducing the size of individual 
plant fragments. Thus when litter was sieved after drying a greater 
quantity of litter may have been lost. 

The dynamics of the litter compartment varied between years 
(Fig. 6). The general increase in litter up to August in 1978 was 
most likely the result of a slow rate of decomposition in conjunc- 
tion with the drought conditions (Fig. 1). The decline in litter 
biomass during August was most likely the result of accelerated 
rates of decomposition following the heavy rains in early August. 
A steady decline in litter occurred in 1979 during the wet spring 
followed by a dramatic increase in June as the fragile annual 
grasses were lost to the litter compartment. 

Aboveground Net Primary Production 
Estimated ANPP in the ungrazed treatment in 1978 was 234 

g/ m* (Fig. 7). Of this total 166 g were cool-season grasses of which 
Texas winter-grass was the only species. Warm-season grasses 
contributed 54 g and forbs 24 g. The dominant warm-season grass 
was sideoats grama with an estimated ANPP of 26 g/m*. Domi- 
nant forbs, all warm season, were heath aster (Aster ericoides L.), 
western ragweed (Ambrosia psilostachya DC.), silverleaf night- 
shade (Solanum elaeagnifolium Cav.), and bushy noseburn (Tra- 
gia ramosa Torr.). 

Estimated ANPP in the grazed treatment in 1978 was 330 g/m* 
(Fig. 7). Estimated ANPP for cool-season grasses, which also 
consisted only of Texas wintergrass, was 12 1 g/m*. Total ANPP 
for warm-season grasses was estimated to be 186 g while forbs 
contributed 23 g. The dominant warm-season grass was Texas 
cupgrass with an estimated ANPP of 130 g/m*. Dominant forbs 
were heath aster, western ragweed, silverleaf nightshade, and bush 
noseburn. 

In the ungrazed treatment in 1979, estimated ANPP was 352 
g/ m* (Fig. 7). Cool-season grasses contributed 155 g/ m* with 70 g 
of Texas wintergrass and 85 g of annual grasses, primarily Japa- 
nese brome. Estimated ANPP for warm-season grasses was 153 
g/m* but this was most likely an overestimate resulting from 
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Fig. 7. Estimated aboveground net primary production (glm2) bypheno- 
logically similar species groups in the ungrazed and grazed treatments 
during 1978 and 1979. 

JOURNAL OF RANGE MANAGEMENT 35(3), May 1982 



sampling error. In October, one replicate averaged 105 g/ m2 of live 
plus recent dead Texas cupgrass with a co-efficient of variability of 
17 1%. No Texas cupgrass was harvested in the second replication. 
Earlier harvests indicated irregular distribution of Texas cupgrass 
in both replicates. ANPP for sideoats grama was estimated at 5 I 
g/ m2. Forbs contributed 44 g/ m2 with dominants similar to 1978. 

Estimated ANPP was 268 g/m2 in the grazed treatment in 1979 
(Fig. 7). ANPP for cool-season grasses was 71 g with 48 g Texas 
wintergrass and 23 g annual grasses. Estimated ANPP for warm- 
season grasses was 145 g/m2 with Texas cupgrass the dominant. 
ANPP for forbs was estimated at 52 g/m2 with 25 g of annual 
broomweed (Xanthocephalum spp.) Annual broomweed’s contri- 
bution to total ANPP was less than 1 g/m2 in the ungrazed treat- 
ment presumably because the greater quantity of litter reduced its 
competitive ability. Other dominant forb species in the grazed 
treatment were western ragweed, silverleaf nightshade, heath aster, 
bushy noseburn, plains beebalm (Monarda pectinata Nutt.), and 
redseed plantain (Plantago rhodosperma Dene.). 

The overall contribution of forbs to the total ANPP in both 
treatments both years was most likely atypical for this region. In 
1978 the spring drought reduced growth of all forbs while the June 
spraying in 1979 halted any further growth of the forbs. 

It is somewhat difficult to determine conclusively the effects of 
the short duration grazing treatment on total ANPP in this study 
because of the possible differences in species composition between 
treatment plots. But it can be hypothesized that grazing tended to 
increase ANPP when adequate moisture was available since 
response by species groups appears to have varied depending upon 
temporal variation in rainfall and grazing treatment. Although 
previous studies have reported increased above-ground produc- 
tion following defoliation under moist conditions (Aldous 1930, 
Jameson 1963, McNaughton 1976, Singh 1968), the precise mecha- 
nisms responsible for increasing growth are unknown 
(McNaughton 1979). However, manipulation of total leaf area 
appears important. Noy-Meir (1976) evaluated the effect of differ- 
ent rotational grazing schemes on stability of production utilizing 
an explicit growth-consumption mathematical model. Results sug- 
gested that manipulation of total leaf area is a key factor involved 
in the successful management of a rotational grazing system. If 
biomass depletion was severe during any grazing event, plant 
recovery time to a rapid rate of growth was extended. This ulti- 
mately led to extinction of the vegetation resource following sev- 
eral periods of excessive defoliation. 

Presumably when defoliation is excessive, a considerable por- 
tion of a plant’s resources are channeled toward the regeneration of 
leaf material (Gifford and Marshall 1973). Detling et al. (1979) 
reported that net photosynthetic rates of blue grama shoots 
[Boutelous gracifis (Willd, ex. H.B.K.) Lag.] increased 20% above 
that of control plants three days after removal of 60% of the leaf 
blades and 45% of the total shoot. They also reported a greater 
proportion of the total growth was allocated to the regeneration of 
leaves following defoliation than prior to defoliation. They suggest 
that the “response of blue grama to defoliation is rapid restoration 
of carbon gain capacity and a concomitant decrease in root 
growth.” These data would support the findings of Noy-Meir 
(1976) in that if defoliation were excessive and the deferment 
period short, deterioration of the resource would result. 

Root and Crown Biomass 
Ash free root biomass in the top 10 cm averaged 352 g/ m2 in the 

ungrazed treatment in June 1979. Vertical distribution of roots 
indicated this represented 37% of the total root biomass to a depth 
of 80 cm. In the grazed treatment roots in the top 10 cm averaged 
464 g/m2. This represented approximately 44% of the total bio- 
mass to a depth of 80 cm. Vertical distribution of roots followed the 
equationy = axb (R2= 0.93) as described by Sims and Singh (1978) 
where y equals ash free dry weight (g/m2) of roots in 10 cm 
increments and x equals the lower depth (cm) of the increments. In 
this study, a equaled 2544 and b equaled -0.01. Ash free crown 
biomass averaged 99 g/m2 in both treatments. 
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The difference in root biomass in the top 10 cm between the two 
treatments was statistically significant (KO.01). This difference 
may simply reflect differences in rooting characteristics of domi- 
nant species on different textured soils rather than a grazing treat- 
ment effect. Root biomass was not sampled prior to 1979 and 
discernable trends resulting from grazing treatment are as yet not 
possible to identify. It should be noted, however, that total biomass 
to a depth of 80 cm was nearly equal in both treatments with 
estimates of 951 g and 1049 g/ m2 for the ungrazed and grazed 
treatment, respectively. 

Disappearance of Vegetation by Grazing 
One of the major effects of grazing is to accelerate the rate of 

disappearance of plant material either by livestock consumption of 
trampling. By subtracting “after grazing biomass estimates*’ from 
“before grazing,” losses in 1978 totaled 121 g/ m2 with 58 g of live 
lost, 39 g of recent dead, and 24 g of old dead. The total loss in 1979 
was estimated to be 123 g/ m2 with losses of 79,29, and I5 g of live, 
recent dead, and old dead material, respectively. Utilizing NRC 
(1976) minimum estimates of forage cdnsumed by the growing 
heifers in 1978 and 1979 (Heitschmidt et al. 1982a), calculated 
consumption was approximately 14 g/ml. Thus most losses were 
either directly to the litter compartment or to other consumers. 
However, the method utilized in the litter sampling was not suffi- 
ciently refined to detect these inputs. 

Conclusions 

Several basic conclusions can be drawn from the results of this 
short-term study. First, grazing reduced the biomass of all catego- 
ries of standing crop and litter. It is hypothesized that the reduction 
in standing crop biomass accelerated vegetative growth and 
increased ANPP under certain environmental conditions, particu- 
larly under moist growing conditions. The reduced quantity of 
litter apparently favored growth of annual broomweeds and 
reduced the success of annual grasses. It is also concluded that the 
major portion of the total standing crop that disappeared within 
the SDG treatment during each grazing event, was in fact trans- 
fered to the litter faction rather than consumed by the livestock. 

These basic conclusions thus suggest that at some quantitatively 
undefined level of grazing intensity, SDG may enhance growth and 
ANPP on a short-term basis. However, it is apparent that the 
optimal level of intensity will vary both within and between years. 
Thus, any attempt to optimize vegetative growth on a short-term 
basis by adjusting grazing intensity, will require a great amount of 
management flexibility with regards to such factors as rate of 
stocking and/ or rate of livestock movement within a SDG system. 

Finally, we emphasize that these results do not address any 
aspect of the longterm effects of this type of SDG on grassland 
ecosystems. Although no visual degradation of the range was 
apparent at the end of this 2 year study, we emphasize the inappro- 
priateness of suggesting that these results indicate that no degrada- 
tion will ever occur. If nothing else, we believe these results should 
encourage researchers to continue to investigate various aspects of 
SDG. 
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Short Duration Grazing at the Texas Experi- 
mental Range: Effects on Forage Quality 
R.K. HEITSCHMIDT, R.A. GORDON, AND J.S. BLUNTZER 

Abstract 

Variation in percent crude protein (% CP) of available forage 
was examined at the Texas Experimental Ranch as a function of 
grazing treatment, plant species, physiological age of plant tissue, 
and season. Results indicate that % CP content varied as much as 
function of physiological age of plant tissue as a function of plant 
species. Although quantity of crude protein of total standing crop 
averaged significantly more in an ungrazed treatment than in a 
short duration grazing treatment, % CP was generally greater in 
the grazed than the ungrazed treatment. It is suggested that an 
increase in quality of forage may be a primary mechanism facilitat- 
ing energy flow through short duration grazing systems whereby 
dramatic increases in livestock carrying capacity may be realized. 

Various parameters may be utilized to reflect quality of a forage. 
For example, low quality forage has often been associated with 
reduced levels of crude protein, phosphorus, and dry matter diges- 
tibility and increased levels of crude fiber and lignin (Streeter et al. 
1968, Sims et al. 1971, Wallace et al. 1972). But regardless of the 
parameter utilized to measure the quality of a forage, each parame- 
ter can be related in some manner to the potential net energy gain 
of the consuming animal. Thus, forage quality may be defined in 
general terms as any forage parameter altering the net energy gain 
of the consuming animal. 

Since quality of forage declines with plant maturation (Cook 
and Harris 1968, Simset al. 1971, Stoddart et al. 1975),anygrazing 
management practice reducing plant aging processes should 
increase the quality of forage available to the grazing animal. The 
objective of this study was to evaluate the effect of short duration 
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grazing (SDG) on quality of standing crop as measured by percent 
crude protein content. A basic underlying hypothesis was that a 
significant increase in forage quality may at least in part account 
for the dramatic increases in livestock carrying capacity reported 
by Savory (1978) following implementation of a SDG system 
(Heitschmidt et al. 1981a). 

Study Area and Methods 

Data werecollected at the Texas Experimental Ranch during the 
1978 growing season as part of a preliminary study to evaluate the 
effects of SDG on vegetation growth dynamics and livestock 
weight gain (Heitschmidt et al. 1982a, 1982b). Sample plots con- 
sisting of two 30 X 60-m replicates located within a fenced exclo- 
sure (ungrazed treatment) and in one pasture of a IO-pasture SDG 
system (grazed treatment). The SDG system was stocked with 
growing heifers at a rate of 0.24 ha/ AU M from early April to early 
October. Long-term cow-calf performance data at the ranch indi- 
cate a moderate rate of stocking for mature cows under year-long 
continuous grazing is near 0.54 ha/ AUM (Heitschmidt et al. 
1982~). Rate of rotation of the heifers was such that the grazed 
treatment plot was grazed every 35 to 42 days for 3 to 7 days. 

Plant tissue for percent crude protein (To CP) determinations 
was initially harvested for estimates of standing crop (Heitschmidt 
et al. 1982b). Standing crop was harvested by species in 10 ran- 
domly located 0.25-m2 quadrats in each replicate on each sample 
date. Tillers were separated by stage of maturity into either live, 
recent dead (current year’s production), or old dead (previous 
year’s production). Samples were oven dried at 60” C to a constant 
weight, weighed, and then ground in a Wiley mill utilizing a 
40-mesh screen. Samples were collected in both treatments at the 
beginning and end of the growing season and immediately prior to 
each grazing event. Another sample was collected in the grazed 
treatment after each grazing event. 

Because quantity of plant material within a replication was often 
insufficient for laboratory analyses, duplicate material within a 
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Short Duration Grazing at the Texas Experi- 
mental Range: Effects on Forage Quality 
R.K. HEITSCHMIDT, R.A. GORDON, AND J.S. BLUNTZER 

Abstract 

Variation in percent crude protein (% CP) of available forage 
was examined at the Texas Experimental Ranch as a function of 
grazing treatment, plant species, physiological age of plant tissue, 
and season. Results indicate that % CP content varied as much as 
function of physiological age of plant tissue as a function of plant 
species. Although quantity of crude protein of total standing crop 
averaged significantly more in an ungrazed treatment than in a 
short duration grazing treatment, % CP was generally greater in 
the grazed than the ungrazed treatment. It is suggested that an 
increase in quality of forage may be a primary mechanism facilitat- 
ing energy flow through short duration grazing systems whereby 
dramatic increases in livestock carrying capacity may be realized. 

Various parameters may be utilized to reflect quality of a forage. 
For example, low quality forage has often been associated with 
reduced levels of crude protein, phosphorus, and dry matter diges- 
tibility and increased levels of crude fiber and lignin (Streeter et al. 
1968, Sims et al. 1971, Wallace et al. 1972). But regardless of the 
parameter utilized to measure the quality of a forage, each parame- 
ter can be related in some manner to the potential net energy gain 
of the consuming animal. Thus, forage quality may be defined in 
general terms as any forage parameter altering the net energy gain 
of the consuming animal. 

Since quality of forage declines with plant maturation (Cook 
and Harris 1968, Simset al. 1971, Stoddart et al. 1975),anygrazing 
management practice reducing plant aging processes should 
increase the quality of forage available to the grazing animal. The 
objective of this study was to evaluate the effect of short duration 
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grazing (SDG) on quality of standing crop as measured by percent 
crude protein content. A basic underlying hypothesis was that a 
significant increase in forage quality may at least in part account 
for the dramatic increases in livestock carrying capacity reported 
by Savory (1978) following implementation of a SDG system 
(Heitschmidt et al. 1981a). 

Study Area and Methods 

Data werecollected at the Texas Experimental Ranch during the 
1978 growing season as part of a preliminary study to evaluate the 
effects of SDG on vegetation growth dynamics and livestock 
weight gain (Heitschmidt et al. 1982a, 1982b). Sample plots con- 
sisting of two 30 X 60-m replicates located within a fenced exclo- 
sure (ungrazed treatment) and in one pasture of a IO-pasture SDG 
system (grazed treatment). The SDG system was stocked with 
growing heifers at a rate of 0.24 ha/ AU M from early April to early 
October. Long-term cow-calf performance data at the ranch indi- 
cate a moderate rate of stocking for mature cows under year-long 
continuous grazing is near 0.54 ha/ AUM (Heitschmidt et al. 
1982~). Rate of rotation of the heifers was such that the grazed 
treatment plot was grazed every 35 to 42 days for 3 to 7 days. 

Plant tissue for percent crude protein (To CP) determinations 
was initially harvested for estimates of standing crop (Heitschmidt 
et al. 1982b). Standing crop was harvested by species in 10 ran- 
domly located 0.25-m2 quadrats in each replicate on each sample 
date. Tillers were separated by stage of maturity into either live, 
recent dead (current year’s production), or old dead (previous 
year’s production). Samples were oven dried at 60” C to a constant 
weight, weighed, and then ground in a Wiley mill utilizing a 
40-mesh screen. Samples were collected in both treatments at the 
beginning and end of the growing season and immediately prior to 
each grazing event. Another sample was collected in the grazed 
treatment after each grazing event. 

Because quantity of plant material within a replication was often 
insufficient for laboratory analyses, duplicate material within a 
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treatment was combined and replications were disregarded. Still, 
after combining only four species yielded sufficient biomass for % 
CP determinations for all age categories across several dates. These 
species were and their text reference codes are: Texas wintergrass 
(Stipa leucotricha Trin. and Rupr.), STLE; Texas cupgrass [Eri- 
ochloa sericea (Scheele) Munro], ERSE; sideoats grama [Boute- 
loua curtipendufa Michx.) Torr.], BOCU; and buffalograss 
[Buchloe dactyloides (Nutt.) Engelm], BUDA. Biomass samples of 
lesser species were combined into phenologically similar species 
groups. Species groups and their text reference codes are warm- 
season grasses (WSGR) and warm-season forbs (WSFO). After 
combining, % CP was determined in duplicate by microkjeldahl 
techniques (A.O.A.C. 1970) and expressed on a dry matter basis. 
For a more detailed description of both the study area and field 
sampling procedures, see Heitschmidt et al. (1982a, 1982b). 

Standard analysis of variance (AOV) procedures were utilized 
for statistical analyses with mean separation following Tukey Q 
procedures (Snedecor and Cochran 1967). Variables included in 
the AOV models were treatment, date, species, and age category. 
Three treatments were compared: ungrazed, before grazing, and 
after grazing. 

Results 
Statistical analyses indicated that the % CP of similar aged tissue 

for any given species was not significantly (P<O.O5) altered by 
grazing treatment. However, significant (KO.05) differences were 
found to exist among species, categories, and dates. Live tissue of 
W SF0 averaged 14% CP which was significantly (P<O.O I) greater 
than all other species or species group (Table 1). A portion of the 
differences among species in % CP of the live tissue was attributed 
to sampling error. For example, a considerable portion of the 
individual tillers of both BUDA and BOCU consisted of both live 
and recent dead tissue. Since separation into the three age catego- 
ries was done in the field by individual tiller, a greater percentage of 
recent dead tissue probably contaminated the live tissue for these 
two species than for any other species. 

Percent CP of WSFO remained significantly (KO.0 1) higher as 
plants matured (recent dead) with the % CP of BOCU remaining 
the lowest (Table 1). Percent CP of old dead varied little among 
species except for WSFO’s which were significantly (P<O.O 1) less 
than all other species (Table 1). 

Table 1. Crude protein (%) of four plant species and two phenologically 
similar species groups for three age categories of tissue averaged across 
grazing treatments and dates. 

Species/ species group’ 

Category WSFO ERSE STLE WSGR BUDA BOCU 

Live I4.0a* I I .9b Il.7b 10.3bc 9.7~ 9.Ic 
Recent dead 9.0a 7.4bc 7.7ab 8.3ab 7.4bc 6.1~ 
Old dead 4.9a 6.4~ 6.2~ 6.3~ 5.9bc 5.5b 

IWSFO = Warm season forbs; ERSE = Eriochloasericea: STLE=Stipaleucotricha: 
WSGR = Warm season grasses; BUDA= Buchloe dactyloides; BOCU = Bouteloua 

curtipendula. 
?Means in a row followed by same letter are not significantly different at KO.05. 

There were no significant (KO.05) differences among dates in % 
CP of the live tissue although as the live tissue aged % CP tended to 
decline (Table 2). This trend was evident during April, May, and 
June and again during September and October. 

Percent CP of the recent dead tissue declined significantly 
(KO.05) with age (Table 2). The significant (P<O.Ol) increase in % 
CP in old dead tissue from April to June was most likely the result 
of sampling error in that a small portion of recent dead tissue may 
have been misclassified as old dead in May and June. This small 
amount of recent dead tissue could have significantly increased 
average % CP values for old dead tissue since total quantities of old 
dead tissues were small by May and June (Heitschmidt et al. 
1982b). 

Table 2. Crude protein (9%) for three age categories of tissue on six dates 
averaged across four species and two phenologically similar species 
groups. 

Month 

Category 

Live 
Recent dead 
Old dead 

Apr. May June Aug. Sept. Oct. 

I I .9al l0.3a IOSa - I l.9a I I.Oa 
- - 8.0a 7.8ab 7.2b 

5.4a 5.9b 6.3~ - - 

‘Means in a row followed by same letter are not significantly different at KO.05. 

Standing crude protein for each age category on each sample 
date within each treatment was calculated (Fig. I) by multiplying % 
CP of individual species by their respective dry weights (Heit- 
Schmidt et al. 198 1 b). Statistical analyses indicated significant 
(P<O.O5) differences among treatments in quantity of total stand- 
ing CP. Standing CP averaged 18.8, 14.5, and 10.5 g/m? for the 
ungrazed treatment, the grazed treatment prior to grazing, and the 
grazed treatment immediately after grazing, respectively. Relative 
contribution of each age category to total standing crop of crude 
protein generally reflected a greater contribution of live tissue to 
the total in the grazed than the ungrazed treatment. 

LIVE 

MAR APR MAY JUN AUB SEP OCT 

MONT’4 

Fig. 1. Total standing crop crude protein (g/mz) for seven dates in the 
ungrazed treatment (a) and the short duration grazing treatment prior to 
grazing (b) and after grazing (c)for three age categories of plant tissue. 

Average % CP of total standing crop was calculated by dividing 
grams of crude protein by grams of total standing crop (Fig. 2). 
Although differences among treatments were not statistically sig- 
nificant (KO.O5), % CP in the grazed treatment always exceeded 
that of the ungrazed treatment with the exception of August. In 
addition, a/o CP was always less at the conclusion of each grazing 
event than before grazing indicating the heifers selectively 
grazed the higher quality forage. 

Discussion and Conclusion 
These data suggest that % CP of forage is primarily a function of 

the physiological age of the plant tissue. Although % CP may vary 
as a function of species (Cook and Harris 1968, Sims et al. 1971, 
Willard and Schuster I973), these data indicate that greater differ- 
ences often occur as a function of age of tissue than as a function of 
species. The effects of such factors as fertilization, climate, and 
range site on forage quality (Sims et al. 1971, Goetz 1975) can at 
least in part, be attributed to alterations in the live/dead tissue 
ratio, which is a function of the physiological age of the plant. Thus 
any management practice reducing rate of leaf senescence or stimu- 
lating growth should increase average forage quality. 
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Fig. 2. Average crude protein (9%) of total standing crop for seven dates in 
the ungrazed treatment and the short duration grazing treatment prior to 
grazing and after grazing. 

A reduction in rate of leaf senescence and increased rates of 
vegetative growth have both been reported following actual or 
simulated grazing (McNaughton 1979) while increases in % CP of 
leaf tissue following various levels of defoliation have been 
reported by others (Kathju et al. 1979). In each instance, severity 
and frequency of tiller defoliation have caused a plant response 
which would increase forage quality. Since severity and frequencv 
of tiller defoliation are major factors controlled by SDG (Heit- 
Schmidt et al. 1982a), it can be assumed that a properly imple- 
mented SDG system will increase average quality of forage 
available to the grazing animal if rate of rotation provides the 
animals an opportunity to graze pasture regrowth prior to the 
onset of appreciable amounts of plant senescence. 

Although % CP is not a direct measure of digestible energy, a 
positive relationship does exist. Allison (1978) evaluated changes 
in in vitro digestible organic matter, To CP, and digestible energy of 
cow diets at the Texas Experimental Ranch as a function of grazing 
pressure. Utilizing his values, digestible energy (kcal/ kg) was pre- 
dictable from % CP values from the modely = 1273 + 104x wherey 
equaled digestible energy and x equaled 70 CP (R2 = 0.87, P<O.O 1, 
d.f. = 35). Although the quantitative values established by this 
regression are of limited value to this study, the positive relation- 
ship established between digestible energy and 70 CP supports a 

OCT 

general hypothesis that grazing may facilitate energy flow through 
an ecosystem (McNaughton 1976). In essence, we suggest that an 
increase in quality of forage may prove to be a primary mechanism 
facilitating energy flow through a SDG system if a sustained 
increase in carrying, capacity is realized. 
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Short Duration Grazing at the Texas Experi- 
mental Ranch: Weight Gains of Growing 
Heifers 

R.K. HEITSCHMIDT, J.R. FRASURE, D.L. PRICE, AND L.R. RITTENHOUSE 

Abstract 

Total and average daily gains of Hereford/Angus crossbred 
growing heifers were contrasted between a continuously grazed 
(CC) treatment and a lo-pasture, l-herd rapidly rotated short 
duration grazing (SDG) treatment. Stocking rate in the CG was 
0.48 ha/AUM, a moderate rate, while stocking rate in the SDG 
treatment was 0.24 ha/AUM. Trials were conducted during the 
1978 and 1979 growing seasons. Both total and average daily gains 
were similar in both treatments both years. Because of the two-fold 
difference in rate of stocking, production/ha was approximately 
double in the SDG to that in the CG treatment. It is tentatively 
concluded from the results of this and previous studies that a 
properly managed SDG system may satisfactorily support live- 
stock at rates of stocking appreciably greater than that normally 
expected from conventional grazing schemes. 

