










Seasonal Use of Soil Water by Mature Velvet _ _ _~_ - - -_-- 

Mesquite 

DWIGHT R. CABLE 

Highlight: Mesquites used water consistently to a depth of 3 m and outward to 10 m 
beyond the crowns, but use at 15 m was limited mainly to drier periods when water 
supplies closer to the trees were depleted. With the start of spring growth, water was 
extracted most rapidly from the surface layers. As the season advanced, the water- 
supply zone became increasingly thicker. Rates of extraction were highest immediate- 
ly after recharge in early spring and early summer, and lowest in late fall. Differences 
in available water in the soil accounted for 72 to 88% of the variation in rates of 
extraction. The competitive effect of velvet mesquite on perennial grasses is most 
severe in the upper 37.5 cm of soil under and near the mesquite crowns, and gradually 
decreases with distance into adjacent openings. The competitive effect in the openings 
is much more severe in dry years than in wet years. 

Velvet mesquite (Prosopis juliflora 
var. veZutin42) competes severely for 
soil water with perennial grasses. When 
mesquite is killed or reduced in amount, 
perennial grass production increases, 
sometimes dramatically (Parker and 
Martin 1952; Cable and Tschirley 
1961; Martin and Cable 1962, 1974; 
Cable and Martin 1964). 

These results have been attributed to 
the extensive lateral root system of 
velvet mesquite, which occupies the 
same soil mass from which grasses 
must obtain their water. The assump- 
tion is that mesquite roots exert a 
stronger “pull” on the soil water than 
do the grasses. 

The present study was undertaken to 
determine the water use pattern of 
mature velvet mesquite at all stages in 
the annual growth cycle within a soil 
mass 6 m deep extending 15 m hori- 
zontally beyond the edge of the tree 
crowns. 

Water moves from the soil into the 
plant roots, and through the plant as 
liquid flow in response to gradients in 
water potential between the soil and the 
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plant root, the plant root and the leaf, 
and between the leaf and the air (Slatyer 
1967). Resistance to water flow is 
greater during entrance into the roots, 
where water moves across the cortex, 
than to longitudinal flow in the 
xylem elements of the root and stem 
(Kramer 1969). 

Because of the relatively low resis- 
tance to longitudinal movement of 
water in the root xylem, water is 
absorbed from distances of several 
meters as readily as from closer 
distances. Thus extraction of water 
from the soil tends to be more closely 
related to concentration of roots than to 
distance from the tree (Kramer 1969). 
But because root concentrations gener- 
ally tend to decrease with depth in the 
soil and with horizontal distance from 
the tree, water is usually extracted most 
rapidly in the upper part of the root zone 
and closer to the trunk. As soil water in 
these areas decreases, the zone of 
maximum water uptake moves down- 
ward and outward (Cowan and 
Milthorpe 1969; Slatyer 1967). 

Methods 
The study area was located at an 

elevation of about 1,220 m (4,000 ft) on the 
Santa Rita Experimental Range south of 
Tucson, Ariz. Annual precipitation at the 
study site averages about 37 cm (15 inches) 
with about 58% falling during the July- 
September summer growing season. Most 
of the remainder falls during the December- 
April winter rainy season. The two rainy 
seasons are separated by dry periods, with 

the May-June drouth being particularly 
severe (Fig. 1). The soil is Comora gravelly 
sandy loam in the loamy, skeletel, mixed, 
thermic family of Cumulic Haplustolls, 
changing to gravelly clay mostly between 
2.5 and 4 m depth. 
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Fig. 1 . Mean monthly precipitation 
site (51 -year means). 

at the study 

The relatively high rainfall and sandy 
soil provide a favorable site for velvet mes- 
quite. The area supports a stand of about 50 
mature trees per hectare (20 trees/acre). 
Four mature trees, each located at the edge 
of an opening 20 to 30 m across, were 
selected for study. These trees were 5-6 m 
tall, with crowns 8-9 m in diameter. At 
each study tree, six 5-cm holes were drilled 
into the ground, each 6 m deep, along one 
radius from the trunk. Holes 1 to 3 were 
under the tree crown: near the trunk, 
midway between the trunk and the edge of 
the crown, and at the edge of the crown; 
holes 4 to 6 were located 5, 10, and 15 m 
beyond the edge of the crown, in the 
adjacent opening (Fig. 2). Four other trees 
were killed with diesel oil applied to the 
base of the trunk, and three holes were 
drilled, at positions 1, 3, and 5, to provide 
check data on changes in moisture in soil 
supporting no live vegetation. Aluminum 
access tubes were inserted in the holes for a 
neutron probe. Trees surrounding the 
openings, and all other vegetation near the 
holes, were killed so that no live roots other 
than those of the study trees would be 
present near the live-tree holes and no live 
roots of any kind near the dead-tree holes. 

Soil water was measured with a neutron 
probe, calibrated to read percent by vol- 
ume, at 13 depths from 25 cm to 6 m (25-cm 
intervals to 2 m; at 2.5, 3, 4, 5, and 6 m). 
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Fig. 2. Protruding ends of aluminum access tubes, used 
probe, along a radius from a velvet mesquite tree. 

sample soil water content neutron 

Measurements were taken at about 2-week 
intervals between July 197 1 and December 
1973, except during the summer of 197 1, 
when measurements were taken every 3 or 
4 days. 

For most comparisons, soil water is 
expressed in terms of “volume percent 
available,” defined as soil water in excess 
of the permanent wilting percentage 
(Slatyer 1967; Meyer and Anderson 1952). 
For this study, the soil water contents on 
July 10, 197 1, are assumed to represent 
permanent wilting percentages. This was at 
the end of a very dry period, just prior to the 
start of summer rains, and the trees were 
obviously stressed for water, as indicated 
by meager leaf, flower, and fruit develop- 
ment. These were also the lowest soil water 
values at most depths for the 2%-year study 
period. Negative values of available soil 
water recorded late in 1973 at some depths 
indicate that the mesquite roots were able to 
reduce soil water content to slightly below 
the assumed permanent wilting percent- 
ages. 

For convenience, in referring to water 
contents in the soil at the various distances 
from the tree, the convention has been 
adopted of referencing these distances to 
the particular “hole(s)” from which the 
data were obtained. 

From the 2%-year record, two periods 
have been selected to characterize the soil 
water use regime for velvet mesquite: (1) 
July-December 197 1; soil water recharge 
and depletion for a summer of near-normal 
rainfall, followed by an unusually wet fall, 
and (2) March-November 1973; soil water 
depletion during a very dry spring, sum- 
mer, and fall, following an unusually wet 
fall and winter recharge period. 

Results and Discussion 
Initial Conditions 

At the start of the study, in July 
1971, volume percent water at the 
study trees ranged from about 2% at 25 
cm to 4.4% at 1 m in the sandier soil, to 
over 14% in the deeper clayey soil. 
These soil water values were probably 
near wilting point at all depths. 

Velvet mesquite begins leafing out 
between late March and late April, as 
shoots elongate. Flower buds develop 
during the same period, and the first 
pods appear about 5 weeks after flower 
buds burst, usually in May at the study 
area elevation. Twig elongation and 
leaf initiation last 3 to 4 weeks, and 
flowering 4 to 6 weeks. Pods mature 7 
to 9 weeks after flower buds burst, in 
late May or June. Mesquite can flower 
and form pods later in the summer if 
rainfall is high, but this did not happen 
during the study period. Leaves 
normally begin to yellow and dry in late 
fall, and all leaves have usually dropped 
by late December. 

Precipitation during Study Period Soil Water Changes 

The year has been divided into four 
seasons for presenting precipitation 
data, keyed to the annual growth cycle 
of mesquite: (1) January-March: medi- 
um precipitation, the major soil water 
recharge period, mesquite dormant, (2) 
April-June: low precipitation, spring 
leafing-out and flowering period, (3) 
July-September: high rainfall, high 
temperatures, and rapid soil water use, 
and (4) October-December: relatively 
dry, cool, ending with winter dormancy. 

The broad pattern of soil water 
change shows: (1) recharge during the 
winter precipitation period, followed 
by (2) periods of high water extraction 
during the spring while leaves, stems, 
flowers, and fruit are developing, and 
during the summer when rainfall is 
usually high, and (3) periods of low 
water extraction in the fall, when 
rainfall and soil water levels are low, 
and later in the winter after the leaves 
have dropped and the trees are dormant. 

Seasonal precipitation totals varied 
widely from long-time means during 
most of the study period. On an annual 
basis, 197 1 averaged 29% above the 
long-time mean (for the two seasons 
available), and 1972 and 1973 (with 
27.5 and 23.3 cm, respectively) 
averaged 3 1 and 4 1%) respectively, 
below the long-time means (Table 1). 
Of the 10 seasons, only two were near- 
normal: summer 197 1 and spring 1972. 
Five varied from 40 to 99% below the 
long-time means, while the other three 

varied from 82 to 107% above the 
long-time means. 

Phenological Development 
of Velvet Mesquite 

Table 1. Seasonal precipitation (cm) at the study area (inches in parenthesis). 

Year and Jan.- Apr.- Jul.- Oct.- 
means 

1971 

1972 

Mar. June 

- - 
0.1 3.2 

Sept. 

22.5 
10.3 

Dec. 

15.7 13.9 

Total 

27-5 
1973 (10.84) 

13.5 1.5 7.1 1.2 23.3 
(9.16) 

Mean (26::8) 2.4 13.3 10.3 32.8 
(.94) (5.24) (4.05) (12.91) 

Est. long-time mean 7.4 2.5 22.1 7.6 39.6 
Percent of total 18.7 6.3 55.8 19.2 100.0 
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Fig. 3. Soil water recharge during summer and fall 1971 at 6 soil depths for holes l-4 and at dead trees (monthly averages of vol % available). 

Recharge 
The amount and degree of recharge 

of soil water depend on: (a) amount of 
precipitation, and (b) evapotranspi- 
ration rates. Evapotranspiration losses 
am due to extraction of water by plant 
roots and to surface evaporation, which 
in turn is a function mainly of tempera- 
ture and humidity. The major recharge 
period at the study site is during the 
winter rainy period, primarily because 
temperatures are low and most plants 
am dormant; recharge reached the 3 m 
depth at some holes during both winter 
recharge periods ( 197 1-72 and 1972- 
73). During the summer rainy sea- 
son, on the other hand, high temper- 
atures and high evaporation rates, 
coupled with rapid extraction by 
plant roots, severely restrict recharge. 
Water reached the 1 m depth at some 
holes in the summers of 1971 and I972 
but reached only the 50-cm depth in 
1973. 

Figure 3 illustrates the recharge 
pattern at the six live-tree holes and at 
the dead trees, for six depths in the soil, 
during the summer of 1971, when 
rainfall was near-normal, and during 
the folIowing unusually wet fall, when 
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rainfall was 128% above the long-time 
mean. The strong impact of soil water 
extraction is evident in the greatly 
restricted recharge at holes 1 to 3, under 
the tree crowns, compared to the 
increasing levels of recharge at suc- 
cessively farther distances. The re- 
stricted recharge was most noticeable 
during August and September, when 
evapotranspiration demands were high- 
est, as shown by maximum differences 
between hole 1 and the dead trees of 
about 6%. The rates of recharge 
increased noticeably with the cooler 
temperatures of fall, especially at holes 
1 to 4, and particularly with the 
near-dormancy of the mesquite in 
December, when variation among 
boies was reduced to 2 to 3%. 

Also evident from Figure 3 is the 
time lag for water to reach successive- 
ly deeper depths, and the influence of 
extraction by tree roots in restricting the 
downward movement of water. It 
should be noted that, although the 
December values represent maximum 
recharge at depths to 125 cm, with 8% 
to 10% available water, maximums 
were reached successively later at 

deeper depths: January at 150 cm, 
February at 200 cm, March at 250 cm, 
April at 300 cm at the live trees. Also, 
the maximums decreased with increas- 
ing depth, from a mean of 8.7% 
available water at 125 cm in December 
to 0.8% in April at 300 cm for live 
trees. Dead-tree maximums were 
higher (9.8 to 2.6%) and were reached 
earlier (December to February) for 
depths from 125 to 300 cm. Of course, 
the particular level of available soil 
water attained after a recharge period, 
as illustrated in Figure 3 and later 
figures, represents 100% of the soil 
water available for plant use at that 
particular location until the next re- 
charge event. 

“Maximums” at the deeper depths 
were lower, suggesting only partial 
wetting during recharge, because re- 
charge reached different depths at the 
four study trees, yielding mean values 
less than field capacity. 

Presenting the 1971 summer re- 
charge data as monthly averages (Fig. 
3) adequately illustrates the overall re- 
charge pattern, but masks short-term 
changes. Typically, frequent summer 
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rains superimposed on a strong and 
continuous evapotranspiration demand 
result in frequent alternating periods of 
recharge and depletion, especially at 
the 25cm depth. 
Extraction 

The year 1973 provided a good 
opportunity to study soil water extrac- 
tion by velvet mesquite from. growth 
initiation in the spring until near- 
dormancy in late fall. The conditions 
that produced this opportunity in- 
cluded: (1) unusually good soil water 
recharge caused by 83% above normal 
precipitation from October 1972 
through March 1973, (2) lack of rain 
between March 30 and June 28, 
providing an uninterrupted period of _ 

HOLE 1 
D 0 2 4 6 I 8 10 

1 I I 

HOLE 4 

depletion during spring leafing-out and 
flowering, and (3) a short, dry summer 
rainy season, with essentially no re- 
charge below 50 cm, followed by an 
even drier fall. As a result, depletion of 
the previous winter’s recharge con- 
tinued into the fall to the lowest levels 
of soil water encountered in the 21/2- 
year study period at most holes and 
depths. 

Even with the unusually high winter 
precipitation, water barely reached the 
3 m depth at the live trees. The 
following discussion will, therefore, be 
limited to soil water changes in the 
upper 3 m of soil. 

Spring growing period. By March 
30, 1973, the winter rains had ended 

L 
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Fig. 4. Profiles of available soil water at successive intervals of approximately 2 weeks during spring 
1973, at 6 live-tree holes (HI next to trunk; H6 IS m beyond edge of crown) and at dead trees. 
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and available water had reached maxi- 
mum values at depths down to about 
150 cm (Fig.4). At greater depths, 
water content continued to increase, 
however, reaching maximum values at 
most depths by May 8. Water loss 
during the period March 30 to April 10 
was restricted mainly to the 25cm 
depth, and was due almost entirely to 
evaporation. By April 10 the mesquite 
trees were beginning to grow, and 
thereafter a major part of the decrease 
in available water was due to extraction 
by the tree roots. 

Changes in available water during 
successive 2-week periods from March 
30 to June 21, 1973, show that 
extraction was most rapid at the 25cm 
depth (Fig. 4). As the season pro- 
gressed, increasingly larger amounts of 
water were taken from increasingly 
deeper depths. Rates of soil water 
extraction were highest at most depths 
and holes during the period May 8 to 
June 11. Most of the soil water used by 
the trees during this spring growing 
period came from the soil represented 
by holes 1 to 5. Losses at hole 6 were 
essentially similar to those at dead 
trees. 

Summer and fall 1973. Small but 
significant amounts of water were 
available throughout the profile at the 
beginning of the summer rainy season 
in July 1973, as a carryover from winter 
recharge (Fig. 5). Recharge from the 
July rains was restricted almost entirely 
to the 25-cm depth. By August 14, the 
summer water had been used, and 
extractions thereafter were small and 
rather uniformly taken from all depths, 
as a continuation of the pattern prior to 
the summer rains. These losses appear 
to be of roughly similar magnitude at 
live-tree holes 1 to 5 as at the dead 
trees, suggesting that evaporative 
forces were removing water from the 
soil at the dead trees as fast as 
evaporation plus transpiration were 
removing water at the live trees. These 
rates of removal are not directly 
comparable, however, because more 
than four times as much water was 
available at the dead trees as at the live 
trees on July 19, and the rate of 
extraction of soil water is strongly 
dependent on the amount of water 
present. This relationship is fully 
discussed in the next section. 

Total extraction at hole 6, 15 m 
beyond the crown, during this period 
was considerably higher at all depths 
than that at the other 5 live-tree holes or 
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SOIL WATER AVAILABLE (% BY VOL.) 

HOLE 5 HOLE 6 

Fig. 5. Profiles of available soil water (% by vol) at successive intervals of approximately 4 weeks 
during summer andfall 1973, at 6 live-tree holes (HI next to trunk; H6 15 m beyondedge of crown) 
and at dead trees. 

at the dead trees. It was only after much 
of the soil water had been removed 
ftom holes 1 to 5 that the mesquite trees 
withdrew water from the farthest 
distance. 

This pattern of water extraction 
during the summer of 1973, when 
available water carried over from the 
previous winter’s recharge was present 
throughout the 3-m profile, contrasts 
sharply with the extraction pattern 
during the summer of 197 1, when there 
was no carryover. The summer of 197 1 
was characterized by only minor 
changes in water content below 75 cm 
(0.5% or less), and frequent alternating 

8 

periods of recharge and depletion in the 
upper 75 cm. 

Carryover of Soil Water 
from Spring to Summer 

Some available soil water was 
carried over from spring to summer in 2 
of the 3 study years. Recharge precipi- 
tation for the fall and winter of 1970-7 1 
was less than 50% of the long-time 
mean, and there was essentially no 
carryover to the summer of 197 1. Re- 
charge precipitation for the falls and 
winters of 197 l-72 and 1972-73, on 
the other hand, were 124 and 183% of 
the long-time means, respectively. 

Amounts of available soil water carried 
over varied between about 1 and 2% for 
holes 1 to 3, under the tree crowns, and 
4 to 5% at hole 6, 15 m beyond the edge 
of the crown. Apparently, in years 
when recharge precipitation of the 
previous fall and winter is below the 
long-time mean, available soil water is 
essentially exhausted before the sum- 
mer rains begin, but in years when 
recharge precipitation is appreciably 
higher than the long-time mean, some 
soil water is carried over to summer, 
particularly in openings between trees. 

Relationship Between Soil Water 
Content and Rate of Extraction 

The rate at which water was ex- 
tracted from the soil by mesquite roots 
was highest when soil water content 
was highest and decreased linearly as 
soil water content decreased. These 
results agree with previous research as 
reviewed by Slatyer (1967) and 
Gardner ( 1968). The approach adopted 
in studying differences in rates of 
extraction was to plot available soil 
water (means of four trees) against time 
for the period from March 30 to Decem- 
ber 3 1, 1973. These curves for the 
various holes and depths showed that 
the rate of soil water extraction re- 
mained constant for periods varying 
from 26 to 12 1 days, depending on 
seasonal weather conditions. 

Under conditions of high soil water 
availability at the start of the spring 
constant-use period, the first 50 to 75% 
of available water (3 to 5% by volume) 
was lost at relatively rapid rates of from 
0.20 to 0.05% by vol/day, depending 
on hole and depth. The remaining soil 
water was extracted much more slowly 
during the following summer and 
fall-at rates of from about 0.04 to 
0.005% by vol/day. Growth stage of 
mesquite appeared to have little effect 
on rates of extraction of soil water. 
Apparent effects were coincidental. 

In sur$ace soil. Soil water extraction 
data for four seasons in 1973 at the 
25-cm depth illustrate the effects of 
evaporation superimposed on those of 
water use by the trees (Fig. 6). The 
main factors controlling loss of water 
were: (1) evaporative forces of the 
atmosphere, (2) transpiration demand 
by the trees, and (3) supply of water in 
the soil. 

Losses were highest when the weath- 
er was hot and dry, when trees were 
growing rapidly or transpiring rapidly, 
and when soil water content was high. 
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When water was in short supply, 
however, the rate of extraction was 
curtailed, regardless of evapotranspi- 
ration demands. 

In early spring (March 30-Apri124) 
water content was high, and transpi- 
ration demand was high because of 
active spring growth. The resulting 
high rate of extraction reduced the 
available water about 50% by the end of 
the early spring period. As a result, the 
rate of extraction during late spring 
(April 25-June 11) decreased about 
60%) even though evapotranspiration 
demand increased due to higher tem- 
peratures and continued active growth 
of mesquite. By June 11, at the end of 
the late spring period, available water 
averaged less than 1% at the four active 
water-supplying holes. 

July rains added from about 2 to 5% 
to the available supply, and as a result 
of adequate water and strong evapo- 
transpiration demands, the average rate 
of extraction for the early summer 

period (July 19 to August 14) was 
higher, relative to starting volume 
percent available, than for any other 
season. By August 14, water supplies 
were again very low and rate of 
extraction during the following late 
summer period (August In-November 
7) was the lowest for the year. 

At the dead trees, even though water 
supplies were higher at all seasons than 
at the live trees, rates of loss were much 
lower than for similar water contents at 
live trees and were, of course, due 
entirely to evaporative processes. And 
as with the live trees, rates of loss were 
strongly correlated with water available 
at the start of constant-loss periods 
(Fig. 6). 

The portion of the water loss at live 
trees that can be attributed specifically 
to use of water by the trees, exclusive of 
evaporative forces, can be approxi- 
mated on Figure 6 by the vertical 
distance between the dead-tree rate for 
a specific season, and the rate for live 
trees for the same season and same 
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starting water content. For example, in 
late spring (LSp) the dead-tree rate of 
extraction was 0.07% by vol/day, with 
a starting available water content of 
7.7%. A vertical projection of this 
point intersects the extension of the late 
spring live-tree regression at 0.117% 
by vol/day, 67% higher. Similarly, the 
early summer (ESu) rate of 0.135 at the 
dead trees (starting vol percent 10.1) 
intersects the live-tree regression at 
0.275, twice the dead-tree rate. Actual 
evaporation loss at the live trees was 
probably less than at the dead trees 
because of shading effect under the 
cmwns and extraction by the roots of 
some water that would have evaporated 
if the roots had not absorbed it. Thus, 
the amounts attributed to use by the 
trees, as indicated in Figure 6, are 
conservative. 