Interest in multi-pasture, one-herd short duration grazing 
(SDG) systems has dramatically increased in the United States 
within the past decade. Of particular interest has been the claim 
that proper implementation of a SDG system will, as a rule, result 
in a two-fold increase in livestock carrying capacity (Savory 1978). 
However, quantitative data supporting this claim are scarce and 
most published reports do not indicate a significant improvement 
in livestock production following implementation of specialized 
grazing systems (Lewis 1969, Herbel 1974, Launchbaugh et al. 
1978, Gammon 1978) although notable exceptions do occur (Mer- 
rill 1954). It should be noted, however, that most grazing system 
studies have been conducted at only moderate to heavy rates of 
stocking and thus the opportunity to increase livestock production 
dramatically per unit area of land has been limited (Gammon 
1978). In addition, it should be emphasized that most grazing 
systems previously advocated require relatively little managerial 
input in that scheduled movement of livestock was usually by 
calendar date. The method of SDG advocated by Savory (1978) 
requires intensive management in that livestock movement and 
rates of stocking are flexible based on both the nutritional needs of 
the livestock and vegetative growth parameters. 

We conducted a grazing trial at the Texas Experimental Ranch 
during the 1978 and 1979 growing seasons to evaluate the effects of 
SDG on vegetation growth dynamics and livestock weight gains at 
a rate of stocking appreciably greater than normal. Weight gains of 
growing heifers were contrasted between a continuously grazed 
(CG) treatment stocked at a moderate rate and a IO-pasture SDG 
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treatment stocked at a rate double that of the continuous system. 
Vegetation parameters were contrasted between an ungrazed con- 
trol and the SDG treatment. The objectives of this paper are to 
review current literature related to SDG systems and to report on 
the weight gains of the growing heifers. Subsequent papers report 
on the effect of the SDG treatment on vegetative growth dynamics 
and forage quality (Heitschmidt et al. 1982a, 1982b). 

The often controversial method of SDG described by Savory 
(1978) differs from most methods in that rate of stocking is heavier, 
number of subdivisions is greater, and rate of herd rotation is 
faster. Although the effect of each of these factors on livestock 
performance and vegetation response has been investigated pre- 
viously (Gammon 1978), studies of the complex interaction effects 
are limited. The magnitude of this problem is even greater if results 
from one locale are not applicable to other vegetation types and/ or 
climatic regions. Thus, it is imperative that the underlying princi- 
ples of SDG be understood in order to implement a SDG system 
successfully. The following review is an attempt to identify concep- 
tually the basic principles of grazing management which might 
permit a two-fold increase in livestock carrying capacity with the 
Savory method. 

First, we assume that the three major factors whereby a dramatic 
increase in carrying capacity may be possible are: (I) increased 
forage production; and/or (2) increased forage quality; and/ or (3) 
increased efficiency of harvest by the grazing animal. For discus- 
sion purposes we define forage production as quantity of forage 
available to the grazing animal. Forage quality is defined as any 
forage parameter altering the net energy gain of the grazing animal. 
Efficiency of harvest is a relative measure of the ability of the 
grazing animal to consume the available forage. 

Increased forage production may be realized on a long-term 
basis if a shift in species composition toward more productive 
species occurs. Under CG regimes this is not normally expected at 
heavy rates of stocking (Sims et al. 1978) and at present there is 
little quantitative data substantiating the longterm effects of short 
duration grazing on vegetative composition (Gammon 1978). 
However, on a short-term basis increases in forage production 
have often resulted in conjunction with either actual (McNaughton 
1976, Heitschmidt et al. 1982a) or simulated grazing (Jameson 
1963, Gifford and Marshall 1973, Painter and Detling 1981). The 
mechanisms responsible for these increases may vary from changes 
in photosynthetic rates and rate of leaf senescence to direct stimu- 
lation of growth by substrates in ruminant saliva (McNaughton 
1979). A general hypothesis that an optimal grazing scheme does 
exist whereby a facilitation of energy flow through grassland eco- 
systems can be realized (Dyer 1975, McNaughton 1979) is cur- 
rently being extensively examined by several researchers 
(McNaughton 1979, Detling et al. 1979a, 1979b. Dyer et al. 1981). 
An underlying hypothesis to this general hypothesis is that produc- 
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tivity increases in conjunction with certain levels of herbivory. 
Quality of diet of a grazing animal is directly related to quality of 

available forage (Lesperance et al. 1960, Cook and Harris 1968, 
Galt et al. 1969, Anderson 1977, Allison and Kothmann 1979). 
Although quality of forage is a function of many factors, the 
principal factor altering quality is the physiological age of plant 
tissue (Streeter et al. 1968, Sims et al. 1971, Wallace et al. 1972, 
Heitschmidt et al. 1982b) in that young, actively growing tissue is 
of higher nutritional quality than older, senesced tissue. Thus, 
livestock consumption of green actively growing tissue as opposed 
to senesced tissue, will facilitate energy flow through a grazing 
system since “energy losses” resulting from plant respiratory pro- 
cesses will be reduced as will quantity of energy flowing through 
the detrital food chain. 

Efficiency of harvest by the grazing animal may be improved by 
increasing percentage of total available forage consumed. Effi- 
ciency of harvest will increase in conjunction with increasing graz- 
ing pressure but quality of diet will decline when the grazing 
pressure becomes so intense that the grazing animal is forced to 
consume less nutritional forage (Spedding 1965, Hodgson 1966, 
Greenwood and Arnold 1968, Hodgson and Ollerenshaw 1969, 
Morris 1969, Allison and Kothmann 1979). In addition, excessive 
grazing pressure can eventually destroy the forage resource as is 
evident on rangelands throughout the world where overgrazing has 

’ been practiced. Presumably this results because the more preferred 
plants are more severely and more frequently defoliated than the 
less preferred plants. Since severity and frequency of tiller defolia- 
tion can be controlled with SDG, efficiency of harvest by the 
grazing animal is the principal factor on which the concept of SDG 
is based, although such factors as trampling and distribution of 
dung may also play important roles. Alterations in forage produc- 
tion and/or forage quality, either positive or negative, can only be 
affected by frequency and severity of tiller defoliation. However, 
the interaction effects between efficiency of harvest, forage produc- 
tion and forage quality and the grazing animal are extremely 
complex. Thus conclusions derived from studies evaluating the 
effect of any single manipulative factor of a SDG system (e.g., 
length of graze, length of rest, rate of stocking, and livestock 
density) may not be applicable when any other factor is changed. 

Booysen and Tainton (1978) identified SDG systems as either 
high utilization grazing (HUG) whereby emphasis was on non- 
selective grazing (Acocks 1966) or as high production and high 
performance grazing (HPG) whereby emphasis was on controlled 
selective grazing. Basically, in a SDG system utilizing HUG princi- 
ples carrying capacity is increased by increasing utilization of the 
less palatable plants. In a system incorporating HPG principles, 
carrying capacity is increased because of increased forage produc- 
tion induced by grazing. Range condition is presumably main- 
tained in the HUG system because all plants remain on essentially 
the same competitive level following each grazing event. However, 
an implied assumption in this system is that partial defoliation of 
the less desirable plants is as detrimental to them as complete 
defoliation of the desirable plants (Booysen 1969). It is doubtful 
this is true during periods of active growth (Noy-Meir 1976). 
Range condition in the HPG system is maintained because the 
non-grazed plants presumably will become moribund while the 
grazed plants will flourish. 

The Savory method of SDG apparently follows HPG principles 
more closely than HUG principles during periods of active growth 
with HUG principles followed during periods of dormancy. 
Length of grazing period is necessarily short to minimize forced 
grazing resulting in limited intake (Voisin 1959, Broster et al. 1963, 
Greenhalgh et al. 1966, Marsh 1977, Denny and Barnes 1977) 
and/or consumption of lower quality forage (Voisin 1959, Allison 
and Kothmann 1979) and to prevent excessive removal of live 
photosynthetic tissue whereby regeneration time is excessive (Voi- 
sin 1959, Noy-Meir 1976). Adequate deferment of a pasture is 
necessary following each grazing event to permit plants an oppor- 
tunity to replenish reserves (Voisin 1959) particularly leaf photo- 
synthetic tissue for “carbon gain capacity” (Detling et al. 1979b). 

Hilbert et al. (1981) developed a mathematical model based on the 
assumption that a proper level of defoliation would increase the 
average relative growth rate (RGR) of a plant (Gifford and Mar- 
shall 1973, Detling et al. 1979b, Painter and Detling 1981). Model 
output indicated plants could potentially sustain heavier grazing 
when RGR was low than high. These results suggest that rate of 
rotation in a SDG system should be more rapid during the most 
active portion of the growing season than during the dormant 
season. This rapid rate of rotation also permits livestock to return 
to a previously grazed pasture prior to the senescence of plant 
regrowth tissue which reduces forage quality (Rogler 195 1, Voisin 
1959, Smoliak 1960, Bodgan and Kidner 1967, Heitschmidt et al. 
1982b). 

Rapid rotation of livestock may also prove to enhance the 
efficiency of livestock to harvest more plant species, particularly 
the short-lived annual grasses and forbs. If rate of rotation is too 
slow, many highly preferred annual plants may not be utilized in 
certain pastures because they will have reached an advanced stage 
of maturity prior to the livestock being permitted to graze them. 

The effect of stocking rate in SDG systems is difficult to assess. 
Pattern of tiller defoliation will obviously change if stocking rate is 
significantly increased and all other factors remain constant. Gam- 
mon and Roberts (1978a, 1978b, 1978~) contrasted grazing selec- 
tivity and frequency and severity of defoliation of tillers between 
OCG treatment stocked at a moderate rate and a SDG treatment 
stocked at a rate approximately 10% greater. Length of grazing 
period was 6 to 12 days in the SDG treatment. Results indicated 
minimal differences in pattern of defoliation between treatments 
with 90% of the marked tillers in both treatments receiving two or 
less defoliations during the study. Results also indicated forage 
production was not affected by grazing treatment (Gammon and 
Roberts 1978d). This would be expected since pattern of tiller 
defoliation was similar. Heavier stocking rates may have increased 
forage production since significant increases in stocking rates have 
been hypothesized to be a necessity to increase forage production 
in SDG systems in certain instances (Heitschmidt et al. 1982a). The 
question remains as to whether such an increase in stocking rate 
will result in defoliation of a greater number of plant species 
(HUG) or a greater number of tillers of the same species (HPG). 

Density of livestock at any given rate of stocking is a direct 
function of number of subdivisions. Assuming length of rotation 
cycle remains constant, then increasing number of subdivisions 
will reduce period of stay and increase period of absence in any 
given subdivision. A two-fold increase in number of subdivisions 
will decrease period of stay 50% and Booysen et al. (1974) argued 
that the benefits from greater than eight subdivisions would be 
minimal because absolute reductions in length of graze would 
necessarily be small if length of rotation cycle remained constant. 
Morley (1968) reported little advantage could be derived by 
increasing number of subdivisions beyond nine. His conclusion 
was based on vegetative growth curves representing the entire 
vegetative complex of a pasture but inclusion of species specific 
growth curves and a selective grazing function in his models may 
have altered his conclusion. Savory (1978) advocated greater 
number of subdivisions to increase stocking density, shorten 
period of stay, and increase hoof action and uniformity of dung 
distribution. He suggested for example, that a reduction in period 
of stay from 8 to 4 days is important to optimize performance of 
both the livestock and vegetation. We hypothesize that increasing 
the number of subdivisions will be important only if the pattern of 
defoliation is altered such that increased forage production and/or 
forage quality is realized by the time of the next grazing event or 
that the efficiency of harvest by the grazing animal is improved. 

Although numerous grazing trials have been conducted attempt- 
ing to evaluate the merits of various SDG systems over CG or other 
specialized grazing systems, conclusive scientific evidence support- 
ing or refuting the Savory method of SDG has not been established 
(Gammon 1978). Although increases in livestock production have 
been reported from SDG, these have generally only resulted at 
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higher stocking rates (Conway 1963, McMeekan and Walshe 1963, 
Walker 1968, Robinson and Simpson 1975, Denny et al. 1977, 
Denny and Barnes 1977, Denny and Steyn 1977). There are several 
possible explanations for the lack of scientific evidence supporting 
or refuting the Savory method of SDG. A major problem appears 
to center on experimental design. Most SDG trials have been 
designed to evaluate the effect of only one or two variables. 
Because of the obvious interaction effects existing between fre- 
quency and severity of tiller defoliations and length of grazing 
period, length of rest, livestock density and stocking rate, it is 
critical that the basic effects of each be understood prior to initiat- 
ing a SDG trial. To address just four factors would require a 4 X 4 
factorial design. Under native range conditions the inherent varia- 
bility in vegetation types between pastures, assuming herd sizes 
were sufficient to obtain acceptable livestock production data, 
would make data interpretation difficult. 

A second problem encountered with experimental designs 
involves the rigidly scheduled movement of animals. Since vegeta- 
tion growing conditions are highly variable throughout a calendar 
year, rate of rotation must also be varied. We assume both HUG 
and HPG principles will necessarily by utilized over a calendar year 
in a properly managed SDG system stocked at a heavy rate. 
However, utilization of the incorrect principle at the wrong time of 
year could be disastrous. 

Finally, we hypothesize that ease of herd movement is critical if 
livestock production data are the fundamental criterion utilized in 
an experiment. If a herd is rotated to a new pasture on the average 
of once every week, 52 movements a year would be required. 
Obviously this many moves could create a stress of sufficient 
magnitude to significantly reduce livestock weight gains. This facet 
of SDG has not been scientifically researched but it may prove to 
be a key factor regulating livestock weight gains in a SDG system 
utilizing the Savory method of grazing (Kothmann 1980). 

Study Area and Methods 

The study was conducted at the Texas Experimental Ranch 
located (990 14’W, 33O20’N) in the northern Rolling Plains. The 
continental climate of the region is semiarid with annual precipita- 
tion at the ranch averaging approximately 700 mm (unpublished). 
Ths mixed prairie vegetation of the region is dominated by various 
combinations of short and midgrasses. 

Grazing treatments studied were: continuous grazing (CG) 
stocked at a moderate rate of 0.48 ha/ AU M; and, short duration 
grazing (SDG) stocked at a rate of 0.24 ha/AUM. The trial was run 
for 2 years from early April to early October. Both treatments were 
stocked with Hereford/ Angus crossbred heifers that initially 
weighed 210 kg in 1978 and 269 kg in 1979. The two 20.2-ha CG 
pastures were each stocked with seven heifers while the ten 4.0-ha 
SDG pastures were rotationally grazed by 28 heifers. Length of 
grazing period in the SDG pastures ranged from 3 days during 
periods of rapid vegetative growth to 7 days during summer dor- 
mancy. This resulted in deferment periods ranging from 35 to 42 
days. All heifers were weighed at the completion of each SDG 
rotation cycle. The heifers in the two CG pastures were switched on 

each weigh date to eliminate the effects of any pasture differences. 
All study pastures were located in an 81-ha block with the IO 

SDG pastures located between the two CG pastures. All pastures 
were considered to be nearly equal in carrying capacity when the 
trial was initiated. The dominant range sites in the block were Clay 
Loam and Shallow, and overall range condition was considered 
good. The two dominant grasses in the study pastures were side- 
oats grama [Bouteloua curtipendulu (Michx.) Torr.] and Texas 
wintergrass (Stipu leucotricha Trin. and Rupr.) (Anderson 1977). 
For a more complete description of the study area see Heitschmidt 
et al. (1982a). 

Treatment means of average daily gains (ADG) were subjected 
to normal analysis of variance procedures with mean separation 
following Tukey Q procedures (Snedecor and Cochran 1967). 
Model variables were year, grazing treatment, dates, and all asso- 
ciated first order interactions. 

Results and Discussion 

The statistical analyses of ADG revealed no significant (p<O.O 1) 
year, treatment, or first order interaction effects. Significant differ- 
ences did occur among dates, with greatest ADG occurring in April 
and May and lowest occurring in August (Table I). Weight gains 
both years paralleled vegetational growth dynamics (Heitschmidt 
et al. 1982a) in that the most rapid rate of vegetative growth 
occurred in the spring and the slowest rates occurred during 
summer. 

Although treatment differences in ADG were not statistically 
significant, an appreciable difference did occur from August 3 I to 
October 10 in 1978 (Table I) when ADG averaged 0.39 kg in the 
CG treatment and 0.75 kg in the SDG treatment. Initially, it was 
assumed that this difference resulted because of a greater abun- 
dance of live material in the SDG treatment relative to total 
standing crop. However, clipped forage estimates from the SDG 
treatment in 1978 and 1979 (Heitschmidt et al. 1982a) indicated 
only minor differences between years in September live/dead 
ratios. Ratios were 0.54 and 0.49 with total standing crops averag- 
ing I24 and I26 g/ m2 in 1978 and 1979, respectively. Similar 
calculations from standing crop data in an adjacent ungrazed 
treatment indicated live/dead ratios of 0.35 and 0.39 in 1978 and 
1979, respectively, with corresponding total standing crops averag- 
ing 203 and 227 g/m2. Unless the magnitude of differences in 
live/dead ratios between 1978 and 1979 in the CG treatment were 
greater than those in the ungrazed and the SDG treatments, this 
explanation for the observed differences between years in the ADG 
in the CG treatment seems highly improbable. 

A more likely explanation may be related to the findings of 
Willoughby (1959). He reported that quantity of total standing 
crop in a Phafuris tuberosa-subterranean clover-volunteer grass 
pasture did not affect gains of wethers providing green biomass 
was present. However, during periods of slow growth a small 
increase in green biomass dramatically increased both weight gains 
and wool production. In light of this work it is interesting to note 
that quantity of live biomass and live/dead ratios were dramati- 
cally increasing in September of 1978 but declining in September 

Table 1. Average daily gain (kg) between weigh dates of growing heifers in continuous (CC) and short duration grazing (SDG) treatments at Texas 
Experimental Ranch during 1978 and 1979. 

1978 1979 
Weigh dates’ CG SDG CC SDG x2 

Apr. I2-May 15 1.12 f 0.103 1.23 f 0.03 I.01 f 0.04 0.82 f 0.03 I .02, 
May 15-June 18 0.38 f 0.06 0.49 f 0.03 0.49 f 0.04 0.43 f 0.03 0.44, 
June 18-July 23 0.80 f 0.02 0.62 f 0.03 0.41 f 0.08 0.34 f 0.03 0.54 
July 23-Aug. 31 0.18 f 0.05 0.14 f 0.01 0. I I f 0.07 0.19 f 0.03 0.16, 
Aug. 31-Oct. 7 0.39 f 0.03 0.75 f 0.03 0.95 f 0.06 0.75 f 0.04 0.68,b 

‘Average weigh dates over 2 years. All weigh dates were within 3 days of average. 
2Means followed by same letter are not significantly different at X0.05. 
‘One standard error of the mean. 
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Fig. 1. Production/animal and production/ha of growing heifers during 
1978 and 1979 from the continuous!v grazed treatment and the IO- 
pasture, l-herd short duration grazing treatment. 

1979 (Heitschmidt et al. 1982a). The interaction effect of these 
parameters on ADG are purely speculative at this time but field 
observations suggest these interactions may prove important and 
future research is being focused in this direction. 

Regardless of the reason for the minor treatment differences in 
ADG of the individual animals over various time periods(Table I), 
it is remarkable that total weight gain per animal was similar in 
both treatments both years (Fig. 1). Because of the double stocking 
rate in the SDG treatment, total production/ha in the SDG treat- 
ment was nearly double that in the CG treatment (Fig. 1). 

Conclusions 

From a review of the literature and the results of this study, we 
suggest that a SDG system may possibly support livestock at a rate 
of stocking appreciably greater than that normally expected with 
continous grazing. We forward this basic conclusion cognizant of 
the many constraints bounding our experimental design such as 
conducting the trial only during the growing season. But these data 
should encourage further investigations of SDG principles particu- 
larly with regards to the Savory method of grazing. Such studies 
should focus on developing a sound scientific understanding of the 
grazing principles involved in SDG since successful implementa- 
tion of a SDG system at a rate of stocking appreciably greater than 
normal will obviously require that management personnel possess 
a more thorough understanding of grazing management principles 
than ever before. 
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Understory Herbage Production as a Func- 
tion of Rocky Mountain Aspen Stand 
Density 
RUTH F. WOODS, DAVID R. BETTERS, AND EDWIN W. MOGREN 

Abstract 

The effects of aspen overstory basal area on herbaceous under- 
story production on the Bears Ears District of the Routt National 
Forest in northwest Colorado were investigated. Using regression, 
a coefficient of determination of .61 was found between herbage 
production and overstory basal area. For overstory basal areas less 
than 10.0 meter-z/hectare, herbaceous understory production var- 
ied considerably and was often double that found at higher densi- 
ties of overstory basal area. Herbage production at higher densities 
(10.0 to 18.9 m2/ha) showed less variation with anaverage produc- 
tion of 1100 kilograms/hectare. The best opportunities for her- 
baceous understory production in unmanaged, pure aspen stands 
occur at overstory basal areas less than 10.0 m2/ha. 

Rocky Mountain aspen (Populus tremuloides Michx.) stands 
have significantly more herbage in their understory than other 
forest types. These stands are widely used for grazing by both 
domestic livestock and big game animals. The wood fiber can be 
used to produce a number of different wood products (Koepke 
1976). Proper management of the aspen for both herbage and 
wood fiber must consider joint production relationships. The 
objective of this study was to investigate the relationship between 
overstory density and herbage production in aspen stands located 
within the Bears Ears District of the Routt National Forest, 
Colorado. 

Competition for space, light, water and nutrients between over- 
story trees and herbaceous understory plants have been studied in a 
variety of forest types, with differing results. Jameson (1967) in a 
study in northern Arizona, found that understory herbaceous 
production decreased as ponderosa pine (Pinus ponderosa) over- 
story basal area and pinyon-juniper (Pinus eduZis/Juniperus spp.) 
canopy coverage increased. The understory consisted primarily of 
shrubs and grasses producing a range of 675 to 750 kg/ha (dry 
weight). Ehrenreich and Crosby (1958) investigated this oversto- 
ry/ understory relationship in oak/ hickory (Quercus marilandica 
/Carya spp.) stands in Missouri and found herbage production 
(primarily grasses) decreased as overstory canopy cover increased, 
especially when the canopy cover was above 50%. An 80% canopy 
cover produced 279 kg/ha, while 1905 kg/ ha was produced at 
densities lower than 50%. 

There have been several previous studies involving forage pro- 
duction in aspen stands. Paulsen (1969) investigated the oversto- 
ry/ understory relationship in aspen near Grand Junction, Colo., 
and found half as much forage produced under the aspen canopy as 
in adjacent grasslands. Ellison and Houston (1958), in a study in 
central Utah, showed that herbaceous understory production was 
greater under an aspen canopy than in adjacent open grasslands. 
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However, aspen roots under the study area canopy had been 
trenched (severed), which significantly reduced competition for 
water and nutrients, and possibly altered the total effect of density. 
They suggest that the trenching could have affected the herbaceous 
production and also point out that the grassland soils were severely 
compacted by heavy grazing. They state that this combination of 
factors could have influenced their results. Harper (1973), also in 
central Utah, concluded that aspen overstory basal area was not 
correlated with herbaceous understory production unless conifers 
were mixed with the overstory stand. He found understory produc- 
tion decreased by 50% where the overstory was composed of a 
significant percentage of conifers ()50%). Severson and Krantz 
(1976) investigated aspen overstory basal area and herbaceous 
understory production in western South Dakota and reported no 
high degree of relationship (I?-? less than .30) between the two 
factors. They chose aspen stands from a variety of sites and sug- 
gested higher correlations might have been found if they had 
grouped their stands by similar site characteristics. 

Study Area and Methods 

In this study, 20 research sites with pure aspen overstories and 
varying stand densities were sampled in such a way as to follow the 
suggestions of Severson and Kranz (1976). That is, the research 
sites were chosen so as to minimize the differences in site character- 
istics. To reduce climatic variation, research sites were chosen from 
one geographic area, the Bears Ears District of the Routt National 
Forest. To further reduce variation, the sites were chosen so that 
elevation varied by no more than 90 m and slope by less than 20%. 
All sites selected had a southern aspect. The 20 sites had overstory 
basal areas ranging from 1.8 to 18.9 m2/ ha (20 increments of .9 m*). 
Unlike Harper’s (1973) study each individual research site was a 
pure aspen stand (with no conifers in the overstory or understory) 
of at least 17 hectares in size with the entire stand exhibiting the 
same general overstory density. Ten circular .5 m* wire forage 
cages were randomly located in the understory within the site 
boundaries of each of the 20 sites. The herbage samples were 
collected in August after all of the understory herbage had reached 
maximum growth. The herbage species composition and their 
frequency of occurrence were identified using Daubenmire’s (1959) 
method. The herbage in each of the cages was clipped, sorted into 
grass and forb classes, and oven dried at 85OC for 48-72 hours. 
Finally the total data set was analyzed using regression, with 
herbage production being the dependent variable and stand basal 
area the independent variable. 

Results and Discussion 

The 20 sites produced herbage ranging in dry weight from 558 to 
2273 kg/ ha. An average production of 1661 kg/ ha occurred on 
sites with overstory basal areas less than 10.8 m*/ ha (50% canopy 
coverage). Ten sites with overstory basal areas ranging from 10.8 to 
18.9 m*/ ha produced an average of 1100 kg/ ha dry weight herbage. 
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Fig. 1. Understory herbage production on 20 aspen research sites on the 
&ars &rs District of the Routt National Forest in northwestern 
Colorado. 

Figure 1 shows the overall decrease in herbaceous understory 
production as overstory density increased. Regression analysis 
(Fig. 1) was used to analyze the relationship between dry weight 
understory herbage production and aspen overstory density 
(m2/ ha). After testing several hypothesized models, the negative 
exponential form shown in Figure 1 was considered the most 
appropriate model to use. This model form is similar to herbage 
production models developed for conifer stands. These also have 
been primarily exponential in shape (Jameson 1967, Clary and 
Ffolliott 1966, Pase 1958). Our data set did not contain any data 
points for sites below 1.8 m*/ ha basal area. If these low basal area 
cases were included the exponential fit would have probably indi- 
cated a more pronounced negative slope at the lower stand 
densities. 

On sites below 10.0 m*/ ha aspen overstory basal area (approxi- 
mately 50% canopy coverage) did not appear to be the only factor 
influencing herbage production on the site. There is more variation 
in herbage production between these sites than between those of 
higher densities (Fig. 1). In such cases, other site factors influencing 
competition within the herbaceous understory itself seem to have 
an effect on dry weight production. As the aspen overstory 
decreases, the trees’demands on the site are reduced, and growth 
factors (light, water and nutrients) become available for herbace- 
ous plant growth. 

At overstory basal areas greater than approximately 10.0 m*/ ha 
the increase in overstory density seems to have less of an effect on 
herbaceous understory production, dry weight. There was less 
variation in herbage production between these sites (Fig. 1); most 
of the sites produced about 1100 kg/ ha, varying only by 100-200 
kg/ ha. On these higher density sites, the aspen overstory produces 
an environment with a minimum of ground light after full leaf flush 
(mid-July), cool and stable soil temperatures, and a continuous 
recycling of the necessary macro and micro nutrients (Daubenmire 
1953). Salisbury (1916) refers to this situation as a “competitive 
equilibrium” between the overstory canopy and the understory 

herbaceous vegetation. The understory vegetation is said to com- 
plement the tree canopy in attaining maximum exploitation of 
available light. 

In this study analysis of the understory species composition and 
frequency of occurrence of each species indicated a balanced mix- 
ture of herbaceous understory plants with various rooting depths 
that promote more completely use of available water and nutrients. 
No one herbaceous species dominated these sites, and collectively 
their habitat requirements ranged from dry to moist soil conditions 
(Vories and Sims 1977). This herbaceous understory condition 
could further contribute to the consistent dry weight produced on 
the higher stand density sites. 

The best opportunities for herbaceous understory production in 
unmanaged pure aspen stands occur at overstory basal areas less 
than 10.0 m*/ ha (approximately 50% canopy coverage). Thinning 
denser stands to basal areas less than 10.0 m*/ha should signifi- 
cantly increase understory production. These thins may also con- 
tribute to individual tree growth. The application of such 
prescriptions should consider both timber and range management 
objectives as well as other multiple use requirements. 
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Soil Loss, Runoff, and Water Quality of 
Seeded and Unseeded Steep Watersheds Fol- 
lowing Prescribed Burning 
HENRY A. WRIGHT, FRANCIS M. CHURCHILL, AND W. CLARK STEVENS 

Abstract 

Seeding of steep slopes (37 to 6lg)after burning on the Edwards 
Plateau in central Texas reduced soil losses 78 to 93%. Moreover, 
the major impact of burning on soil losses was significantly 
reduced in 3 months on burned and seeded watersheds, but not for 
15 to 18 months on unseeded watersheds. Stability (soil losses 
comparable to pretreatment levels) was reached in 6 months on 
burned and seeded watersheds. Soil loss rates stabilized when 
cover (live vegetation plus litter) reached 64 to 72% during normal 
to wet years or 53 to 60% during dry years. Thus, amount of 
precipitation and cover are closely tied to soil losses. Overland flow 
stabilized in 4 to 5 years on unseeded watershed and in 1 to 2 years 
on seeded watersheds. Water quality, lowered slightly by burning, 
returned to preburn levels within 2 years after seeding. Without 
seeding it took 4 years to reach preburn levels. Overall, water 
quality change following burning was not considered to be serious. 

Ashe juniper (Juniperusashei) has invaded extensive areas of the 
mixed prairie in central Texas and reduced grazing capacities from 
I animal unit/6 ha to 1 animal unit/20 ha. A recommended range 
management practice is to remove the tall green junipers by knock- 
ing the trees down individually with a tractor (dozing) or dragging 
an anchor chain over them that is attached between two tractors 
(chaining). This allows the native grasses to recover, but it leaves 
piles of debris over 22% of the land area (devoid of grass), enhances 
germination of Ashe juniper seed, and does not kill the young trees 
(Wink and Wright 1973). 

Prescribed burning removes the piles of debris, kills the young 
Ashe juniper trees, and creates an unfavorable environment forthe 
establishment of Ashe juniper seedlings (Wright 1978), but before 
recommendation to use by ranchers, we needed to know whether 
soil losses following burning were significant. In 197 1 we initiated a 
study to determine how long it would take for runoff, soil loss, 
vegetative cover (live vegetation plus litter), and water quality to 
return to preburn status on level (0 to 4%), moderate (8 to 20%), 
and steep (37 to 6 1%) slopes. The study revealed that soil losses and 
changes in water quality were not serious on level and moderate 
slopes (Wright et al. 1976). However, adverse effects lasted for 15 
to 30 or more months on steep slopes. 

Soil losses are influenced by intensity of storms (Orr 1970), size 
and frequency of bare areas (Packer 1951), and soil, topography, 
and plant cover (Smith and Wischmeier 1962). Among these fac- 
tors vegetative cover and slope are the most important (Meeuwig 
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1971). Meeuwig ( 197 1) found that as cover decreases, slope 
becomes increasingly important for soils that vary from sandy 
loams to clay loams. For example, a 40% cover on a 5% slope is as 
effective as an 80% cover on a 35% slope. At less than 50% cover, 
erosion rates double for each 10% increase of slope within the 
range of 5 to 35%. Thus, cover will account for as much as 76% of 
the variance of the logarithm of the weight of eroded soil (Meeuwig 
1970). A cover of 60 to 70% is necessary for soil stability on slopes 
that range from 30 to 60% (Bailey and Copeland 1961, Packer 
1963, Orr 1970, Wright et al. 1976). However, as the size of bare 
areas increases within a specific percentage cover category, the 
influence of ground cover decreases (Packer 195 1). Fine-textured 
soils such as clay loams are far less erodible than coarse-textured 
soils such as loamy sand or sandy loam (Swanston and Dyrness 
1973). 

Following burning, unseeded chaparral of brushy watersheds 
with average slopes of 30 to 60% lose as much as 52 to 116 metric 
tons/ ha of soil during the first year, particularly on granitic, sand- 
stone, and shale-derived soils (Pase and Ingebo 1965, Pase and 
Lindenmuth 1971, Pitt et al. 1978). Four years are generally 
required for such slopes to become stabilized with natural shrub 
vegetation (Pase and Ingebo 1965, Orr 1970, DeByle and Packer 
1972, Anderson and Brooks 1975). On limestone-derived soils in 
central Texas, however, Wright et al. (1976) recorded total soil 
losses of only 16 to 22 metric tons/ ha over 2.5 years on 45 to 53% 
slopes, but a portion of these watersheds was covered with native 
grasses before burning. Thus, slope, soil texture, duration and 
intensity of storms, and amount of native grass cover are key 
factors that will affect total soil loss. 

Seeding a burned watershed in the Black Hills of South Dakota 
reduced soil loss to 22% of that on unseeded areas (Orr 1970). 
Recovery of seeded watersheds (60% cover) took 1 to 4 years. In 
Oregon, Anderson and Brooks (1975) found that a burned forest 
had a satisfactory vegetative cover the first year after seeding, 
whereas natural vegetation did not provide a satisfactory cover in 4 
years. Sometimes seedings are unsuccessful and soil losses con- 
tinue (Corbett and Green 1965). 

Brush to grass conversions usually increase runoff in the Califor- 
nia and Arizona chaparral zones (Rowe 1948, Pase and Ingebo 
1965, Baldwin 1968, Brown 1970, Fox 1970, Pitt et al. 1978), but 
the increased water yield is highly variable and unpredictable 
depending on vegetation and total precipitation (Pitt et al. 1978). 
Soil properties and vegetation before conversion to grass have 
been shown to be especially important in subsequent water yields. 
For example, conversions in chaparral are more likely to increase 
water yields than conversions in juniper vegetation. Baldwin (1968) 
found that brush to grass conversions in a 38- to 64-cm precipita- 
tion zone in Arizona chaparral usually increased surface runoff 
from relatively “low” amounts of 4-15 surface centimeters per 
year. By contrast, in a 66-cm rainfall zone of Ashe juniper in central 
Texas, brush to grass conversion increased average water yields 
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from only 0.05 to 2.87 surface centimeters the first year after 
burning. This increase declined steadily to preburn water yields 
within 3 to 5 years. In general, conversion practices in pinyon- 
juniper communities with 30 to 50 cm of annual precipitation 
rarely increase water yields (Baker et al. 197 1, Myrick 197 I, Bran- 
son et al. 1972, Gifford 1973). Thus type of vegetation and its 
associated soil properties, before conversion to grass, are very 
influential on subsequent runoff yields. 

Sediment is the major pollutant that lowers water quality follow- 
ing disturbance on agricultural lands (Grant 197 I, Robinson 
197 l), but total hardness (calcium and magnesium content) is also 
an important component of water quality (Hem 1970). Hardness is 
acceptable until it reaches 100 mg/ liter (Hem 1970). Research by 
Wright et al. (1976) on limestone-derived soils showed that water 
quality, primarily turbidity and total hardness, was related to plant 
cover. Following burning, water was soft (0 to 60 mg/liter) from 
level areas, moderately hard (6 I to 120 mg/ liter) for 6 months on I5 
to 20% slopes, and moderately hard for more than 30 months on a 
53% slope. Water from burned watersheds was more turbid than 
water from controls for 1.5 years on moderate slopes and for at 
least 2.5 years on steep slopes. Water quality increased significantly 
when plant cover reached 63 to 68% and soil loss rates were 
reduced to 0.5 metric ton/ ha/year (Wright et al. 1976). Sodium 
was usually less than I .O mg/ liter, and pH increased only slightly 
after burning moderate and steep watersheds. 

This study was initiated in 1975 as a followup to previous 
watershed research (Wright et al. 1976) to determine whether the 
seeding of “hot spots” (pile areas) after burning on steep 
watersheds would reduce soil losses and lessen the time for cover 
and other factors on steep slopes to reach a preburn status. Soil loss 
rates, overland flow, water quality, and cover were compared on 
seeded and unseeded watersheds following prescribed burning. 

Study Areas and Methods 
This study was conducted on the Beckham Ranch in Callahan 

County, Texas, 23 km southeast of Baird. The area is on limestone- 
derived soils in the southern mixed prairie on the north end of the 
Edwards Plateau in central Texas. Average annual precipitation is 
66 cm. Topography of the general area is level to undulating with 
slopes up to 60% at an elevation of 430 to 640 m above sea level. 
The average minimum January temperature is -5” C; average max- 
imum July temperature is 35” C. The growing season averages 232 
days. 

Native vegetation consists of mixed prairie grasses interspersed 
with Ashe juniper and several species of oak (Quercus sp.). Little 
bluestem (Schizachyrium scoparium) and sideoats grama (Boute- 
loua curtipendula) are the dominant decreasers. Buffalograss 
(Buchloe dactyloides), vine-mesquite (Panicum obtusum), Texas 
wintergrass (Stipa leucotricha), tall grama (B. pectinata), and mea- 
dow dropseed (Sporobolus asper var. hookeri) are important 

increasers. All large juniper trees were dozed in piles of I to 4 trees 
in 1967. 

Four watersheds (each 0.10 to 0.19 ha in size) were used to 
conduct the study beginning January 1, 1972. They are adjacent to 
each other with slopes that average 45% with an east aspect and are 
characterized by Somerveli gravelly clay loam. The Somervell 
series is a member of a loamy-skeletal, carbonatic, thermic family 
of Ustochrepts. They contain over 50% gravel and cobble-size 
limestone fragments throughout the A and B horizons. 

Initially, the watersheds were paired (W.S. 9and 10, and W.S. I I 
and 12, respectively) and one (No. 12) was burned in March, 1972 
and one (No. 10) was burned in December, 1972. Neither of these 
burned watersheds were seeded. The unburned watersheds (9 and 
I I) served as controls until March, 1975 (No. I 1) and February, 
1977 (No. 9) at which time they were burned and seeded. The 
pretreatment yearly averages of ail water quality measurements, 
cover, soil loss, and runoff on the two control watersheds(onefor 3 
years and one for 5 years) served as baseline control data (Year 0 in 
Table I; W.S. 9 and I I in Fig. 1 and 2) for both the seeded and 
unseeded watersheds. All watersheds were burned without any 
prepared firelines when the wind was 6 to 10 km/h, relative humid- 
ity was 26 to 60%, and air temperature was 2 to 100 C. 

Seed mixture for the burned and seeded watersheds contained 
little bluestem, sideoats grama, King Range bluestem (Bothrioch- 
loa ischaemum), kleingrass (Panicum coloratum), and sorghum 
almum (Sorghum almum). Only “hot spots” beneath burned piles 
(about 25% of each watershed area) were broadcast seeded at a rate 
of I I to 22 kg/ha. If high winds blew the ash and seed off the 
burned areas, the pile areas were seeded a second time. Areas 
around the hot spots had a good stand of little bluestem, sideoats 
grama, and buffalograss. 

At the base of all watersheds, a metal dyke was installed. Flush 
with the soil surface, a 0.09 m2 opening in the dyke was connected 
to a trough that led to a collection tank. Each collection tank had a 
capacity of I 1,363 liters. Standard rain gauges were installed in 
August, 197 I between each set of initially paired watersheds (W.S. 
9 and 10 and W.S. I1 and 12) to determine quantity of rainfall on 
the watersheds. A recording rain gauge with weekly recording 
charts was installed nearby to determine intensity of rainfall. 

Following each major storm, water samples were collected 12 to 
24 hr later in I/4-liter jars for analysis. Volume of runoff was 
calculated after each major storm by measuring depth of water in 
tanks, subtracting the correction for rainfall (tanks and troughs 
were not covered) and then calculating centimeters of runoff per 
hectare. After measurement of runoff, the water was pumped out 
of the tanks. Depending on the frequency of storms, sediment in 
the tanks and sediment samples were collected every 1 to 3 months 
after excess moisture had evaporated. Sediment was weighed in the 
field, corrected for water content, based on laboratory samples, 
and then calculated as metric tons/ ha. Data collections began on 
January I, 1972, and ended on September 30, 1978. 

Table 1. Water quality and vegetative cover on burned (B) and burned and seeded (S) watersheds’. 

Turbidity Turbidity Cover 
Year after (ppm) (J.U.)Z Hardness3 PH (%) 
treatment B S B S B s B S B S 

0 I.1 1.0 I2 12 25 
I 3.7*5 3.7* 162* 72* 95* 
2 3.1* 1.4 147* 27* 78* 
3 2.1* 0. I 48* 8 70* 
4 l.8* 0.3 36* 10 50* 
5 0.6 - 23 - 32 
6 0.5 - 22 - 20 

‘Each water quality figure is based on 18 to 31 values (combined from two replicates). 
2Jackson Units (Rainwater and Thatcher 1960). 
JMg/ liter of Ca X 2.497 plus mg/ liter of Mg X 4.116. 
‘Figures are associated with drought years. 
5*Values differ from controls at 0. IO level of probability. 

25 7.1 7.1 71 78 
92* 7.7* 7.3 56* 70 
39 7.7* 7.0 64 70 
21 7.3 7.1 67 694 
24 7.1 7.0 72 694 - 7.2 - 644 - 
- 7. I - 594 
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Water samples were analyzed for calcium, magnesium, sodium, 
turdibity, hardness, and pH. Calcium and sodium were determined 
as mg/l on a flame photometer. Calcium plus magnesium (mg/l) 
was determined by the official methods of analysis (Association of 
Official Analytical Chemists 1970, p. 671). Then mg/l of magne- 
sium was determined by subtracting mg/ 1 of calcium from mg/ I of 
calcium + magnesium. Using these data, water hardness was calcu- 
lated from the following formula: mg/ I of Ca X 2.497 plus mg/ I of 
Mg X 4. I 16. Turbidity was measured in ppm and in Jackson units 
(Rainwater and Thatcher 1960) on a scale of 0 to 400 using a 
UV-Vis spectrophotometer. A reading of 0 would be obtained 
using distilled water with 100% transmittance, whereasa reading of 
400 would be for very turbid water with almost no transmittance of 
light. pH was determined with a Sargent-Selch model LSX pH 
meter. 

Sediment samples were oven dried for 24 hr at 100°C and 
analyzed for organic matter, nitrogen, phosphorus, and potas- 
sium. Organic matter was determined using the potassium dich- 
romate method. Phosphorus and potassium were read on a 
photoelectric colormeter using quinaldine red indicator for potas- 
sium. Parts per million of nitrogen were determined by a standard 
formula: (percentage organic matter/2) X 1,000. This formula 
assumes an organic matter to nitrogen ratio of 20: I (Buckman and 
Brady 1961). 

Cover (live vegetation plus litter), rock and bare soil were deter- 
mined by a vertical ocular estimate using fifty 1/4-m* plots on each 
watershed. These data were taken before treatment and were con- 
tinued after the spring and fall growing seasons each year. 

Data were analyzed using several methods. Cover data of paired 
watersheds were compared using the standard t-test for independ- 
ent samples (Snedecor and Cochran 1967). Soil losses and runoff 
were considered significant if they exceeded maximum annual 
losses from untreated watersheds during the period of January I, 
1972, to January I, 1977. 

Results and Discussion 

Rapid soil loss rates (more than 1.6 metric tons/ ha/year) follow- 
ing prescribed burning on seeded steep slopes (W.S. 9 and I I in 
Fig. 1) slowed significantly in 3 months, although it took 6 months 
for these soil loss rates to reach pretreatment levels (range 0.01 to 
0.06 metric tons/ha/year). Without seeding (W.S. IO and 12), it 
took 15 to 18 months for soil loss rates to slow significantly and 33 
to 42 months to reach pretreatment levels (Fig. I). 

Stabilized soil loss rates were generally associated with cover 
that ranged from 64 to 72% (Table 1) during the average to “wet” 
years (i.e. late summer of 1974 and spring and summer of 1976 in 

20 

18 I 

DATE 

Fig. 1. Accumulative loss of soil from steep slopes (average 45%) on (I) 
burned and (2) burned and seeded watersheds. AN watersheds have been 
monitored since January 1. 1972, but only traces of sediment were lost 
before treatment. 

Table 2. precipitation and storm data from April 1,1972, to September 30, 
1978, on Beckham Ranch in central Texas. 

Date 

41 I - 9/30/72 
IO/ l/72-3/31/73 
4/l-9/30/73 
IO/ l/73-3/31/74 
4/ l-9/30/ 74 
10/l/74-3/31/75 
4/l-9/30/75 
10/1/75-3131176 
4/l-9/30/76 
10/l/76-3/31/77 
4/1-9/30/77 
lO/1/77-3/31/78 
4/l-9/30/78 

TOtal Centimeters 
PPt. of 
(cm) high intensity’ 

33.0 5.1 
35.3 II.7 
32.5 6.1 
21.3 4.3 
55.4 14.2 
34.3 15.0 
33.8 7.9 
17.0 3.6 
47.5 19.8 
30.2 12.7 
29.5 15.7 
15.0 2.5 
38.1 17.8 

Maximum intensity 
Cm/ hr Amount (cm) 

3.8 1.9 
6.4 2.4 
4.3 4.3 
2.8 2.0 
6.1 2.0 
3.3 2.0 
6.1 3.0 
2.0 1.9 
3.6 6.9 
3.3 3.3 
5.1 2.5 
I .o 2.4 
3.8 2.5 

‘Centimeters of rainfall from storms withatleast 1.5cmthat fellwithan intensityofat 
least I .3 cm/ hr. 

Table 2). During “dry” cycles (i.e. winter and spring of 1974 and 
1978). cover values of 53 to 60% were adequate to hold soil losses at 
pretreatment levels. Following the rapid soil loss rate periods, 
there was no significant change in cover (Table 1) of watersheds as 
the soil loss rates were gradually reduced to pretreatment levels 
(Fig. I). The slight, but significant soil loss during the latter half of 
the recovery period implies that factors other than cover were 
involved for the burned watersheds to become as stable as the 
untreated watersheds. 

Most sediment from unseeded watersheds (W.S. 10 and 12) 
came from loose piles of soil on bare areas following the burning of 
dozed juniper. Seeding these pile areas on watersheds 9 and I1 
slowed the rate of soil loss, although soil movement from the 
burned pile areas to the draws within the watersheds was apparent. 
Seed germinated rapidly, however, and stabilized much of the soil 
in the draws before it could leave the watersheds. There was no 
noticeable gully erosion because the gullies were well-covered with 
native perennial grasses. 

Losses of N, P, K, and organic matter (O.M.) were less than 0.6% 
for N and 0. M. and less than 2% for P and K from the upper I5 cm 
of the soil mantle losses as accumulated sediment. Seeding reduced 
nutrient losses 60 to 91% in accumulated sediment (Table 3). 
Phosphorus was the element most susceptible to loss. 

Overland flow increased from a range of 0.036 to 0.183 surface 
centimeter/year on untreated watersheds to about 2.5 cm per year 
during the first year after burning on watersheds 10 and 12 (Fig. 2). 
Thereafter, overland flow continued to be moderately higher (I .2 

IO 

’ 8. 
-z _-. W.S. 12 

DATE 
Fig. 2. Accumulative runofffrom steep slopes (average 45%)on (I) burned 

and (2) burned and seeded watersheds. 
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Table 3. Nutrient and organic matter losses (kg/ha) 
following burning or burning and seeding.1 

due to erosion of soil 

Element 

Treatment N P K O.M. 

Burned 
Rep I 24.82 0.86 1.02 379.8 
Rep 2 33.3 0.83 1.15 714.9 

Burned and Seeded 
Rep I 2.8 0.1 I 0.06 57.2 
Rep 2 7.7 0.17 0.26 154.5 

‘No nutrient losses on untreated watersheds exceeded 0.037 kg/ ha over a Syear period 
and organic matter losses did not exceed 0.76 kg/ha. 

?Each of these figures represent total nutrient losses in accumulated sediment until soil 

losses were comparable to pretreatment levels. Time for each watershed to become 
completely stabilized varied from 6 to 42 months, depending on treatment and 
weather after treatment. 

to 2.0 cm/year) than control watersheds for I .5 to 3 years, depend- 
ing on quantity of precipitation (Table 2). Stability (runoff rates 
measured on unburned watersheds-O.036 to 0.183 surface cen- 
timeters/year), however, was not reached until 4 to 5 years after 
burning on unseeded watersheds. Burned and seeded watersheds 
(W.S. 9 and I 1) stabilized in 1 to 2 years, depending on the weather 
patterns that followed (Fig. 2). 