The upper 37.5 cm of soil, as 
represented by the 25-cm depth data, is 
an important source of water for velvet 
mesquite. The practical value of these 
data to rangeland managers is to 
provide a quantitative basis for the 
well-documented fact that competition 
for water between velvet mesquite and 
perennial grasses is severe. Not previ- 
ously documented is the fact that this 
competition is intensified during drier 
periods, because at these times the 
mesquite roots are most active in 
extracting water in the openings be- 
tween trees. When water supply was 
high, in early spring, the trees were 
drawing water primarily from holes 1 to 
3, under the crowns, at the 25-cm 
depth, with decreased extraction at hole 
4, and more especially at hole 5 (and no 
use at hole 6) (Fig. 6). With water 
supplies reduced about 50% in late 
spring, hole 4 was also being actively 
used, and during the rest of the year 
hole 5 also actively supplied water. 
Hole 6 received some use during early 
and late summer, but at a significantly 
lower rate than holes 1 to 5. This is 
indicated in Figure 6 by the rate of 
extraction at hole 6 being higher than 
the dead-tree rate but lower than the 
live-tree regression rate at the same 
starting volume percent available. 

One additional facet of the extraction 
of soil water by velvet mesquite that is 
apparent in Figure 6 is the strong 
tendency for available moisture at the 
start of each constant-use period to be 
lowest for hole 1, next to the trunk, and 
to increase at successively farther 
holes. This probably is due in part to 
smaller recharge under the crowns 
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because of interception losses, but 
mostly to the fact that, during the 
recharge periods prior to the start of the 
early spring and early summer periods 
of constant use, water use by the trees 
was heaviest under the crowns and de- 
creased with distance beyond the 
crowns. The residual water contents at 
the start of the constant-use periods, 
therefore, were lowest under the 
crowns and increased with distance. 
Evapotranspiration was higher during 
the early summer recharge period than 
during the early spring recharge period, 
and more pronounced under the trees 
than in the openings. This led to greater 
differences in available water among 
holes at the start of the following 
constant-use period in early summer 
than in early spring (Fig. 6). 

.ll - 

JOI- 

.09 - 

.08 - 

5.07- 
Q 
\ . 
6 
’ 06- 
26;’ 

E 

6.05- 

4 
E 
X 
u.o4- 

5 
lu 

5.03- 

.02- 

.01 - 

In deeper soil layers. At soil depths 
below about 75 cm, the relationship 
between amount of available water and 
rate of extraction is simpler, because 
evaporative influences are small or 
absent. Thus, a single equation de- 
scribes the relationship during summer 
and fall for a relatively large part of the 
soil mass occupied by the mesquite 
toots-75 to 300 cm depths and holes 1 
through 5--and for most of the crop 
year. During these periods available 
water did not exceed about 5% and 
rates of extraction were less than 0.05% 
by vol/day (Fig. 7). The relationship 
was: 

Rate of extraction = 0.0090 + 0.0063 
(vol percent available at start of period). 
Standard error of estimate is 0.0029 

(Fig. 7). Differences in volume of water 

Fig. 7. Rates of extraction of soil water at deeper depths (125-300 cm for spring, 75-300 cm for 
summer-fall) for holes I-5, in 1973, related to ~01% water available, compared with losses at dead 
trees (all seasons, 100-300 cm). 

available at the start of a constant-use 
period accounted for 88% of the 
variation in rate of extraction among 
holes and depths. Since losses of soil 
water during the summer and fall of 
1973 were negligible at the dead trees 
when available water was less than 
about 4%, essentially all soil water 
losses below 4% available at depths 
below 75 cm at the live trees can be 
attributed to extraction by mesquite 
roots (Fig. 7). 

The relationship between rate of 
extraction and available water followed 
no consistent pattern at hole 6 because 
the use of water at this distance was 
largely determined by the availability 
of water at closer distances. 

During the spring of 1973 relation- 
ships differed among depths, in con- 
trast to the uniformity of response 
among depths during the drier summer 
and fall. Starting water contents at 
depths below 100 cm were relatively 
high, mostly between 3 and 9% at holes 
1 to 5, and rates of extraction were also 
relatively high (mostly 0.055 to 
0.095% by vol/day). Here, again, 
differences in starting available water 
volumes accounted for about 88% of 
the differences in rates of extraction 
during the period for individual depths. 

At depths of 50 to 100 cm, available 
soil water and rates of extraction both 
varied within such narrow limits that 
regressions were not meaningful. Both 
averaged somewhat higher than for the 
125- to 300-cm data. 

The portion of the water loss at the 
deeper depths that can be attributed to 
the mesquite trees can be approxi- 
mated, as with the 25-cm data, by 
comparing the regressions in Figure 
7 for similar starting water contents. 
Thus, in the spring period the dead-tree 
extraction rate averaged about one- 
fourth the live-tree rate, as shown by a 
vertical projection of the dead-tree 
available water content of 8.2% to the 
spring regression line in Figure 7. 
Similarly, during the summer-fall peri- 
od, the dead-tree rate of extraction was 
only 30% of the live-tree rate. 

The greater dependence of the mes- 
quite trees on hole 6 during summer and 
fall of 1973, is shown in Figure 8. Data 
for the lOO-cm depth illustrate that, 
when soil water was abundant (spring), 
the mesquite obtained essentially all of 
its water from the first 5 holes. As this 
moisture was depleted in early sum- 
mer, the rate of extraction at hole 6 
began to increase; hole 6 was then the 
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Fig. 8. Increasing dependence on hole 6 (1.5 m beyond edge of crown) for water as soil water closer 
to the trees is depleted (j-period moving average rate of extraction, IOO-cm depth, April to 
December, 1973). 

major source of water during the dry 
summer and early fall. Data for other 
depths showed a similar pattern. 

The data presented in Figures 7 and 
8, however, do not fully reflect the 
importance to mesquite of the water 
supplies present at the farther distances 
(holes 5 and 6). For example, at 20 m 
from the trunk of a tree, a 1 -m wide ring 
of soil around the tree contains twice 
the volume per unit of depth as a l-m 
wide ring of soil 10 m from the trunk. 
Thus, a given measured rate of extrac- 
tion will result in the absorption of 
twice as much water 20 m from the tree 
as at 10 m. The actual importance of 
water supplies at the farther distances is 
therefore greater than indicated by 
extraction rates alone. 

Summary and Conclusions 

Soil water contents (% by vol) were 
measured by neutron probe at 13 depths 
from 25 cm to 6 m at six locations along 
one radius from each of four velvet 
mesquite trees (hole 1, next to the 
trunk; hole 6, 15 m beyond the edge of 
the crown, in an adjacent opening). 
Surrounding vegetation was killed so 
that the only live roots present were 
those of the study trees. Measurements 
were made under similar conditions 
near four similar trees that were killed, 
with no live roots of any kind near the 
access holes. Measurements were 
taken for 2% years, 3 summers and 2 
winters, at about 2-week intervals. 

Within this 21/2-year study period, 
the soil water use regime for velvet 
mesquite is characterized by: (1) soil 
water recharge and depletion data for a 
summer of near-normal rainfall, and 
(2) depletion data during a very dry 
spring, summer, and fall following an 

unusually wet fall and winter recharge 
period. 

Results are interpreted as follows: 
1. Winter precipitation is much 

more effective in recharging the soil 
profile than is summer precipitation. 
Winter recharge reached a maximum 
depth of about 3 m-highest at the 
25-cm depth, decreasing with each 
successively greater depth. High evap- 
otranspiration demands prevented per- 
colation below about 1 m during the 
summer rainy period. 

2. Essentially all available soil wa- 
ter from winter recharge is used before 
the end of the May-June drought, 
except in years when winter precipita- 
tion is appreciably higher than the long- 
time mean. In such years, carryover of 
soil water from spring to summer is 
higher in openings between trees (to 4 
to 5% at hole 6) than under mesquite 
crowns ( 1 to 2%). 

3. Soil water is extracted most 
rapidly where and when available soil 
water is highest-usually at the 25-cm 
depth immediately following precipita- 
tion periods. Varying amounts of 
available soil water accounted for 72 to 
88% of the variation in extraction rates. 

4. Stage of growth of the mesquite, 
during the leaf-bearing period, has little 
effect on rates of extraction of soil 
water. 

5. Evaporation affects losses pri- 
marily at the 25-cm depth, and to a 
much lesser extent at the 50-cm depth. 

6. Roots of the mesquite trees ex- 
tend out to at least 15 m beyond the 
edge of the crowns, but water is used at 
this distance primarily during drier 
periods when water supplies closer to 
the tree are depleted. 

7. The trees consistently use water 
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from next to the trunk out to 10 m 
beyond the edge of the crown. Rates of 
extraction are generally similar over 
this distance, for a given depth and 
similar amounts of available soil water. 

8. When soil water levels are high, 
following recharge, extraction is in- 
itially highest at shallow depths, and 
successively greater depths are added 
to the active water supplying layer as 
the growing season advances. In con- 
trast, when levels of available soil 
water are low, rates of extraction are 
also low and are similar throughout 
the profile. 

9. The upper 37.5 cm of soil (as 
represented by the 25-cm data) is an 
important source of soil water for 
velvet mesquite, and also is the major 
source of water for perennial grasses. 
Mesquite has the competitive advan- 
tage. This competitive effect extends 
into adjacent openings to at least 15 m 
beyond the edge of the crowns, but is 
most severe nearest to the crowns, 
gradually decreasing with increasing 
distance. The competitive effect in the 
openings is much more severe in dry 
years than in wet years. 
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Plains Pricklypear Is a Good Forage for Cattle 

M. C. SHOOP, E J. ALFORD, AND H. F. MAYLAND 

Highlight: Singed plains pricklypear was assessed as a cattle 
forage. In an 84.day feeding trial, six pairs of heifers were 
individually fed a basal ration of bay and cottonseed meal at 2.3% 
of initial bodyweight. One heifer in each pair also ate singed 
pricklypear offered ad Iibitum. Pricklypear increased total dry 
matter consumption 43% and weight gain 72%. The heifers 
experienced no digestive problems during the trial or ensuing 60 
days on pricklypear range. Chemical analyses and microdigestion 
trials indicated that digestibility of pricklypear was equal or 
superior to that of high quality alfalfa hay. Pricklypear contained 
about 40% m,xe soluble carbohydrates than alfalfa hay, but 
contained only 3.4% digestible protein. Therefore, rations eon- 
tainting pricklypear would usually require protein supple- 
mentation. We concluded that singed pricklypear was a palatable 
and nutritious feed and should be evaluated as an additional 
forage on shortgrass range. 

Most cattlemen operating under range conditions on the 
shortgrass plains of Colorado cannot successfully calve 
replacement heifers as 2.year-olds @hoop and Hyder 1976). 
However, successful calving of heifers at 2 years of age instead 
of 3 years can increase calf production on a ranch about 10% 
(Pinney et al. 1972). 

Heifers need to weigh at least 272 kg (600 lb) at breeding and 
363 kg at calving for successful calving and rebreeding as 2- 
year-olds (Bond and Wiltbank 1970; Wiltbank 1972; Clanton 
1973). To meet these weight criteria, weaner heifers produced 
on shortgrass range must gain about 0.38 kg/day more during 
winter than is typical at present (Shoop and Hyder 1976). 
However, most ranchers on shortgrass range must buy energy 
feeds if they want to improve rate of gain of replacement heifers. 
Many have found this uneconomical. 

Over 560 kg/ha (500 lb/acre) of plains pricklypear (Opunfia 
polyacantha Haw.) dry matter occur on some range sites in 
northeastern Colorado (D. N. Hyder private communication). 
Currently, plains pricklypear is regarded to be essentially 
worthless as a livestock forage, is a nuisance to man and beast, 
and is a barrier that prevents cattle from grazing a considerable 
portion of the herbage (Bement 1968) (Fig. I). 

Cattlemen have successfully fed various species of prickly- 
par (Opuntia spp.) for many years, bath as a drouth feed and as 
aforage(Griffiths 1905;Griffiths 1912;Woodwardetal. 1915). 
The Opuntia species that have been analyzed for nutrient 

contents are high in energy and low in protein (National 
Research Council (NRC) 1970). However, we were unable to 
fund any analyses or feeding trial results for plains pricklypear, 
even though ranchers had fed it to cattle. 

The purpose of this study was to evaluate plains pricklypear 
(hereafter, pricklypear) as a forage and as a potential energy 
source for hastening growth of replacement heifers. 

Materials and Methods 

Experimental Area 

We conducted the study on the Central Plains Experimental Range 
located 61 km (38 miles) northeast of Fort Collins, Colorado. An- 
nual precipitation averages 31 cm (12.2 inches), 85% of which 
falls during the growing season, April through October. Range 
sites are mostly loamy plains and sandy plains. Blue grama (Boure- 
loua gracilis) is the dominant forage species. 

Feeding Trial 

Twelve yearling heifers were placed in individual drylot pens in a 
paired experimental design. The heifers were paired according to 
ownership, previous 2.month gains, conformation, breed, and weight; 
and were then assigned at random to treatments. They averaged 249 kg 
shrunk weight at the start of the trial. 

All 12 heifers received a basal ration formulated to approximate the 
best winter feed condition on shortgrass range. The basal ration 
consisted of a grass-hay pellet fed at 2% of initial body weight, 
cottonseed meal (pelleted, solvent-extracted, 41% protein) fed atO. 
kg/head daily, and crested wheatgrass hay (Agropyron deserrorum; 
sun-cured, full bloom) fed at 0.41 kg/head daily (Table 1). The 
grass-hay pellet consisted primarily of tall wheatgrass (Agropyron 
elongnrum) and bromegrass (Bromus inermis) hay (sun-cured, over- 
ripe), which we considered to have a fair nutritional value. (Its 
analyses are reported under “Results.“) The cottonseed meal approxi- 
mated the normal level of protein supplementation on local winter 



Table 1. Average weight gain and feed intake of heifers 
pear ration and of heifers fed only the basal diet. * 

fed prickly- Feed Analyses 

Item 
Basal ration plus 

pricklypear 

6 

Basal 
ration 

Heifers (number) 
Initial weight 9/2/74 (kg) 254 

6 
242 

Fiial weight 1 l/25/75 (kg) 
Daily feed intake (kg) 

Basal ration: 
Hay pellet 
Cottonseed meal (4 1% cp) 
Crested wheatgrass hay 

Sub-total 
Pricklypear 

Total 

Daily gain (kg) 
Feed intake (kg/kg) gain 

310 

5.15 
0.30 
0.41 

5.86 
2.53 

8.39 

.67 a 
12.5 c 

275 

4.98 
0.30 
0.41 

5.69 
- 

5.69 

.39 b 
14.6 d 

- 
‘Means on the same line followed by different letters differ significantly at I% level (a,b) 
or 5% level (c,d). 

range. The small amount of crested wheatgrass hay was included to 
alleviate lack of cud chewing, chewing of corral fences, and grinding 
of teeth that existed prior to its addition. 

One heifer in each of the six pairs received singed pricklypear in 
addition to the basal ration. The pricklypear was gathered daily with a 
hand rake and was singed in a metal tank with a propane weed burner 
until its spines no longer felt sharp when touched (Fig. 2). After the 
pricklypear was singed, it was fed to the heifers without further 
processing. 
1 

The heifers received their basal ration in equal morning and evening 
feedings and pricklypear ad libitum. All feeds were weighed when fed 
and arts were weighed-back to determine feed intake. Each heifer had 
free access to water and plain salt at all times. 

The 84-day feeding trial lasted from September 2 to November 25 
and was preceded by a 2-week adaptation period. At the beginning of 
the trial and at 2-week intervals, all heifers were fasted for 12 hours 
before being individually weighed. 

Fig. 2. Untreated pricklypear pads (above) and singed pads (below). 

Samples of the singed pricklypear being fed were collected daily 
during the feeding trial, cornposited into monthly aliquots(September, 
October, and November), and analyzed for nutrient composition. 
Samples of the grass-hay pellets and alfalfa hay (Medicago sativa; 
sun-cured, earlybloom) were also analyzed. The alfalfa hay was used 
as a standard of comparison for the feeds in the feed analyses and was 
not fed. 

Additional pricklypear samples were collected monthly after 
completion of the feeding trial to study the effect of season on dry 
matter content and mineral composition. Samples were dried at a 
temperature of 65°C for 72 hours to minimize chemical changes 
(Van Soest 1965; Danley and Vetter 197 I). 

As part of the nutrient analyses, samples were analyzed for neutral 
detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent 
lignin (ADL) by the procedures outlined by Van Soest and Wine 
( 1967) and Goering and Van Soest ( 1970). 

Two microdigestion trials were conducted with the feeds to estimate 
their apparent dry matter digestibility (DMD). These included a 
one-stage in vitro digestion trial and an in vivo nylon bag trial. A 
6-year-old Charolais cow fitted with a IO-cm rumen fistula was used 
for the in vivo trial and as a source of rumen fluid for the in vitro trial. 
The cow was maintained on a diet of blue grama grass and a daily 
protein supplement of about 400 g of 41% protein cottonseed meal. 

In vitro dry matter digestibility (IVDMD) was determined by using 
the first-stage procedure of Tilley and Terry (1963), as modified by 
Bigelow and Heflin. ’ Samples were analyzed in sextuplicate. 

In the in vivo trial, nylon-bag-dry-matter digestibility (NBDMD) 
was determined as described by Van Dyne ( 1962). Samples of each 
feed were analyzed in quadruplicate for each of two time periods of 
digestion. Half of the samples were removed from the cow after 16 
hours of digestion and half were removed after 48 hours. 

The DMD of each feed was calculated using the equation for pre- 
dicting DMD described by Van Soest (1967): 

DMD = 0.98 S + W 
147.3 - 78.9 Log L 

-12.9 
100 

Where: 
S = % neutral detergent solubles (cell contents) 
W = % cell walls (NDF) 
L = % lignin in ADF [=(ADL/ADF)x 1001 

Nitrogen was determined by micro-Kjeldahl analyses and a factor of 
6.25 was used for calculating crude protein (A.O.A.C. 1970). Energy 
contents were determined by adiabatic bomb calorimetry. All feed 
weights are reported on an oven-dry basis. Units of measure are 
frequently expressed with their standard deviation. 

Results and Discussion 

Feeding Trial 

Pricklypear was a palatable feed (Fig. 3). Individual heifers 
often ate the pricklypear before eating the hay pellets. The 
heifers fed pricklypear consumed an average of 2.53 2 0.59 kg 
of pricklypear daily in addition to consuming all of their basal 
ration, 5.86 2 0.73 kg (Table 1). Total daily dry matter intake 
by the heifers fed pricklypear averaged 3.0% of body weight. 
This intake compared favorably with normal intake of high 
quality alfalfa hay (Crampton and Harris 1969). Even con- 
sidering that the pelleted portion of the basal ration probably 
allowed increased dry matter intake (Maynard and Loosli 
1969), singed pricklypear was a highly palatable forage. 

The only major factor that influenced voluntary intake of 
pricklypear was degree of burning of pads during singeing. All 
heifers promptly rejected pricklypear with spines remaining. 

‘Bigelow, D., and D. Heflin. 1972. Grassland Ecology Research Laboratory, Grass- 
lands Lab., Colorado State Univ., Fort Collins. 
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Fig. 3. Heifers ate singed pricklypear readily. 

However, the glochids (minute hair-like spines), which fre- 
quently escaped burning, did not affect consumption. Heifers 
seemed to prefer just enough burning to remove all large spines. 

A minor factor that reduced pricklypear consumption was the 
accumulation of soot on pricklypear. The soot accumulated 
during singeing whenever an excessive amount of grass and 
forbs was gathered with the pricklypear. 

Pricklypear did not cause any apparent digestive disturbances 
during the trial or succeeding 60 days, even though the glochids 
appeared in the feces and seemed to be completely undigested. 
Following the feeding trial, the heifers grazed native range for 
60 days. Although pricklypear was abundant, the heifers did not 
feed on it. In a listing of the disadvantages of Opuntiu in most 
areas of Texas, Hoffman and Dar-row (1955) stated that cattle 
often continued to eat it after burning stopped. However, refusal 
of our heifers to eat pricklypear with spines indicated that cattle 
fed at least a maintenance ration will not tend to eat unsinged 
pricklypear. Kearns (1952) reported similar results with other 
species of Opuntia in southern Texas, and indicated that not 
until cattle are tortured by hunger will they feed on Opuntia with 
spines. 

Eight days after the start of the trial, we observed blood in the 
feces of the heifers fed only the basal ration. Fecal examinations 
revealed the presence of 60 to 430 eggs per gram produced by 
the Trichostrongyloid group of nematodes. In contrast, the feces 
of only one of the heifers fed pricklypear contained eggs, and 
the egg content of that was only 40 per gram. 

The bloody feces ceased 6 days after starting, and after 
treatment with worming medicine, sulfas, and antibiotics. 
However, the blood was not due to nematode infestation. 
Instead, it was tentatively identified as being due to bovine virus 
diarrhea (BVD). The heifers fed pricklypear showed no symp- 
tons of BVD, probably because of somewhat better physical and 
nutritive condition. However, we do not know why the heifers 
fed pricklypear were essentially free of the nematode eggs. 

Heifers fed pricklypear in addition to the basal ration gained 
about 72% faster than heifers fed only the basal ration (Table 1). 
Also, heifers fed pricklypear were about 17% more efficient in 
converting feed to body gain than those fed only the basal ration. 
Total weight gains were related to total feed intake. 

Table 2. Protein and energy concentrations of singed pricklypear, grass- 
hay pellets, and alfalfa hay standard. I 

Hay Alfalfa 
Constituent Pricklypea? pellets2 hay 

Crude protein (CP) (%) 5.3 b 5.7 b 16.8 a 
Digestible protein (DP) (%) 3.4 b 3.0 b 11.4 a 
Gross energy (GE) (Meal/kg) 4.75 a 4.01 b 4.87 a 
Digestible energy (DE) (Meal/kg) 2.61 a 2.08 b 2.64 a 

‘Means on the same line followed by different letters differ significantly at 5% level. 
“Sampled daily during 84-day feeding trial and compiled into three monthly aliquots. 

Feed Analyses 

Protein 
Crude protein and digestible protein (DP) concentrations of 

pricklypear were less than one-third that of alfalfa hay, but 
about equal to those of the grass-hay pellets (Table 2). Young 
cattle and brood cows require 4 to 9% dietary digestible protein 
(NRC 1970). Pricklypear contained only 3.4% digestible pro- 
tein. Therefore, a ration in which pricklypear was an appre- 
ciable component would require a protein supplement. 

Energy 
Pricklypear contained 2.6 Meal of digestible energy per 

kilogram, the same amount as alfalfa hay (Table 2). Mature 
grama grasses (Bouteloua spp.; aerial part, fresh) contain only 
about 1.6 Meal of digestible energy per kilogram (Crampton 
and Harris 1969). Therefore, the addition of pricklypear to the 
diet of cattle grazing dormant blue grama would appreciably 
increase their energy intake. 

Minerals 
The pricklypear samples contained some dust held by 

wrinkles of the epidermis. This was especially true of samples 
collected during dry weather and winter. An element in dust 
may be partially available to cattle, or might complex with other 
minerals in the digestive tract, depending on incompletely 
understood variables (Healy 1973). 

Phosphorus content of pricklypear was about 25 to 50% of the 
0.18 to 0.43% required in cattle diets (NRC 1970; Table 3). 
Also, the calcium:phosphorus ratio of about 36:l departed 
greatly from an optimum ratio of 2: 1 and even from a ratio of 
7:1, which has been reported to be within satisfactory limits for 
cattle (NRC 1970). Consequently, rations with appreciable 
amounts of pricklypear would usually require phosphorus 
supplementation. The low sodium content of pricklypear would 
not normally be a problem if livestock salt was supplied. The 
concentrations of the other minerals analyzed (Table 3) appear 
to be within limits that would not normally lead to either 
deficiency or toxicity. 
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Table 3. Average mineral composition of singed plains pricklypear collect- 
ed monthly during winter and summer. ’ 

Mineral Winter Summer 

Nitrogen (%) 0.742 0.09 0.74-t 0.09 
Potassium (%) 1.88* 0.54 I.652 0.11 
Magnesium (%) 0.77-t 0.08 0.85-e 0.06 
Calcium (%) 3.642 1.01 3.382 0.29 
Phosphorus (%) 0.102 0.01 0.10-t 0.01 
Iron (%) 0.122 0.01 0.09-c 0.02 
Sodium (%) 0.022 0.00 0.02-t 0.00 
Manganese (ppm) 149 +30 266 rt94 
Copper (ppm) 8.3 + 3.5 10.9 +- 1.8 
Zinc @pm) 25.8 + 4.2 30.5 2 9.2 

‘Some dust contamination is inherent in this feed, especially when soil is dry and during 
winter. Winter = Dec.-Apr.; Summer = May-&t. Standard deviation indicates varia- 

bility among months. 

Table 5. Dry-matter digestibility (%-eS.D.) in vivo (NBDMD) and in vitro 
(IVDMD) of singed pricklypear, grass-hay pellets, and alfalfa hay 
standard.’ 

NBDMD IVDMD - 

Feed 
16 hour 

incubation 
48 hour 

incubation 
96 hour 

incubation 

Pricklypea? 
Hay pellets2 
Alfalfa hay 

52.9k1.7 a 
39.322.8 c 
44.5kO.5 b 

66.423.8 a 
54.1rt1.4 c 
62.921.1 b 

63.820.6 a - 
53.0t 1.4 b 
63.7k2.2 a 

_ 

Van Soest analyses 
The Van Soest analyses generally indicated that pricklypear 

was a readily digestible forage. As compared to alfalfa hay, 
pricklypear contained only about 85% as much neutral detergent 
fiber, 70% as much acid detergent fiber, 80% as much acid 
detergent lignin, and 15% as much cellulose (Table 4). How- 
ever, pricklypear contained about 80% more ash, 10% more 
soluble portion, 55% more hemicellulose, and 40% more 
soluble carbohydrates than alfalfa hay. 

The high level of soluble carbohydrates in pricklypear 
indicated that it has a readily available source of energy, which 
may combine efficiently with nonprotein nitrogen during di- 
gestion by cattle. If a pricklypear diet could be effectively sup- 
plemented with nonprotein nitrogen, crude protein could be 
elevated to correct the deficiency. Belasco et al. ( 1958) found 
that the nitrogen deficiency of pricklypear (species not speci- 
fied) could be compensated for by foliar application of an 
aqueous solution of urea, a common source of nonprotein 
nitrogen. 

‘Means in the same column followed by dtfferent letters differ significantly at 5% level. 
‘Sampled daily and compiled into three monthly aliquots. 

Pricklypear and alfalfa hay did not differ significantly in dry 
matter digestibility in the 96-hour in vitro trial. However, in the 
48hour nylon-bag trial, pricklypear was slightly higher (3.5 
percentage points) in dry matter digestibility than alfalfa hay. 
The NBDMD and IVDMD of grass-hay pellets were about 11 
percentage points lower than that of pricklypear (Table 5). 

Application of the digestion-prediction equation of Van Soest 
(1967), showed average dry matter digestibility values for 
pricklypear, grass-hay pellets, and alfalfa hay of 61%, 52%, 
and 60%, respectively. This compares to IVDMD values of 
63.8%, 53.0%, and 63.7%, respectively. Thus, the results of 
the chemical analyses agreed well with those of in vitro 
analyses. 

Seasonal variation 
Dry matter content of pricklypear was lowest in June 

(14.6%). It progressively increased to a high of 45.8% in 
February (Fig. 4). Apparent dry matter digestibility decreased 
from September through January at the same time that dry 
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Table 4. Chemical composition (%) of singed pricklypear, grass-hay 
pellets, and alfalfa hay standard. ’ 

Hay Alfalfa 
Constituent Pricklypear pellets’ hay 

Total ash 13.5 a 7.5 b 7.5 b 
Neutral detergent fiber (NDF) 34.0 c 63.1 a 39.6 b 
Acid detergent fiber (ADF) 23.3 c 41.6 a 32.6 b 
Acid detergent lignin (ADL) 7.8 b 8.1 b 9.5 a 
Soluble portion 66.0 a 36.9 c 60.5 b 
Hemicellulose,’ 10.7 b 21.5 a 7.0 c 
Cellulose’ 2.0 c 26.1 a 15.6 b 
Soluble carbohydrates’ 60.6 a 31.2 c 43.7 b 

‘Means on the same line followed by different letters differ significantly at 5% level. 

%u-npled daily and compiled into three monthly aliquots. 

‘NDF minus ADF. 
‘ADF minus ADL minus ash. 
‘100 minus NDF minus CP. 

Digestibility 
Digestion of pricklypear was more rapid than that of either 

hay pellets or alfalfa hay (Table 5). Of the total digestion of 
pricklypear during 48 hours of incubation, 80% occurred within 
16 hours, whereas only 73% and 7 1% occurred within 16 hours 
for hay pellets and alfalfa hay, respectively. Greater digestion of 
pricklypear within 16 hours means faster digestion and indicates 
more rapid passage through the digestive tract. More rapid 
passage allows greater feed intake and improved animal gain as 
compared with a feed otherwise having the same nutritive 
qualities (Church 1975). 

40 

h 
o\o 
(r 30 

W 
l- 
t- 

: 20 
> 

E 

IO 

0 
~lSlOlNlDlJIFIMIAIMIJI JI 

MONTH 

Fig. 4. Dry matter content of pricklypear by month from August 1974 to July 
197.5. 
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Fig. 5. Apparent dry matter digestibility of plains pricklypear by nylon bag 
(NBDMD) and in vitro (IVDMD) methods. Means for given incubation 
method with difSerent letters d@er significantly at 5% level. 

matter increased (Figs. 4 and 5). However, no other analyzed 
constituent changed appreciably from September to January 
(Fig. 6 and Table 6), nor did the digestion prediction equation 
(Van Soest 1967) indicate a decrease in digestibility from 
September through January. 

Conclusions 

We concluded that singed plains pricklypear is a palatable 
and nutritious cattle feed. Therefore, it should be evaluated as 
an addition to the normal winter feed of shortgrass range. It may 
be especially valuable for speeding the growth of replacement 
heifers so they can be bred as yearlings. Because of its relatively 
high content of soluble carbohydrates, the feeding of prickly- 
pear might make the use of nonprotein nitrogen supplements 
feasible on shortgrass range. The value of pricklypear control 
must be determined more completely because it bears on the 

Table 6. Chemical composition (5%) of singed plains prickiypear during 
September, October, and November.’ 

Total ash 13.0 b 12.7 b 14.9 a 
Neutral detergent fiber (NDF) 32.8 b 35.7 a 33.7 b 
Acid detergent fiber (ADF) 22.9 a 23.9 a 23.2 a 
Acid detergent lignin (ADL) 8.3 a 7.4 a 7.7 a 
Soluble portion 67.3 a 64.3 b 66.4 ab 
Hemicellulose 9.8 a 11.8 a 10.4 a 
Cellulose 1.7 a 3.8 a 0.7 b 
Soluble carbohydrates 61.8 ,a 58.7 b 61.5 a 

‘Mean5 on the same line followed by different letters differ significantly at 5% level. 
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Fig. 6. Crude protein and digestible protein of plains pricklypear during 
September, November, and January 1974-75. Means for given protein with 
difSerent letters difSer significantly at 5% level. 

economy of feeding pricklypear. The high gains made by the 
heifers fed pricklypear in addition to the basal ration, plus the 
evidence of rapid digestion of its energy fractions, appear to 
warrant research to develop prototype machinery and other 
methods for singeing pricklypear for converting it to a forage to 
be fed on the range. 
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Food Relations of Wild Free-Roaming Horses 

to Livestock and Big Game, Red Desert, 

Wyoming 

FRANK W. OLSEN AND RICHARD M. HANSEN 

Highlight: The seasonal foods selected by wild horses, cattle, 
elk, domestic sheep, and antelope on the Red Desert in south- 
western Wyoming were determined by microscopic inspection of 
fecal material. A large percentage of the diets of wild horses, 
cattle, and elk were the same species of grasses and sedges. Wheat- 
grass and needlegrass each made up 11 to 46% of the average 
annual diets of the herbivores studied except antelope. Sagebrush 
was the major food in antelope diets regardless of season. Saltbush 
was an important food in each herbivore’s seasonal diet and was 
the major food of domestic sheep each season except summer. 
Each herbivore species ate a variety of plants each season, but the 
majority of the diet within a season usually consisted of fewer than 
six major plant species. 

Increased emphasis on managing rangelands for multiple use 
necessitates determination of the requirements of each proposed 
use. Populations of the wild horses appear to be increasing on 
National Resource Lands. It has been speculated that livestock 
grazing may have to be reduced to make room for horses (Cook 
1975). Concern also exists for native big game animals which 
could eventually be displaced if there is serious food competi- 
tion between the wild horses and big game. 
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To estimate the populations that can be supported on a given 
range, it is necessary to know the diets of the animals; the kinds, 
amounts, and distribution of food plants; and the relation of the 
plants and animals to other environmental and land-use factors. 
The studies on big game and livestock diets and interrelation- 
ships show large variation by year of study, location, and 
technique of diet determination. The food habits of important 
herbivores have usually been published in separate reports 
(Sundstrom et al. 1973; Cook 1954; and Hoover et al. 1959). 
The only published reports on the botanical compositions of 
wild horses’ diets in North America which were found are by 
Hansen ( 1976) and Hubbard and Hansen ( 1976). 

The Rock Springs Bureau of Land Management District is an 
atea where information on the interactive feeding relations of 
wild free-roaming horses (Equus cabah), cattle (Bos tuurus), 
elk (Cervus canudensis), sheep (Ovis air-es), and pronghoms 
(Antilocurpu americana) is needed. Much of the same vegeta- 
tion type is used by the five large herbivores, frequently on the 
same areas during the same seasons. 

The purpose of this study was to determine diet composition 
and dietary overlaps for wild horses, cattle, elk, sheep, and 
pronghoms allowed a free choice of range plants on the same 
area (Fig. 1). 

Study Area and Methods 
The study area was located in southwestern Wyoming in the eastern 

portion of the Red Desert. The area, located from approximately 32 
km north of Rock Springs, encompassed about 2,500 km’. The area 
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Fl. 1. PhO,O 0, elk and wild horse.? on ,he Red Deserr srudy are0 

was predominantly National Resource Lands managed by the U.S. 
Bureau of Land Management (BLM) with scattered tracts of State and 
private lands. 

Aerial surveys and ground observations in 1975 indicated that the 
area supported about 802 wild horses, 850 pronghom antelope, and 
I85 elk. Seasonal migration usually increases the winter population of 
antelope to about I.400 and the number of elk to about 415. The BLM 
licenses 679 cattle and 27,100 sheep on this area. 

Most of the area is about 2,100 m in elevation with the maximum 
altitude being 2,600 m on Steamboat Mountain. The area receives 20 
cm of precipitation in the lower elevations and 25 cm in the higher 
areas. The majority of the area is characterized by either sage- 
brush-grass (Arremisia spp.), saltbush (Arriplex spp.), or rabbit- 
brush (Chrymthamnus spp.) communities. 

The sagebrush-grass type is commonly found on the low, rolling 
hills with sandy loam soils 46 to 76 cm deep characterized by rocky 
subsoil. The saltbush type is found in the flats where the soils are silty 
clays 20 to 30 cm deep with heavy clays being common. The rahbit- 
brush type is located primarily on stabilized sand dunes with loamy 
sand deeper than 60 cm. The sagebmsh-grass type is characterized by 
big sagebrush (Artemisia fridenrara), Douglas rabbitbrush (Ckryso- 
rknmnus vicidiflores), Gardner salthush (Arriplex gardnerii), spiny 
hopsage (Grayin spinosa), bluebunch wheatgrass (Agropyron &a- 
rum), thickspike wheatgrass (Agropyron dasysrackyum), Indian rice- 
grass (Oryzopsis kymenoides), Sandbag bluegrass (Pea secunda), 
needleandthread (Stipa comata), buckwheat (Eriogonum spp.), and 
phlox (Phlox spp.). 

The saltbush type is characterized by Gardner saltbush, big sage- 
brush, Douglas rabhitbmsh, birdfood sage (Artemisia pedafida), 
thickspike wheatgrass, Indian ricegrass, Sandberg bluegrass (Pm 
secunda), lambsquarter goosefood (Ckenopodium album), and stick- 
seed (Lapula redowskii). 

The rabbithrush type is typified by Douglas rabbitbrush, rubber 
rabbitbrush (Ckrysorkamnus nauseosus), Indian ricegrass, needle- 
glass (Stipa spp.), and scurfpea (Psoralea spp.). Greasewood (Sarco- 
bum sp.) types are also scattered throughout the study area but none 
were encountered in the sampling area. 

The botanical compositions of diets were determined by a standard 
microscopic analysis (Sparks and Malechek 1968) of composite 
samples of fecal material from wild horses, cattle, elk, sheep, and 
pmnghoms. Fecal samples for the five herbivores were collected 
randomly during the four seasons. Sample areas varied from IO to 
20 ha. A subsample of fresh feces weighing about 2 g was taken from 
each defecation of horses, cattle, sheep, antelope, and elk. A 
minimum of 20 subsamples constituted the seasonal composite. 
Anthony and Smith (1974) reported that 15 cornposited subsamples 

were adequate to describe the seasonal deer diet in Arizona. 
Forage categories can be identified in fecal samples by microscopic 

analysis of the epidermis and cuticle of plants (Starr 1961; Williams 
1969). Microscopic identification of plant fragments in mixtures of 
species occurring on the study area substantiated composition of fecal 
samples. Twenty fields were examined on each of 20 slides per 
sample. Anthony and Smith (1974) and Todd and Hansen (1973) 
found that quantifications of deer and bighorn sheep diets by micro- 
scopic analysis of feces were similar to results from mmen samples. 
Dearden et al. (1975) reported that discerned fragments in digested and 
simulated digested residues were not greatly different for reindeer 
(Rangifer sp.), cattle, and bison (Bison bison). 

Similarity of diets was calculated using Kulcyznski’s formula 
(Oosting 1956). The similarity index represented the percentage of 
two diets that was identical. Hansen et al. (1973) reported that the 
estimated degree of dietary overlap is approximately the same for 
microhistological examinations of fecal samples and diet samples 
from cattle, bison, and sheep. 

Common statistical procedures were used to test diet differences 
within seasons and among species of herbivores. Diets were also 
compared by the Spannan’s rank-order correlation of category 
percentages in two diets (Snedecor and Cochran 1973). 

Unless othewise noted, means and standard deviations are shown 
in the text and tables. Statistical differences were accepted at the 5% 
level of significance. Common and scientific names of plants follow 
those of Beetle (1970). 

RlZSU1t.S 

Average seasonal diet overlaps were highest between wild 
horses, cattle, and elk and were lowest for diets of these three 
herbivores compared to antelope (Tables I, 2). Domestic sheep 
diets were most similar to diets of cattle and least similar to those 
of antelope. There was considerable variation for diet overlaps 
between seasons and species of herbivores, suggesting that the 
herbivore species select foods in an independent manner. 

Wheatgrass and needlegrass each constituted 11 to 46% of the 
average annual diets of all herbivores except antelope (Table 3). 
Wild horse and cattle diets contained higher percentages of 
grasses and sedges than occurred in the diets of the other 
animals. Sagebrush provided over 95% of the antelope’s diet in 
winter and spring and 77% in fall but only 42% in the summer. 
S&bush was consumed by each species of herbivore and was 
the major food of domestic sheep each season except in the 
summer, when it made up less than 1% of their diet. The fall 
diets of antelope contained 18% saltbush. Saltbush was season- 
ally important in cattle diets (fall = 16%, winter = lo%, spring 
= 9%) and elk diets in spring (11%). 

The correlation coefficients between the ranked order of 
percentages of plants in the average annual diets were positively 

comparisons Summer Fall Winter Spring 

Wild horses and 
Cattle 
Elk 
Sheep 
A”telope 

cattle and 
Elk 
Sheep 
Antelope 

Elk and 
Sheep 
A”telope 

Antelope and 
Sheep 



Table 2. The average and standard deviation for seasonal dietary overlap 
for foods of ungulates and Spearman’s rank correlation coefficients with 
the corresponding confidence vaues in the Red Desert, Wyoming, 1974 
and 1975. 

3Percentage Spearman’s’ 

Relationship similarity RHO values P values 

Horses and elk 40 2 25 + 0.36 .040 
Horses and cattle 45 2 25 + 0.64 .OOl 
Horses and sheep 27 rt 11 + 0.42 .037 
Horses and antelope 4+ 4 -0.13 .274 
Elk and cattle 55 2 30 + 0.59 .002 
Elk and sheep 30+_ 15 + 0.61 .002 
Elk and antelope 82 3 + 0.32 .071 
Cattle and sheep 35 2 12 + 0.60 .003 
Cattle and antelope 8+ 8 - 0.16 .236 
Sheep and antelope 21 2 15 + 0.21 .159 

‘Significantly similar diets will have positive correlation coefficients. 

correlated for all herbivore combinations except wild horses vs 
antelope and cattle vs antelope (Table 2). Significant correlation 
coefficients occurred in the ranked order for foods selected by 
all herbivore combinations except for wild horses vs antelope, 
elk vs antelope, cattle vs antelope, and sheep vs antelope. 

Discussion 
Efficient biological production could best be obtained 

through the multiple use of herbivores with contrasting food 
habits and dietary needs. Although herbage production is 
relatively low in the Red Desert, the diversity of the resident 
large herbivores is great enough to stock the range for proper 
and uniform use of certain range plants. 

The optimum diet for all of the herbivores is an abundant 
supply of plant tissues containing a high proportion of protein 
and a low proportion of nondigestible fiber. Antelope diet 
diversity was the highest in summer, when it selected a variety 
of young growing tissues having thin cell walls and abundant 
cytoplasm. When certain plants (in summer diets) matured and 
the cell walls thickened, the diet of the antelope changed to 
primarily the leaves of sagebrush and saltbush, which had 
relatively thin walls. The diets of domestic sheep suggested that 
they shifted their diets more than did the larger-bodied herbi- 

vores to optimize for low concentrations of fiber and high 
protein per unit of food ingested. 

Wild horses, cattle, and elk appeared to be more tolerant of 
feeding on the same plants in different seasons than were 
antelope or sheep. The problem of extracting protein and energy 
from plant cells with thick walls may not be as important for the 
large herbivore species as it is for the small herbivore. The basic 
intake and digestive strategy of the wild horse and cattle permit 
them to maintain more similar diets from season to season than 
the other species. 