Quality of water (turbidity, hardness, and pH) also improved on 
burns when seeding followed burning (Table I). Turbidity and 
total hardness reached pretreatment levels in 4 years on unseeded 
watersheds and in 2 years on seeded watersheds. However, burning 
did not affect water hardness seriously. Average total hardness was 
never above 95 and it was below 60 after 3 years on unseeded 
watersheds and 1 year on seeded watersheds. Thus burning caused 
the runoff water to be moderately hard for a short period of time, 
but if followed by seeding, it was soft (<60) within a year. Sodium 
concentrations varied from 0.2 to 6.3 mg/l but were usually less 
than 1.0 mg/l in runoff water from these limestone-derived soils 
(Wright et al. 1976). 

pH of runoff water from burned and seeded watersheds rose as 
high as 7.6 during the first 6 months after treatment, but was 
comparable to untreated watersheds thereafter (Table I). On 
unseeded watersheds, pH did not drop to preburn levels until 2 
years after the burning treatments. 

Management Implications 
Seeding of steep slopes (37 to 61%) after prescribed burning in 

mixed brush and grass communities will reduce the major impacts 
of prescribed burning to 3 months compared to 15 to 18 months for 
unseeded watersheds. However, it took 6 months for soil loss rates 
to reach pretreatment levels on burned and seeded watersheds and 
33 to 42 months to reach pretreatment levels on burned and 
unseeded watersheds. Nevertheless, seeding of hot spots after 
burning reduced total soil losses 78 to 93% on the burned and 
seeded watersheds. Stability of soil loss rates on steep slopes was 
generally related to cover (live vegetation plus litter) that ranged 
from 64 to 72% during wet years (average or better than average 
precipitation) and 53 to 60% during dry years (below average 
precipitation). 

Thus, when steep slopes are tree-dozed, they should be seeded 
after burning to minimize soil loss and to reach the desired plant 
cover within 1 year. As a management alternative, steep slopes 
might be left alone and used for wildlife cover to preserve the 
watershed values of the range. Burning will not seriously affect 
water quality, although seeding after a burn will return water 
quality to preburn levels within 2 years instead of the usual 4 years. 
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Vegetative Response to Prescribed Fire in a 
North Florida Flatwoods Forest 
WILLIAM H. MOORE, BENEE F. SWINDEL, AND W. STEPHEN TERRY 

Abstract 

Selected naturally regenerated flatwoods forests were burned in 
preparing a large, long-term study of the effects of several multiple 
use management practices on forest vegetation and wildlife. Early 
effects of burning on understory vegetation are reported here. Fire 
reduced woody understory coverage (from 72 to 66% of surface 
area), and increased herbaceous species frequency (from 60 to 
81%) and herbaceous standing biomass (from 124 to 245 kg/ha). 
Graphical analyses show an increase in herbaceous species diver- 
sity as a result of burning. 

soil was moist, air temperature cool, relative humidity high, and 
wind light and steady. The results were extensive dieback of many 
shrubs, but shrub consumption by flames was far from complete. 

In September and October of 1976, six l-ha plots randomly 
dispersed over the experimental area were selected for subsequent 
burning and the understory vegetation on these plots was surveyed. 
Three 30-m line transects were randomly located in each plot and 
monumented so they could be relocated. 

Successful production of wood, cattle, and wildlife in the south- 
ern pinelands depends on methods of managing both overstory 
and understory simultaneously to increase multiple product yields 
while avoiding environmental and ecological degradation. In 1976 
a large study was begun to examine various effects of an array of 
forest management practices on wildlife, wildlife habitat, and her- 
bage production. Portions of the study areas have only been 
burned. Reported here is an early assessment of the effects fire 
produced on the understory vegetation. Our objective is to show in 
a simple but compelling way certain beneficial effects of prescribed 
fire in a forest ecosystem. 

Coverage of all woody vegetation less than 1.5 m aboveground 
was determined by measuring to the nearest centimeter the portion 
of each transect covered by crowns of each woody species. In those 
spaces where woody plants did not cover the transect, measure- 

Table 1. Canopy coverage (%) below 1.5 m of woody phnts on line 
transects following prescribed fires in February 1976 and in February 
1978. 

Species 1976 1978 

Study Area and Methods 
The 73-ha experimental area is on the University of Florida’s 

Austin Cary Memorial Forest near Gainesville, Alachua County, 
Fla. When this study began the area was occupied by a SO-year old 
mixed stand of slash and longleaf pine averaging 20.7 m* of basal 
area per ha. (This overstory was apparently not altered by the fires 
described in this paper.) Soils on about 70% of the experimental 
area are mainly a sandy, siliceous, hyperthermic Ultic haplaquod 
of the Pomona series. These soils are acid sands that contain an 
organic stain layer between 4 1 and 6 1 cm, and a clay layer at about 
109 cm. Basinger fine sand (a siliceous, hyperthermic Spodicpsam- 
maquent), which occurs at slightly lower elevations, occupies 
about 15%. Sparr sand (a loamy, siliceous, hyperthermic Grossa- 
renic paleudult) and Adamsville sand (a hyperthermic, uncoated 
Aqiric quartzipsamment) occur at slightly higher elevations and 
occupy most of the remaining 15% of the area. 

< 0.05 
0.6 

< 0.05 
0.2** 
0.2 

The entire experimental area was prescribe-burned during the 
winter of 1975-76. Prior to that, the forest had been protected from 
fire and other disturbances for many years, and consequently the 
understory was dominated by shrubs, mainly saw-palmetto and 
common gallberry. Bracken fern was plentiful and pineland 
threeawn was common in open spaces. Other herbaceous species 
were scarce and hard to find. 

0.2 
< 0.05 

6.1** 
1.3** 

11.1** 
0. I 
0.5 
1.5** 
1.0 
8.7** 
0.0 

< 0.05 
< 0.05 
< 0.05 

22.0** 
1.1 
0.1 
2.P 
4.6 

Burning was designed to consume as much surface litter and 
understory biomass as possible with minimum damage to over- 
story vegetation. The objectives were to improve light penetrations 
and to expose seeds of desirable plants to mineral soil. Burning 
took place during February, two or three days after a rain while the 

Trees 
Red maple (Acer rubrum) 0.4 
Sweetgum (Liquidambar styraciflua) 0.9 
Red bay (Persea borbonia) < 0.05 
Bluejack oak (Quercus incana) 0.9 
Water oak (Q. nigra) 0.2 

Shrubs 
Dwarf paw paw (Asimina parvifolia) 0.4 
Gopherapple (Chrysobalanus oblongifolius) 0. I 
Dwarf huckleberry (Gaylussacia dumosa) 3.9 
Large gallberry (Ilex coriacea) 0.0 
Common gallberry (I. glabra) 14.7 
Virginia-willow (Itea virginica) 0.4 
Wicky (Kalmia hirsuta) 0.7 
Lyonia (Lyonia spp.) 2.2 
Southern waxmyrtle (Myrica cerifera) 0.8 
Running oak (Quercus pumila) 6. I 
Piedmont azalea (Rhododendron canescens) 0.3 
Shining sumac (Rhus copallina) < 0.05 
Smooth sumac (R. glabra) 0.1 
Poison sumac (R. vernix) 0. I 
Saw-palmetto (Serenoa repens) 27.5 
Red chokeberry (Sorbus arbutifolia) 0.6 
Queensdelight (Stillingia sylvatica) < 0.05 
Blueberry (Vaccinium spp.) 2.0 
Ground blueberry (V. myrsinites) 5.0 

Vines 
Yellow jessamine (Gelsemium sempervirens) 1.2 
Japanese honeysuckle (Lonicera japonica) 0.0 
Blackberry (Rubus spp.) 1.1 
Earleaf greenbrier (Smilax auriculata) 0.5 
Laurel greenbrier (S. laurvolia) 0.0 
Muscadine grape (Vitis rotundifolia) 2.4 

0.9 
0.5 
0.9 
0.4 

< 0.05 
1.7 

Authors are research wildlife biologist (retired) and research forester, Southeastern 
Forest Exp. Sta., U.S. Forest Serv. and range research biologist, School of Forest 
Resources and Conservation, Univ. of Florida, Gainesville 3261 I. 

*implies change is significant at 5% level. 
**implies change is significant at 1% level. 
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ments of surface litter coverage were recorded. To determine her- 
baceous composition each transect was divided into 100 30-cm 
segments. In each segment, any particular herbaceous species was 
tallied as present if any living part of a plant of that species 
intercepted a vertical projection of the transect segment between 
ground level and 1.5 m. Otherwise, the species was recorded as 
absent. Percentages of segments occupied by each species on each 
transect measure herbaceous species frequencies (Brown 1954). 
Herbage standing biomass was determined by clipping two I-m2 
subplots adjacent to each of the 18 transects. Clipped biomass was 
sorted by species, dried, and weighed to determine dry weights in 
kg/ ha for each herbaceous species encountered. 

Subsequent to the second survey, the six l-ha plots were again 
burned by prescription, as described above, during the winter of 
1977-78. In September and October of 1978 vegetation was resur- 
veyed exactly as in 1976 except that biomass plots were moved to 
avoid any residual biases due to previous clipping. 

The resulting observations were treated as six replications of a 
single treatment (1978 data) versus a control (1976 data) and 
subjected to paired t tests (Ostle 1963) to determine which species 
responded significantly to burning. All changes mentioned in the 
text were significant at the 1% level (P<O.Ol) unless indicated 
otherwise. 

Results 

Changes in Woody Plant Coverage 
The 1977-78 burn, apparently more intense than the previous 

one, reduced total woody understory coverage (Table I). Litter 
coverage was reduced from 17.7% to 8.7%. Coverage of the most 
abundant shrubs (saw-palmetto and common gallberry) was 
reduced. Of the other important shrubs, cover of dwarf huckle- 
berry and running oak increased and ground blueberry was 
unchanged. 

Changes in Herbaceous Species Frequencies 
With the reductions in woody cover and surface litter, herbace- 

ous vegetation frequencies increased (Table 2). Frequencies within 
the most important forage class, namely grasses, generally 
increased. Pineland threeawn frequency increased from 1 I.0 to 
17.8%. Grasses of greater importance to wildlife and cattle (Andro- 

pogon, Panicum, Paspalum) did not significantly increase. Ferns 
(predominantly bracken fern-the single most abundant herbace- 
ous species) apparently increased (P<O.O5) after burning. Forbs 
were common and exhibited varied response to burning. For 
example, grassleaf goldaster remained unchanged while the asters 
were diminished. On the other hand, legumes (among the most 
important wildlife foods) and Eupatorium increased. Grasslikes 
(see Table 2) were few and their response seems relatively 
unimportant. 

Changes in Herbage Biomass 
Biomass sampling revealed few significant weight changes due to 

burning (Table 2). Most significant was the response of pineland 
threeawn which increased from 9 to 32 kg/ ha. Few other differen- 
ces were established beyond doubt (although the second burn may 
have doubled herbage production) indicating that biomass sam- 
pling intensity was inadequate. 

Discussion 
It is important to consider the total floral response to various 

forest and range management practices. Forest management (espe- 
cially in the slash pine ecosystem) has been subjected to the criti- 
cism that it too often tends to produce a pine monoculture which 
excludes other plant species on lands planted to pines. Burning, as 
a specific practice, is not often so criticized. Indeed, fire is widely 
recognized as a tool for preserving floral diversity, for it discrimi- 
nates against overabundant woody species that may dominate sites 
when fire is excluded. Thus, prescribed burning can encourage the 
reinvasion of various herbaceous species (many of them beneficial 
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Fig. 1. Coverage of woody species below 1.5 meters before and after second 
prescribedfire. (Plotted straight line delineates no change. Open circles 
indicate responses of single species; shaded circles, more than one spe- 
cies. Named species responded signtficantly (KO.01) to burning.) 

to wildlife and cattle) if seed sources are available (White 1975). It 
is instructive to examine the response to prescribed fire detailed in 
previous sections with these considerations in mind. 

Coverage of woody species in the understory before and after the 
1977-78 winter burn are depicted in Figure. I. Coverage before 
burning is plotted (on a logarithmic scale) along the abscissa, 
coverage after burning in a similar way along the ordinate of the 
graph. Thus, it appears from the graph that common gallberry 
covered about 15% of the transects before burning, and I 1% 
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Fig. 2. Frequency of herbaceous vegetation before and after secondpres- 
cribed fire. (Plotted straight line deliniates no change. Open circles 
indicate responses of single species: shaded circles, more than one spe- 
cies. Named species responded significantly (X0.01) to burning.) 
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Tabk 2. Frequency of occurrence of herhzcwta phnts on line transects following prescribed f&es in February 1976 and February 1978, and corresponding 
standing biomass on clipped subplots. 

Species 
Frequency (%) Biomass (kg/ ha) 

I976 1978 1976 1978 
Grasses 

Perennial goobergrass (Amph&rpum mu&j_ 
bergianum) 
Chalky bluestem (Andropogon capilhpes) 
Creeping bluestem (A. stolonifer) 
Fineleaf bluestem (A. subtenuis) 
Splitbeard bluestem (A. ternarius) 
Broomsedge bluestem (A. virginicus) 
Green silkyscale (Anthaenantia villosa) 
Arrowfeather threeawn (Aristida purpurascens) 
Bottlebrush threeawn (A. spicformis) 
Pineland threeawn (A. strictu) 
Toothachegrass (Ctenium aromaticum) 
Shaggy fingergrass (Digitaria villosa) 
Lovegrass (Eragrostis spp.) 
Panicum (Panicurn spp.) 
Beaked panicum (P. anceps) 
Creeping panicum (P. dichotomum) 
Maidencane (P. hemitomon) 
Warty panicum (P. verrucosum) 
Barestem paspalum (Paspalum longepedun- 

culatum) 
Knotroot bristlegrass (Setaria geniculata) 
Lopside indiangrass (Sorghastrum secundum) 
Curtiss dropseed (Sporobolus curtissii) 

Grasslikes 
Flatsedge (Cyperus spp.) 
Maidenhair spikesedge (Eleocharis vivipara) 
Common rush (Juncus effusus) 
Beakrush (Rhynchosporu spp.) 
Razorsedge (Scleriu spp.) 

Ferns 
Cinnamon fern (Osmunda cinnamomea) 
Bracken fern (Pteridium aquilinum) 

Forbs 
Stargrass (Aletris spp.) 
Aster (Aster spp.) 
Yellow balduina (Balduina untjlora) 

TShowy partridgepea (Cassia fasciculata) 
tCoasta1 butterflypea (Centrosema virginianum) 
iShowy crotalaria (Crotalaria spectabilis) 
TBeggarweed (Desmodium spp.) 

Virginia buttonweed (Diodia virginiana) 
Elephantfoot (Elephantopus tomentosus) 
Eryngo (Eryngium aromaticurn) 
Button snakeroot (E. yuccfolium) 
Eupatorium (Eupatorium spp.) 
White eupatorium (E. album) 
Dogfennel eupatorium (E. capill~olium) 
Spurge (Euphorbia spp.) 

tDowny milkpea (Galactia volubilis) 
Grassleaf goldaster (Heterotheca graminfilia) 
St. Johnswort (Hypericum spp.) 
Pinweed (Lecheu spp.) 
Gayfeather (Liatris garberi) 
Blackroot (Pterocaulon pycnostachyum) 
Meadowbeauty (Rhexia spp.) 

TCatclaw sensitivebriar (Schrankia microphylla) 
Goldenrod (Soidiago spp.) 
Shoe-buttons (Sygonanthusflavidulus) 

TBrownhair tephrosia (Tephrosia spicata) 
Stinging nettle (Urtica chamaedryoides) 
Wood violet (Viola triloba) 
Yelloweyedgrass (Xyris ambigua) 

0.0 0.1 0 1 
1.2 2.4 5 < 0.5 
2.2 2.4 2 8 
0.0 0.1 0 0 
0.0 0.7** 0 0 
2.9 2.8 10 7 
0.1 0.0 0 0 
0.0 0. I 0 < 0.5 
0.4 0.2 I < 0.5 

Il.0 l7.8** 9 32** 
0.3 0.5 1 < 0.5 
0.0 0.1 0 0 
0.0 0.1 0 0 
2.7 3.5 5 4 
0.3 0.5 1 18 
0.0 0.1 0 0 
0.1 0.1 0 0 
0.0 0.1 0 0 

0.6 0.7 0 0 
0.0 0.2 0 < 0.5 
0.3 0.2 0 < 0.5 
0.4 0.8 I 4 

0.2 0.4 0 0 
0.0 1.2* 0 < 0.5 
0.0 0. I 0 1 
0.0 1.0** 0 3 
1.9 2.3 I 1 

0.7 0.9 0 8 
16.7 20.6* 59 105 

0.0 
4.3 
0.0 
1.1 
0. I 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.1 
5.1 
0.9 
0.0 
0.0 
0.0 
1.1 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.1 

0.1 0 0 
1.0** 6 0** 
0.1 0 0 
2.9, 3 19 
0.0 0 0 
0.1 0 1 
0.0 0 0 
0.3* 0 0 
0.3* 0 0 
0.4 0 0 
0.2 0 0 
0.5 0 0 
I .9** 0 4 
0.1 0 0 
0.7 0 1 
1.0** <0.5 1 
5.8 17 12 
1.2 0 1 
0.1 0 0 
0.1 0 0 
0.9** 0 6* 
0.7 1 2 
0. I 0 0 
0. I 0 0 
0.2 0 0 
0.4 0 < 0.5 
0.1 0 1 
0.2 0 0 
0.0 1 0 

TLegumes (all FABACEAE) 
*Implies change is significant at 5% level. 

**Implies change is significant at 1% level. 

1.9 4.5* 
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afterwards (cJ Table 1). The straight line at 45” is not a fitted 
regression line, but simply the line of exactly no change. Species 
that diminish after burning plot below the line, those that increase 
plot above it. Only those species that changed significantly 
(X0.0 1) are named. Examining the entire graph for the collective 
response of the community, the apparent affect of fire is slight, but 
discernable, reduction in the coverage of woody understory plants. 
It is interesting from an ecological viewpoint that the reduction is 
relatively no more severe in relatively rare species than in relatively 
common ones. Indeed, examination of the two axes of the graph 
show that three species (including large gallberry) appeared on the 
transects only after burning compared to one species that appeared 
only before burning. Thus, there were 32 species of woody plants 
observed in the understory covering the transects after burning 
compared to 30 species observed before (c$ Table 1). 

Frequency responses of the herbaceous understory are plotted in 
an analogous way in Figure 2. Thus, it appears from that graph 
that frequency of pineland threeawn increased from about 11% 
prior to burning to about 18% afterwards (cf Table 2). From this 
graph the response of the herbaceous understory is just opposite 
that of the woody understory and somewhat more pronounced. 
The clearly dominant tendency is that herbaceous plants increase 
in numbers whether they be relatively rare or common prior to 
burning. And substantial numbers of herbaceous species appear 
only after burning. Thus, 18 species of grasses were observed on the 
transects before burning, 25 afterwards. Fourteen species of forbs 
were observed before burning, 29 species afterwards. In all, 37 
herbaceous species were identified on the transects before burning, 

.61 species afterwards. Only aster among herbaceous species was 
significantly reduced. 

Finally, herbaceous biomass is plotted in an analogous way in 
Figure 3. Recall that the destructive sampling employed required 
that biomass harvesting be performed on distinct subplots during 
resurvey. The resulting greater variation in the two observations is 
expressed in greater scatter and in the fact that only pineland 
threeawn and aster are deemed to be significantly changed. Still, 
the dominant trend of herbaceous species, whether rare or com- 
mon before burning, is to increase in weight after burning. 

Conclusions 

Evidence in this study indicates that prescribed fire in flatwoods 
forests of north Florida diminishes overabundant woody under- 
story cover. The diminution is relatively uniform over the spectrum 
from rare to common species. There is no evidence in our data that 
burning actually reduces the total number of woody species in the 
understory. 

0 
0 v; Aster 

1 I III- I IIII II 
0 I 2 3 4 5 IO 15 20 2530 40 50 

Standing biomass before burnmg ( kg/ha ) 

Fig. 3. Herbaceous standing biomass before and after second prescribed 
fire. (Plotted straight line deliniates no change. Open circles indicate 
responses of single species; shaded circles, more than one 
species responded significantly (KO.01 to burning.) 

species. 

The response of the herbaceous understory is just the converse 
and more pronounced. Burning tends to increase both frequency 
and weights of herbaceous species, including those that were pre- 
viously rare. Thus, total number of understory species and under- 
story species diversity are apparently increased by prescribed fire. 
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Fire, Lichens, and Caribou 
DAVID R. KLEIN 

Abstract 

Continental populations of caribou (Rangifer tarandus) usually 
winter in the northern taiga. Fire is a natural feature of the ecology 
of the taiga but its effect on the winter range of caribou has been the 
subject of conflicting reports in the literature. Lichens, which are 
an important component of the diet of caribou in winter, are 
associated with late successional stages in the post fire sequence; 
therefore their loss when old growth forests burn has been consi- 
dered detrimental to caribou. On the other hand, several authors 
have suggested that lichens are not essential for caribou in winter 
and therefore their loss through forest fires does not seriously 
affect caribou. Recent nutritional investigations with reindeer and 
caribou have demonstrated the importance of lichens in their 
winter diet. Botanical studies have shown that fires are essential for 
the long-term productivity of the boreai forest and they account for 
much of the habitat diversity that characterizes caribou winter 
range. Extremely old forest stands show reduced lichen productiv- 
ity. I conclude that, when viewed on a short-term basis of 50 years 
or less, fire may destroy lichens and other forage, thus reducing the 
taiga’s potential to support caribou. Over long-time periods, often 
of a century or more, fire appears essential for maintaining ecologi- 
cal diversity and forage production for caribou. 

Fire is a natural feature of the ecology of the taiga, a fact well 
documented in Scandinavia (Zackrisson 1977), the Soviet Union 
(Andreev 1977), and North America (Viereck 1973, Johnson and 
Rowe 1975, Kelsall et al. 1977). “Taiga” refers to the northern 
coniferous forest areas of Eurasia and North America and is 
synonomous in North America with the term “boreal forests.” 
Only in Scandinavia has fire control technology been sufficiently 
effective to eliminate fire as an ecological agent in the taiga. In 
much of North America, increased government commitments to 
fire control now offer the potential to control the ecological influ- 
ence of fire. 

Caribou in North America and wild reindeer in Eurasia (both 
Rangifer tarandus) characteristically summer in alpine or arctic 
tundra areas and winter in adjacent forested areas or in the north- 
ern fringes of the taiga (Fig. l), although variations from this 
pattern are found in the High Arctic and at the southern extremi- 
ties of their distribution. Winter forage of caribou and reindeer in 
the taiga is usually composed of a high proportion of lichens, often 
dominated by species characteristic of old growth forest stands. 
From the earliest investigations of caribou and reindeer, biologists 
have consistently referred to the possible consequences of fire in 
caribou and reindeer ecology (Palmer 1926, Murie 1935, Govoruk- 
hin and Rabotnov 1937). Most of these authors have stressed the 
apparent destruction of lichen stands by fire and the long periods 
of time required for their regeneration. Inherent in the conclusion 
that fires are detrimental to caribou and reindeer range is the 
assumption that these animals are dependent upon lichens as 
winter forage. Several authors have suggested that declines in some 
caribou populations were the result of fires on their winter range 

Author is Unit Leader, Alaska Cooperative Wildlife Research Unit, University of 
Alaska, Fairbanks 9970 I. The Alaska Cooperative Wildlife Research Unit is jointly 
sponsored by the Alaska Department of Fish and Game, the U.S. Fish and Wildlife 
Service, the University of Alaska, and the Wildlife Management Institute. This topic 
was first presented by the author as a discussion paper at a workshop on wildlife and 
wild tire in Whitehorse, Yukon Territory in November, 1979 and this paper benefits 
from the response of the workshop participants. 

Manuscript received December 16, 1980. 

390 

(Palmer and Rouse 1945, Leopold and Darling 1953, Edwards 
1954, Kelsall 1957, Scatter 1967). These views have contributed to 
efforts to control forest fires in Canada and Alaska especially in the 
1960’s and 1970’s with the greater availability of government servi- 
ces. The increased fire control has aso been based on the long- 
standing rationale that forest fires destroy valuable timber and 
threaten human settlements and property. In northern regions the 
destruction of furbearer habitat and associated trap lines is an 
additional effect of fire. 