The cattle feeding strategy is more selective for digestible 
tissue than is that of wild horses. The wild horse may consume 
foods high in fiber because they are less limited on the rate of 
passage of large food fragments through the gut. Cattle, being 
ruminants, must regurgitate and repeat the cycle of chewing 
until the particles are small enough to be passed in rumen liquor 
into the diverticulum. Bell (197 1) reported that the material 
passes twice as fast through the gut of a horse as it does through 
the gut of the cow. 

The relative maintenance requirement is higher for a small 
herbivore than for a large one, but the reverse is observed for the 
absolute maintenance requirement. Based on average body size 
and intake rates, a pronghom may consume daily about 7% of 
the amount of food that a wild horse would require. If we 
assume that the antelope is more selective than the horse in 
obtaining a more digestible diet, the antelope can use more 
energy in searching for food in a day than can a wild horse. The 
characteristic differences in diets suggest that the five ungulates 
studied on the Red Desert may be stimulated physiologically to 
seek certain tissues of range plants. Changes in the availability 
of certain species of plants due to a combined preference by 
these herbivores might cause certain species to be reduced or 
eliminated. 

Sagebrush, greaseweed, and other abundant plants might be 
utilized or controlled to increase the efficiency of biological 
production on the Red Desert. If the resource manager desired to 
use large herbivores to increase utilization of sagebrushes, this 
could be done by increasing the abundance of pronghoms and 
mule deer which feed extensively on certain sagebrushes. Wild 
horses, cattle, elk, and domestic sheep could be stocked to 

Table 3. Annual average percentage of major plants in the diets of large ungulates on the Red Desert of Wyoming during 1974 and 1974. 

Category of food 

Wheatgrass (Agropyron spp.) 
Needlegrass (St@ spp.) 
Sagebrush (Artemisia spp.) 
Antelope bitterbrush (Purshia tridentutu) 
Saltbush (Atriplex spp.) 
Indian ricegrass (Oryzopsis hymenoides) 
Sedges (Curex spp.) 
Common winterfat (Eurotiu lunufu) 
Russianthistle (Sufsolu kuli) 
Black greasewood (Surcobutus vermiculutus) 
Brome (Bromus spp.) 
Vetches (Astrugulus and Oxyrropis) 
Elaeagnus (Elueugnus commurutu) 
Sixweeksgrass (Vulpiu spp.) 
Snowberry (Symphoricurpos spp.) 
Bluegrass (Pou spp.) 
Dropseed (Sporobolus spp.) 
Bladderpod (Lesquerellu spp.) 
Rubber rabbitbrush (Chrysorhumnus nuuseosus) 
Rose (Rosa spp.) 
Globemallow (Sphuerulceu spp.) 
Cryptantha (Cryptunthu spp.) 
Inland saltgrass (Distichlis stricfu) 

Horses 

37 
36 

<l 

2 
10 
5 
3 

<l 
<I 

2 

<l 
1 
1 

<l 

1 

1 

<l 

Elk 

46 
14 
3 

22 
4 
2 
1 
1 

<l 
<l 

1 
1 

<l 
<l 

1 
<l 
<l 
<l 

1 

<l 
<l 

Cattle 

54 
11 

1 
<I 

9 
9 
4 
5 

1 
<l 

2 
<l 

1 

<l 
<l 

1 
1 

Sheep Antelope - 
14 <l 

22 1 
3 78 
1 1 

47 6 
I <l 
1 <I 
2 <l 

<I 5 
5 1 
1 <I 

2 
2 

1 
<I 

1 <I 
<l 

<I I 
<I 

<l 
<l 

<I 
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provide uniform and sustained use of all the grasses and forbs. It 
is unlikely that deer and pronghorns would seriously reduce the 
food supply for wild horses, cattle, and elk but additional 
research is needed to determine the best stocking rates by season 
of use. 

It is not possible to generalize relative to the effect of 
herbivores on plant diversity and production on the Red Desert. 
Herbivores can impart diversity to ecosystems by affecting both 
habitat and plant populations. Antelope, which specialize in one 
or a few food plants, could particularly affect vegetation 
diversity should their abundance become excessive. Under the 
special conditions of the Red Desert, wild horses and cattle 
might suppress the abundance of wheatgrass, needlegrass, and 
ricegrass. These grasses contribute only a minor sham to the 
estimated primary production of the study area. Since domestic 
sheep appear to be a “broad-spectrum” grazer, which feeds on 
certain palatable dominants, their effects on diversity and 
herbage production may depend on the timing of feeding 
controlled by management. Some of the dominant plants are not 
generally palatable to each herbivore species although they may 
be nutritiously adequate for each of the herbivores. 
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Election Results 

The 1,830 ballots cast in the 1976 election were counted on December 2. Selected by the 
membership to serve the Society during the next 3 years were: 

Presideat Elect . . . . Robert M. Williamson 
Directors . . . . , . . . . John L. Artz 

John Bohning 

The new officers will be installed at the forthcoming Annual Meeting in Portland, at 
which time Dr. Thadis W. Box, the current president elect, will succeed to the presidency. 
Bob Williamson will serve as president in 1978, and the two newly elected directors will 
Serve for the 3-year term 1977-1979. 

Retiring next month from the Board of Directors are Past President Dillard H. Gates, and 
Directors Richard E. Eckert, Jr., and Carlton H. Herbel. The very significant service 
rendered to the Society by these men is greatly appreciated. 

Bob Williamson is at present forest supervisor, Gila National Forest. 
John Artz is extension range specialist and associate professor, University of Nevada 

Reno. John Bohning is range and wildlife staff officer for Prescott National Forest. 
A committee of members of the Colorado Section counted the ballots. Ballots and tally 

sheets are kept on file in the Society office for 1 year. 
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Effects of Rest Following Defoliations on the 

Recovery of Several Range Species 

M. J. TRLICA, M. BUWAI, AND J. W. MENKE 

Highlight: Seven range species, western wheatgrass (Agropyron 
smithii), blue grama (Bouteloua grucilis), fourwing saltbush 
(Atriplex cunescens), antelope bitterbrush (Purshia tridenfufu), 
fringed sagewort (Atiemisiafrigidu), scarlet globemallow (Sphuer- 
ukeu coccineu), and little rabbitbrush (Chrysothumnus vicidi- 
&rus) were heavily defoliated once to remove 90% of the foliage 
during each of four different phenological stages. Defoliation 
effects were evaluated in the fall after the defoliated plants had 
received from 14 to 26 months of rest. Western wheatgrass, little 
rabbitbrush, and scarlet globemallow made good recovery in 
herbage yield, vigor, and total nonstructural carbohydrates 
(TNC) after a single heavy defoliation followed by 14 to 26 months 
of rest. Vigor and TNC levels of defoliated blue grama plants were 
similar to those of the control plants after the rest period, but the 
rest period was insuffkient for the recovery of herbage yield. 
Herbage yield, vigor, and TNC levels of antelope bitterbrush and 
fourwing saltbush plants were still less than those of the control 
plants after the rest period when plants had been previously 
defoliated during the seed shatter or near maturity phenological 
stage. A 14- to 26-month rest period was insufficient for complete 
recovery of herbage yield, vigor, and TNC levels of fringed 
sagewort subjected to a single heavy defoliation at any pheno- 
logical stage. 

After 26 months of rest, antelope bitterbrush and fourwing 
saltbush previously subjected to three heavy defoliations during 
quiescence, fruit developing, and fall regrowth showed some 
recovery. However, six heavy defoliations were detrimental and 
plants made little recovery in herbage yield, vigor, and TNC even 
alter more than 2 years of rest. Blue grama plants that received 
three heavy defoliations made fair recovery after 2 years of rest. 
However, more than 2 years of nonuse would be necessary before 
blue grama plants subjected to six heavy multiple defoliations 
could completely recover. Scarlet globemallow subjected to either 
three or six heavy defoliations and then given 26 months of rest 
had herbage yields, vigor, and TNC levels that were fairly similar 
to that of the control plants. 

Unwise grazing practices can easily lead to a reduction of 
desirable plant species and subsequent range deterioration. The 
multiple use of rangelands for livestock production, wildlife 
habitat, watershed, and recreation requires a great deal of 
understanding of the ecological factors that influence structure 
and function of the range ecosystems. Management systems 
should include a consideration of how grazing systems affect the 

At the time of the research, authors were assistant professor and graduate research 
assrstants, Range Science Department, Colorado State University, Fort Collins 80523. 
Buwai’s present address is Ministry of Animal Health and Forest Resources, Sokoto, 

California, Berkeley 94720. 
Ni eria; Menke is now assistant professor, College of Natural Resources, University of 
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ported by the Bureau of Land Management and Colorado State Uni- 
tatton and published as Scientific Series Paper No. 2086. 

Manuscript received May 5, 1976. 

JOURNAL OF RANGE MANAGEMENT 30(l), January 1977 

vegetation resource. Therefore, it is desirable to know the 
period of rest that may be required before defoliated plants can 
restore adequate total nonstructural carbohydrates (TNC), herb- 
age production, and vigor following foliage removal. 

Previous studies have shown that herbage yield, vigor, and 
TNC levels of plants are drastically reduced by intensive 
defoliations (Smith and Silva 1969; Cook 197 1; Trlica and Cook 
197 1 and 1972; Bokhari and Singh 1974; Owensby et al. 1974). 
Cook and Stoddart (1953) concluded that the ability of a species 
to resist clipping or grazing depended largely on its ability 
regenerate foliage tissue. Therefore, rangelands may require 
several years of rest to fully recover following heavy grazing. 
Cook and Child (1971) determined that more than 7 years of 
nonuse was required for several salt desert species to regain 
normal vigor after cessation of various defoliation treatments. 
McLean and Tisdale (1972) reported that deteriorated ranges 
would require 10 to 20 years of rest to reach excellent condition. 
Little information of this kind is currently available on the 
recovery of defoliated range plants. Therefore, the present study 
was initiated to provide information on herbage yield, vigor, 
and TNC levels of seven range species as influenced by short 
periods of rest following intensive defoliations. 

Description of Study Locations 
The study was carried out from 1970 through 1974 at two locations 

in northern Colorado: the Central Plains Experimental Range (CPER), 
located about 50 kilometers northeast of Fort Collins, and the Maybe11 
location, about 6 kilometers west of Maybell. 

The CPER location is typical of the shortgrass type of the Central 
Great Plains region. The vegetation at the CPER location was 
dominated by blue grama (Bouteloua gracifis) and is typical of the 
shortgrass prairie (Klipple and Costello 1960). Climate at the CPER 
Site is semiarid with warm summers and cold winters. Precipitation 
highly variable but generally ranges from 25 to 28 cm per annum 
(Hyder et al. 1975). Summer precipitation is chiefly in the form of 
light thundershowers with occasional intense thunderstorms. These 
thundershowers account for more than 50% of the total annual 
precipitation. 

Soils at the CPER are typical of the dark brown and brown soils of 
the semiarid grasslands of the central Great Plains region (Klipple and 
Costello 1960) and belong to the Lithosol group. In general, CPER 
soils are loams, ranging from clay loams to sandy loams. 

The Maybe11 location is in the intermountain sandhills region of 
western Colorado. This location is characterized by gently rolling hills 
with occasional steeper slopes. The climate is semiarid with warm 
summers and cold winters. Summer precipitation is chiefly in the form 
of light thundershowers and accounts for less than one-half of the total 
annual precipitation. The ground is normally covered with snow in late 
fall and winter. 



Soils at the Maybe11 study location are brown to dark brown, 
grading into shades of yellowish brown or gray with depth 
(Cunningham 197 1) and belong to the Regosol group. Soils at both the 
CPER and Maybe11 locations have low organic matter content. 
Vegetation at the Maybe11 location was dominated by antelope bitter- 
brush (Purshia tridentata) with big sagebrush (Artemisia tridentara) 
being dominant in many lowland areas. 

Methods and Procedures 

Three exclosures of about 0.4 hectare in size were built at each of the 
study locations in the summer of 1970 before initiation of the study. 
Plants within the exclosures were subjected to defoliations at 90% 
intensity of foliage removal during each of several different pheno- 
logical stages. The following four species were studied at the CPER 
site: blue grama, western wheatgrass (Agropyron smithii), fourwing 
saltbush (Atriplex canescens), and scarlet globemallow (Sphaeralcea 
coccinea). Three species, antelope bitterbrush, fringed sagewort 
(Artemisia frigida), and little rabbitbrush (Chrysothamnus vicidi- 

Jlorus) were studied at the Maybe11 location. 
Three plants of fourwing saltbush, antelope bitterbrush, and little 

rabbitbrush within each exclosure were clipped under each treatment. 
Eight plants of fringed sagewort within each exclosure were clipped 
under each treatment. Blue grama, western wheatgrass, and scarlet 
globemallow within 1 .O rn' plots were clipped at each exclosure site at 
the CPER. Two plots per treatment within each of three exclosures 
were clipped for each species. Plants in the single defoliation 
experiment were clipped once at four phenological stages from the fall 
of 1970 through the late summer of 197 1. The defoliation treatment 
effects were then evaluated in the fall of 1972 after defoliated plants 
had received from 14 to 26 months of rest. The same defoliation treat- 
ments were again repeated on different plants from the fall of 1971 
through late summer of 1972. These treatments were then evaluated in 
the fall of 1973 after defoliated plants had again received 14 to 26 
months of rest. Therefore, the single defoliation experiment was 
replicated through time. 

Blue grama, fourwing saltbush, fringed sagewort, and scarlet 
globmallow were clipped during quiescence (November 5-20), early 
growth (April 15--20), rapid growth (June l-lo), and near maturity 
(August I-15) phenological stages. Western wheatgrass was clipped 
during quiescence (November 5-20), early growth (April 15-20), 
rapid growth (June l-lo), and the boot stage (August 1-15). Antelope 
bitterbrush plants were clipped during quiescence (November 5-20), 
early growth (April 15-20), fruit developing (June l-lo), and seed 
shatter (August 1-15) stages. Little rabbitbrush was clipped during 
quiescence (November 5-20), early growth (April 15-20), rapid 
growth (June I-IO), and the flower developing stages (August I-15). 

In the multiple defoliation experiments, blue grama, fourwing 
saltbush, antelope bitterbrush, and scarlet globemallow were all 
subjected to either three multiple defoliations from the fall of 1970 
through the summer of 197 1, or plants were clipped six times from the 
fall of 1970 through the late summer of 1972. All species were clipped 
to remove 90% of the foliage at each phenological stage. The 
phenological stages during which plants were defoliated in these 
experiments were: quiescence (November 5-25), rapid growth or fruit 
developing (June I-lo), near maturity or seed shatter (August l-15), 
and fall regrowth (September 1-15). The defoliation treatment effects 
were then evaluated after clipped plants had received 14 and 26 
months of rest. 

Herbage yield, vigor, and total nonstructural carbohydrates (TNC) 
were used to evaluate the recovery of defoliated plants. Herbage yield 
for blue grama was the total aboveground biomass adjusted to 100% 
basal cover per 1 .O m 2. Herbage yields were reported as grams per 
plant for the other species studied. Herbage yield and vigor for 
antelope bitterbrush, fourwing saltbush, and little rabbitbrush were 
obtained from the average plant within each treatment at each 
exclosure site. Herbage yield of the browse species represented the 
total dry weight of all leaves (seeds included in samples of fourwing 
saltbush only). Herbage yield and vigor measurements for western 
wheatgrass and scarlet globemallow were obtained from 80 and 40 

plant samples, respectively, from each treatment in each exclosure. 
All eight plants within each treatment were used to determine herbage 
yield and vigor of fringed sagewort. All herbage samples were oven 
dried at 70°C and then weighed. 

Vigor for fourwing saltbush, antelope bitterbrush, little rabbit- 
brush, and fringed sagewort was measured in terms of live crown 
cover and seedstalk length (or twig length). Plant height and fall 
regrowth were used to measure vigor of scarlet globemallow and 
western wheatgrass. Seedstalk length was the only vigor measurement 
obtained on blue grama plants. 

Plants were excavated by digging around the perimeter of the plants 
to a depth of 30 cm. Plants and soil were then removed together, and 
the soil was carefully removed by hand shaking and washing with cold 
water. The TNC levels were determined in both tap roots and live basal 
stems (0.5 to 1 .O cm diameter) of antelope bitterbrush and fourwing 
saltbush. Roots and crowns of blue grama, fringed sagewort, little 
rabbitbrush, western wheatgrass, and scarlet globemallow were used 
to determine TNC levels. Rhizomes were included with the root 
samples of western wheatgrass and scarlet globemallow. For little 
rabbitbrush, only lateral roots were included in the root samples. Only 
one sample of each storage organ for each species from each exclosure 
and for each treatment was used to determine TNC levels. Total 
nonstructural carbohydrates were extracted from a 0.5-g plant sample 
with 0.2N sulfuric acid (Smith et al. 1964). Aliquots of the extracts 
were then used to determine TNC levels on a glucose equivalent basis 
(Heinze and Mumeek 1940; Association of Official Agricultural 
Chemists 1965; Trlica and Cook 1971). 

All data were analyzed using standard analysis of varance tech- 
niques (Steel and Torrie 1960). Significant differences were accepted 
at the 0.05 level of probability. When significant F-values were found, 
Duncan’s new multiple range test was utilized to separate significant 
(P < 0.05) mean differences. 

Results and Discussion 

Single Defoliation and Rest 

Data on herbage yield, vigor, and TNC levels were obtained 
on clipped plants and were compared with unclipped control 
plants to determine plant recovery during a 14- to 26-month rest 
period. Differences in growing conditions during the study 
years resulted in significant differences among years for some of 
the measurements of the seven species studied. Differences in 
precipitation amounts and distributions probably account for 
some of the observed differences in response during the study. 

Western Wheatgrass 
After 14 to 26 months of rest, all defoliated western wheat- 

grass plants had herbage yields, vigor, and TNC levels that were 
similar to the control plants (Table 1). All defoliated plants were 
still slightly shorter and made less fall regrowth than the control 
plants. It appeared that a quiescence defoliation had the least 
effect on herbage yield. Most defoliated western wheatgrass 
plants had slightly less TNC than did the under-foliated plants 
(Table 1). However, there were only small differences in TNC 
levels among plants from the various defoliation treatments. 

A 14- to 26-month rest period appeared to be sufficient for the 
recovery of western wheatgrass from a single heavy defoliation. 
Cook and Child (197 1) found that Indian ricegrass (Oryzopsis 
hymenoides) made good recovery from previous defoliations 
after 1 year of rest. However, Mueggler (1975) found that 
Idaho fescue (Festuca idahoerzsis) and bluebunch wheatgrass 
(Agropyron spicatum) in low vigor may require more than 6 
to 8 years of protection to approach normal vigor. 

Blue Grama 
All defoliated blue grama plants had seedstalk lengths and 

TNC levels similar to those of undefoliated plants (Table 1). 
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Table 1. Average herbage yield, vigor, and total nonstructural carbo- Table 2. Average herbage yield, vigor, and total nonstructural carbo- 
hydrates (TNC) for three herbaceous species subjected to a single defoli- hydrates (TNC) for two browse species subjected to a single defoliation 
ation during various phenological stages. Measurements and collections during various phenological stages. Measurements and collections were 
were made in the fall after defoliated plants had received 14 to 26 months made in the fall after defoliated plants had received 14 to 26 months of 
of rest. rest. 

Species and 
phenological 
stage when 
defoliated 

Vigor 

Plant Seedstalk Fall Herbage 
height length regrowth yield TNC (mg/g) 

(cm) (cm) (cm) (g/plant) Roots Crowns 

Western wheatgrass 
Control 32 a’ 9a 0.5 a 145 a 122 a 
Quiescence 25a 7a 0.4 a 139 a 110 a 
Early growth 25a tia 0.3 a 147 a 118 a 
Rapid growth 23a 6a 0.3 a 134 a 128 a 
Boot stage 23a 7a 0.3 a 139 a 111 a 

Scarlet globemallow 
Control 14 a’ 2a 0.8 a 170 a 151 a 
Quiescence 13 a 2a 0.5 a 167 a 147 a 
Early growth 10 a 2a 0.4 a 167 a 139 a 
Rapid growth 10 a 2a 0.4 a 181 a 141 a 
Near maturity 10 a 1 a 0.4 a 170 a 155 a 

Blue grama 
Control 
Quiescence 

Vigor 
Species and 
phenological 
stage when 
&foliated 

Seedstalk or Live crown Herbage 
twig length cover yield TNC (mg/g) 

(cm) (B) (g/plant) Tap roots Basal stems 

Fourwing saltbush 
Control 13 a’ 88 a 
Quiescence 12 ab 61 b 
Early growth 11 ab 63 b 
Rapid growth II ab 61 b 
Near maturity 8b 46 b 

Antelope bitterbrush 
Control 12 ab’ 1OOa 
Quiescence 15 a 68 b 
Early growth 14 ab 68 b 
Fruit developing 11 b 47 c 
Seed shatter 13 ab 50 c 

148 a 
136 a 
87 ab 

109 ab 
33 b 

57 a 
40 ab 
36 b 
33 b 
23 b 

78 a 
79 a 
68 a 
67 a 
76 a 

70 a 
64a 
62 a 
59 a 
63 a 

57 a 
47 ab 
52 ab 
49 ab 
44b 

68 a 
53 ab 
56 ab 
50 ab 
44b 

38 a’ - 731 a’ 59a 79 a ‘Means in the same column followed by a similar letter are not significantly different 

31a - 547 ab” 52 a 65 a at the 0.05 level of probability. 

Early growth 23a - 406 b’ 52 a 66 a 
Rapid growth 29a - 417b2 50a 71 a 
Near maturity .24a - 338 b” 52 a 72 a 

‘Means in the same column followed by a similar letter are not significantly different at the 

0.05 level of probability. 
Grams/m2 expressed on a basis of 100% basal cover. 

Average seedstalk lengths were somewhat shorter for plants that 
received a single heavy defoliation during early growth, rapid 
growth, or near maturity stages than they were for plants 
defoliated at quiescence or for the control plants. 

Most single defoliation treatments drastically reduced herb- 
age yields of blue grama below that of the control plants, even 
after 14 to 26 months of rest (Table 1). However, herbage yields 
were generally least affected by a quiescence defoliation. 

Scarlet Globemallow 
Herbage yield, vigor, and TNC levels of all defoliated scarlet 

globemallow plants were similar to those of the control plants 
after at least 14 months of rest (Table 1). However, most 
defoliated scarlet globemallow plants had lower herbage yields 
and were somewhat shorter than the undefoliated plants after the 
rest period. A single heavy defoliation at quiescence had less 
effect on plant height than a heavy defoliation at any other 
phenological stage. All defoliated scarlet globemallow plants 
had made good recovery in both root and crown TNC levels, and 
alI previously defoliated plants had TNC levels similar to those 
of undefoliated control plants. 

It appears that scarlet globemallow had almost completely 
recovered from a previous heavy defoliation at any pheno- 
logical stage after at least 14 months of nonuse. Only small 
differences between control and defoliated plants were de- 
tected for any measurement of plant welfare. 

was still less than that of the control plants after 14 to 26 months 
of rest. Herbage yield was still below that of the control plants 
when plants had been heavily defoliated during a near maturity 
phenological stage and then allowed 14 months of rest. 

Tap roots TNC levels of defoliated fourwing saltbush plants 
were similar to those of undefoliated control plants after 14 to 26 
months of rest (Table 2). However, basal stem TNC levels were 
reduced the most by a near maturity defoliation. Therefore, 
most measurements of plant welfare indicated that a near 
maturity defoliation was most detrimental. 

Antelope Bitterbrush 
Most defoliated antelope bitterbrush plants made good re- 

covery in twig lengths during the rest period (Table 2). Plants 
that received a single heavy defoliation during the fruit develop- 
ing phenological stage had shorter twigs than did plants de- 
foliated at other phenological stages. Antelope bitterbrush twigs 
were often longer for plants that had received a defoliation than 
they were for the control plants, but the differences were not 
significant. Shepherd (197 1) also found that defoliated antelope 
bitterbrush produced longer twigs than did undefoliated plants. 

Live crown cover following the rest period was still less than 
that for the control plants when antelope bitterbrush plants had 
heen defoliated at any phenological stage (Table 2). Late season 
defoliations at the fruit developing or seed shatter stages 
appeared to affect cover greatly. Average herbage yields 
showed that plants defoliated only during quiescence made fair 
recovery during the rest period. 

The differences in TNC levels among plants of antelope 
bitterbrush from the defoliation treatments were small after 14 
to 26 months of rest (Table 2). Defoliated antelope bitterbrush 
plants had similar tap root TNC levels as the undefoliated 

Fourwing Saltbush control plants. However, plants that received a seed shatter 
It was observed that most fourwing saltbush plants had not defoliation still had lower basal stem TNC levels than did the 

recovered from previous defoliation treatments after the 14- to undefoliated plants. Therefore, recovery of TNC levels was 
26-month rest period (Table 2). After at least 14 months of rest, probably adequate for all plants except those that were de- 
plants that had earlier received a single heavy defoliation at a foliated at the seed shatter stage. 
near maturity phenological stage had shorter seedstalks than did A rest period of 14 to 26 months was not sufficient for 
undefoliated fourwing saltbush plants. However, fourwing complete recovery of vigor, herbage yield, and TNC levels of 
saltbush plants defoliated at quiescence, early growth, or rapid antelope bitterbrush, especially if defoliated during the latter 
growth had seedstalk lengths similar to those of the control part of the growing season. Cook and Child (197 1) reported that 
plants. Live crown cover of defoliated fourwing saltbush plants heavily defoliated browse species required several years of 
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nonuse for complete recovery. defoliations, vigor of several salt desert species required several 
years of nonuse before full recovery. Robertson et al. (1970) 

Little Rabbitbrush 
Little rabbitbrush made fair recovery from previous de- 

foliation treatments during the 14- to 26-month rest period. 
Seedstalk lengths and herbage yields were similar among de- 
foliated and undefoliated little rabbitbrush plants (Table 3). It 
appeared, however, that little rabbitbrush plants defoliated at 
the rapid growth stage would require a longer period of rest 
before complete recovery of herbage yield could be attained. 
Reductions in live crown cover and TNC levels in roots were 
still evident among defoliated and control plants after the rest 
period. 

Defoliation of little rabbitbrush during the rapid growth stage 
severely reduced the recovery of live crown cover and root TNC 
levels, even after at least 14 months of rest (Table 3). Plants 
defoliated at quiescence, early growth, or the flower developing 
phenological stages made fair recovery in crown cover and root 
TNC levels. The TNC levels of crowns of all defoliated plants 
were similar to those of undefoliated plants after the rest period. 
Willard and McKell (1973) also found that defoliated little 
rabbitbrush plants made good recovery in TNC levels after one 
year of rest. 

Table 3. Average herbage yield, vigor, and total nonstructural carbo- 
hydrates (TNC) for two species subjected to a single defoliation during 
various phenological stages. Measurements and collections were made in 
the fall after defoliated plants had received 14 to 26 months of rest. 

Species and Vigor 

phenological Seedstalk Livecrown Herbage 
stage when length cover yield TNC (mg/g> 

defoliated 

Little rabbitbrush 
Control 
Quiescence 
Early growth 
Rapid growth 
Flowers developing 

Fringed sagewort 
Control 
Quiescence 
Early growth 
Rapid growth 
Near maturity 

(cm) 

16a’ 
16 a 
14 a 
15 a 
17 a 

22 a’ 
7b 
5b 
3b 
4b 

(%I (g/plant) Roots Crowns 

60a 18 a 104 a 80 a 
58 a 15 a 83 ab 79 a 
44 ab 13 a 92 ab 72 a 
28 b 7a 67 b 51 a 
54 ab 13 a 111 a 91 a 

74 a 4.8 a 126 a 50 a 
15 b 1.8 b 48 b 22 b 
9b 1.0 b 36 b 20 b 
3b 0.7 b 18 b 25 b 

12 b 1.5 b 48 b 20 b 

‘Means in the same column followed 
0.05 level of probability. 

by a similar letter are not significantly different at the 

Fringed Sagewort 
All the defoliation treatments affected recovery of herbage 

yield, vigor, and TNC levels of fringed sagewort (Table 3). All 
&foliated plants had shorter seedstalks and less live crown 
cover after 14 to 26 months of rest than the control plants. 
Herbage yield of fringed sagewort was drastically reduced by 
any single heavy defoliation. Herbage yield was reduced by at 
least 50% by any heavy defoliation, even after a minimum of 14 
months of rest. All defoliated plants had much lower TNC levels 
in both roots and crowns after the rest period than did the 
undefoliated control plants. Defoliated plants had at least 40% 
less TNC than did the control plants. The rest period was, 
therefore, not sufficient for recovery of live crown cover, 
seedstalk lengths, herbage yields, and TNC levels of heavily 
defoliated fringed sagewort plants. Defoliation at any pheno- 
logical stage was detrimental to plant welfare. 

Cook and Child (197 1) reported that as a result of previous 

concluded that 1 year of rest was insifficient for the recovery of 
vigor of heavily grazed plants. The present study showed that 
intensive utilization of fringed sagewort would necessitate 
several years of rest before recovery of plant growth, vigor, and 
carbohydrate reserves could be expected. 

Three Defoliations and Rest 

In this multiple defoliation experiment, blue grama, fourwing 
saltbush, antelope bitterbrush, and scarlet globemallow were 
defoliated at a heavy intensity (90%) during three phenological 
stages in 1970 and 1971. Scarlet globemallow and fourwing 
saltbush were clipped during quiescence, 1970; and rapid 
growth and seed shatter, 1971. Blue grama plants were clipped 
during quiescence, 1970; rapid growth and fall regrowth, 197 1, 
Antelope bitterbrush was clipped during quiescence, 1970; and 
fruit developing and fall regrowth, 197 1, Herbage yield, vigor, 
and TNC data were taken in the fall of 1972 after 14 months of 
rest, and again in the fall of 1973 after 26 months of rest. 
Analyses of varianee were conducted on differences between 
control plant responses and defoliated plant responses to deter- 
mine recovery of the defoliated plants. 

Little recovery in herbage yield, vigor, and TNC levels of 
both storage organs of defoliated blue grama, antelope bitter- 
brush, founving saltbush, and scarlet globemallow plants was 
noted among plants that had received either 14 or 26 months of 
rest (Table 4). Herbage yields of all defoliated species were still 
lower than the undefoliated control plants after 26 months of 
rest. However, differences in herbage yields between control 
and clipped plants of blue grama and fourwing saltbush after 14 
months of rest were more than twice as great as those obtained 
after 26 months of rest. In contrast, both scarlet globemallow 
and antelope bitterbrush showed little change in recovery of 
herbage yields after 14 or 26 months of rest. 

Vigor of defoliated blue grama, fourwing saltbush, antelope 
bitterbrush, and scarlet globemallow plants was not greatly 
different after 14 months and 26 months of rest (Table 4). 
Recovery in live crown cover of fourwing saltbush and antelope 
bitterbrush was greater after 26 months of rest than after 14 
months of rest. However, both browse species had at least 30% 
less live crown cover than the undefoliated control plants even 
after 26 months of rest. Seedstalk lengths of defoliated blue 
grama plants were shorter than those of the control plants after 
either 14 or 26 months of rest. The rest periods had little effect 
on twig lengths of scarlet globemallow. Fourwing saltbush had 
longer seedstalks after 14 months of rest than did the control 
plants. Twig lengths of defoliated antelope bitterbrush were 
slightly longer than those of the control plants after either 14 or 
26 months of rest. Shepherd (1971) also found defoliated 
antelope bitterbrush had longer twigs than did undefoliated 
plants. 

Vigor of several salt desert species were found to require 
several years of non-use before full recovery (Cook and Child 
197 1). Robertson et al. (1970) concluded that one year of rest 
was insufficient for the recovery of heavily grazed plants. 
Mueggler (1975) found that several years of rest were required 
to restore vigor of Idaho fescue and bluebunch wheatgrass. The 
present study also showed that several years of rest would be 
necessary after intensive heavy defoliations before herbage 
yield and vigor of defoliated plants could be restored to levels 
similar to those of the control plants. 
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Table 4. Average difference (control minus defoliated) for several vigor 
measurements of four species subjected to three defoliations at three 
phenological stages during 1970 and 1971. Measurements and collections 
were made during the fall of 1972 and 1973 aher defoliated plants had re- 
ceived 14 or 26 months of rest. 

Measurement Rest period 

and species 14 months 26 months 

Herbage yield 
Blue grama (g/m*) 464 a’ 204a 
Scarlet globemallow (g/plant) 0.3 a 0.4 a 
Fourwing saltbush (g/plant) 157 a 59 a 
Antelope bitter-brush (g/plant) 26 a 40a 

Seedstalk or twig length (cm) 
Blue grama 10 a 19 a 
Scarlet globemallow 4a 4a 
Fourwing saltbush -6 a2 4a 
Antelope bitterbrush -3 a -I a 

Live crown cover (%) 
Fourwing saltbush 70 a 30 a 
Antelope bitterbrush 63 a 50 a 

-lx (mg/g) 
Roots 

Blue grama 13 a 7a 
Scarlet globemallow -22 a -31 a 
Fourwing saltbush la 20 a 
Antelope bitterbrush 18 a -1 a 

Crowns 
Blue grama 16 a 3a 
Scarlet globemallow 4a -3 a 

Basal stems 
Fourwing saltbush 10 a 17 a 
Antelope bitterbrush 25 a 30 a 

‘Means in the same row followed by a similar letter are not significantly different at the 
0.05 level of probability. Blue grama herbage yield was expressed on a basis of 100% 
basal cover. 

‘A negative sign indicates that clipped plants surpassed the control plants. 

Root and crown TNC levels of defoliated blue grama plants 
had increased more after 26 months of rest than after 14 months 
of rest (Table 4). The influence of the rest duration was more 
pronounced in crown TNC levels of blue grama than in root 
TNC levels. Differences in TNC levels in both tap roots and 
basal stems of defoliated and undefoliated four-wing saltbush 
plants were greater after 26 months of rest than after 14 months 
of rest. Two years of rest appeared to be sufficient for the 
recovery of tap roots TNC levels of antelope bitterbrush, but 
basal stem TNC levels were still somewhat suppressed. The 
TNC levels in both roots and crowns of defoliated scarlet 
globemallow plants were higher than they were for the control 
plants after either 14 or 26 months of rest. Defoliated scarlet 
globemallow plants had slightly greater TNC levels in roots 
after 26 months of rest than after 14 months of rest. 

Six Defoliations and Rest 

In this experiment, blue grama, fourwing saltbush, antelope 
bitterbrush, and scarlet globemallow were all heavily defoliated 
six times from the fall of 1970 through the late summer of 1972. 
Blue grama, four-wing saltbush, and scarlet globemallow were 
defoliated during quiescence, 1970; rapid growth, seed shatter, 
and quiescence, 1971; and rapid growth and seed shatter, 1972. 
Antelope bitterbrush plants were defoliated during quiescence, 
1970; fruit developing, fall regrowth, and quiescence, 1971; 
and fruit developing and fall regrowth, 1972. The effects of the 
defoliation treatments were evaluated in the fall of 1972 
immediately following cessation of defoliation treatments and 
in the fall of 1974 after defoliated plants had received 26 
months of rest. 
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The effects of the six heavy defoliations on herbage yield and 
vigor of blue grama, fourwing saltbush, antelope bitterbrush, 
and scarlet globemallow were still evident after defoliatedplants 
had received 26 months of rest (Table 5). However, herbage 
yields of defoliated blue grama and scarlet globemallow showed 
some recovery during the rest period. The two browse species, 
fourwing saltbush and antelope bitterbrush, showed no signifi- 
cant improvement in herbage yields of defoliated plants that 
were given 26 months of rest. 

Undefoliated control plants of scarlet globemallow, fourwing 
saltbush, and antelope bitterbrush had higher vigor than did 
defoliated plants. Twig lengths of defoliated scarlet globe- 
mallow plants recovered significantly during the 26 months of 
rest (Table 5). Differences in seedstalk lengths of defoliated 
fourwing saltbush and twig lengths of antelope bitterbrush were 
less after 26 months of rest than before the rest period, but the 
improvements were not significant. In addition, live crown 
cover of the two browse species was greater after defoliated 
plants had received 26 months of rest than before the rest period, 
but all defoliated plants had at least 70% less live crown cover 
than did the undefoliated conrol plants. 

Albertson et al. (1953) found intensively defoliated buffalo- 
grass (Buchloe ductyloides) and blue grama would require more 
than 3 years of rest to fully restore plant vigor. Cook and Child 
(197 1) have shown that plant vigor, as a result of previous 
defoliations, was reduced and required several years of nonuse 
before full recovery. They found that after 7 years of rest, black 
sagebrush (Artemisiu nova), big sagebrush, and squirreltail 
grass (Situnion hystrix) had not fully recovered from 90% 
defoliations. McLean and Tisdale (1972) reported that over- 

Table 5. Average differences (control minus defoliated) for several vigor 
measurements of four species subjected to six defoliations from 1970 
through 1972. Measurements and collections were made during the fall 
of 1972, and in 1974 after defoliated plants had received 26 months of 
rest. 

Measurement 
and species 

Rest period 

No rest 26 months of rest 

Herbage yield 
Blue grama (g/m’) 
Scarlet globemallow (g/plant) 
Founving saltbush (g/plant) 
Antelope bitterbrush (g/plant) 

Seedstalk or twig length (cm) 
Scarlet globemallow 
Fourwing saltbush 
Antelope bitterbrush 

Live crown cover (%) 
Fourwing saltbush 
Antelope bitterbrush 

ITJC (mg/g) 
Roots 

Blue grama 
Scarlet globemallow 
Fourwing saltbush 
Antelope bitterbrush 

Crowns 
Blue grama 
Scarlet globemallow 

Basal stems 
Fourwing saltbush 
Antelope bitterbrush 

748 a’ 
0.6 a 
195 a 
36 a 

11 a lb 
8a 5a 
9a 4a 

97 a 
99 a 

I5 a 
7a 

21 a 
17 a 

23 a 
33 a 

23 a 
36 a 

235 b 
0.2 a 
213 a 
115 a 

80 a 
70 a 

-1 ap 
7a 

48 a 
23 a 

24 a 
la 

30 a 
28 a 
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grazed ranges might require 20 to 40 years of nonuse to reach 
excellent condition. 

Differences between the roots TNC levels of defoliated and 
control plants of blue grama, scarlet globemallow, fourwing 
saltbush, and antelope bitterbrush that had received no rest and 
those plants that were given 26 months of rest were not 
statistically significant. However, root TNC levels of blue 
grama plants had been restored after 26 months of rest even 
though previously defoliated plants were still not producing as 
much herbage as the undefoliated control plants (Table 5). This 
may be related to a reduction of total root biomass in the 
defoliated blue grama plants as compared with the control 
plants. If this were the case, defoliated blue grama plants may 
have had less total reserves to restore aboveground biomass. 
The TNC levels in crowns of defoliated blue grass that had no 
rest were fairly similar to those that had received the rest. 
However, crown TNC levels of scarlet globemallow had made 
good improvement after the 26-month rest period. The TNC 
levels of basal stems of antelope bitterbrush showed some 
recovery after defoliated plants had received 26 months of rest. 
However, defoliated fourwing saltbush plants made no recovery 
in basal stems TNC levels during the rest period. 

Summary and Conclusions 

Seven important range species were heavily defoliated once 
to remove 90% of the foliage during each of four different 
phenological stages. Defoliation effects were evaluated in the 
fall of 2 years after the defoliated plants had received 14 to 26 
months of rest. Western wheatgrass, little rabbitbrush, and 
scarlet globemallow made good recovery after a single heavy 
defoliation followed by 14 to 26 months of rest. Western 
wheatgrass and scarlet globemallow plants subjected to a single 
heavy defoliation and then given a rest period had herbage 
yields, vigor, and TNC levels similar to those of undefoliated 
control plants. Heavily defoliated little rabbitbrush plants had 
herbage yield, live crown cover, and TNC levels after 14 to 26 
months of rest that were similar to those of the defoliated control 
plants except when the defoliation was made during the rapid 
growth phenological stage. 

A 14- to 26-month rest period was insufficient for complete 
recovery of vigor and herbage yield of antelope bitterbrush and 
four-wing saltbush subjected to a single heavy defoliation at 
various phenological stages. Herbage yields, vigor, and basal 
stem TNC levels of these two browse species were still below 
those of the control plants after the rest period when plants had 
received a single defoliation during the fruit developing, seed 
shatter, or near maturity phenological stages. 

Vigor and TNC levels in both storage organs of defoliated 
blue grama plants were similar to those of the control plants after 
the rest period. However, the rest period was insufficient for 
recovery in herbage yield of defoliated blue grama plants, 
except when the defoliation was made during the quiescence 
phenological stage. 

Herbage yields, vigor, and TNC levels of fringed sagewort 
subjected to a single heavy defoliation at various phenological 
stages were still below that of the control plants after 14 to 26 
months of rest. Defoliation to remove 90% of the foliage was 
extremely severe for this species and several years of nonuse 
would be required for recovery. 

Blue grama, antelope bitterbrush, fourwing saltbush, and 
scarlet globemallow were subjected to three and six heavy 
defoliations at various phenological stages during 1970, 197 1, 

and 1972. Plants that received three heavy defoliations from the 
fall of 1970 through the late summer of 197 1 were evaluated in 
the fall of 1972 and 1973 after defoliated plants had received 
either 14 or 26 months of rest. Recovery data of the defoliated 
plants during these rest periods were compared with data 
collected from unclipped plants to determine whether the rest 
periods were adequate to restore herbage yields, vigor, and 
TNC levels. Recovery of plants that received six heavy defoli- 
ations from the fall of 1970 through the late summer of 1972 
were evaluated by comparing data for clipped and unclipped 
plants before rest and after 26 months of rest. 

Herbage yield, vigor, and TNC levels of antelope bitterbrush 
and four-wing saltbush plants that received either three or six 
multiple defoliations were reduced below those of the undefoli- 
ated control plants even after 14 or 26 months of rest. Six heavy 
defoliations of antelope bitterbrush and fourwing saltbush ap- 
peared to be extremely severe for these species and continuous 
use at this frequency and intensity would probably kill the 
plants. 

Blue grama was more resistant to damage by frequent heavy 
defoliations and made fair recovery after two years of rest from 
either three or six heavy defoliations. However, several years of 
rest might be required before heavily defoliated blue grama 
could completely recover. It is, therefore, not desirable to 
utilize this species at this intensity and frequency. 