More recently, the general assumption that forest fires in north- 
ern ecosystems are largely destructive to the interests of mankind 
has been challenged. Several authors have pointed to the role of 
fire in the ecology of northern forests, emphasizing the importance 
of fire in recycling nutrients and in maintaining vegetative produc- 
tivity (Scatter 1972, Viereck 1973, Johnson and Rowe 1975, Kelsall 
et al. 1977, Johnson 198 1). Others have stressed the importance of 
fire in creating habitat for moose, snowshoe hares, and other 
wildlife dependent on early seral vegetation (Edwards 1954, 
Spencer and Hakala 1964, Grange 1965, Rowe and Scatter 1973). 
The case against indiscriminate fire control in the taiga has been 
strongly supported, especially in light of the increased acceptance 
of fire as a natural force in northern ecosystems and as a factor in 
the evolution of northern plant and animal species. 

Fire and Caribou 

Bergerud (1974) and Miller (1976) have both criticized what they 
consider to be overemphasis in the literature on the assumed 
detrimental impacts of fire on caribou range, stressing the long 
ecological association between caribou and fire. They imply that 
since caribou evolved with fire and are successful occupants of the 
taiga, they must have developed a compatibility or even a benefi- 
cial relationship with fire. They also cite recent botanical studies 
that show that periodic fire recycles soil nutrients, increases plant 
productivity, and maintains ecosystem diversity. The increased 
plant productivity as a result of the release of nutrients to the soil 
would be restricted to rooted vascular plants and not lichens. Even 
lichens, which are characteristic of later stages of forest succession, 
may decrease in productivity and abundance if fire is excluded 
from forests for 200 years or more (Skuncke 1969). 

Several authors have attempted to test the hypothesis that forest 
fire is detrimental to caribou by looking for a correlation between 
caribou population declines and the extent and sequence of fires on 
winter range. Miller (1976) and Johnson and Rowe (1975) found 
no correlation between forest fires and declines in the Kaminuriak 
and Beverley herds, and Scatter (1967) found no causal relation- 
ship between fires on winter range in northern Canada and the 
decline of caribou numbers throughout northern Canada during 
the 1950’s. These findings are perhaps not surprising in view of the 
fact that forest fires in the taiga are a natural feature of the ecology; 
most of the land area burned within the taiga annually is the result 
of lightning (Barney 1971, Johnson 1979). Although certain areas 
are more prone to lightning fires, there may also be short-term 
variations in conditions favoring lightning fires, but over long 
periods the average area burned annually apparently has remained 
relatively constant. Bergerud (1974) also challenged and rejected 
the hypothesis that the decline of caribou in North America around 
the turn of the last century was related to the frequency or extent of 
forest fires. His reasoning was based on the assumptions that (1) 
caribou have catholic winter food habits which minimizes their 
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dependence on lichens, (2) lichens are poor winter forage at best, 
and (3) food supply has not been a factor influencing herd produc- 
tivity among caribou in North America. He did note, however, that 
in southern caribou range predators had increased in disturbed 
forest areas. 

Major obstacles to these efforts at ecosystem-level hypothesis 
testing have been the lack of accurate records of the frequency and 
extent of forest fires and of numbers of caribou in historical times 
and, more basically in my opinion, the untestability of the pro- 
posed hypotheses. Caribou populations in North America are 
under the influence of numerous environmental factors in addition 
to fire, including among others, predators, human harvest, winter 
snow conditions, parasites, and diseases. Unfortunately, the 
knowledge of the relative influence of each of these factors on any 
single caribou herd is sketchy at best. The influence of any one 
factor on a population potentially influenced by all of them cannot 
readily be isolated and accurately estimated, especially when the 
basis for this analysis is subjective accounts of caribou numbers 
and environmental conditions gleaned from the historical litera- 
ture. Determination of the relative influence of environmental 
variables on caribou populations is rendered even more complex 
by the fact that the influence of each variable is not constant 
through time. For example, if food is limiting to any popluation it 
would only be expected to be operative at high population levels. 
The decline of the Nelchina Herd in central Alaska to about 12,000 
was thought by Pegau (1975) to be at least partly related to the 
documented deterioration of the winter lichen range as the popula- 
tion approached a peak of over 60,000. The Western Arctic Herd in 
northwestern Alaska also showed symptoms of food limitation 
when it reached a peak of over 240,000 in 1970, before its decline to 
approximately 75,000 in 1976. In addition to poor over-winter calf 
survival coinciding with the high density, there was also a high 
frequency of lame animals, still births, and retained placentas 
among caribou on the calving grounds that were believed to be 
associated with brucellosis, which in turn is favored by poor nutri- 
tion (Doerr 1979). In both of these herds the drastic reduction was 
accelerated by heavy hunter harvest and most likely high levels of 
predation. 

Patterns of range use by the Western Arctic Herd also point to 
the importance of lichens in their winter diet. In some years por- 
tions of the Western Artic Herd remain on the tundra coastal plain 
north of the Brooks Mountain Range throughout winter where 
lichens are poorly represented in the flora. This behavior, also 
observed among caribou of other large herds, has been cited as 
evidence that caribou do not require lichens during winter. How- 
ever, recent observations by Davis et al. (1980) of high incidence of 
calf morbidity among caribou wintering on the coastal plain sug- 
gest that these animals are under greater nutritional stress than 
caribou on the traditional wintering grounds. 

The hypothesis that food is the primary factor limiting most 
caribou populations in North America cannot be rejected, as Ber- 
gerud (1974) has suggested, on the basis of the lack of sufficient 
evidence to the contrary: it merely remains untested. There are, 
however, well-documented examples, in addition to those of rein- 
deer introduced to islands (Klein 1968), of food-limited popula- 
tions of caribou and wild reindeer in Greenland and Norway in the 
absence of predation (Thing 1980, Gaare and Skogland 1980). 

Lichens and Caribou 

The question of the relative value or importance of lichens to 
caribou also requires clarification. This issue has become confused 
by frequent references in the literature to the low forage value of 
lichens, based on their low protein content and the failure of 
animals fed lichens ad libitum in winter to maintain their body 
weight (Kelsall 1968, Jacobsen and Skjenneberg 1975). All north- 
ern cervids studied to date characteristically show a growth plateau 
in winter even when offered a high quality diet, and this corres- 
ponds with the period when plant nutrients required for prolifera- 
tion of body tissues are in short supply (Wood et al. 1962, McEwan 
1970). They also store fat during the summer period of vegetative 
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growth to compensate for the period of low quality and quantity of 
available forage in winter when loss of body weight is a normal 
consequence (Nieminen et al. 1977). Adult males are somewhat of 
an exception as they use much of their stored fat during the rut. 

Holleman et al. (1979) have demonstrated the importance of 
lichens in the winter diet of free-ranging caribou of the Porcupine 
Herd through the use of the fallout radiocesium method. They 
found an average lichen intake rate of 4.9 kg per day (dry weight) 
for an 80 kg caribou in late winter. In studies of lichen intake with 
penned reindeer fed lichens ad libitum, and free-foraging, 
esophageal-fistulated reindeer, these authors found much lower 
lichen intake rates (1.3-2.5 kg per day) which they associated with 
the lower metabolic requirements of the penned or restrained 
reindeer. On the basis of estimated metabolic requirements of 
free-ranging caribou and the experimental reindeer, they conclude 
that although the reindeer were not consuming enough lichens in 
the experiments to meet daily energy requirements and therefore 
would lose weight if continued on these lichen diets, the free- 
ranging caribou were consuming 9.1 Meal/day of lichens*while 
expending an estimated 8.6 Meal/day. On this basis the caribou 
would be in a positive energy balance. 

Citing examples in the literature of free-ranging reindeer fatten- 
ing under optimum winter feeding conditions where lichens were 
abundant (Steen 1966, Westerling 1970) Holleman et al. pointed 
out that, both reindeer and caribou, when feeding heavily on 
lichens, also select for other forage plants high in nitrogen and 
other minerals when they are available. 

Jacobsen and Skjenneberg (1975) in Norway also found that 
reindeer on an ad libitum lichen diet increased their lichen intake if 
supplemental protein and minerals were offered. We have made 
observations of forage selection by caribou in northwestern Alaska 
in early winter which show that although lichens make up a major 
portion of the diet, there is active selection for such “winter-green** 
vascular plants as Hippuris vulgaris, Carex aquatilis, Equisetum 
variegatum, Arctophylla fulva rhizomes, and even the “pushups” 
of submerged aquatic vegetation on the ice of shallow lakes that are 
made by muskrats, which was also observed by Skoog (1968). 
These foods are usually in limited supply and are most frequently 
found along lake margins and in marsh areas. These green compo- 
nents of caribou forage contain much higher concentrations of 
protein and phosphorus than are present in the major lichen forage 
species and they also have high digestibility in contrast to other 
vascular plants that are available but little used (Klein unpub- 
lished). Skoog (1968) reported similar feeding behavior of caribou , 
in Alaska and concluded that caribou were not dependent upon 
lichens in winter. His conclusions, however, were based primarily 
on early winter observations of feeding caribou and rumen samples 
showing relatively high proportions of vascular plants in contrast 
to lichens. Our subsequent observations of caribou feeding selec- 
tivity in Alaska show a shift to greater use of lichens as the winter 
progresses even when vascular plants remain available. This trend 
is also reported in the Soviet literature for wild reindeer (Andreev 
1975). The standard rumen analysis techniques and field examina- 
tion of rumens upon which Skoog relied have been shown to 
greatly underrepresent lichens in the diet (Gaare et al. 1977) and 
this was likely a factor leading to Skoog’s conclusions. 

Caribou appear to “balance” the low protein content in the 
Cladonia and Cetraria species that normally make up the major 
portion of lichens consumed by also including in their diet a 
portion of the nitrogen-fixing lichens of the genera Stereocaulon 
and Peltigera which have relatively high protein content (Klein 
unpublished), even though in feeding trials these forms have a 
lower preference rating (Hollernan and Luick 1977). It seems 
apparent that direct extrapolation from feeding trials with captive 
animals fed exclusively lichens in which weight loss occurred to 
free-ranging caribou in which selective feeding is possible is 
unjustified. 

Lichens, although perhaps inadequate by themselves to allow 
caribou to maintain body weight in winter, are rarely an exclusive 
diet. They are, however, high in digestible carbohydrates mostly in 
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the form of complex starches and are therefore a good source of 
energy. Their relatively high digestibility (5575$&Cameron 
1972, Jacobsen and Skjenneberg 1975, Pearson et al. 1975) is not 
due solely to the nature of the lichens, since they are poorly 
digested by most other herbivores, but is apparently due largely to 
evolutionary adaptation which allows caribou and reindeer to 
digest lichens more efficiently than other ruminants (Nordfeldt et 
al. 1961). A factor which should not be overlooked is that lichens 
constitute the plant biomass in northern ecosystems that enables 
the existence of large herds of both wild and domestic Rangtfer 
throughout most of the circumpolar region. Andreev (1974) has 
pointed out that in the southern portions of Siberia where lichens 
are sparse, reindeer herding becomes an inefficient form of meat 
production; herds of horses are replacing reindeer in these areas for 
the production of meat. According to Andreev, however, reindeer, 
either domestic or wild, are the only ungulates that can make 
efficient use of the lichen ranges in the north. 

Lichens, that are of major importance to caribou and reindeer 
on continental ranges, are often of minor importance in the High 
Arctic or among introduced island populations under maritime 
climatic influence. If the premise is accepted that Rangifer evolved 
to fill a lichen-based northern food niche essentially unoccupied by 
other herbivores, this apparent anomaly raises a perplexing 
question. 

The examples of High Arctic Rangifer populations existing 
without dependence on lichens require close examination. Floral 
diversity is extremely limited in the High Arctic, with the absence 
of many forage species of importance further south. The vascular 
plants that are the primary winter food base for these Rangifer are, 
however, noted for their “winter-green” character and relatively 
high nutritive value (Kiskchinskii 197 1, Klein unpublished). High 
Arctic Rang&v retain a preference for foliose lichens in their 
winter diet, but the climatic and substrate conditions there do not 
favor their growth. Where present, even in small amounts, they are 
utilized but they are not usually a major component of the winter 
diet. 

The food-energetic relationships of High Arctic Rangzjk in the 
absence of lichens are perhaps better understood in the context of 
several conditions that are unique to the High Arctic. Harassment 
by insects is frequently absent or is an infrequent occurrence in the 
High Arctic thus allowing undisturbed feeding by reindeer and 
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caribou during the summer vegetative growth period, an advan- 
tage denied to their more southern relatives. Where predators are 
absent the need for flight is also eliminated, thus allowing the 
accumulation of thick blankets of subcutaneous fat (Parker 1975, 
Ringberg 1979). The absence of both insects and predators also 
minimizes the need for seasonal migration common to continental 
Rangifer. This further conservation of energy also contributes to 
greater efficiency of summer forage utilization. On Svalbard, 
where predators are absent reindeer show reduced gregariousness 
and are relatively inactive during winter which conserves energy 
and reduces forage requirements. 

On oceanic islands, such as the Aleutians and South Georgia, 
introduced reindeer have prospered in the relative absence of 
lichens, but only when vascular plants of high nutritive value were 
available throughout the winter. The maritime climatic influence is 
an important factor in moderating the severity and duration of 
winter conditions on these islands (Klein 1968, Leader-Williams 
1978). On St. Matthew Island, north of the Aleutians and in the 
zone of seasonal sea ice and harsher winter conditions, introduced 
reindeer crashed to extinction following their elimination of 
lichens at the peak of population numbers (Klein 1968). 

The existence of Rangzjk populations that do not depend on 
lichens clearly does not preclude the premise that the evolution of 
Rangy& was in relation to lichens, nor that Rangifer depend on 
lichens under most range conditions. This premise is also sup- 
ported by paleoecological evidence from interior Alaska which 
indicates that caribou, although present, were relatively uncom- 
mon during the late Pleistocene when a grass-sedge steppe pre- 
vailed and the typical graminivores, the bison and horse, 
dominated the large mammalian fauna (Guthrie 1968). 

The assumption that caribou in the taiga can turn to alternative 
food sources in winter when lichen ranges have burned is not 
verified. The quality of most matured and dried sedges, grasses, 
and forbs in winter is normally very low. This is because by the 
onset of winter most of the aboveground growth of these plants has 
senesced and died. Nitrogen and other soluble plant nutrients have, 
for the most part, been retranslocated to the roots and other living 
tissues of the plants. There losses from the aboveground tissue, as 
well as those from leaching, result in the remaining aboveground 
dead material consisting largely of the structural components, 
cellulose, hemicellulose and lignin (Chapin et al. 1975). Lignin is 
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virtually indigestible by ruminants and cellulose and hemicellulose 
are very poorly digested. It is significant, however, that the digesti- 
bility of cellulose and hemicellulose is enhanced if a high propor- 
tion of carbohydrates in a readily digestible form is also present in 
the diet (Gibbons et al. 1955). Similarly, rumen microorganisms 
also require a source of nitrogen for their growth, either recycled 
through the saliva or from a direct dietary source (Klein 1970). 
Caribou, therefore, while incapable of subsisting exclusively on the 
dead vascular plant material of low quality that is available on 
most winter ranges, can make efficient use of small portions of it 
when lichens are readily available as a source of highly digestible 
carbohydrates and some forage of at least moderate nitrogen levels 
is available. In this latter category is the “winter-green”vegetation 
mentioned above, largely around lake margins and in marsh areas, 
but since the total amount available is normally small it can serve 
little more than a dietary supplement, although an important one, 
under moderate range stocking levels. 

Under some circumstances following fire, new growth vegeta- 
tion, stimulated by the release of minerals from the burned organic 
matter, may remain in the active growth phase until the onset of 
winter, thus providing another source of high quality “winter- 
green” forage. This phenomenon, however, is largely confined to 
the growth season following fire. When mid-summer tundra fires 
occurred in the winter range of the Western Arctic Herd near 
Kotzebue Sound, Alaska, in 1977, late summer regrowth of Erio- 
phorum vaginatum remained green into the winter and we 
observed caribou using this forage as they moved through the 
burned areas in late October. This forage proved to be relatively 
high in protein content and digestibility. 

In British Columbia, Edwards (1954) investigated alternation of 
animal species following fire in Wells Gray Park and demonstrated 
the vulnerability to fire of the forested winter range of mountain 
caribou through a pronounced reduction in caribou numbers and 
their replacement by an expanding moose population. Scatter 
(1967) found similar patterns of use by caribou and moose of 
burned areas in northern Canada. By counting winter fecal pellet 
groups he determined that moose made heaviest use of forest areas 
within 1 l-30 years following fire whereas caribou made greatest 
use of forest stands over 50 years of age. Palmer (1941) attributed 
the abandonment by caribou of range areas in the vicinity of 
Fairbanks, Alaska, after 1928 to the extensive burning of the 
forests during intensive mining activities. Heestimated that at least 
75% of the area formerly used by caribou near Fairbanks had 
burned at least once between 1900 and 194 1. 

In view of the high dependence of most large mainland North 
American caribou herds on lichens as the primary component of 
their winter diet, it seems obvious that any fire that burns a 
significant portion of lichen range will have potential short-term 
detrimental consequences for the caribou. Whether these conse- 
quences are realized will depend on the seasonal range use patterns 
of the caribou, their range stocking levels and the availability of 
alternative unburned lichen ranges. 

Short-term vs. Long-term Effects of Fire 

A major problem in assessing the relationship between fire and 
caribou ecology has been the failure to distinguish between short- 
term versus long-term effects. Short-term, as used here, refers to 
the immediate and often direct post fire effects of vegetative des- 
truction and the resulting stimulation of early successional plant 
communities which usually encompasses the first 50 to 70 years 
following fire. Long-term effects can be considered those related to 
the timing of the return of climax vegetation following fire and the 
associated patterning of the landscape with varying-age plant com- 
munities as a result of fire. Long-term effects will therefore usually 
extend for a century or more. The distinction between short-term 
and long-term consequences of fire is exemplified in the following 
classification of fire effects on caribou range: 

Short Term Effects 
Destruction of forage lichens and other forage species: 

Degree and duration of effect relates to size, intensity and 
completeness of burn; previous vegetation types present and 
their seral stages; and, for caribou, to availability of alterna- 
tive feeding areas. 

Influence on caribou movements: 
The literature is conflicting. Miller (1976) reported that 
recently burned areas are used as avenues of travel by cari- 
bou or to escape predators. Pruitt ( 1959) observed that snow 
conditions in recent burns may interfere with movements of 
caribou to unburned winter range. Condition of the forest 
prior to the fire is apparently a major factor as windfalls and 
fire-felled trees may make such areas virtually impassable. 

Reduced availability and quality offorage in post-fire areas: 
Few lichens are present on recently burned areas. Early 
successional stage vegetation is not used significantly by 
caribou in winter. Thick second growth vegetation may 
impede movements. 

Low intensity burns may improve forage quality: 
Fires of moderate to low intensity may release nutrients and 
remove insulative plant material without killing most grami- 
noids and shrubs, thus stimulating regrowth of plant mate- 
rial of high nutritive value. This effect is largely lost after 1 to 
2 years following fire. 

Long-Term Effects 
Maintain diversity in vegetation types: 

Fire in association with landform is the major element main- 
taining plant successional sequences in the taiga; the inters- 
persion of young, intermediate and old growth forest stands; 
and availability and productivity of lichen stands. 

Rejuvenate old forest stands with declining lichen 
productivity: 

Lichen productivity and quality declines in very old forest 
stands. Very low intensity fires have been observed to stimu- 
late regrowth of lichens (Skuncke 1969); hot fires return land 
to early successional stages. 

Can create extensive monotypes under certain conditions: 
Under drought conditions in uniform terrain fire may burn 
vast areas, leading to uniformity of vegetation type, thus 
creating long term irregularity in productivity and availabil- 
ity of forage lichens (i.e., vast areas of early seral vegetation 
poor in lichens, followed by maturing vegetation ultimately 
rich in lichens). 

Replacement of_forests with grasslands: 
Repeated frequent burning may favor the establishment of 
grasses thus delaying the return of forests and their asso- 
ciated lichens. 

Depression of tree line: 
Fires may replace tree line forests with tundra, creating a 
drier microclimate less favorable for lichens. 

Fire Adaptation 

Early caribou literature stresses the presumed short-term detri- 
mental effects of fires on caribou ecology through the direct des- 
truction of lichens (Palmer 1941, Murie 1935). More recently, 
botanical studies of fire effects in the taiga have brought into 
sharper perspective the long-term ecological consequences of fire. 
Johnson and Rowe ( 1975) Miller ( 1980) and Johnson ( 198 1) have 
now placed strong, and seemingly justified, emphasis on the eco- 
logical consequences of fire in maintaining vegetative heteroge- 
neity and in renewing plant succession which, viewed over a 
long-time scale, may be beneficial to caribou. This conclusion, 
along with the acceptance of fire as a natural element of the ecology 
of the taiga, unfortunately has led to the unwarranted assumption 
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that caribou, having evolved with fire, must be fire-adapted and 
therefore beneficially affected by fire. Fire adaption in caribou may 
be reflected in their yearly variations in patterns of winter range use 
to compensate for the temporary loss of portions of winter range 
through fire. Nevertheless, long-term benefits to the species in an 
evolutionary or ecological sense may be disproportionate to the 
short-term detrimental effects on herds or populations. A species 
may be considered fire adapted if it has evolved specific responses 
to fire; serotinous cones in black spruce (Picea mariana) and 
lodgepole pine (Pinus contorta) for example. The mere existence of 
a species in a fire-dominated ecosystem, however, does not neces- 
sarily imply fire adaptation. Johnson ( 1979) has suggested alterna- 
tive strategies in fire adaptation for plants that conceivably could 
also apply to animals such as moose, snowshoe hares, caribou, and 
marten. He pointed out that those plants living on sites with short 
intervals between reburning will likely be r-selected and therefore 
tend to have short life expectancies and a high investment in 
reproductive effort. On sites with long intervals between fires, that 
is with a low fire hazard, plants will be K-selected and will be 
long-lived and with a low reproductive effort. Presumably lichens 
would fall in the latter category, as would the animals that depend 
upon them. Caribou lack the reproductive plasticity of moose that 
can vary the number of offspring per year from one to three and 
can be considered fire-adapted. There, caribou might be more 
correctly considered to be fire-influenced rather than fire-adapted. 

Implications for Management 

Even if it is conceded that caribou are adapted to fire-dominated 
ecosystems, the fact remains that wild fires are catastrophic events 
that vary in frequency and extent in relation to long term variations 
in weather patterns and therefore cannot be counted on to burn in 
patterns, in sequences, and in extent that favor optimal use of the 
range by caribou. Short-term losses of portions of rangelands due 
to fire may therefore lead to wide variations in rangeland potential 
to support caribou. It seems apparant that as long as caribou 
populations are substantially below the optimum carrying capacity 
of their winter ranges, fires will not cause population reductions, 
although the potential for future increases will be lowered. On the 
other hand, population reductions will inevitably occur if ranges 
are stocked to capacity when significant portions of them burn. 
The wide population fluctuations that have characterized major 
caribou herds in North America since records have been available 
may be the normal pattern for the species, thus complicating 
assessment of the effects of range fires. Long-term monitoring of 
the responses of varying types of range vegetation to fires of 
differing intensities clearly should be a high priority of government 
agencies responsible for management of caribou range lands. 
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Growth Rate Differences among Big Sage- 
brush [Artemisia tridentata] Accessions and 
Subspecies 
E. DURANT MCARTHUR AND BRUCE L. WELCH 

Abstract 

Even-aged plants of 21 big sagebrush (Artemisia fridenlala) 
accessions were grown in a uniform garden to test growth parame- 
ter variation. Growth parameters measures (height, crown diame- 
ter, yield, and annual nonfloral leader growth) were scored after 
the 1975, 1976, and 1977 growing seasons. Nested analyses of 
variance and mean comparison tests showed significant (p<O.O5) 
accession and subspecies differences in each measure, each year. 
On a subspecies level, basin big sagebrush (A.t. ssp. trident&u) 
exceeded the other two subspecies (mountain big sagebrush =A.t. 
vaseyanu, Wyoming big sagebrush = A.t. wyomingensis) for each 
character. In general, the values for the last two subspecies were 
not significantly different, but mountain big sagebrush tended to 
have larger values. Using 1975 data for yield and 1976 data for the 
other growth parameters, basin big sagebrush accessions averaged 
147.9 f 14.7 (se) cm in height, 193.0 f 12.1 cm in maximum crown 
spread, 2217 f 444 g current yield, and 12.7 f 1.1 cm in annual 
leader growth. Corresponding values for mountain big sagebrush 
were 95.8 f 2.2 cm, 157.3 f 3.4 cm, 890 f 77 g, and 8.8 f 0.6 cm. 
For Wyoming big sagebrush the values were 77.1 f 4.1 cm, 129.6 f 
6.4 cm, 545 f 84 g, and 8.5 f 1.1 cm. Comparison of three 
accessions’ performances at two uniform gardens and their native 
sites indicated that growth parameters, while subject to environ- 
mental influences, are under genetic control. The fastest growing 
and largest growing plants of this study were diploid, 2n = 18, 
whereas, the slowest growing ones were tetraploid, 2n = 36. 
Growth rate characteristics of big sagebrush should be considered 
for management purposes and in plant improvement programs. 