Scarlet globemallow given three heavy defoliations showed 
good recovery in herbage yield, vigor, and TNC levels after 14 
and 26 months of rest. Both root and crown TNC levels of 
scarlet globemallow given three heavy defoliations were slight- 
ly greater than those of the control plants after the rest periods. 
However, scarlet globemallow plants that received six heavy 
defoliations had less TNC than did the undefoliated control 
plants. Scarlet globemallow appeared to be fairly resistant to 
damage by frequent, intensive defoliations. 
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Effects of Subsoil Draining on Heather Moors 
in Scotland 

JOHN PHILLIPS AND ROBERT MOSS 

Highlight: Subsoil draining improved the growth and nutrient 
content of heather on Scottish moors covered by shallow peat, 
where drainage is impeded by an iron pan underneath. On such 
moors, subsoiling has significant advantages over conventional 
open drains. 

Heather (Calluna vulgaris) is the dominant plant on many 
Scottish moors. On such moors, it is the main food of red grouse 
(Lagopus Zugopus scoticus) and mountain hares (Jenkins et al. 
1963; Hewson 1962), and of red deer (Cervus eluphus), sheep, 
and cattle in winter (Staines 1970; Thomas 1956). The number 
of grouse on a moor is related to the pattern of burned patches 
and to the cover, shoot length, and nutrient content of the 
heather there (Miller et al. 1966; Picozzi 1968; Moss 1969). 
Heather on wet, poorly drained, peaty moors grows less 
vigorously than on drier moors (Gimingham 1960) and fewer 
grouse occur on these wet moors (Watson and O’Hare 1973). 
Knowing this, land managers frequently drain wet moors in an 
attempt to increase grouse stocks. 

The usual open drain has disadvantages. Although it obvious- 
ly improves heather growth, the improvement is limited to about 
0.5 m either side of each ditch. Some surface water is removed 
by open drains, but most of the ground remains boggy, because 
lateral percolation in peat is very slow (Donald 1973). Also, the 
artificial gullies formed by the drains can cause serious erosion, 
and young grouse chicks may fall into the drains and drown. 

On many wet moors, poor natural drainage is caused by a 
shallow iron pan lying under a foot or two of peat. When 
planting trees on such ground, foresters improve drainage by 
using a plough with a deep, narrow tine which breaks up the iron 
pan but scarcely disturbs the surface vegetation. It occurred to 
us that this technique might be used to improve the growth of 
heather (Figs. 1 and 2). 
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Methods 

Forty hectares of a heathery hillside at Dunphail estate, near Forres 
in northeast Scotland, were subsoiled in March 1969, using a 
hydraulically operated subsoiler drawn by a crawler tractor. The aim 
was to shatter the iron pan which lay at a depth of about 0.5 m. Cuts 
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Fig. 2. Subsoiling tine. 

were made at intervals of 4, 9, and 14 m apart on different parts of the 
ground, and at an angle of about 20” with the contours. In February 
1974, 40 ha of heathery hillside at Tulchan estate, near Grantown, 
were tine ploughed, with cuts at interval of 14 m running at right 
angles to the contours. 

We inspected both areas on June 30 and July 1, 1975. At both moors 
aclear difference was visible between subsoiled and adjacent areas. At 
Dunphail, the entire area, irrespective of the distance between cuts, 
showed visibly improved heather growth. At Tulchan, distinct bands 
about 0.6 m wide were visible on either side of the new cuts. 

We sampled the heather at Dunphail along 3 transects on different- 
aged patches of heather. Ten 0.25m2 quadrats were dropped outside 
and 10 inside the subsoiled area, at intervals of 10 paces. Heather 
cover was estimated by eye to the nearest lo%, and within each 
quadrat the height of the heather canopy was measured in centimeters 
and the length of five long shoots (Gimingham 1960) measured to the 

nearest centimeter. The heather’s age was classified according to Watt 
(1955). 

At Tulchan we followed a similar procedure, except that we took 
two different kinds of sample from inside the subsoiled area, dropping 
alternate quadrats adjacent to the tine cuts and also halfway between 
cuts. The intention was to compare the visible bands along the cuts 
with heather which was not visibly affected. 

Within each quadrat, a handful of heather was cut for later chemical 
analysis. In the laboratory, the top centimeter was snipped off each 
heather shoot until 2 g (fresh weight) had been collected from each 
sample. These subsamples were then combined into six experimental 
and nine control samples, dried at room temperature, milled to pass 
through a l-mm sieve and analyzed for N, P, and Ca. 

Results 
The effect of subsoiling was to increase the length (Table 1) 

and the nitrogen and phosphorus content (Table 2) of heather 
shoots at both areas. Height had increased at Dunphai16 years 
after treatment but not at Tulchan 18 months after subsoiling. 
There was also a small increase in cover at Dunphail which did 
not approach statistical signit’icance within any one sample, but 
was significant (P < 0.001) when the three experimental 
means were compared with the three control means using a 
paired t-test. 

The result for shoot length was slightly complicated by the 
lack of any differences in sample 2 at Dunphail. However, the 
height did differ, so that there had evidently been a difference in 
growth in past years. 

Discussion 
We did not count the grouse on the subsoiled areas, but the 

head keeper at Dunphail considers that treatment has improved 
the shooting there relative to the rest of his ground. We should 

Table 1. Effect of subsoil draining on heather 6 years (Dunphail) and 18 months (Tulchan) after treatment. 

Mean shoot length (cm) Mean height (cm) Mean cover (%) 

Age-class Extemala Intemalb External Internal External Internal 
Transect of heather Treated control control Treated control control Treated control control 
Dunphail 1 Mature/degenerate 2.38 1.17*** - 22.0 22.4 - - 59 54 

2 Early building (c 5 years) 3.24 3.46 - 23.4 18.3* 83 77 - - 
3 Mature 2.56 1.78 - 36.3 26.8** - 99 93 - 
Combinedc probability *** ** see text 

Tulchan 1 Late building 2.52 1.47t 1.87 26.0 22.0 25.2 58 56 53 
2 Degenerate 2.10 1.70 1.53t 31.0 31.0 31.7 57 54 53 
3 Degenerate 3.10 2.40* 1.80** 33.5 35.0 33.3 56 57 56 
Combinedc probability * ** 

aOutside tined area. 

bBetween tined strips. 
cAccording to X2 = - Zlnp. 

tTwo-tailed probability that this figure differs from the treated value <O. I (by r-test). 
*p<o.o5, **P<o.ol’ ***P<o.OOl. 

Table 2. Effect of subsoil draining on chemical composition (% dry matter) of heather shoot tips.’ 

Nitrogen Phosphorus Calcium 

External Internal External Internal External Internal 
Transect Treated control control Treated control control Treated control control 
Dunphail 1 1.55 1.37 - 0.13 0.094 - 0.43 0.49 - 

2 1.73 1.69 - 0.15 0.15 - 0.42 0.41 - 
3 1.63 1.56 - - - 0.15 0.13 0.44 0.47 

Tulchan 1 1.84 1.56 1.58 0.16 0.14 0.15 0.41 0.42 0.38 
2 1.61 1.56 1.48 0.15 0.14 0.13 0.41 0.37 0.43 
3 1.88 1.63 1.64 0.17 0.15 0.15 0.42 0.41 0.41 

‘The treated heather contatned more nitrogen and phosphorus (P<O.O5, by paired f-test), but not Ca, than the external control. 
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certainly expect this from the improved performance of the 
heather on the drained ground. We should also expect better 
performance by mammals. 

The technique is of value only when the iron pan is broken up 
by the tine, that is, on pans overlain by a maximum of 0.5 m of 
peat. The areas of Scotland with much ground like this and most 
likely to benefit from tining are the Moorfoots, Lammermuir, 
and Sidlaw Hills and hill land east of the A9 road north of Blair 
Atholl. On such suitable ground, subsoiling at an acute angle 
with the contours appears to remove water more quickly and 
completely than open drains in the same place, with less danger 
of gully erosion. 

Additional advantages of subsoiling are that the surface of the 
moor is not seriously disturbed, so that access by wheeled 
vehicles is not affected, and that cattle and sheep do not damage 
the drainage channels, as happens with open drains. 

More work should be done to see how long subsoiling has an 
effect, what the optimum distance between cuts is, and at what 
angle the cuts should cross the contours. For practical purposes 
the best recommendation we can give at the moment is that cuts 
need be no closer than 14 m apart, and should be made at an 
acute angle with the contours. 
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Bitterbrush Germination with Constant 

and Alternating Temperatures 

RAYMOND A. EVANS AND JAMES A. YOUNG 

Highlight: The germination of bitterbrush (Purshia tridentata) seeds in relation to 
constant and alternating temperature regimes was investigated. The germination of 
untreated, stratified, and thiourea-treated seeds was compared. Germination of un- 
treated seeds was greatest with cold (night) temperatures in the optimum range (2“ to 
5°C) for stratification. Warm (day) temperatures of lo” to 40°C gave relatively high 
germination when the night temperatures were in the stratification range. Thiourea 
treatment greatly expanded the number of temperature regimes that gave maximum 
germination. Thiourea treatment also increased the amount of germination, both in 
the optimum temperature range and at suboptimal or superoptimal ranges. 
Stratification enhanced germination of bitterbrush seeds, but the magnitude of 
response in relation to temperature regimes was not identical to enhancement with 
thiourea treatment. 

Bitterbrush (Purshiu tridentuta) oc- 
curs on about I .4 million ha in the west- 
ern United States and southern British 
Columbia (Hormay 1943). It is one of 
the most important browse plants for 
both domestic livestock and wildlife 
(Nerd 1965). In many areas communi- 
ties of this browse plant have deterio- 
rated, and land managers have at- 
tempted to revegetate rangelands by 
seeding bitterbrush. 

One hindrance to seeding is the dor- 
mancy of bitterbrush seeds (Hubbard 
and Pearson 1958). Technically, bitter- 
brush seeds are not dormant, because 
dissected embryos will germinate (Nord 
1965). However, germination is in- 
hibited until the requirement for cold- 
moist stratification is satisfied. In a pre- 
vious study, we reported on the in- 
fluence of temperature, moisture avail- 
ability, and duration of stratification on 
the subsequent germination of bitter- 
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brush (Young and Evans 1976). Be- 
cause of seed dormancy, it is not 
possible to separate germination as it is 
affected by temperature from the ef- 
fects of stratification, especially when 
alternating temperature regimes in- 
clude optimum stratification tempera- 
tures . 

In addition to stratification, thiourea 
treatment can remove the inhibition to 
germination of bitterbrush seeds 
(Pearson 1957). Thiourea treatment of 
bitterbrush seeds has allowed establish- 
ment of bitterbrush both within and 
considerably outside its native range 
(personal communication from Eamor 
Nord, U.S. Forest Service, Riverside, 
California). 

Our purpose was to determine the 
germination of seeds of bitterbrush 
at constant and alternating tempera- 
tures. These comparisons were made 
with control (untreated), stratified, and 
thiourea-treated seeds. 

Met hods 
We tested bitterbrush seed collected in 

197 1 and 1973 from near Truckee, Calif., 
and Granite Peak, north of Reno, Nev. We 
also used seed obtained commercially both 
years. The same sources of seeds were used 
in a reported study of stratification which 
describes details of the environments where 

seeds were collected (Young and Evans 
1976). Results of tests with seeds from all 
six sources were combined after analysis of 
the individual experiments showed no 
significant differences among them. 

Four replications of 100 seeds each were 
used in all experiments. Seeds were 
considered germinated when radicles had 
emerged 5 mm. Germination counts were 
made after 1, 2, and 4 weeks of incubation. 
Seeds were germinated on nontoxic blotter 
paper in petri dishes in the dark. Incubation 
temperatures included were - 6, -4, -2, 
0, 2, 5, 10, 15, 20, 25, 30, and 40°C. 
Constant temperatures were from 0 to 

40°C. Alternating temperatures consisted 
of 16 hours (simulating night) at the lower 
(-6 to 30°C) and 8 hours (simulating day) 
at all possible higher temperatures (0 to 
40°C). These 72 temperature regimes cover 
possible seedbed temperatures for Ark- 
misia communities in the Great Basin 
(Evans et al. 1970). 

The locally collected seeds were tested 3 
months after maturity. The seeds were 
harvested, cleaned, and stored in paper 
bags in the laboratory. The commercially 
obtained seeds were tested at the same time, 
hut were harvested at least a year earlier. 

Control seeds were placed in experiments 
without treatment. Seeds were stratified at 
2°C for 4 weeks between moist blotter pads 
before testing . The thiourea treatment 
consisted of a modification of Pearson’s 
(1957) original method, in that seeds were 
soaked for 30 minutes instead of 5 minutes 
in a 3% solution of thiourea. The longer 
soaking period was based on experience 
with the treatment. Temperature of thiourea 
solutions did not exceed 20°C to avoid 
damage to seeds or seedlings (Neal and 
Sanderson 1976). 

Results 
No Treatment 

Germination of untreated bitterbrush 
seeds was highly dependent on specific 
temperature regimes (Table 1). Re- 
gimes with night temperatures of 2 and 
5°C showed a self-stratifying effect in 
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Table 1. Mean germination percent of six lots of untreated bitterbrush seed in relation to incu- 
bation at constant and alternating temperatures for 4 weeks.’ 

Night 
temperature 

Day temperature (“C for 8 hours) 

(T for 16 hours) 0 2 5 IO 15 20 25 30 40 

-6 0 0 0 0 0 0 0 0 0 
A 0 0 0 0 0 0 0 0 0 
-2 0 Oj 7 g-j 17 f-j 25 d-i 25 d-i 12 f-j 10 f-j 3 ij 

0 0 4 ij 15 f-j 20 e-j 17 f-j 26 d-h 16 f-j 14 f-j 3 ij 
5 ij . . . 4 ij 2 20 e-j '~~~~~~~~~~~~ A.. ,.....,....... .,: ,... ,& 37 b-e G@@ZZ 6 hj 

5 IO f- j  ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .  ,... 3 1 c-f 36 c_e . . . . . . ,.,.,.,.,. ., ,... . . . . .,. . . . . . ..~... .,.,. ~~~~~~~~~~ ,...,..., ,..... 
10 19 e-j 12 f-J 8 g-j 6 h-j 21 e-j 26 d-h 
15 5 ij 10 f-j 7 g-j 12 f-j IO f-j 
20 2j 3i-j Ij 2j 
25 4i-j 0 2j 
30 lj 0 
40 0 

%Ieans followed by the same letter are not significantly different at the 0.01 level of probability, as determined by 
Duncan’s multiple range test. Means in shaded areas are not significantly different from the maximum. 

that maximum germination after 4 
weeks incubation occurred at day 
temperatures that alternated with these 
two. Temperatures of -2 and 0 
alternating with 5 to 40°C produced low 
to moderate germination. 

Optimum temperature regimes with 
4-weeks incubation were 2/ 15 (2°C 
night and 15°C day, 16 and 8 hours, re- 
spectively), 2/20, 2/30, 5/10, 5/15, 
5/30, and 5/4O”C. Actual early-spring 
seedbed temperatures for the Great 
Basin are 0 to 2°C nights and 10 to 20°C 
days (Evans et al. 1970). With these 
field temperatures untreated or strati- 
fied bitterbrush seeds would have a 
potential germination from spring plant- 
ing of only 40 to 50%. 

temperature regimes of 5/5 through 
5/4O”C; thiourea-treated seeds aver- 
aged 69% germination for the same 
temperatures. The range of optimum 
temperature regimes was expanded 
from 2 and 5°C to 0, 2, 5, and 10°C 
night temperatures (Table 2). With 
thiourea treatment, germination oc- 
curred at an expanded range of temper- 
ature regimes (69% vs 16% of the 72 
regimes tested) as well as at higher 
percentages. 

Incubation regimes with night tem- 
peratures higher than 5°C germinated 
scarcely more than 20% of the seed. 

Emergence in the field has shown 
that preplanting treatment with thiourea 
enhances bitterbrush germination at 
moderate to warm seedbed tempera- 
tures. Results of this investigation 
confirm this observation and also show 
that thiourea increased the range of low 
temperature regimes that can induce 
germination as well as the germination 
percentage at low temperatures. 

Thiourea 
Untreated seeds in this study had an 

average germination of 39% for the 

The maximum germination of un- 
treated bitterbrush seeds was 50 to 60% 
at the optimum temperatures (Table 1). 

Table 2. Mean germination percent of six lots , af bitterbrush seed, treated by soaking in 3% 
thiourea for 30 minutes. Constant and alternating temperatures maintained for 4 weeks.” 

Night 
temperature 

Day temperature (“C for 8 hours) 

(“C for 16 hours) 0 2 5 10 15 20 25 30 40 

-6 

-4 
-2 

0 
2 
5 

10 
15 
20 
25 
30 
40 

0 0 0 0 4r 6r 0 0 
0 0 0 2r 14 o-r 8 q-r 2 r 0 

28 m-o 22 n-p 24 n-p 36 j-n 29 L-n 12 p-r 2 r 0 
24 n-p 52 f-i ~l::~~:CC:j::,‘,:‘~~:~~~ 47 h-j 3 1 k-n 18 n-q 6 r 
28 m-0 h2 d-E! ‘,~~~~~‘:i;~~.~~.. /i3 ‘_g 44 ik 65 b-f 14 o-r ,,F . . . .A.... :.. . . . . :_, .:..:::::‘: ;,_ ,..:_ ,... . . ,.,,..,.,._.. 

‘:?$,+a :~~$$&:~.i ::,:‘;~d.:~~t~.:r:~~~~~ ,. . . ,: “,:,‘: :, ,::: ,.;.yy 60 e-h 1~~~~ 44 g-j 
r:ii~~~~~:;;.:~.l’i~:r~~~:,~ 65 b-f ~.~$‘$@:’ 67 b-e 

62 d-g 51 f-i 36 j-n 40 i-m 43 i-m 
52 f-i 43 i-L 29 L-n 25 n-p 

26 m-p 23 n-q 3 r 
IOq-r 6r 

0 

aMeans followed by the same letter are not significantly different at the 0.01 level of probability, as determined by 
Duncan’s multiple range test. Means in shaded areas are not significantly different from the maximum. 
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Thiourea treatment increased maximum 
germination to 70 to 80% over a much 
wider range of optimum temperatures 
Fable 2). 

Stratification 
Storage in a 2°C moist environment 

for 4 weeks greatly enhanced germi- 
nation of bitterbrush seeds (Table 3). 
The stratified seeds produced 50% or 
more germination in 25% of the temper- 
ature regimes compared to 4% of the 
regimes for the control and 32% for the 
thiourea treatments. Maximum germi- 
nation of stratified seeds at the optimum 
temperatures tended to be higher than 
that of untreated seeds, but the range of 
temperatures considered optimum for 
germination was about the same and 
considerably lower than it was for the 
thiourea-treated seeds. The range of 
optimal temperatures was shifted from 
only 2°C and 5°C nights to include 
lO/lO, 10/15, and lS/lS”C (Table 3). 
These temperatures have little field 
applicability in the Great Basin but 
might in other places. Germination at 
0°C night temperature was enhanced by 
stratification, but it was not greatly 
increased at -2°C nights and was 
induced at only one -4°C regime. 

The three treatments showed two 
distinct peaks in optimum germination 
temperatures (Tables 1, 2, and 3). The 
low temperature peak centered around 
2 to 5°C nights and 10 to 20°C days, and 
the second peaked with the same night 
temperatures and 30 to 40°C days. This 
suggests that there are two physiologic 
systems limiting germination that re- 
spond to different environmental 
stimuli. 

Comparison over Optimum 
Temperature Range 

With 2°C night *temperatures, the 
germination of bitterbrush seeds rela- 
tive to treatment is entirely dependent 
on day temperatures (Fig. 1). With a 
constant 2°C incubation, stratification 
produced 4 times and thiourea treat- 
ment produced 7 times as much 
germination as did the control. At 2/ 
3O”C, the three did not differ signifi- 
cantly . 

With 2°C nights, and 5°C days, 
stratified and thiourea-treated seeds 
were not significantly different, with 
both giving 12 times the germination of 
untreated seeds. We would expect the 
stratified seeds to have more rapid 
germination at low temperatures than 
controls, because they were held in an 
imbibed state during 4 weeks of stratifi- 
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Table 3. Mean germination percent of six lots of bitterbrush seed, stratified for 4 weeks at 2°C 
before incubation at constant and alternating temperatures for 4 ~eeks.~ 

Night 
temperature Day temperature (“C for 8 hours) 

(“C for 16hours) 0 2 5 10 15 20 25 30 40 

-6 0 0 0 0 0 0 0 0 0 
-4 0 0 0 0 0 4Lm 0 0 0 
-2 0 0 24 h-j 20 h-L 30 g-i 18 i-m 4Lm 0 0 

0 0 12 j-m 36 f-h 44 d-f 54 b-e 58 b-d 32 g-i 10 j-m 4 Lm 
2 15 L-m ##$?#&~ 58 b-d 56 b-e 57 b-d 54 b_e @@$#$ 23 h-j 

5 59 b-d ‘~i:~~-~.:~~~~~~ . . .,...,., ,., 
.o .,. .,i. '. ..: : '.: . . .: 

54 b_e 54 b_e 
,., .:. ..,., ., ,.... ,. 

.~~ 5 1 e_f 
i..,.... >... 10 J ~~~~~:~~~~~~~~~~ . . ..: ,, ,,.,.. .,. '..I, L.,.,.._.,., > ,: 

44 d-f 36 f-h 24 “’ ? yg;: g;y& h-j l()j_m 
15 

,__,, I;:‘;; 52 b-f 40 e-g 25 g-j 12 j-m 

20 42 d-g 22 h-k 16 i-m 6 k-m 

25 10 j-m 6 k-m 2 m 
30 lm 0 
40 0 

weans followed by the same letter are not significantly different at the 0.01 level of probability, as determined by 

Duncan’s multiple range test. Means in shaded areas are not significantly different from the maximum, 

cation with all physiologic systems 
primed for rapid germination at higher 
temperatures. The thiourea-treated 
seeds were dried after treatment, so 
they had to reimbibe moisture before 
they could germinate. Under a 2/5”C 
temperature regime their germination 
equaled that of the 4-week stratified 
seeds. 