Big sagebrush (Artemisiu tridentata Nutt.) is among western 
North America’s most widely distributed shrub species and is the 
most abundant single species (Beetle 1960, McArthur and 
Plummer 1978, McArthur et al. 1979). With its relatives, it forms 
the subgenus Tridentatae-recently elevated from sectional status 
(McArthur et al. 198 1). The Tridentutae, endemic to western North 
America, form a natural phylogenetic group consisting of several 
well-defined species as well as a few taxa with fuzzy limits (Ward 
1953; Beetle 1960, 1971; McArthur 1979). Big sagebrush itself has 
been divided into three subspecies and several forms (Beetle and 
Young 1965, Winward and Tisdale 1977, McArthur et al. 1979). 
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Subspecies and lower taxonomic levels including individual acces- 
sions or populations are distinct and may require differential man- 
agement (Winward and Tisdale 1977, McArthur and Plummer 
1978, Welch and-McArthur 1979a, Nelson and Krebill 1981). 

Within the context of populational variability, we see the oppor- 
tunity for selective use of existing natural material in land rehabili- 
tation efforts (Plummer 1977) and beyond that to the genetic 
improvement of plant stocks for particular purposes (Welch and 
McArthur 1979a). This report is the fourth in a series demonstrat- 
ing accessional and subspecies variability of big sagebrush in uni- 
form garden situations. Earlier, we showed protein (Welch and 
McArthur 1979b), monoterpenoid (Welch and McArthur 1981), 
and in vitro digestibility (Welch and Pederson 1981) differences 
among accessions representing the three subspecies of big sage- 
brush. Here, we report on growth parameter differences. It has 
been known for some time that enormous size differences existed in 
big sagebrush (Pool 1908, Kearney et al. 1914). Beetle (1960, 1962) 
first ascribed some of these differences to taxonomic or genetic 
causes. Winward (1970) showed varying amounts of stem diameter 
correlation with plant age for the big sagebrush subspecies. Other 
observers have noted, however, that plant size correlates poorly 
with plant age in big sagebrush (Cottam and Stewart 1940, Fergu- 
son 1964, Roughton 1972, Daubenmire 1975). 

Materials and Methods 

Plant Materials 
Accessions representing about 80 natural populations of big 

sagebrush have been established at the Snow Field Station, Eph- 
raim, Utah. Plants have been collected as young wildings and 
transplanted as bare-root stock to rows in the Snow Field Station 
either in the spring (March-June) or in the fall (October- 
November). Many of these accessions have also been established at 
the Gordon Creek Wildlife Management area near Helper, Utah, 
and at other small outplanting sites. The 21 accessions of this study 
(Table 1) represent the three big sagebrush subspecies; basin big 
sagebrush (A.t. ssp. tridentata), mountain big sagebrush (A.?. ssp. 
vaseyana (Rydb.) Beetle), and Wyoming big sagebrush (A.t. ssp. 
wyomingensis Beetle and Young). The 21 accessions were chosen 
because they were established about the same time (1970), they 
represent a fairly broad geographic and elevational range (Table 
I), they encompass much of big sagebrush’s morphological varia- 
bility, and they are growing on a homogenous 1.5 ha section ofthe 
Snow Field Station. The plants were irrigated only once to aid 
establishment. Weed control was exercised by manual and 
mechanical means. 

The 21 accessions have chromosome numbers mostly at the 
characteristic diploid (2n = 18) and tetraploid (2n = 36) levels of 
big sagebrush (Ward 1953, McArthur et al. 198 1). Two accessions 
have mixed chromosome numbers, a phenomenon not unknown in 
the Tridentatae (McArthur et al. 1981). 

Subspecies determinations were made following the key of 
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McArthur et al. (1979). Chemical tests (Hanks et al. 1973, Stevens 
and McArthur 1974) were also used as an aid to taxonomic identi- 
fication. Representative specimens of each accession are deposited 
at the Shrub Sciences Laboratory Herbarium (SSLP). 

Study Sites 
The principal study site was the Snow Field Station. This facil- 

ity, immediately northeast of Ephraim, Utah, is in Sanpete Valley. 
It is a former basin big sagebrush site later converted to agricultu- 
ral uses. About 20 ha are presently assigned to shrub genetics, seed 
production, adaptation, and related research activities. The soil 
there is a deep alluvial limestone-derived clay. It is about 2 km west 
of the base of the monoclinal western front of the Wasatch Plateau. 
The Snow Field Station has an elevation of about 1700 m. Annual 
precipitation for the 1959-1979 period was 26.8 cm (data on file at 
Snow Field Station). Price and Evans (1937) reported 29.7 cm over 
a longer time period at a nearby site. They also stated that 45a/, of 
the precipitation comes in the winter (November 1 to April 30), 
mostly as snow. Data filed at the Snow Field Station (1959-1979) 
showed that about 53% of the precipitation came during the winter 
period. 

A secondary study site was the Gordon Creek Wildlife Manage- 
ment Area about 15 km west of Helper, Utah. This site is at about 
2130 m in elevation and receives about 28.6 cm precipitation 
annually (data on file at Great Basin Experimental Area, Ephraim, 
Utah). It is located in a valley formed by dissection of the eastern 
edge of the Wasatch Plateau. The site consists of about 2 ha of the 
much larger Wildlife Management Area. As at the Snow Field 
Station, the site is on agricultural land that had included big 
sagebrush in its original vegetation. The soil here is limestone 
derived as is that at the Snow Field Station, but has a sandier 
texture. A mule deer (Odocoileus hemionus Raf.) herd of more 
than 200 animals winters at and near the site. 

Three natural big sagebrush populations were sampled in a 
preliminary attempt to access site impacts on growth parameters. 
These were the Dove Creek and Loa basin big sagebrush and the 
Colton mountain big sagebrush sites (Table 1). The Dove Creek 
site is about 2 km west of Dove Creek, Colo., in arroyo breaks in an 
agricultural area and along adjacent roads and fence rows. Black 
sagebrush (A. nova Nelson) occurs in the rocky outcrops of the 
arroyo breaks. The Loa site is about 8 km west of Loa, Utah, in a 
basin big sagebrush community of undulating topography adja- 
cent to the Fremont River Valley. The Colton site is on the 

Table 1. Big sagebrush accessions studied. 

Wasatch Plateau in a large mountain big sagebrush community in 
Utah County, Utah. 

Data Collection and Analyses 
Accessions at the Snow Field Station were sampled for height, 

crown, and annual plant yield in 1975 and for height, crown, and 
annual leader growth in 1977 and 1978. Five plants from each 
accession were sampled. Plants were required to be healthy, but 
otherwise were taken at random. Height (cm) was measured to the 
highest vegetative point on the plant. Maximum crown (cm) was 
measured across each plant’s largest crown diameter. Current 
annual forage yield (g of leaves and twigs) was estimated using the 
ocular method of Pechanec and Pickford (1937). Annual leader 
growth (cm) was determined by measuring the length of 10 twigs 
distally from the current year’s bud scar. Five of the twigs or 
leaders were randomly picked from branches with an axis more 
horizontal than vertical and five more from branches with more 
vertical axes. The 1975 data were taken in summer (August). The 
1977 and 1978 data collections were taken in late winter (March). 
Even though big sagebrush is evergreen and photosynthesizes year 
round (Pearson 1975), its vegetative growth occurs in the late 
spring and early summer, diminishing sharply in summer (mid- 
July) (DePuit and Caldwell 1973; Caldwell 1979). Our summer 
(1975) and winter (1977, 1978) data collections, therefore, were 
taken after the effective growing seasons of 1975, 1976, and 1977. 
Data collection at the Gordon Creek Wildlife Management Area 
and the three natural sites was performed in the same manner as at 
the Snow Field Station. 

At Gordon Creek, sample plants were randomly picked from 
accessional rows. Plants at the native sites, however, were selected 
by arbitrarily picking a transect direction and then sampling every 
fifth, healthy, mature plant. Plants were deemed mature if they (1) 
had produced flower stalks and (2) were >45 cm in height. In 
natural big sagebrush populations, seedlings are produced regu- 
larly, but not every year. New individuals are established, however, 
only when the plant community opens up-sporadically through 
individual deaths or as a modal class after a catastrophic distur- 
bance, such as fire or chaining (Harniss and Murray 1973, Dauben- 
mire 1975). 

Data analyses were performed through nested analysis of var- 
iance technique (Snedecor and Cochran 1967). When warranted by 
the analysis of variance results, accession and subspecies means 
were tested for significance. Tukey’s post hoc mean comparison 

Subspecies Accession collection site 
Culture 
number 

Elevation 
(m) 

2n Chromosome’ 
number 

Triakntata 

Vaseyana 

Wyomingensis 

Loa, Wayne County, Utah u-44 2140 18 
Dove Creek, Dolores County, Colorado u-74 2070 18 
Wingate Mesa, San Juan County, Utah U-75 2060 36 
Clear Creek Canyon, Sevier County, Utah U-76 1720 18 
Dog Valley, Juab County, Utah u-79 1700 18 
Brush Creek, Uintah County, Utah U-82 1830 36 
Evanston, Uinta County, Wyoming u-105 2050 18 6 

Benmore, Tooele County, Utah 
Alton, Kane County, Utah 
Indian Peaks, Beaver County, Utah 
Colton, Utah County, Utah 
Sardine Canyon, Cache County, Utah 
Salina Canyon, Sevier County, Utah 
Pinto, Washington County, Utah 
Clear Creek Canyon, Sevier County, Utah 
Durkee Springs, Piute County, Utah 
Petty Bishop’s Log, Sanpete County, Utah 

u-9 1900 18 
u-11 2100 18 
u-13 2140 18 
u-14 2260 36 
u-15 1800 18 
u-19 2350 18, 36 
U-23 1850 36 
u-24 2130 18 
u-31 2270 18 
u-72 2380 18 

Trough Springs, Humboldt County, Nevada 
Milford, Beaver County, Utah 
Evanston, Uinta County, Wyoming 
Kaibab, Coconino County, Arizona 

u- I 1400 36, 54 
u-17 1540 36 
u-37 2130 36 
U-80 2340 36 

‘From McArthur et al. 1981. 
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Table 2. Nested analyses of variance for growth parameters of big sagebrush at the Snow Field Station (1976 growing season). 

Source 
Subspecies 
Accessions 
Plants 
Branches 

Total 

Annual leader growth Crown Height 

D.F. S.S. M.S. F’ D.F. S.S. MS. F’ D. F. S.S. M.S. F’ 
2 5,156 2,578 5.5* 2 58,321 29,160 10.2** 2 82,070 41,035 15.2** 

18 8,513 473 15.8** 18 51,635 2,869 2.9** 18 48,453 2,692 12.2** 
84 2,498 30 I .8** 84 82,966 988 - 84 18,523 221 - 

945 16,894 18 - - - - - - - -- 
1,049 33,06 I 104 192,922 104 149,046 

1 Level of significance for F values is indicated by * fiO.05 and **p<O.Ol. 

test was used for accessional comparisons. In making subspecies 
comparisons with different sample sizes (Table I), however, a 
Scheffi’s test was deemed more appropriate (Steele and Torrie 
1960, Hays 1963). Growth rate indexes were constructed so that 
200 cm in height = 33.3 units, 250 cm crown = 33.3 units and, 
alternatively, 3000 g yield (1975) or 15 cm annual leader growth 
(1976, 1977) = 33.3 units. Gaged by this index, plants with large 
growth parameters would approach or exceed 100 units. 

Results 

Accessional Differences at the Snow Field Station 
For all 3 years of the study, accessions showed highly significant 

(p<O.O I) differences among the growth parameters: height, crown, 
annual leader growth, and yield. Thedata for 1976are illustrated in 
Table 2. Mean heights (Table 3) ranged from 69.2 to 221.2 cm. For 
crowns, the range was from 111.4 to 249.2 cm. Annual leader- 
growth means varied from 5.6 to 15.4 cm. Current annual-yield 
means ranged from 350 to 3680 g. Many of these mean differences 
were highly significant @<O.Ol) (Table 3). 

The growth rate indices (Table 4) reflect consistent growth 
parameter differences among accessions from year to year. In 
general, the 3-year patterns are about the same. It must be remem- 
bered the index was calculated differently from 1975 than for the 
other 2 years. Some of the movement in the table is, perhaps, 
attributable to different individual bushes being sampled the var- 
ious years. Another cause may be a differential accessional 
response to the 2-year (1976-1977) drought (Richardson et al. 
1977, McArthur and Freeman 1981). We believe the last cause, 
through self pruning and lower annual production, to be a primary 

cause for the generation of lower indices for all but one accession 
for I977 as compared to 1976. Four accessions are missing for the 
1977 analysis (Table 4) due to excessive mortality and poor health. 

Intersite Comparison of Accessions 
Our preliminary comparisons of the growth parameters of three 

accessions at two uniform gardens and the natural sites of each 
accession showed accessional and site consistency (Table 5). In 
each case, the plants at the Snow Field Station performed best, 
often significantly better (p<O.O 1). Plant performance at the native 
sites and the Gordon Creek Wildlife Management Area followed 
generally in that order. Only two out of eight mean comparisons 
were significantly different for the latter sites (Gordon Creek ver- 
sus native). At each site, the accessional order of growth parameter 
performance was Dove Creek >Loa >Colton. 

There are, however, several complicating factors. The different 
age structure of the native site plants must be borne in mind for 
comparisons. Furthermore, the Gordon Creek site has an addi- 
tional complication in that the shrubs there are browsed by winter- 
ing mule deer and browsed differentially (Hanks et al. 1973, Scholl 
et al. 1977, Welch et al. 198 1). Because of man’s activities and the 
snow depth, browsing rarely occurs at the other sites. The data, 
nevertheless, are interpretable on the basis of genetic differences. 
The plants perform differently on different sites, but maintain 
coherent patterns. 

Subspecies Comparison 
Subspecies effects were responsible for a significant portion of 

the variation in all growth parameter values (Table 2). Subspecies 
effects are especially strong on height, crown, and yield (p<O.O 1) as 

Table 3. Growth characteristics of big sagebrush accessions at the Snow Field Station. 

Accession ssp’ 
Height 
(cm) 

Crown* 
(cm) Height/crown 

Annual leader 
growth* 

(cm) 
Annual yield* 

(g) 

Dove Creek 
Clear Creek 
Loa 
Evanston 
Dog Valley 
Wingate Mesa 
Benmore 
Pinto 
Alton 
Brush Creek 
Clear Creek 
Sardine Pass 
Petty Bishop’s Log 
Colton 
Durkee Springs 
Milf’ord 
lndian Peak 
Salina Canyon 
Kaibab 
Evanston 
Trough Springs 

t 
t 

V 

V 

V 

221.2 a3 
162.2 b 
156.8 b 
140.0 bc 
138.4 bed 
116.4 cde 
106.6 cdef 
104.0 cdef 
101.6 cdef 
100.2 def 
98.2 ef 
95.6 ef 
94.2 ef 
92.6 ef 
89.6 ef 
88.6 ef 
88.4 ef 
86.8 ef 
75.8 f 
74.6 f 
69.2 f 

249.2 a3 0.89 
233.0 ab .70 
200.2 abc .78 
170.6 abed .82 
193.2 abc .72 
175.6 abed .66 
167.4 abed .64 
152.8 bed .68 
158.8 bed .64 
138.6 cd .73 
173.6 abed .57 
148.0 cd .65 
153.0 bed .62 
150.6 cd .62 
171.6 abed .52 
140.0 cd .63 
141.2 cd .63 
156.0 bed .56 
140.4 cd .54 
126.2 cd .59 
111.4d .62 

15.1 a3 
14.5 ab 
15.4 a 
14.0 abc 
12.1 abed 
10.2 abcde 
7.6 de 
9.3 abcde 
7.7 cde 
7.7 cde 

I 1.6 abcde 
7.4 de 
8.2 bcde 
5.6 e 

10.9 abcde 
8.7 bcde 
9.3 abcde 
9.9 abcde 
6.9 de 

I 1.4 abcde 
6.9 de 

3,680 a3 
3,020 ab 
3,510 a 
1,530 c 
1,760 bc 
1,340 c 

750 c 
1,080 c 

680 c 
680 c 

1,140 c 
800 c 

1,310 c 
610 c 
625 c 
550 c 
850 c 

1,060 c 
520 c 
760 c 
350 c 

‘Subspecies: t=tridentata, v=vasqvana, w=wyomingensis 
-‘Height, crown, and annual leader growth for 1976 growing season; annual yield for 1975 growing season. 
‘Means in each column followed by the same letter are not significantly different f~KO.01) by Tukey’s test. 
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Table 4. Growth rate indices’ of big sagebrush accessions at the Snow Field 
Station. 

Accession ssp2 1975 1976 1977 

Dove Creek t 111.8 103.7 99.8 
Clear Creek t 90.2 90.3 91.0 
Loa t 91.7 87.0 - 
Evanston t 63.1 77.2 74.3 
Dog Valley t 67.8 75.7 69.1 
Wingate Mesa t 58.7 65.5 65.4 
Clear Creek V 52.5 65.3 - 
Pinto Canyon V 50. I 58.3 57.4 
Durkee Springs V 39. I 62.0 57.9 
Salina Canyon V 47.1 57.3 - 
Indian Peak V 48.6 54. I 52. I 
Petty Bishop’s Log V 51.8 54.3 45.1 
Alton V 44. I 55.2 45.6 
Evanston W 41.3 54.6 - 
Benmore V 46.5 57.0 38.7 
Brush Creek t 42.6 52.3 40.2 
Sardine Pass V 42.5 52. I 45.3 
Milford W 35.9 52.8 45.0 
Colton V 41.8 48.0 34.8 
Kaibab W 37.5 46.7 34.9 
Trough Springs W 30.3 41.7 30.6 

‘Based equally on height, crown, and annual biomass production. See section on Data 
Collection and Analyses (Materials and Methods) for details. 
Subspecies: t = triakntata. v = vaseyana, w = wyomingensis. 

observed in many natural situations. Apparently, the Snow Field 
Station is a favorable site for good growth parameter expression 
for big sagebrush (Table 5). These values are subject to environ- 
mental influence as Kearney et al. (1914) long ago realized. There 
is, however, a genetic or taxonomic component as well, as our data 
(Tables 3,5) show. The subspecies occur together in ecotonal areas 
(Hanks et al. 1973; McArthur et al. 1979) and maintain their 
stature differences just as they do in uniform gardens. Whereas our 
values are large, they do not approach those of some large basin big 
sagebrush specimens occurring in nature. Pase (1956) reported a 
plant 475 cm tall near Kanab, Utah, which he suspected was about 
13 years old. Beetle ( 1962) reports finding a specimen that was not 
quite as tall, but had a stem circumference of 165 cm. Van Epps et 
al. (1982) reported individual biomass production up to 15.9 
kg/plant for big sagebrush growing in favorable locations. Basin 
big sagebrush is consistently the largest of the subspecies (Table 6; 
Beetle 1962). Within basin big sagebrush ecotypes and accessions, 
differences exist (Table 3). Hanks et al. (1973) recognized the 
exceptionally large forms as a specific ecotype which they called 
the “fence-row*’ type because it reaches its maximum size potential 
along fence rows and in other protected areas. Hanks et al. (1973) 
reported that this ecotype produced a characteristic phenolic 
chromatograph. 

opposed to annual leader growth (p<O.O5). In every case, for all 3 
years, basin big sagebrush growth performance parameters exceed 
significantly those of mountain and Wyoming big sagebrush 
(Table 6). The last-mentioned two subspecies, on the other hand, 
do not significantly differ except in one out of nine comparisons. In 
eight of these nine comparisons, however, mountain big sagebrush 
means exceed those of Wyoming big sagebrush. The ninth case, 
annual leader growth for 1976, has equal means (Table 6). 

We find it interesting that our biggest forms-those with growth 
indexes (Table 3) above 60-are diploids (Table 1). The smallest of 
our basin big sagebrush accessions (Brush Creek and Wingate 
Mesa) are tetraploids. These two accessions may have an addi- 
tional genome which codes for smaller size. The four smallest 
accessions and six of the eight smallest accessions are tetraploid or 
hexaploid (Tables 1, 4). The smallest subspecies, Wyoming big 
sagebrush, is tetraploid with occasional hexaploid plants (McAr- 
thur et al. 198 1). The apparent correlation of the gigus forms with 
diploidy is contrary to the usual norm in herbaceous plants, but 
similar to the situation in the woody saltbushes (Atriplex sp.) of 
western North America (Stutz et al. 1975, Stutz 1978, Stutz per- 
sonal communication). 

Discussion Annual Leader Growth Rates and Annual Yield 

We have demonstrated accessional and subspecies differences in 
big sagebrush parameters (Tables 2, 3, 4, 5, 6). These differences 
augment earlier findings on differences (reviewed by McArthur 
and Plummer 1978 and Welch and McArthur 1979a) in protein 
levels, phenolics and terpenoids, seed germination, phenology, 
palatability, and digestibility. 

Height and Crown 
These two measures are correlated quite highly (r2 for data in 

Table 3 is 0.86). In the uniform garden situation, however, basin 
big sagebrush has a different height/crown (h/c) ratio than the 
other two subspecies. It has an h/c ratio of 0.75f 0.03 (se), whereas 
mountain big sagebrush’s h/c is 0.61 f 0.02 and Wyoming big 
sagebrush’s h/c is 0.60 f 0.02 (Table 3). This difference is a 
reflection of a more upright growth form for basin big sagebrush 
(Beetle and young 1965, Winward and Tisdale 1977, McArthur et 
al. 1979). 

Our values for height and crown (Table 3) are larger than those 

These measures were to assess, at least in part, the annual 
production of big sagebrush. Production estimates show several 
orders of mean-value differences among the accessions (Table 3). 
The contrast is more striking for the yield data because as the size 
of the bush goes up the number of discrete units of production 
(twigs) increase in more of an exponential than linear manner. 
Twig length also increases with the size of the bush (Table 3). Our 
values for both estimators were highest for basin big sagebrush 
(Tables 3,5,6). Mean values for annual leader growth at the Snow 
Field Station varied from 5.6 to 15.4 cm for the 1976 growing 
season. For 1977, the values were generally less, but the range was 
larger (4.2 to 15.6 cm). Unpublished results of McKell and Van 
Epps illustrate the large influence of weather on annual big sage- 
brush leader lengths. Average annual leader lengths ranged from a 
low of 2.5 cm ( 1977) to a high of 9.2 cm ( 1979) over the 5-year study 
near Bonanza, Utah. (Data on tile, Institute for Land Rehabilita- 
tion, Utah State University, Logan, Utah.) Our values here for 
annual leader growth are systematically less than those we reported 

Table 5. Growth characteristics of three big sagebrush accessions at their natural sites and in two uniform gardens. 

Location 

Snow Field Station 
Natural Site 
Gordon Creek Wildlife 

Management Area 

Accession 

Dove Creek Loa Colton 

Ht’ Crr Alg’ Ht Cr ALg Ht Cr Alg 

221.2 a2 249.2 a 15.6 a 156.8 a 200.2 a 15.4 a 92.6 a 150.6 a 5.6 a 
144.0 b 197.8 a 7.3 b 105.6 b 142.8 b 5.0 b 71.2 a 151.6 a 3.7 a 

123.0 b 166.8 a 12.7 a 80.8 b 130.4 b 6.4 b 46.6 b 94.2 b -3 

‘Abbreviations: I-It = height, Cr = crown diameter, Alg = annual leader growth. All measurements in centimeters. 
ZMeans in each column followed by the same letter are not significantly different QKO.01) by Tukey’s test. 
3Alg of Colton accession at Gordon Creek Wildlife Management Area was not collected because of heavy deer browsing. 
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Table 6. Comparison of big sagebrush growth parameters by subspecies. 

Subspecies 1975 

Height 

1976 1977 

Growth parameters 

Crown Yield Annual leader growth 

1975 1976 1977 1975 I976 1977 

tridentata 
vaseyana 
wyomingensis 

148.8 ai 147.9 a 134.8 a 193.0 a 194.4 a 186.1 a 2217 a 12.8 a 11.7 a 
96.3 b 95.8 b 69.3 b 153.7 b 157.3 b 128.3 b 890 b 8.1 b 8.2 b 
77.3 b 77.1 b 61.8 b 129.6 b 129.5 b 109.3 b 545 b 8.1 b 5.4 c 

earlier (McArthur et al. 1978, Welch and McArthur 1979a) 
because we used only the leaders from branches with vertical axes 
then. In this study, we used the vertical axis branches plus an equal 
number of branches with more horizontal axes. Our values for 
annual leader growth are compatible with the values given by 
Diettert (1938) (6.0 to 15.2 cm) and Winward and Tisdale (1977) 
(4.7 to I 1.2 cm). Winward and Tisdale reported, as we do, that 
basin big sagebrush has higher values than do the other subspecies. 

Production of new biomass slows down under unfavorable (dry 
or cold) growing conditions (DePuit and Caldwell 1973). If cir- 
cumstances get too bad, the plants die or die back (Ferguson 1964). 
Plants at the Snow Field Station were still producing substantial 
amounts of new biomass, however, even after a 2-year drought 
(Table 6; Richardson et al. 1977). 

Implication of Growth Rate Differences 
Accessional and subspecies growth rate differences are real. 

‘!‘hey lead to different morphological forms. Growth rate parame- 
tcrs support the division of big sagebrush into subspecies. In fact, 
they help in subspecies identification (Beetle and Young 1965, 
Winward and Tisdale 1977, McArthur et al. 1979). A simple chemi- 
cal test (Stevens and McArthur 1974) however, is a useful adjunct 
to norphological growth characters for field identification because 
of uneven ages and microsite-induced variation (West et al. 1978). 

In our plans for improvement of big sagebrush, growth rate 
parareters play an important role (Welch and McArthur 1979a). 
Whatever genetic gains in forage quality can be made would be 
augmet(ted by making more of the product available on a per bush 
or per unit area basis. 
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Woody Plant Control in the Post Oak Savan- 
nah of Texas with Hexazinone 
C.J. SCIFRES 

Abstract 

Hexazinone, applied as spheres or pellets (1.27 cm in diameter) 
in grid patterns (1.5 or 3 m spacings) at 2 or 4 kg/ha effectively 
controlled post oak and blackjack oak in east central Texas. The 
herbicide also appeared promising for control of water oak, Amer- 
ican elm, and downy hawthome. Willow baccharis and winged elm 
appeared to be moderately susceptible to 2 kg/ha of the herbicide 
and w_ere controlled by 4 kg/ha. Yaupon canopies were initially 
reduced by the herbicide but had begun to recover by the second or 
third growing season after application and replaced the oaks as the 
primary limitation to range improvement following treatment, 
regardless of hexazinone rate applied. Saw greenbrier, mustang 
grape, southern dewberry, American beautyberry, and woolly- 
bucket bumelia were not controlled by hexazinone. 

The Post Oak Savannah occupies about 3.4 million hectares of 
gently rolling to hilly lands in east central Texas (Gould 1969). The 
grasslands of the Post Oak Savannah are well suited to livestock 
production, and optimum use for much of the area is as range if 
improved and properly managed (Scifres 1980). 

Much of the Post Oak Savannah has been converted from true 
Savannah to heavy thickets to woody plants, persumably the 
results of long-term overgrazing and the restriction of naturally- 
occurring fires. Large post oak (Quercus stelluta) and blackjack 
oak (Quercus marilundicu) trees usually form the overstory above 
almost impenetrable thickets of yaupon (I/ex vomitoria), winged 
elm (Ulmus alata), woollybucket bumelia (Bumelia lanuginosa), 
downy hawthorne (Crategus mollis), spiny hackberry (Celtis pal- 
lida), common honeylocust (Gleditsia triacanthos), buckbrush 
(Symphroicarpos orbiculatus), tree huckleberry (Vaccinium arbo- 
reum) and other shrubs. 

The woody canopy of thicketized Post Oak Savannah restricts 
the growth of grasses except for the most shade-tolerant species 
such as low-growing dichantheliums (Dichanthelium spp.) and 
longleaf chasmanthium (Chasmanthium lati&olium). Soils of the 
Post Oak Savannah, typically fine sandy loams to loamy sands 20 
to 70 cm thick over a claypan, are capable of supporting productive 
stands of grasses such as little bluestem (Schizachyrium scoparium 
var. frequens), Indiangrass (Sorghastrum nutans), switchgrass 
(Panicum virgatum), purpletop (Tridensflavus), and silver blue- 
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Station), Texas A&M University, College Station, 77801. Published with approval of 
the Director, Texas Agricultural Experiment Station as TA-16234. The author is 
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stem (Bothriochloa saccharoides) if effective brush management is 
practiced (Scifres and Haas 1974). However, costs of mechanical 
brush control methods usually restrict their application to com- 
plete conversion of these sites to tame pastures or cropland. Broad- 
cast application of a mixture of 2,4,5-T[(2,4,5-trichloro- 
phenoxy)acetic acid] and picloram (3,5,6-trichloropicolinic acid) 
effectively controls many of the woody species in the mixed-brush 
stands (Scifres and Haas 1974) but the proximity of herbicide- 
susceptible crops and vegetables seriously limits the use of aerial 
sprays in the region (Scifres 1980). Therefore, recent research 
interest has focused upon the development of dry herbicide formu- 
lations which minimize the potential of herbicide damage to adja- 
cent, nontarget plants. 

Hexazinone [2-cyclohexy&(dimethylamino)- l-methyl-l ,3,5- 
triazine-2,4 (1 H, 3H-dione)] has shown promise for controlling 
several woody species on rangeland (Scifres and Mutz 1978), espe- 
cially when applied as pellets (3.2 mm in diameter) in rows 1.8 m 
apart rather than broadcast (Meyer and Bovey 1980). Hexazinone 
is also applied as relatively large ( 1.27 cm diameter) spheres, and at 
wide but regular spacings so that herbaceous vegetation is dam- 
aged only in small, localized areas. This “grid placement” of herbi- 
cide has been used for applying karbutilate [tert-butylcarbamic 
acid ester with 3(m-hydroxyphenyl)-l,l-dimethylurea] to achieve 
selective brush control (Scifres et al. 1978). The objective of this 
research was to evaluate the efficacy of hexazinone applied as 
relatively large spheres or pellets by grid placement for control of 
several woody species common to the Post Oak Savannah. 

Materials and Methods 

Hexazinone was formulated as compressed spheres or extruded 
pellets, 1.27 cm in diameter and containing 15% active ingredient. 
A random sample of 100 particles was weighed, and the grid 
spacings were calculated to achieve selected application rates. 

One experiment was installed on the Texas A&M University 
Range Research Area near College Station on March 24, 1976. 
Soil was of the Lufkin-Tabor series (Udertic Paleustalfs). The area 
supported a relatively open stand of post oak and blackjack oak in 
association with winged elm, woollybucket bumelia, water oak 
(Quercus nigra) and lesser amounts of various other woody spe- 
cies. The herbaceous understory was dominated by low-growing 
dichantheliums, brownseed paspalum (Paspalum plicatulum) and 
various forbs. Plots were 30- by 30-m in size and separated by 
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Woody Plant Control in the Post Oak Savan- 
nah of Texas with Hexazinone 
C.J. SCIFRES 

Abstract 

Hexazinone, applied as spheres or pellets (1.27 cm in diameter) 
in grid patterns (1.5 or 3 m spacings) at 2 or 4 kg/ha effectively 
controlled post oak and blackjack oak in east central Texas. The 
herbicide also appeared promising for control of water oak, Amer- 
ican elm, and downy hawthome. Willow baccharis and winged elm 
appeared to be moderately susceptible to 2 kg/ha of the herbicide 
and w_ere controlled by 4 kg/ha. Yaupon canopies were initially 
reduced by the herbicide but had begun to recover by the second or 
third growing season after application and replaced the oaks as the 
primary limitation to range improvement following treatment, 
regardless of hexazinone rate applied. Saw greenbrier, mustang 
grape, southern dewberry, American beautyberry, and woolly- 
bucket bumelia were not controlled by hexazinone. 

The Post Oak Savannah occupies about 3.4 million hectares of 
gently rolling to hilly lands in east central Texas (Gould 1969). The 
grasslands of the Post Oak Savannah are well suited to livestock 
production, and optimum use for much of the area is as range if 
improved and properly managed (Scifres 1980). 

Much of the Post Oak Savannah has been converted from true 
Savannah to heavy thickets to woody plants, persumably the 
results of long-term overgrazing and the restriction of naturally- 
occurring fires. Large post oak (Quercus stelluta) and blackjack 
oak (Quercus marilundicu) trees usually form the overstory above 
almost impenetrable thickets of yaupon (I/ex vomitoria), winged 
elm (Ulmus alata), woollybucket bumelia (Bumelia lanuginosa), 
downy hawthorne (Crategus mollis), spiny hackberry (Celtis pal- 
lida), common honeylocust (Gleditsia triacanthos), buckbrush 
(Symphroicarpos orbiculatus), tree huckleberry (Vaccinium arbo- 
reum) and other shrubs. 

The woody canopy of thicketized Post Oak Savannah restricts 
the growth of grasses except for the most shade-tolerant species 
such as low-growing dichantheliums (Dichanthelium spp.) and 
longleaf chasmanthium (Chasmanthium lati&olium). Soils of the 
Post Oak Savannah, typically fine sandy loams to loamy sands 20 
to 70 cm thick over a claypan, are capable of supporting productive 
stands of grasses such as little bluestem (Schizachyrium scoparium 
var. frequens), Indiangrass (Sorghastrum nutans), switchgrass 
(Panicum virgatum), purpletop (Tridensflavus), and silver blue- 
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stem (Bothriochloa saccharoides) if effective brush management is 
practiced (Scifres and Haas 1974). However, costs of mechanical 
brush control methods usually restrict their application to com- 
plete conversion of these sites to tame pastures or cropland. Broad- 
cast application of a mixture of 2,4,5-T[(2,4,5-trichloro- 
phenoxy)acetic acid] and picloram (3,5,6-trichloropicolinic acid) 
effectively controls many of the woody species in the mixed-brush 
stands (Scifres and Haas 1974) but the proximity of herbicide- 
susceptible crops and vegetables seriously limits the use of aerial 
sprays in the region (Scifres 1980). Therefore, recent research 
interest has focused upon the development of dry herbicide formu- 
lations which minimize the potential of herbicide damage to adja- 
cent, nontarget plants. 

Hexazinone [2-cyclohexy&(dimethylamino)- l-methyl-l ,3,5- 
triazine-2,4 (1 H, 3H-dione)] has shown promise for controlling 
several woody species on rangeland (Scifres and Mutz 1978), espe- 
cially when applied as pellets (3.2 mm in diameter) in rows 1.8 m 
apart rather than broadcast (Meyer and Bovey 1980). Hexazinone 
is also applied as relatively large ( 1.27 cm diameter) spheres, and at 
wide but regular spacings so that herbaceous vegetation is dam- 
aged only in small, localized areas. This “grid placement” of herbi- 
cide has been used for applying karbutilate [tert-butylcarbamic 
acid ester with 3(m-hydroxyphenyl)-l,l-dimethylurea] to achieve 
selective brush control (Scifres et al. 1978). The objective of this 
research was to evaluate the efficacy of hexazinone applied as 
relatively large spheres or pellets by grid placement for control of 
several woody species common to the Post Oak Savannah. 

Materials and Methods 

Hexazinone was formulated as compressed spheres or extruded 
pellets, 1.27 cm in diameter and containing 15% active ingredient. 
A random sample of 100 particles was weighed, and the grid 
spacings were calculated to achieve selected application rates. 

One experiment was installed on the Texas A&M University 
Range Research Area near College Station on March 24, 1976. 
Soil was of the Lufkin-Tabor series (Udertic Paleustalfs). The area 
supported a relatively open stand of post oak and blackjack oak in 
association with winged elm, woollybucket bumelia, water oak 
(Quercus nigra) and lesser amounts of various other woody spe- 
cies. The herbaceous understory was dominated by low-growing 
dichantheliums, brownseed paspalum (Paspalum plicatulum) and 
various forbs. Plots were 30- by 30-m in size and separated by 
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Table 1. Canopy reduction (%) of post and blackjack oaks at various times after application of hexizone in grid patters on March 24,1976, near College 
Station. 

Application 
rate 

(kg/ ha) 

Pellet 
spacing 

(m) 6 17 
Blackjack oak 

27 40 

Months after treatment’ 
Post oak 

50 6 17 27 40 50 

0.5 3 Oa Oa Oa 3ab Oa Oa Oa Oa 14ab Oa 
1 3 36 c 50 d Oa 5ab Oa 70 e 50 d 46 d 16 ah 20 bc 
2 1.5 78 efg 94 ghi 88 e-i 90 e-i 88 e-i 94 ghi 82 e-i 73 ef 75 ef 78 efg 
2 3 70 e 100 i 100 i 100 i 97 ghi 95 ghi 88 e-i 85 e-i 89 e-i 95 ghi 
4 1.5 80 e-h 1OOi 100 i 100 i 99 hi 99 hi 100 i 97 ghi 100 i 99 hi 

‘Means followed by the same letter are not significant at the 95% level according to Tukey’s w-procedure. Mean value forspecies in untreated plots wereOa for all evaluation dates. 

16-m-wide untreated strips. Hexazinone was hand applied on to 15, 15 to 30, 30 to 45, and 45 to 90 cm from two randomly 
approximately 1.5 or 3-m grid spacings to achieve application rates selected locations in each plot. Textural components of the soils 
of 0, 0.5, 1, 2, or 4 kg/ha. Each treatment (herbicide rate-grid were determined by the hydrometer method (Milford 1975), pH of 
spacing) was applied to triplicate plots in a randomized complete a 1:2 slurry (Peech 1965) and organic matter content by acid 
block design. digestion and titration (Mortensen 1965). 

A second experiment was installed near Marquez, about 80 km 
north of College Station, on May 12 and 13, 1977. The soil was of 
the Axtell-Tabor series, similar to that of the site near College 
Station. The site near Marquez supported a heavy stand of large 
post oaks and blackjack oak in association with black history 
(Carya texana), American beautyberry (Callicarpa americana), 
tree huckleberry, American elm (Ulmus americana), and yaupon. 
The herbaceous cover consisted of scattered plants of longleaf 
chasmanthium and dichantheliums. Hexazinone particles were 
applied on approximately 1,2, or 3-m spacings to result in applica- 
tion rates of 0.6, 1.2, 2.6, and 5 kg/ ha (active ingredient). Each 
treatment, including untreated checks, was replicated three times 
on 3 1 by 31-m plots which were separated by 16-m untreated strips, 
and the experiment was arranged in a randomized complete block 

’ design. 

Results 

Soil properties of the study site near College Station varied little 
with depth to 30 cm. Sand content averaged 5370, clay content 
averaged 12%, and pH was 5.1. From 30 to 90 cm deep, sand 
content averaged 26%, clay content averaged 39%, and pH was 6.3. 
Organic matter content was uniformly low, varying from 0.7 to 
0.8%, regardless of depth. About 5 cm of rainfall, adequate to 
dissolve the herbicide particles, were received within 2 weeks after 
hexazinone application near College Station, and 22 cm of rainfall 
were received during the first 6 months after herbicide application. 
By the fall of 1977, after hexazinone application during the spring 
1976, more than 100 cm of rainfall had occurred on the study area. 

At 6, 17,27,40, and 50 months after hexazinone application near 
College Station, the percentage defoliation of each woody plant in 
each plot was estimated by two workers. Estimates were averaged 
by species and dates and subjected to hierarchal analysis of var- 
iance to allow expressing the influence of time after hexazinone 
application on treatment effectiveness. Because of the range of 
percentages, data transformation prior to analysis of variance did 
not influence results (Steel and Torrie 1960). At 18 and 27 months 
after treatment, standing crop of herbaceous species was harvested 
from five, equidistantly-spaced, 0.25 m* sampling areas across each 
plot. The standing crop was separated into grasses and forbs, dried 
at 60°C for 24 hours, and weighed. At 12 and 18 months after 
herbicide application, ten, IO-point frame samples were taken on a 
diagonal across each plot. At 12 and 24 months after treatment, the 
diameter of bare areas at the point of herbicide placement was 
measured at 10 locations in each plot. 

Hexazinone at 0.5 kg/ ha did not significantly reduce the cano- 
pies of post oak or blackjack oak, regardless of evaluation date 
(Table 1). However, application of 1 kg/ ha of hexazinone initially 
improved control of both oak species, based on canopy reduction. 
Canopy reduction of blackjack oak was 50% at 17 months after 
treatment, but the canopy had recovered at 27 months after appli- 
cation of 1 kg/ ha. Post oak initially appeared to be more suscepti- 
ble to 1 kg/ha of hexazinone than did blackjack oak, but 
defoliation of post oak was 20% or less at 40 and 50 months after 
herbicide application. 

The response of woody plants in the experiment near Marquez 
was evaluated at 6, 14, 26, and 36 months after treatment. Forage 
standing crop and herbaceous foliar cover were evaluated at the 
same time as described for the experiment near College Station. 

Triplicate soil samples were recovered at depths of 0 to 3,3 to 8,8 

Where 2 kg/ ha of hexazinone were applied near College Station, 
canopy reduction of post and blackjack oaks did not differ signifi- 
cantly, regardless of 1.5 or 3-m grid spacing (Table 1). However, 
there was a tendency for 2 kg/ ha of the herbicide applied on 1.5-m 
spacings to be less effective than the same rate with the pellets 
applied in a 2-m grid. There was no obvious explanation for this 
trend but Meyer and Bovey (1980) also reported that localizing 
hexazinone, in rows compared to broadcast applications in their 
study, improved control of several woody species. Hexazinoneat 4 
kg/ ha effective controlled both species of oaks after the first grow- 
ing season near College Station. 

Woollybucket bumelia was less susceptible to hexazinone than 

Table 2. Canopy reduction (%) of woollybucket bumelia and winged elm at various times after application of hexazinone in grid patterns on March 24, 
1976, near College Station, Texas. 

Application 
rate 

(kg/ ha) 

Pellet 
spacing 

(m) 6 

Months after treatment’ 

Woollybucket bumelia Winged elm 
17 27 40 50 6 17 27 40 50 

0.5 3 25 de 0 a Oa Oa Oa 81 j-m 22b-e Oa Oa Oa 
I 3 47 fg 13a-d Oa la Oa 96 mn 70 ijk 63 ghi 27 de 25 de 
2 1.5 71 ijk 36 ef 7 abc 13a-d Oa IOOn 91 Imj 93mn 71 ijk 47 fg 
2 3 74 i-l 49 fgh 6 ab 7abc 5 ab 100 n 100 n 92 mn 60 ghi 79 j-m 
4 1.5 86 k-n 66 hij 24 cde 14 a-d 25 de IOOn 99 n 99 n 100 n 99 n 

‘Means followed by the same letter are not significantly different at the 95% level according to Tukey’s w-procedure. Mean values for species in untreated plots were 0 a for all 
evaluation dates. 
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post oak and blackjack oak at College Station. By 27 months after 
hexazinone application, canopies of woollybucket bumelia were 
significantly reduced only where 4 kg/ ha were applied (Table 2). At 
50 months after hexazinone application, the woollybucket bumelia 
had completely recovered except where 4 kg/ ha were applied, and 
canopy reduction following application of the highest rate was 
only 25% 

Defoliation of winged elm during the season of application near 
College Station was about 80% where 0.5 kg/ ha of hexazinone was 
applied, and 96% to 100% on plots receiving 1 kg/ ha or more of the 
herbicide (Table 2). However, the winged elm had recovered from 
effects of the 0.5 kg/ ha rate by 27 months after hexazinone applica- 
tion, and canopy reduction was only 27% at 40 months after 
application of I kg/ ha of the herbicide. Winged elm control was 
improved when 2 or 4 kg/ ha of hexazinone were applied, com- 
pared to that from the lower rates. Grid spacing to achieve the 2 
kg/ ha rate had no apparent influence on canopy reduction of 
winged elm, except after 50 months when the 3-m spacing appeared 
to be more effective than the 1.5-m spacing. 

Saw greenbrier (Smilax bona-nox) tolerated the rates of hexazi- 
none applied near College Station (data not shown). Although saw 
greenbrier leaf margins were necrotic the season of application of I 
kg/ ha or more of hexazinone, canopy reduction was only about 
40% at 17 months after application of 2 or 4 kg/ ha of the herbicide. 
By 27 months after application of the higher rates, saw greenbrier 
had fully recovered from the effects of t’he herbicide, regardless of 
application rate. These results are similar to those of Meyer and 
Bovey ( 1980). 

Although not present in adequate quantities for detailed evalua- 
tion, water oak and downy hawthorne appeared to be susceptible 
(canopy reduction >90%) to 2 kg/ ha of hexazinone. Yaupon and 
willow baccharis (Baccharis salicina) appeared to be only moder- 
ately susceptible (canopy reduction 560%) to 2 kg/ ha in the exper- 
iment near College Station, and mustang grape (Vitis 
mustangensis) and southern dewberry (Rubus trivialis) appeared 
to be relatively tolerant (canopy reduction<25%) of 2 kg/ ha or less 

Table 3. Canopy reduction (%) of several wood species at 14, 26, and 36 
months after application of hexazinone in grid patterns in May 1977 near 
Marquez, Texas. 

Species 

Hexazinone spacing (m) and rate (kg/ ha)’ 

3m 2m Im 

0.6 1.2 2.6 5.0 . 

American beautyberry 
Blackjack oak 
Post oak 
Tree huckleberry 
Water oak 
Yaupon 

American beautyberry 
Blackjack oak 
Post oak 
Tree huckleberry 
Water oak 
Yaupon 

American beautyberry 
Blackjack oak 
Post oak 
Tree huckleberry 
Water oak 
Y aupon 

14 months 

Oa Oa Oa Oa 
Oa 85 j-n 100 n 100 n 
4 ab 83 j-n 100 n 100 n 
Oa 60 fgh 63 f-i 63 f-i 
-2 80 i-m 79 h-l 80 i-m 

13 abc 31 cd 63 f-i 55 fg 

26 months 

3ab 2a Oa 2a 
45 de 60 fgh 73 g-k 100 n 
51 ef 70 f-k 94 l-n 94 l-n 

Oa Oa Oa Oa 
-2 80 i-m 100 n 100 n 

22 bc 69 f-k 87 k-n 93 I-n 

36 months 
Oa Oa Oa Oa 
6 ab 83 j-n 99 mn 99 mn 
8 ab 86 j-n 99 mn 99 mn 
Oa 3 ab 8ab Oa 
-2 80 i-m 99 mn 99 mn 

12 abc 30 cd 62 f-i 67 f-j 

‘Means followed by the same letter are not significantly different at the 95% level 
according to Tukeu’s w-procedure. Mean values forspecies in untreated plots were Oa 
at all evaluation dates. 
*Stands not adequate to allow evaluation. 

of the herbicide. 
Soils of the Marquez location averaged 83% sand content and 

contained only 5% clay to 90 cm deep. Organic matter content 
averaged only 0.63% and pH was 6.2. Less than 13 cm of rainfall 
were received for 4 months after hexazinone application. However, 
responses of blackjack oak and post oak following hexazinone 
application near Marquez were similar to those observed in the 
experiment near College Station. By 26 months after treatment 
near Marquez, blackjack oak and post oak canopy reductions were 
greater than 80% where 1.2 kg/ ha of hexazinone were applied, and 
the canopies were eliminated where 2.6 or 5 kg/ha were applied 
(Table 3). Yaupon initially appeared somewhat more susceptible to 
the herbicide near Marquez (Table 3) than in the experiment near 
College Station (data not shown). However, by 36 months after 
application, response of yaupon was similar between experimental 
sites. Canopy reduction was 30% or less where 0.6 or 1.2 kg/ ha of 
hexazinone were applied, and only 62 and 67% where 2.6 and 5 
kg/ ha were applied, respectively. 

Based on limited observations, American elm appeared to be 
susceptible to hexazinone in the experiment near Marquez (defoli- 
ation >90% from 2.6 kg/ ha of the herbicide). Tree huckleberry 
were defoliated the growing season after hexazinone application, 
but had completely recovered from herbicidal effects after 26 
months (Table 3). Water oak canopy reduction was about 80% the 
year after treatment, regardless of hexazinone rate, somewhat less 
than in the experiment near College Station where it responded the 
same as blackjack oak and post oak. However, 2.6 and 5 kg/ ha of 
hexazinone had eliminated the water oak canopies by 26 months 
after herbicide application. American beautyberry was not effec- 
tively controlled by hexazinone, regardless of rate of application or 
date of evaluation (Table 3). 

The general aspect at 36 months after application of 2.6 or 5 
kg/ ha of hexazinone near Marquez was excellent control of the 
oak overstory but only suppression of understory species, espe- 
cially yaupon and American beautyberry. Although yaupon height 
appeared to have been reduced by about 50%and the stand thinned 
in density, it and American beautyberry (which filled any openings 
created by thinning the yaupon) formed essentially continuous 
cover on plots where the hexazinone had been applied. 