Thiourea-treated seeds significantly 
exceeded the germination of control or 

Fig. 1. Germination of untreated, stratified, and 
thiourea-teated bitterbrush seeds under 2°C 
nights and 2-30°C days. Columns topped with 
the same letter are not significantly different 
at the 0.01 level of probability, as determined 
by Duncan’s multiple range test. 

stratified seeds with the 2/ 10 and 2/ 
15°C temperature regimes. 

Significance to Management 

Land managers who have dealt with 
the ambiguities of establishing bitter- 
brush from direct seeding probably 
have suspected what this investigation 
shows. Given the proper temperature 
regimes, bitterbrush seeds germinate 
profusely. The range of optimum 
temperatures for germination of un- 
treated seeds is limited to nighttime 
lows that allow stratification (Young 
and Evans 1976). If it were possible to 
operate drilling equipment in late 
winter, then very early spring seeding 
might result in sufficient stratification 
for adequate germination. This type of 
seeding is dependent on seedbeds being 
thawed but not muddy. Often the land 
manager must wait until seedbed con- 
ditions permit mechanical operations, 
which is too late for adequate stratifi- 
cation. In such cases, land managers 
are limited to seeding bitterbrush in the 
fall, artificially stratifying the seeds, or 
treating them with thiourea. 

Treatment with thiourea enhances 
germination at both high and low 
temperatures, suggesting that it is 
valuable for fall as well as spring 
seeding. Apparently, thiourea permits 
germination of bitterbrush seeds at 
temperature regimes outside the poten- 
tial that even stratification allows, 
which might lead to winter killing of 
fall-seeded, thiourea-treated seeds. 

We have shown the germination 
potential of bitterbrush seeds in re- 

sponse to various temperature regimes. 
This response represents only part of 
the seedbed ecology of bitterbrush. 
Germination in the field depends on the 
interaction of the inherent potential of 
the physiological systems of the seeds 
with the actual environmental parame- 
ters of the seedbed (i.e. moisture, 
temperature, and light). Stratification 
and thiourea modify or remove blocks 
from these systems by amplifying 
germination potential in relation to 
temperature. Manipulation of plant 
litter and microtopography by grazing 
and cultural practices modifies tem- 
perature, light, and moisture relations 
in the seedbed which may increase or 
decrease its physical potential (Evans 
and Young 1972). Land managers will 
be able to increase their chances for 
successful establishment of bitterbrush 
only when all of these facets are 
considered. Seed germination over a 
wider range of temperatures can be 
increased by either stratification or 
thiourea treatment. By using adequate 
weed control and seedbed preparation, 
moisture and temperature conditions 
can be more readily brought into this 
increased potential for germination. By 
these same measures, seedling growth 
can be increased and establishment of 
plants more assured. 
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Squirreltail Seed Germination 

JAMES A. YOUNG AND RAYMOND A. EVANS 
Highlight: Germination tests on squirreltail seed showed that 

three temperature regimes always produced optimum germi- 
nation of 76 to 100%. We defined optimum as not statistically (p = 
0.01) different from maximum. The always optimum temperature 
regimes were: (1) a constant 15”C, (2) alternating lO/lS’C (16 
hours cold/8 hours warm each day), and (3) 10/2O‘C. When seed 
was produced in a year with good growing conditions, optimum 
germination extended over a wide range of temperatures. At 
optimum temperatures, the rate of germination was very rapid 
with a high percentage of total germination occurring within a 
week. The lack of inherent germination requirements that restrict 
germination, high germinability, and a rapid rate of germination 
help to explain the colonizing ability of this species. 

Squirreltail (Sitanion hystrix var. hystrix) is widespread in the 
western United States (Hitchcock 1950). This caespitose peren- 
nial grass is characterized by bristly spikes with disarticulating 
joints. Ecologically, squirreltail is a seral species that often 
increases in response to disturbance. Occasionally it is abundant 
on disturbed areas, but it is mainly of scattered occurrence 
(Forest Service 1937). The successional role of this species is 
illustrated in the Pacific Northwest by its reported occurrence in 
at least 25 plant communities of different potentials, while being 
a dominant species in only 2 communities (Franklin and 
Dyrness 1973). What kind of germination system allows 
squirreltail to colonize in so many different sites? 

Squirreltail is an exceedingly variable species (Stebbins et al. 
1946). Some localities may contain many different “races” 
which can be recognized on the basis of slight differences in 
external morphology and habitat preference (Stebbins 1972). 
The races of squirreltail are adapted to a wide range of environ- 
mental conditions (Wilson 1963). The variable forms can be 
separated from each other by barriers of hybrid incompatibility 
or sterility and constitute sibling species. Does this variability 
extend to germination requirements? 

The disarticulating rachis makes seed collection difficult, al- 
though the seeds of squirreltail were important in the diet of 
hunter-gatherer Indians in the Great Basin (Steward 1938). If 
the seeds could be collected in quantity, the ecologic character- 
istics that permit this species to increase in abundance with 
disturbance seem to make it a desirable candidate for seeding on 
disturbed sites. Knowledge of germination characteristics will 
aid in the use of squirreltail as a revegetation species. 

The authors are range scientists, Agricultural Research Service, U.S. Department of 
Agriculture, University of Nevada, Renewable Resources Center, Reno 89512. 
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Our purpose was to investigate the ecology of germination of 
squirreltail seeds (caryopses). 

Methods 

Germination trials were conducted from 1967 through 1975. In all 
tests, four replications of 100 seeds each were used. We started in 
1967 with constant and alternating temperature regimes of 0, 2, and 
5°C and 5-degree increments through 30°C. In each 24-hour period, 
each temperature regime consisted of 16 hours at each low temperature 
and 8 hours at all possible higher combinations. This &hour warm and 
16-hour cold diurnal fluctuation corresponds to the natural regime in 
seedbeds of the central Great Basin during the periods when moisture 
is available for germination (Evans and Young 1972). By 1970, we 
had developed equipment to add sub-zero temperatures of -6, -4, 
and -2°C to the regimes tested (Evans et al. 1970b). The maximum 
temperature was increased to 40°C in 1970. In 1974, we added a 35°C 
temperature. 

Seeds with awns intact were placed in petri dishes on top of germi- 
nation paper and kept moist with tap water. Seeds were considered 
germinated when the radicle emerged 5 mm. Tests were conducted for 
4 weeks. Germination counts were made at least once a week and in 
some tests, daily. 

Seeds of all sources were tested within 1 month after harvest and 
again at 3 and 6 months to determine the possible occurrence of after- 
ripening requirements. Numerous collections of seed from different 
locations in Nevada and northeastern California were tested. Each 
collection was made from as many plants as possible. In 1967, seed 
was collected from each location only once. In subsequent years, we 
collected several times during the I- to 2-week maturity period. 
Germination of these collections was compared at constant tempera- 
tures from 2 to 3O”C, and the optimum germination collection was 
used for further tests. This procedure was used to avoid collecting im- 
mature seeds and to make sure we had some seed before the rachis dis- 
articulated and blew away. We tried to collect seeds annually from the 
same community located at Medell Flat, 35 km north of Reno, Nev. 
Unfortunately, no seeds were produced at this site in drier years 1968, 
1970, and 1972. 

In 1974, we conducted germination trials with three sources of 
squirreltail seed collected near Reno, Nev. In this experiment germi- 
nating seedlings were counted daily for the first 7 days and then at 
weekly intervaIs through 4 weeks. To express the rate of germination 
of squirreltail seeds at a given temperature, we used coefficients of 
germination (CRG) (Maguire 1962). The formula may be written 

CRG = k lgn - 8(,-l )hl 

where gn is the accumulated gemlination on a given day minus the 
gemlination percentage on the previous day [g(n- I)] divided by the 
number of incubation days (n). The larger the CRG, the greater the 
aggregate rate of germination. 

We compared the germination of awned and artificially deawned 
seeds collected in 1974 from Medell Flat. The awns were removed 
with a hammermill. 
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Table 1. Mean germination (%) of squirreltail seed in relation to constant and alternating temperature regimes. seed produced in 5 different years.a 

Cold ( 16 hours) 
temperature 

(“C) 0 2 

Warm (8 hours) temperature (“C) 

5 10 I5 20 25 30 35 40 

-6 
4 

-2 
0 
2 
5 

10 
15 
20 

oq oq oq oq oq oq oq oq oq oq 
oq oq oq oq oq oq oq oq oq oq 
Oq Oq Oq 12 n-p 31 k-m 15 n-p 21 I-o 3 w 0 q Or-I 

Oq oq oq 16 n-p 35 j-1 20 I-o 21 I-o ion-p 2pq Oq 
42 i-k 59 f-h 67 d-g 68 c-f 71 c-f 67 d-g 55 g-j 2 pq Oq 

25 72 c-k 74 b-e 46 h-j 50 h-j 
30 47 h-j 28 k-n 29 l-n 
35 2w 2q 
40 Oq 

“Means followed by the same letter are not significantly different at the 0.01 level of probability as determined by Duncan’s multiple range test. Overall means compared by using pooled 
error mean square, following procedures SofCochran and Cox (1950). Optimum germination percentages, those not significantly @=O.Ol) different from maximum, are shaded for 

readers convenience. 

Seeds of squirreltail from a 1971 collection that was previously provided germination conditions where, at least once, total 
determined to germinate at 90% were planted in clay and sandy loam 
seedbeds. Seeds were planted on the soil surface, barely covered bY 

germination was not significantly lower than the optimum. 

soil and beneath the surface at 0.5, 1,2,3,4,5,6, and 8 cm. The beds 
These temperatures include 48% of the temperature regimes 

were prepared using procedures previously described to obtain bulk 
used above 0°C. Squirreltail truly has the inherent potential for 

density similar to field profiles (Young et al. 1969b). 
copious germination over a wide range of temperatures. 

Seeds from the same source used in the emergence experiment were 
If we compare mean germination for all tests, the optimum 

planted on the surface of sandy loam and clay beds and covered with 1 temperature regimes fall in the 5, IO, 15, or 20°C cold periods, 

cm of annual grass litter, and on the surface of 1 cm of litter. alternating with 10 to 35°C warm periods (Table I). 

Results Variability among Years 

Germination at Constant and Alternating Temperatures Seeds of squirreltail produced in different years in the same 

There was considerable variability in germination among 
community at Medell Flat did not have identical germination 

locations and within one location among years in relation to Table 2. Constant and alternating temperature regimes where germi- 
constant and alternating temperatures. 

Only three temperature regimes, IO/ I5 ( 10°C for 16 hours and 
15°C for 8 hours in each 24-hour period), 10/20, and 15/ 15°C 
were never significantly different @=O.Ol) from the optimum 
in percentage germination (Fig. 1). Clustered around these 
always optimum germination temperatures were six regimes 
where, 80% of the time, total germination was not significantly 
lower than the optimum. Twenty-six temperature regimes 

Fig. 1. Frequency (%) of occurrence of germination of squirreltail seeds not 
statistically (p=O.Ol) differentfrom the maximum at constant and alternating 
temperature regimes. 

nation of squirreltail seeds was not significantly &O.Ol) different from 
the maximum among 3 years’ seed production from the same plant com- 
munity located at Medell Flat. 

Temperature 
regimes (“C) 

cold 16 hours/ 
warm 8 hours 

Optimum temperatures for germination 

1969 1971 1973 

2/10 
2115 
2120 
2/25 
2130 
5/10 
5115 
5120 
5125 
5130 

IO/10 
IO/15 
1 o/20 
1 O/25 
1 o/30 
15/15 
15/20 
15125 
15130 
20/20 
20125 
20/30 
25125 
25130 
30130 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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responses in relation to temperatures. In 1969, germination at Table 3. Average rate of germination (%) and coefficients of rate of germi- 

any 5°C cold period was markedly lower than the optimum nation for three sources of seeds of squirreltail collected in 1974.’ 

range. We define optimum as not statistically (p=O.Ol) differ- 
ent from the maximum. The optimum range extended into the Days Constant temperatures (“C) 

regimes with 25 and 30°C cold temperatures (Table 2). In incubation 2 5 10 15 20 25 30 35 40 

contrast, in 1971 using seed from the same community, the 3 0 0 0 0 0 0 0 0 0 
optimum germination range extended into regimes with 2°C t 0 0 0 0 1 7 2 0 0 

cold period temperatures but not into the 25 or 30°C cold period 0 0 0 5 24 21 9 0 0 

regimes. 
6 0 0 13 54 58 48 24 0 0 

14 0 60 82 82 77 63 36 0 0 
Further examples of the among-year variability in germi- 28 26 77 85 85 78 65 37 0 0 

nation are provided by seed collected from the same Medell Flat Co&cient 
community in 1973. The optimum germination range extended of rate of 0.92 4.88 7.18 11.26 11.89 10.19 5.07 0 0 . . 
from 2 to 30°C cold periods (Table 2), essentially encompassing germ’nat’on 
or exceeding the variability noted in the two previous con- aCoefficient of rate of germination (CRG) calculated with formula 

trasting tests. 
This germination response indicates that a given population 

n 
CRG = F Ign - g(n- 1 )/‘I 

of squirreltail produces- seed having the inherent potential for where g, is the accumulated germination on a given day minus the germination percent 

consistent copious germination at a relatively limited range of on the previous day [g(,_ l)1 divided by the number of days incubation (n). The larger 

temperatures. Because of favorable precipitation and tempera- the CRG, the greater the rate of germination. 

t&in any one year, high germination may extend over a large 
range of temperature regimes besides the relatively few that are 
always optimum. In dry years, no or very little seed is produced, 
and presumably the seed that is produced has a much more 
restrictive germination response. 

Germination at Extreme Temperatures 

A constant 40°C always inhibited germination of squirreltail 
seed (Table 1). To obtain germination with 40°C warm periods, 
the remainder of the diurnal cycle had to be 5°C or above (Table 
1). To obtain relatively high amounts of germination, the cold 
period had to be above 10°C and below 30°C alternating with 
40°C. 

In terms of successful seedling establishment in sagebrush/ 
bunchgrass communities, germination under cold extremes is of 
paramount importance (Evans et al. 1970a). The coldest ex- 

bation. Essentially all gemlination occurred by 14 days and 2 
weeks additional incubation resulted in only 3% more total 
germination. Raising the incubation temperature to 25°C 
speeded the rate of germination through 5 days. Reducing the 
incubation temperature to 2°C required 28 days for germination 
to occur. The fastest germination (CRG) occurred at 20°C 
(Table 2). The CRG for 15 and 25°C were similar with a notice- 
able reduction at lower temperatures and at 30°C. 

Deawned Seeds 

Removal of the long awns by using a hammerhill did not alter 
the germination characteristics of squirreltail seeds (data not 
shown). Care must be taken not to damage the embryo end of the 
caryopses. Deawning of the seed would be necessary for 
mechanical drilling. 

treme where germination occurred was -4/15”C (Table 1). 
Decreasing the cold minimum to -6°C severely inhibited Emergence from SOi1 and Litter 
germination. Increasing the cold minimum to -2°C resulted in 
germination from 10 to 30°C in 2 years of testing seed from 
Medell Flat. 

Germination at O/ 15°C ranged from 0 to 83%. Usually germi- 
nation occurred from 10 to 30°C with 0°C cold periods. The 0°C 
regimes are important in considering potential germination 
under snow cover (Bleak 1959; Hull 1960). 

Afterripening 

Freshly harvested seeds of squirreltail had just as good germi- 
nation as seeds stored for 3 months, providing the seeds were 
tilly mature when harvested (data not shown). Afterripening re- 

Squirreltail seeds that were barely covered emerged or germi- 
nated much better than seeds left on the soil surface (Table 4). 
The failure of seeds to germinate on the surface is undoubtedly a 
fimction of moisture relationships (Evans and Young 1972). 
This failure of seeds to germinate on the soil surface is a constant 
feature of all semiarid rangeland seedbeds and emphasizes the 
importance of litter and microtopography in controlling germi- 
nation. Burial of seed 1 cm deep markedly lowered emergence 
in the clay soil, while there was no marked reduction with 2 cm 
of burial in the loam soil. Emergence was very slight at 5-cm 
burial and 6 cm eliminated all emergence. 

quirements that are temperature related are common with range Table 4. Emergence (%I of squirreltail seedlings from clay and loam seed- 
grasses (Laude 1956). Generally, some of the most successful beds in relation to depth of plantinga 

colonizers in disturbed sagebrush/bunchgrass communities do 
not have any afterripening requirements. Downy brome 
(Bromus tectorum) and tumble mustard (Sisymbrium altissi- 
mum) are examples of aliens that have preempted native seral 
roles and do not have habitat restriction imposed by after- 
ripening requirements (Young et al. 1970). 

Rate of Germination 

At a constant 15°C there was no germination as evidenced by 

Planting 
depth 

Surface 
Barely covered 
1 cm 
2 ” 
3 ” 
4 ” 
5 ” 
6 ” 

Soil 

Clay Loam 

50 c 
81 ab 
57 bc 
31 d 
24 de 

5 ef 
2f 
Of 

10 ef 
87 a 
87 a 
88 a 
72 b 
25 de 

2f 
Of 

radicle emergence until 5 days incubation had elapsed (Table 3). 8 ” Of Of 
With one more day of incubation, germination increased 10 “M cans followed by the same letter are not slgmficantly different at the 0.01 level of 

times. Germination increased gradually until 14 days incu- of probability as determined by Duncan’s multiple range test. 
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Table 5. Establishment (%) of squirreltail seedlings in relation 
coverage with soil and/or litter on clay and loam soils.a 

to seed 

Soil 

45 b 8c 
87 a 86 a 
86 a 91 a 
81 a 80 a 
35 b 12 c 

not significantly different at the 0.01 level of 
multiple range test. 

Squirreltail seeds emerged through 1 cm of litter if they were 
buried in soil or not (Table 5). However, if they were placed on 
the surface of the litter, germination was markedly reduced. 
This reduction persisted in spite of the long slender caryopses 
that appeared ideal to work down through litter accumulations to 
the mineral soil. Grass caryopses vary greatly in their response 
to germination in litter (Young et al. 1971). This type of 
germination is extremely important in sagebrush/bunchgrass 
communities, where most of the reproductive reserve of seeds 
lies on the soil surface in the scant accumulations of litter 
(Young et al. 1969a). 

Discussion 

Given adequate temperatures and moisture for growth, squir- 
reltail plants produce an abundance of highly germinable seeds. 

Although squirreltail is not the most desirable forage species, it 

has the advantage of producing abundant seeds that will 
(Temlinate. Many of our native perennial grasses produce few 3 
seeds and those often have restrictive seed dormancy require- 
ments. 

Squirreltail is a competitive species, as evidenced by its 
increase in the face of alien annual grass competition in southern 
Idaho, when areas were kept free of grazing and rodent 
disturbance (Hironaka and Tisdale 1963). Hironaka and Sindelar 
(1975) consider squirreltail to be a successful invader of annual 
grass stands that would be closed to exotic wheatgrasses (Agro- 
pyron spp.). Therefore, the lack of restrictive inherent require- 
ments for germination must be a competitive advantage. 

Production of abundant crops of germinable seeds under 
wildland conditions does not automatically make squirreltail an 
economically feasible revegetation species. For squirreltail to 
be a commercial product, seed must be produced every year- 
not just in the wet years. The seeds must be harvestable. This 
means finding selections without a disarticulating rachis or 
developing special harvesting equipment to pick the seed up off 
the ground. Special seed processing techniques are necessary to 
remove the awn without damaging the germinability of the 
seeds. 

Despite the high germinability of squirreltail seeds over a 

broad range of temperatures, we must remember that lack of 
moisture on the surface of a seedbed will limit establishment just 
as effectively as will extreme temperatures. Rapid physiologic 
development of squirreltail seedlings helps to insure successful 
establishment (Hironaka and Sindelar 1973). Provide seedbed 
conditions conducive to germination in regard to moisture 
condition and there is a good possibility of increasing the 
density of squirreltail. 
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Dry Season Regrowth of Six Forage Species 
Following Wildfire 

J. LINDSAY FALVEY 

Highlight: The regrowth of three introduced perennial grasses, 
buffelgrass, Pangolagrass, and Sabigrass; one native perennial 
grass, sehima; and two perennial legumes, Caribbean stylo and 
leucaena, after a dry season wildfire was studied in northern 
Australia. The native grass produced similar quantities of dry 
matter during the dry season but was of lower digestibility and 
crude protein content than all other species. Crude protein yield 
per hectare was highest for Sabigrass during the dry season. After 
the onset of the wet season the native grass produced significantly 
more dry matter and crude protein per hectare than all other 
species. Neither of the legumes provided large amounts of feed 
during the dry season. It is suggested that introduced grasses may 
be of greater value after a fire while native grasses may he superior 
after rains have begun. 

The risk of wildfire during the dry season in Northern 
Australia is very high due to the hot dry weather and constant 
winds. The large sizes of properties and minimal-input-manage- 
ment preclude any rapid fire control, and the practise of burning 
native pasture as a management tool increases the risk of un- 
controlled fire (Tothill 1971). It has been estimated that the 
probability of wildfire is one year in five in the high rainfall zone 
of the Northern Territory, although there is a great variation 
between areas. 

This fire risk is considered to be one of the greater uncertainty 
factors associated with sowing improved pastures. Sturtz ( 1966) 
noted that fire resistance is required in introduced species. 