Although grass standing crop in the experiment near College 
Station was increased by all hexazinone treatments after 18 
months, greatest grass standing crop occurred where 4 kg/ ha were 
applied (Table 4). Grass standing crop was highly variable at 27 
months after hexazinone applications because of dry growing 
conditions, but there was a trend for increased grass standing crop 
where I kg/ha or more hexazinone was applied, compared to 
untreated plots. Brownseed paspalum accounted for more than 
80% of the botanical composition, based on foliar cover, after 27 
months on untreated plots and those receiving 0.5 kg/ ha of hexazi- 
none. On plots treated with I kg/ ha or more the herbicide, brown- 
seed paspalum and common Bermudagrass (Cynodon dactylon) 
accounted for about 50% of the grass foliar cover with Arizona 
cottontop (Digitaria californica), little bluestem, King Ranch 
bluestem (Bothriochloa ischaemum), knotroot bristlegrass (Seta- 
Table 4. Herbaceous standing crop (oven-dry) at various times after grid 

application of hexazinone at various rates on March 24,1976, to thicket- 
ized Post Oak Savannah near College Station, Texas.’ 

Anulication Standing crop (kg/ ha) 
1. 

rate 

(kg/ ha) 
Spacing 18 months 

(m) Grasses Forbs 
27 months 

Grasses Forbs 

0 - 
0.5 3 
I 3 
2 I.5 
2 3 
4 1.5 

918 a 76 a 365 a 323 a 
1282 b 51 a 550 a 463 b 
1365 b 93 a 1180 b 408 b 
1282 b 32 a II00 b 342 ab 
1543 bc 18 a 1214 b 1091 c 
1985 c 92 a 1551 c 374 b 

‘Means within a column followed by the same letter are not 
the 95% level according to Duncan’s multiple range teht. 

significantly d iffercnt at 
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ria geniculata), beaked panicum (Panicum anceps), and threeawns 
(Aristida spp.) composing the bulk of the remaining foliar cover. 
Although the plots were not sampled the third and fourth growing 
seasons after hexazinone application, observations indicated the 
same trend in forage production that occurred after 18 months. 
Western ragweed (Ambrosia psilostachya) and western ironweed 
(Vernonia baldwinii) were the most common forbs, regardless of 
treatment, in the experiment near College Station. 

The grass stand was extremely sparse, regardless of treatment, 
near Marquez the year after hexazinone application. Less than 80 
kg/ ha of standing grass crop were harvested from the untreated 
plots, and only 165 to 200 kg/ ha from those treated with hexazi- 
none (data not shown). Longleaf chasmanthium and dichantheli- 
urns accounted for the total grass standing crop, and the forb 
standing crop was insignificant (usually less than 5 kg/ ha). Because 
of a lack of effective yaupon control on the Marquez site, standing 
crop did not increase, compared to the year after hexazinone 
treatment, for the duration of the study. 

Bare areas, averaging 25 cm in diameter, were present at the 
point of herbicide deposition for a year after application of the 
hexazinone near College Station. Bare ground in unteated plots 
averaged 35% at 1 year after initiation of the study. Hexazinone 
application increased the percentage bare ground about 6% where 
0.5 kg/ ha was applied, by 8% to 12% on plots receiving 1 kg/ ha, by 
about 16% (3-m spacing) and 23% ( 1.5-m spacing) where 2 kg/ ha 
were applied, and by 29% on plots treated with 4 kg/ ha, compared 
to untreated plots. These bare spots were essentially covered by 
herbaceous vegetation, primarily common Bermudagrass and 
forbs, by 26 months after hexazinone application. 

Based on these data, it appears that at least 2 kg/ha (active 
ingredient) of hexazinone, applied as 15% spheres in a 1.5 to 3-m 
grid pattern, are required for effective control of blackjack oak and 

post oak. However, potential range improvement from such appli- 
cations will depend on the extent of the yaupon and American 
beautyberry cover associated with the oaks. On sites not support- 
ing yaupon or with only scattered plants, there is potential for 
increased range forage production following oak control with 
hexazinone. However, a heavy yaupon and/ or American beauty- 
berry understory may negate the benefits of oak control with 
hexazinone. 
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Membership in the Society for Range Management. . . 

n is open to those engaged in or interested in the study, 
management, or use of range ecosystems and the 
intelligent use of all range resources 

n includes research scientists, ranchers, governmental 
agency administrators and technical personnel, 
teachers, students, and people from the business 
community 

l provides members with two publications-one ori- 
ented to research (Journal of Range Management) 
and the other oriented to practical resource manage- 
ment (Range/an&) 

n offers opporMities for face-teface exchange of 
ideas at local, national, and international meetings 
of the Society. 

Dues vary according to type of membership and 
geographical section. For application forms and ad- 
ditional information, contact the: 

Executive Secretary 
Society for Range vt 
2760 West Fifth Avenue 
Denver, cobra 80204 
(303) 571-0174 
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Increase Forage Production - 
Plant PERMA-PEL 

Range & Pasture Mixes 

Depend on Ramsey Seed - long 
a leader in range improvement 

programs - for special mixes of 
clovers, sub-clovers, and selected 

grasses that can substantially 
increase forage production and 

feed value. Coupled with a sound, 
well-planned fertilization and 

grazing management plan, these 
special mixes can extend your 

grazing season while providing 
greater carrying capacity. 

Besides providing higher production than 
resident grasses, the clovers in PERMA-PEL 
mixes offer these additional advantages: 
l Tolerate heavy grazing; 
l Provide ample forage during cool winter 

months; 
l Produce abundant spring feed with quick 

recovery after grazing; 
l Provide reliable seed production for long 

stand life; 
l Provide excellent palatability; 
l Grow compatibly with native clovers and 

range grasses. 
Introduce your range improvement program 
to Rhizo-Kate* and Nutri-Kate” seed 
coatings. Rhizo-Kote and Nutri-Kote provide 
a controlled germination zone to aid in seed- 
ling establishment of clovers and grasses. 
In addition, Rhizo-Kote provides optimum 
rhizobia viability for root nodulation. 
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Special PERMA-PEL Mixes for 
Specific Rangeland & Pasture Conditions 

For increased carrying capacity . . . Highest quality 
forage. . . greatest rangeland profits, Ramsey 
provides 3 special range seed mixes for specific 
rainfall and soil condition areas - plus additional 
custom mixes on order for specific growing 
situations. 

To start your range improve- 
ment program today, see your 
seed dealer for PERMA-PEL 
range mixes. 

For a free brochure on range 
improvement, write: 

RAMSEY SEED CO. 
P.O. Box 352, Manteca, CA 95336 (209) 8234721 

*Registered Service Mark of Celanese Corporation 
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BOOK REVIEWS 

BOOK REVIEWS 
North American Range Plants. By J. Stubbendieck, Ste- 

phen L. Hatch, and Katie J. Kjar. 1981. Natural Resour- 
ces Enterprises, Inc., P. 0. Box 4523, Lincoln, Nebraska 
68504. 468 p. $16.50. 
This book describes the 200 species on the Master Plant List for 

the International Range Plant Identification Contest sponsored 
annually by the Society for Range Management. The book is in 
four sections. The first section contains the Introduction and a 
brief explanation of botanical nomenclature. The second and third 
sections are devoted to grasses, and forbs, shrubs, and trees, 
respectively. The fourth section contains a glossary, an alphabeti- 
cal list of authorities, selected synonyms, selected references, an 
appendix listing the rules of the Society for Range Management’s 
International Range Plant Identification Contest, request forms 
for book updates, and an alphabetical index of common and 
scientific plant names. Information on the grass and composite 
families is arranged alphabetically by tribe, genus, and species; 
other family information is arrranged alphabetically by rank for 
family, genus, and species. 

The front of each species description sheet includes: scientific 
name with authority; common name; life span (perennial or 
annual); origin (native or introduced); season (warm, cool or ever- 
green); inflorescence characteristics for grasses; vegetative charac- 
teristics for grasses; growth characteristics; forage value; habitat; 
distinguishing characteristics; historic, food, or medicinal uses; 
and livestock losses for toxic forbs, shrubs, and trees. 

The back of each species sheet includes: line drawings of distin- 
guishing characteristics, and a map of the plant’s general distribu- 
tion in North America. Unfortunately, the drawings, have appar- 
ently been blurred in printing, and are not the crisp clear products 
generally seen in taxonomic books. 

The book is spiral bound so that updated material can be added 
after April 15th each year. If an update is desired, Appendix II 
consists of request forms which require two dollars. Whether an 
annual update will work or is worthwhile, remains to be seen. 

Two changes would substantially improve this book: the print- 
ing quality of the plant drawings, and put each drawing on a facing 
sheet so it can be viewed while reading the description. 

Range students, persons teaching a course on important native 
forage plants, and anyone interested in a sound basic knowledge of 
dominant plant species that cover a broad geographic range, will 
find this book worthwhile.-Patrick J. Broyles, Columbus, Kan- 
sas. 

Public Lands Politics: Interest Group Influence on the 
Forest Service and the Bureau of Land Management. By 
Paul J. Culhane. 1981. The Johns Hopkins University 
Press, Baltimore, Maryland 21218. 398 p. $29.50 Hard- 
cover, $11.95 Paperback. 
This timely book is a product of Resources For the Future 

(RFF), Renewable Resources Division. The author, Paul J. Cul- 
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hane, is assistant professor of political science at the University of 
Houston, Houston, Tex., and research scientist at the Institute of 
Ecology in Indianapolis, Ind. The Foreword is by Marion Claw- 
son, a noted elder statesman in Natural Resource Economics and 
Public Lands Administration. He sketches the history leading to 
this book, how federal programs operate in the field, and recom- 
mends it to people interested in public lands management. In a 
short preface, the author outlines his objectives and highlights the 
major points. After reading the preface, one has thedesire to finish 
this book. 

The book has 11 chapters divided into 4 parts: Introduction; The 
National Context/ Agency Histories and Administrative Pro- 
cesses; Group Influence and Local Public Lands Management; and 
Conclusions. It is well illustrated with figures and tables and well 
documented with references to important, relevant literature. 

The introductory chapter describes the public lands controver- 
sies. The author believes most of the substantive controversies of 
public lands politics have been related to the so-called capture- 
conformity debate. He states that the debate has been described by 
the two 1960 publications on local administration in the Forest 
Service and the BLM-Herbert Kaufman’s,The Forest Ranger, 
and Philip Foss’, Politics and Grass. The purpose of this book is to 
reexamine the capture-conformity debate as expressed by Kauf- 
man’s and Foss’ studies and the other literature on the subject. 

Part II deals with agency histories and administrative processes. 
Separate chapters describe the history and organization of the 
Forest Service and the BLM, and the local management practices 
of the two agencies. Due to the growing public involvement and 
other policy changes by the agencies, some readers will question 
the present day validity of Kaufman’s and Foss’ studies. The 
author foresees this possibility, and explains why he believes the 
capture-conformity hypothesis is still valid. 

Part III, Group Influenceand Local Public Lands Management, 
is the heart of the book. Three western U.S. regions were studied 
during 1973 using interviews, questionnaires, and documentary 
material from the sample areas. Chapter 5 describes the agency and 
interest group actors in the study sample. Chapter 6 outlines the 
patterns of relations between managers and constituents. One 
pertinent conclusion was that constituencies were balanced enough 
to offset each others views. Chapter 7 examines administrators and 
group leaders’ beliefs about the influence local constituents have 
on management. Administrators pointed out their desire to protect 
the resources. Group leaders had a wide variety of beliefs as to local 
influences, including the feeling that increased activism of the 
environmental movement has profoundly affected management. 
The formal and informal agency practices that facilitate group 
influence are reviewed in chapters 8 and 9. The increased public 
participation in agency decision making is described. Likewise, the 
many aspects of local policy making are evaluated, such as local 
authority and other decision making mechanisms. In the conclud- 
ing chapter, the author uses a mathematical model of interest 
group influences. This model is used to estimate the extent to which 
groups really affect key policies. It will be of special value to social 
scientists, but of less interest to most readers. Appendices A and B 
describe the methodology, and Appendix C describes the model. 

In Part IV, the conclusions about the capture-conformity debate 
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are outlined. Public administration theory, professionalism, group 
influence, multiple clientelism, the public interest, and other fac- 
tors are examined. 

One of the strongest features of this unusual book is its field 
study. Some interesting conclusions are: There are almost no 
significant, systematic differences between the Forest Service and 
the Bureau of Land Management; The professionalism of BLM 
and Forest Service administration is the key to their conformity to 
agency policy; The study brings out that BLM and Forest Service 
officials are professional public administrators as well as profes- 
sional resource managers; Interest groups appear to have signifi- 
cant influence on local public lands policy-making, without cap- 
turing the agencies; Multiple-use has led to multiple-clients and 
offsetting pressures, the way a democracy should work; and Public 
participation has led the two agencies to pursue a multiple-clientele 
strategy, and professional commitment to conformity and avoi- 
dance of capture. 

count) and it “ain’t all the same. “The-well-documented, charcoal- 
producing clearcuts of western Nevada did not occur throughout 
the woodland type. Also, much of the chained area in the pinon- 
juniper woodland was occupied almost entirely by juniper trees 
and very few piiion. And, there is ample evidence that pinon and 
juniper trees have indeed invaded many original grassland areas; 
thus, removal of trees from these areas does, in a sense, create a 
more normal situation. Lanner is correct that many acres of trees 
have been removed that were mature, non-invading stands. This 
does not mean that mature stands should never be removed, but 
that careful consideration should be given to the benefit and the 
cost of retaining mature tree stands in comparison to removing 
them. 

This book will fill a need for academicians in both the public 
administration and resource fields. Resource Administrators and 
the many others interested in public lands management will find 
much of interest.-Glare W. Hendee, Chevy Chase, Maryland. 

In the final chapter, “Tomorrow’s Woodland”, Lanner discusses 
the pressures on the pifion-juniper woodland as a result of expand- 
ing urbanization, strip mining, and chaining. He suggests that in 
this vast woodland with its variability, many benefits may be 
derived with careful planning--not just pinon nuts and beef. He 
ends with a plea for management of pinon trees for production of 
pine nuts (tree farming), although no information is given to 
suggest how practical this might be. 

The Pition Pine: A Natural and Cultural History. by Ronald 
M. Lanner. 198 1. University of Nevada Press, Reno, 
Nevada 89557. 208 p. $13.50. 
The pinon pine trees have had a long relationship with animals 

Harriette Lanner’s interesting section on “Pine-Nut Cookery” 
includes suggestions on piiion-nut collection, storage, and prepa- 
ration. Her pine-nut recipes look very appealing and represent an 
international cuisine from Europe, North Africa, Asia, and North 
America. My family will surely try some. 

and people in the western United States and Mexico. These small, 
hardy trees inhabit semiarid mountains and mesas where few other 
trees survive. Their large, nutritious seeds, referred to as “nuts,” 
have provided a food source for prehistoric and modern people, 
and animals. 

This bqok is for all those interested in the humble pinon tree, its 
history of use, and for those who enjoy eating its “nuts”.- Warren 
P. Clary, Orem, Utah. 

Lanner’s long-time interest in pinon pines has resulted in a 
substantial accumulation of information, much of it historical. He 
has organized this into The Piiion Pine containing 17 chapters, 
plus a section on “Pine-Nut Cookery” written by his wife, Harriette 
Lanner. 

Deer Range: Improvement and Management. By William 
Dasmann. 1981. McFarland and Company, Inc., Box 
611, Jefferson, North Carolina 28640. 168 p. $13.95. 

The book covers a wide range of subject areas in a readable 
fashion, although the chapter sequence is disconcerting at times. 
The early chapters describe 11 species of pifion and their distribu- 
tion, speculate on the evolution and migration of pines, and discuss 
development of pinon species and hybrids. Three chapters deal 
with the relationships of pinon pines to other living species. The 
chapter on “Feathered Cultivators”describes some of the complex 
relationships between pinon pines and seed-caching pifion birds. 

This book is a rewrite and expansion of the author’s 197 1 book, 
If Deer Are to Survive, published by Stackpole. The new version 
gained 40 pages and improved organization. The additional detail. 
more complete index, and the expanded list of references (from 184 
to 455) make this book a valuable reference tool. 

The remaining 10 chapters address the principal issue of this 
book-people’s relationship with the pinion pines. The author 
traces the earliest use of piiion tree products by prehistoric people. 
In addition to nuts, these products include wood, pitch, inner bark, 
needles, growing tips, pollen, and branch boughs. The nuts pro- 
vided a winter staple for Indian tribes inhabiting areas with pinon 
groves, and at times played an important, even a critical role in the 
survival of explorers in the first European expeditions. 

Chapter 15, “Fuel for a Silver Empire,“deals with the deforesta- 
tion of vast areas in the Great Basin for the production of minerals. 
There was a great need in that area for mining timbers, but the 
greatest requirement was for charcoal. Piiion wood could be con- 
verted into high quality charcoal needed for the ore-smelting pro- 
cess of the 1860’s. For 20 years, huge areas were cut over to feed the 
charcoal ovens. 

Written in a straight-forward style, the book is easy to read. The 
wildlife practitioner, persons in related fields, amateur biologists, 
and the serious deer hunter will find most of it understandable and 
informative. The author’s experience in public game and land 
management agencies gives the book an extra dimension. His 

/knowledge of the workings and terminology of these agencies and 
his insights into resource management goals make the book a 
source of interdisciplinary understanding. Biologists will do well to 
keep a copy on their shelf to hand to a silviculturist, livestock range 
manager or engineer who he feels may need to understand the 
deer’s side of a conflict. The introductory chapter follows the 
evolution of deer and their habitats in the United States. The 
second chapter covers the basic elements of deer habitat, including 
home areas, spatial limits, and the concept of holding areas; the 
latter subject was not covered in the first book. 

Chapter 16, “Turning Woodlands Into Pasture-The Hard 
Way” is the most controversial in the book. It strongly questions 
the policies of land management agencies, particularly the U.S. 
Department of Agriculture, Forest Service and the U.S. Depart- 
ment of Interior, Bureau of Land Management. Lanners’ strong 
one-sided view may be useful in drawing public attention, but it 
isn’t always correct. He presents many defendable arguments 
against removal of trees by chaining in the pinon-juniper wood- 
land. But, he overlooks some facts. The piiion-juniper woodland 
covers a very extensive area (over 75,000 square miles, by Lanner’s 

Three chapters are devoted to the basics of cover, water, and 
food. Four chapters discuss the relationships between deer and 
their forage, nutritional requirements, kinds of forage required, 
and supplemental feeding. Another chapter is devoted to herd 
units, seasonal and yearlong ranges, and the reasons for them. The- 
relationships between deer and other species on the range are 
included in a chapter on predators and competition between lives- 
tock and deer. These two complex subjects are treated in a general 
and simplistic way. Two additional chapters are good sources of 
ideas for cooperative projects on multiple use lands. The first 
covers the common deer habitat improvement practices and some 
land treatments applied primarily for other purposes, but which 
benefit deer. The second covers deer on timberlands. 

In this new book, the author has added a short chapter on the 
deer decline of the past 20 to 40 years. He includes a list of causes, 
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but assigns no probability or ranking to their relative importance. 
The readers may still find it profitable to compare the situation in 
their own area to this list. A chapter on hunting-legal and 
illegal-takes a look at the efficiency and impact of man as a 
hunter. Included in this chapter is an excellent philosophical dis- 
cussion of the morality of hunting. Readers may find a rational 
discussion of this subject refreshing after all of the emotional 
rhetoric that has been written during the past few years. 

The book is completed with a short summary and 28 pages of 
appendices. The appendices summarize a wide variety of survey 
methods for deer habitat and list the common and scientific names 
of the deer of the United States and many of their important forage 
plants. Tables present the seasonal protein levels of the important 
deer forage species in each section of the country. 

The author works hard to make the reader understand the 
concepts presented by using research results to support and illus- 
trate his ideas. He has included some very recent research and 
points out differences in results to explain seasonal and regional 
differences in deer habitat. The author’s experience may give the 
book a slight California or western emphasis, but that does not 
distract from its value. 

Those who are involved in deer work and keep current with the 
literature will find little to learn from the book; it is superficial in its 
coverage of most subjects. But, those persons working in related 
fields will find about everything they ever wanted to know about 
deer range. Rangemen in particular will find this little book an easy 
and pleasant way to gain some understanding of how deer fit into 
the range ecosystem. In most cases, if we manage livestock range 
we are managing deer range.-Donald L. Neal, Fresno, California. 

Aerial Photography and Image Interpretation for Resource 
Management. By David P. Paine. 198 1. John Wiley and 
Sons, Inc., One Wiley Drive, Somerset, New Jersey 
08873. 571 p. $29.95. 
This book was written as a text for students studying the use of 

aerial photographs in resource management. The predecessor to 
this book,An Introduction to Aerial Photography for Natural 
Resource Management, was aimed primarily at forestry students. 
The current edition is greatly expanded (3 14 vs. 57 1 pages), covers 
remote sensing applications in other disciplines, and the use of 
nonphotographic sensors. 

The book’s 25 chapters are separated into an introduction and 
five parts. The first part, “Geometry and Photo Measurements,” 
covers the basics of aerial photo geometry, scale, horizontal and 
vertical measurements, stereoscopic vision, and acquisition of 
aerial photography. Part two, “Mapping From Vertical Aerial 

..** Photographs,” gives a geography review on map projections, 
/ radial-line triangulation, transferring detail to maps, and ortho- 

photography. Part three, “Photo Interpretation,” covers films, 
filters, photointerpretation principles and techniques, and dis- 
cusses specific applications, such as landform and drainage; geol- 
ogy, soils and engineering; land use planning; forestry; outdoor 
recreation, range, fish, and wildlife management; agriculture; and 
water polution. Part four, “Forest Inventory,” includes chapters 
on elementary sampling techniques, aerial photo mensuration, and 
an example of a photo timber cruise. Part five, “An Introduction 
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To Nonphotographic Remote Sensing,” deals with topics such as 
Landsat and imaging radar. 

Although the book is well organized and the line-drawn figures 
excellent, it is poorly edited and includes too much information in 
one text. Words are misspelled, improperly used, and invented. 
Also, textual citations are missing from the list of references. On 
page 377 is an example of a typesetting error. Three lines from the 
wildlife section are included in the range management section, 
creating a non-readable sentence. Starting on page 418, “An Intro- 
duction To Nonphotographic Remote Sensing” appears as the 
running head. Unfortunately, this part doesn’t begin until page 
473. 

The strength of this book is in the chapters dealing with forestry 
applications. These chapters are well written and referenced, 
clearly displaying the depth of Paine’s knowledge on this subject. 
However, the author appears to go beyond his area of expertise 
and tries to include everything related to aerial photo interpreta- 
tion into one book; some chapters include extraneous information 
while other chapters lack substance. Extraneous information 
includes, the overviews on map projections, grid networks and 
control (chapter 8), and elementary sampling techniques (chapter 
19) are certainly closely related to resource assessments using aerial 
photos, but their inclusion in the text seems like having an algebra 
refresher in a chemistry text. Why has Paine devoted an entire 
chapter to imaging radar given the limited use of this sensor in the 
United States? 

The chapters which lack substance are those which discuss the 
use of aerial photography in disciplines other than forestry. For 
example, the one-page section on range management gives the 
student little insight into how agencies such as the BLM or the 
Forest Service actually use aerial photos in managing rangelands. 
This section leads the reader to believe that range managers use 
aerial photos to inventory the number, age, species, and sex ratios 
of livestock on rangelands. The non-forestry sections will interest 
beginning students and those who want an overview of these areas, 
but those who want more than an overview will have to look 
elsewhere. 

Another problem concerns the author’s use of information from 
other publications. On page 23 1, “Antivignetting filters” and page 
253, “Shape,” Paine has made some minor word changes from 
other books without giving any references (Smith, “Filters for 
aerial photography”, page 189 of the Manual for Color Aerial 
Photography, and Spurr, Pho togrammetry and Photo- 
Interpretation, page 235). 

One might ask rhetorically whether another text on aerial photo 
interpretation is necessary. Many students have used Avery’s Inter- 
pretation of Aerial Photographs (1977, Burgess Publ.), Spurr’s 
Photogrammetry and Photo Interpretation (1960, Ronald Press) 
or Paine’s own preceeding edition. Like most textbooks, Paine’s 
current text must be supplemented by lectures and outside readings 
or the self-teaching slide-tape program available as a supplement 
to the book. 

The strength of this text is in its forestry applications. The book’s 
biggest weakness is trying to include everything for everyone; 
bigger is not necessarily better.-Kris G. Bonner, San Francisco, 
California. 
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