Wesley-Smith (1970) has shown that dry season fire does not 
always lower the re-establishment of the annual species Towns- 
ville stylo (Slylosanthes humilis) in the following wet season. 
However, it does cause the loss of pasture for dry season 
grazing. Sturtz (personal communication) has screened a range 
of introduced pasture species for persistence after burning. 
However, the effect of fire on feed availability until the 
following wet season is largely unknown. 

This paper reports the dry matter production and nutritive 
value of four perennial grasses (one native) and two perennial 
legumes after a dry season wildfire. 

The author was, at the time of the research, animal production officer, Animal Industry 
and Agriculture Branch, Department of Northern Territory, Darwin, Northern Territory, 
Australia. At present the author is livestock specialist, Highland Agronomy Project, 
Faculty of Agriculture, Chiang Mai University, Chiang Mai, Thailand. 

Manuscript received February I 1, 1976. 

Met hods 

The effects of a dry season wildfire were measured at Douglas Daly 
Experiment Station about 160 km south of Darwin in the Northern 
Territory of Australia. The experiment station is situated in a mon- 
soonal region receiving an annual average rainfall of 1,100 mm, more 
than 90% of which falls between November and May. 

An area of plots which had been established for 2 years on a Tippera 
clay loam soil was burned in a fast wind-driven fire which consumed 
all dead and green material. The fire took place on a typical dry season 
day (June 20, l975), when the temperature was about 33°C and the 
relative humidity less than 35%. The species growing in these plots 
were Sabigrass (Urochloa mosambicensis), buffelgrass (Cenchrus 
ciliaris), Pangolagrass (Digitaria decumbens), Caribbean stylo (Stylo- 
santhes hamata cv. Verano), leucaena (Leucaena leucocephala), and 
the native grass species sehima (Sehima nervosum). 

The rate of regrowth of all species was estimated by hand plucking 
all green leaves within a 0.2 rn? area in five plots of each species at 
regular intervals. Samples were analyzed for crude protein using the 
micro-Kjeldahl technique, for phosphorus by reading the absorption at 
882 nm, and for in vitro digestibility using a two stage technique 
developed by Newman (1972). 

A Duvdevani dew gauge was used to estimate dew fall, which is 
presented along with rainfall figures in Table 1 

Table 1. Moisture (mm) received from dew and rain for each month. 

Moisture 
source July 

Month 

August September October November 

Dew 
Rain 
‘Not available. 

4.5 
- 

4.8 n.a. ’ 
- 21.2 

Results 

The dry matter production of all species is presented in Table 
2. Yields of all grass species were similar up to 40 days of 
regrowth (January 30, 1975). After that time, sehima produced 
the most dry matter, followed by Sabigrass. By 83 days of 
regrowth (September 11, 1975), sehima had produced signifi- 
cantly more dry matter than any other species. By 103 days of 
regrowth, the yields of Sabigrass and buffelgrass had risen so 
that they did not vary significantly from that of sehima. By 146 
days of regrowth (November 3, 1975), all species had shown 
large increases in dry matter yields. Sehima produced signifi- 
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Table 2. The dry matter production (kg/ha) of six species after burning. ’ Table 4. The crude protein content (%, dry matter) of six species after 
burning. 

Species 

Days of Buffel- Pangola- 
Date regrowth Sehima Sabigrass grass grass Leucaena Verano ~~ 

25/6/X 5 17 16 0 0 0 0 
917175 19 31 ab 29 a 20 a 16 a 2b 0 
2117175 31 31 a 38 a 28 a 22 a 16 a 0 
3017175 40 90a 45 ab - 27 b 22 b 0 
1218175 53 90a 80 a 53 b 52 b 26 c 0 
2818175 69 95 a 87 a 87a - 65b 0 
l l/9/75 83 183 a 98 b 83 b 50 c 82b 0 
l/10/75 103 175 a 186 a l40a 40b 73 b 0 
21/10/7: 123 180 a 197 a 201 a 76 b 150 ab 0 
3/l l/75 146 3100a 555 c 1575 b 460 c 403 c 50 d 
2112175 175 1745 a 698 bc 960 b 520 bc 598 bc 1OOc 

Snecies 

Days of 
Date regrowth -p 

2516175 5 
917175 19 
2117175 31 
3017175 40 
1218175 53 
2818175 69 
1 l/9/75 83 
l/10/75 103 
21/10/75 123 
3/l l/75 146 

Buffel- Pangola- 
grass grass Leucaena Verano 

- - - - 
- Il.3 22.7 - 

10.2 6.9 - - 
- 9.5 - - 
7.0 7.7 - - 
- 15.3 - - 
7.3 7.5 15.1 - 

13.9 9. I 15.3 - 
9.0 6.8 21.5 - 
6.3 4.6 16.0 - 

Sehima Sabigrass 

4.4 - 
8.8 13.8 
6.6 10.8 
4.0 7.3 
6.1 7.9 
- - 
4.7 8.3 
6.9 10.7 
5.1 7.2 
4.2 9.8 

and Norman ( 1959) for native pastures in the Katherine area of 
the Northern Territory, which receives about 230 mm less rain 
over a shorter season than the Douglas Daly site. 

The dry matter loss recorded for both sehima and buffelgrass 
may be due to some leaf deaths in a 2-week dry spell because 
only green leaves were used in these determinations. On the 
other hand, the large variation may also indicate an error in 
sampling techniques for November 3, 1975. 

Dry matter production is usually considered the most relevant 
factor immediately after a fire, provided the fire has not been too 
hot (Smith 1960). However, the low and in some cases similar 
dry matter yields of grass species determined in this experiment 
indicate that quality of the herbage available may be of great 
importance. The quality of feed is indeed critical in this situation 
of limiting dry matter if the effects of selective grazing on 
further reducing intake are to be minimized. Sabigrass showed 
the highest crude protein yields per hectare in the period after the 
fire before rain fell, and may therefore be of greater value than 
the native sehima pasture. 

The small differences in the in vitro digestibility figures of the 
introduced grasses, Sabigrass and buffelgrass, at any one date 
are not considered to be important. The generally lower in vitro 
digestibility values of Pangolagrass, however, are important in 
this situation of feed deficiency. The lower in vitro digestibility 
values of sehima at all dates also augers against the value of this 
species during the period after a fire and before rain falls. 

Norman (1963) has previously recorded a response in native 
pasture species to increased moisture after thunderstorms, and 
Wesley-Smith (1972) has noted that this response can be more 
rapid in native than improved species. This response of native 
species may be due to a translocation of nitrogen and phospho- 
ms to the roots of native grasses at the end of each wet season to 
allow a quick shoot to the next rains (Norman 1963). Introduced 

‘Means followed by the same letter within a row do not vary significantly at p > 0.05. 

cantly more dry matter than buffelgrass, which produced 
significantly more than Sabigrass and Pangolagrass. A depres- 
sion in yield was recorded at 175 days of regrowth (December 2, 
1975) for sehima and buffelgrass. Verano produced negligible 
amounts of dry matter up to 146 days of regrowth (November 3, 
1975). 

The in vitro digestibility of all species is presented in Table 3. 
Sehima showed a lower digestibility than all other species at 
each date. Sabigrass tended to have a slightly higher digesti- 
bility than buffelgrass which was in general higher than Pangola- 
grass. The digestibility of all species tended to decline with time 
although this effect was much less for leucaena. 

Table 3. The in vitro digestibility (%, dry matter) of six species after 
burning. 

Species 

Days of 
Date regrowth 

2516175 5 
917175 
2117175 :‘: 
3017175 40 
1218175 53 
2818175 69 
1 l/9/75 83 
l/10/75 103 
21/10/75 123 

Buffel- Pangola- 
grass grass Leucaena Verano 

- 
71 
70 
- 
69 
- 
55 
64 
62 

- - 
61 - 
55 - 
59 71 
55 67 
- 62 
56 61 
61 61 
59 64 

- 
- 
- 
- 
- 
- 
- 
- 
- 

Sehima Sabigrass 

64 
73 
65 
65 
62 
66 
66 
61 
62 

- 
53 
33 
34 
38 
38 
37 
40 
42 

The crude protein content of sehima was always lower than 
that of other species (Table 4). The introduced grasses, Sabi- 
grass and buffelgrass, tended to have similar crude protein 
contents and variations over the period of regrowth, while the 
crude protein content of Pangolagrass was often lower. In 
general crude protein declined with time, although increases 
occurred in Sabigrass and buffelgrass after rain. The crude 
protein content of leucaena was consistently higher than that of 
any other species. 

In general Sabigrass produced the highest crude protein 
yields per hectare during the early stages of regrowth (Table 5). 
During the early wet season buffelgrass produced the highest 
crude protein yields. 

Table 5. Crude protein yield (kg/ha) of five species after burning. 

Species 

Date 
Days of Buffel- Pangola- 

regrowth Sehima Sabigrass grass grass Leucaena 

2516175 5 0.7 - - 
917175 19 2.7 4.0 - 
2117175 31 2.0 4.1 2.3 
3017175 40 3.6 3.8 - 
1218175 53 5.5 6.3 3.7 
2818175 69 - - - 
1 l/9/75 83 8.6 8.1 6.0 
l/10/75 103 12.1 19.9 25.7 
21/10/75 123 9.2 14.2 18.1 
3/l l/75 146 130.2 54.4 99.2 

- - 
1.8 0.5 
1.5 - 
2.5 - 
4.0 - 
- 9.9 
3.8 12.4 
3.7 11.1 
5.7 32.0 

22.5 64.5 

Discussion 

The small amounts of regrowth following burning recorded in 
this experiment are of the same order as those recorded by Arndt 
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species continue to grow in the dry season to a limited extent and 
may not have such root reserves. Their ability to grow with only 
slight moisture inputs indicates an efficient moisture use in this 
growth stage. Sehima produced the highest crude protein yield 
per hectare after the first rains due to this large dry matter 
response. Thus it appears that this native pasture may be of 
greater value than introduced grasses in the very early wet 
season period. 

Neither of the legumes examined appeared to be of great 
value in providing feed after wildfire. Leucaena produced a 
small amount of high quality forage through the dry season, 
while Verano did not produce any available feed until rain had 
fallen. 

The results of this experiment indicated that in the event of 
wildfire, introduced grasses may provide better nutrition 
through the remainder of the dry season. During the early wet 
season, however, native pastures may be of greater value. 
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Phytotoxic Effects of Bunchgrass Residues 
on Germination and Initial Root Growth of 

Yellow Sweetclover 

W. J. RIETVELD 

Highlight: The subclimax bunchgrasses Arizona fescue and 
mountain muhly promptly invade disturbances in the climax 
ponderosa pine forest and develop into dense, persistent, impene- 
trable communities. Yellow sweetclover and several weed species 
invade disturbances in the bunchgrass community, flourish brief- 
ly, then decline as the bunchgrasses recover the site. Extracts pre- 
pured from green foliage and straw of fescue and muhly signiti- 
cantly reduced sweetelover seed germination and retarded speed 
of elongation and mean radicle length. Leach&s from live grass 
foliage significantly inhibited sweetclover seed germination, sug- 
gesting that leaching may be a route of release of the inhibitor. 

The ponderosa pine-bunchgrass community of northern Ari- 
zona occupies openings created by fire or logging in once dense 
stands of ponderosa pine (Pinus ponderma). The subclimax 
bunchgrasses Arizona fescue (Festuca arizonica) and mountain 
muhly (Muhlenbergia monrana) promptly take over the site fol- 
lowing disturbance and develop into dense, exclusive com- 
munities, seemingly impenetrable by other species. In many in- 
stances, theponderosapine climax has not returned in 50 to 100 
years, despite repeated seedfall from surrounding stands and 
favorable moisture conditions (Schubert 1974). 

Yellow sweetclover (Melilotus officinalis) is a biennial herb 
commonly found along roadsides and drainages and in fields 

and parks in northern Arizona. It is capable of producing high 
yields of forage, especially when seeded, but accounts for only a 
small fraction of the total forage resource because of its short 
duration. When present in the ponderosa pine-bunchgrass 
community, it is an invaderon areas where the bunchgrass cover 
has been disturbed. Sweetclover may form dense, fairly pure 
stands where the grasses are recently and completely removed 
(Fig. I); but as the grasses recover the site, the clover and other 



forbs decline in density and height and disappear within 2 to 3 
years. 

In addition to the intense competition displayed by the 
bunchgrasses for available water, nutrients, and growing space 
(Larson and Schubert 1969), there is evidence that chemical 
interactions may play an important role in determining plant 
associations. Jameson ( 196 1, 1968) tested for the presence of 
growth inhibitors in Arizona fescue and other northern Arizona 
native species and found that an aqueous extract of fescue 
foliage inhibited radicle elongation of squirreltail (Situnion 

hystrix), blue grama (Bouteloua gradis), and ponderosa pine. 
The author recently reported that aqueous extracts of fescue and 
muhly foliage reduced percentage germination and speed of 
germination of ponderosa pine seeds by 60% or more. Radicle 
elongation was similarly retarded but was found to be sensitive 
to the osmotic potential of the extracts. The route of release of 
the inhibitor was not uncovered (Rietveld 1975). 

This paper reports the phytotoxic effects of bunchgrass 
residues on germination and initial growth of yellow sweet- 
clover, and a study to explore leaching as a possible route of 
release of the inhibitor. 

Seed Germination and Radicle Elongation in 
Aqueous Extracts of Grass Residues 

A laboratory experiment was conducted to determine the 
phytotoxic effects of various residues of fescue and muhly on 
seed germination and primary root elongation of yellow sweet- 
clover. 

Materials and Methods 
Samples of fresh green foliage (including seed stalks), new litter 

(standing dead grass litter), old litter (matted dead litter accumulated 
in the center of the clump), and roots (live roots clipped from growing 
grass plants) of fescue and muhly were collected in mid-September on 
the Fort Valley Experimental Forest near Flagstaff, Ariz. Excess soil 
was shaken from the grass roots, but they were left unwashed to avoid 
losing any excreted phytotoxins. The plant materials were airdried for 
26 days, then ground in a mill to pass a 20-mesh screen. 

Each extract was prepared by homogenizing 20 g of powdered 
residue with 200 ml of sterile distilled water in a blender at low speed 
for 15 minutes. The extracts were centrifuged (5,600 t-pm for 10 min- 
utes) and filtered, using suction to remove suspended matter. The 
control “extract” consisted of sterile distilled water homogenized for 
15 minutes. The pH and osmotic potential (Harris and Gortner 1914) 
of the freshly prepared extracts were measured. 

Extracts used in the germination tests were not sterilized, since heat 
might affect stability of inhibitory substances in the extracts and the 
chemical sterilants sodium benzoate and sodium hypochlorite were 

Fig. 2. Germination of surface-sterilized yellow sweetclover seeds in extracts 
offescuefoliage (top, right) and muhlyfoliage (bottom, right) compared with 
the control (left). 

found to inhibit germination of clover seeds. To reduce fungal 
contamination, seeds were surface-sterilized by soaking in 30% 
hydrogen peroxide for 15 minutes and rinsed with sterile distilled 
water’; all glassware and glass filter paper were sterilized by auto- 
c]aving. The interior of the growth chamber was washed with steril- 
izing chemicals. Five milliliters of unsterilized extract was added to 
each petri dish only once; sterile distilled water was added when addi- 
tional water was needed. Control dishes were wetted with 5 ml of 
sterile distilled water. 

The experiment was conducted in a controlled environment cham- 
ber held at a constant temperature of 75°F and a photoperiod of 16 
hours of combined fluorescent and incandescent lighting daily. The in- 
candescent lights were turned off 15 minutes after the fluorescent lights 
to expose the seeds to light in both the red and far-red regions at the end 
of each day, as in the natural condition. Relative humidity was main- 
tained above 80%. The arrangement of petri dishes, four per treatment 
combination, in the growth chamber was completely randomized; 
locations were shifted daily to distribute the effects of microclimatic 
variation. 

‘Hydrogen peroxide may stimulate germination through chemical scarification of seed 
coats, but may also increase sensitivity to phytotoxins. However, all seeds used in the 
study were pretreated uniformly. 

Table 1. Germination and growth responses of yellow sweetclover to extracts prepared from grass residues. 

Source of extract 

Mean percentage 
germination 

(%) 

Mean speed of 
germination 

(no./day) 

Mean time for 
50% germination 

(days) 

Mean radicle 
length 
(mm) 

Mean speed of 
elongation 
(mm/day) 

Fescue foliage (FF) 32. I** 
Fescue new litter (FNL) 68.8 
Fescue old litter (FOL) 70.3 
Fescue roots (FR) 66.9 
Muhly foliage (MF) 26.0** 
Muhly new litter (MNL) 73.6 
Muhly old litter (MOL) 69.4 
Muhly roots (MR) 71.8 

Control 68.0 

4.7** 6.5** 4.5** 1.1** 
13.8** 4.9** 11.0 4.0 
25.6 3.0 13.4 5.1 
26.6 1.9 15.3* 5.2 

6.3** 3.0 1.3** 0.7** 
23.5 2.6 15.0* 3.6 
29.0 2.0 15.8* 6.1 
26.7 2.2 12.3 4.0 

29.7 2.6 10.7 5.1 

*Differs significantly from control at 5% level. 
**Differs significantly from control at IQ level. 
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Percentage germination, speed of germination (Maguire 1962), 
time for 50% germination, speed of elongation (adapted from Maguire 
1962), and mean radicle length before decline were calculated and 
tested for significant differences by analysis of variance and least 
significant difference (LSD). Speed of germination and elongation 
take both the promptness and completeness of the respective processes 
into account, and are weighted to emphasize early germination and 
growth. 
Results and Discussion 

Fescue foliage and muhly foliage extracts induced highly 
significant (cw = 0.01) reductions in amount and rate of germi- 
nation and radicle elongation of clover seeds (Table 1, Fig. 2). 
Speed of germination and speed of elongation were retarded to 
rates less than one-fourth of the control. Time for 50% germi- 
nation was correspondingly increased. Fescue new litter re- 
tarded speed of germination to approximately one-half that of 
the control, and as a result significantly increased the time re- 
quired for 50% germination. The magnitude of these effects is 
apparent in Figures 3A and 3B, in which speed of germination 
and speed of elongation of clover seeds and radicles, respective- 
ly, are expressed as percentages of the control values. Three 
extracts (fescue roots, muhly new litter, and muhly old litter) 
stimulated radicle elongation significantly (a! = 0.05). No de- 
finitive explanation is offered for these root growth responses, 
but they could be caused by metabolites in the extracts. 

Type of residue Type of residue 

Fii. 3. Speed of germination (A) of clover seeds and speed of elongation (B) of 
radicles expressed as percentages of the respective control values. Asterisks 
designating significance correspond to Table 1. (FF = fescuefoliage, FNL = 
fescue new litter, FOL = fescue old litter, FR = fescue roots, MF = muhly 
foliage, MNL = muhly new litter, MOL = muhly old litter, MR = muhly 
roots.) 

Retarded seedlings tended to be stocky, with a thickened, 
stubby radicle and short hypocotyl. In the most toxic extracts, 
the radicle tip eventually died. 

The control “extract” was slightly acidic (pH 5.5, Table 2) 
due to the incorporation of carbon dioxide by the blender. 
Although no tests were run as to the effects of pH on seed 
germination and seedling growth, measured pH values were not 
considered to be low enough to affect these processes. The 
extracts which induced the strongest responses (fescue foliage, 
fescue new litter, muhly foliage) had pH values similar to the 
control. 

Germination in Leachates 
from Grass Residues 

The results of the extract experiment indicated that a phyto- 
toxic substance is contained in residues of Arizona fescue and 
mountain muhly, and that it is particularly concentrated in live 
foliage. The following experiment explored leaching as a 
possible route of release of the inhibitor. 

Materials and Methods 
Osmotic potential of the extracts (Table 2) decreased with in- Samples of fescue and muhly live foliage were collected in mid- 

creasing age and decomposition of residues. Fescue foliage and September on the Fort Valley Experimental Forest. In the laboratory, 

Table 2. pH and osmotic potential of aqueous extracts of grass residues 
prepared by homogenizing in a blender. Deionized water was used as a 
standard with zero osmotic potential. 

Source of extract PH 

Osmotic potential 
(atmospheres) 

Fescue foliage 5.7 -2.6 
Fescue new jitter 4.6 -0.5 
Fescue old litter 5.8 -0.3 
Fescue roots 6.1 -0.6 
Muhly foliage 5.7 -1.6 
Muhly new litter 4.9 -0.6 
Muhly old litter 5.6 -0.3 
Muhly roots 5.8 -0.6 
Control 5.5 0.0 

muhly foliage extracts, which significantly inhibited germi- 
nation and radicle elongation, also had the lowest osmotic 
potentials, -2.6 and - 1.6 atmospheres respectively. Since the 
separate effects of osmotic potentials (equivalent to water 
potential here) were unknown, a follow-up experiment was 
conducted in which clover seeds were germinated in solutions of 
polyethylene glycol20,OOO (Sharma 1973) with osmotic poten- 
tials of - 1, -2, -4, and -8 atmospheres. The polyethylene 
glycol solutions and distilled water control were changed daily 
to minimize the increase in concentration of the solutions as 
seed imbibed water. 

In species or processes sensitive to water stress, polyethylene 
glycol solutions with stresses (osmotic potentials) equivalent to 
the extracts would be a better measure of the control response. 
Percentage germination, speed of germination, and speed of 
elongation of clover in polyethylene glycol solutions are com- 
pared with the responses in grass residue extracts in Figure 4. 
Response data for the extracts are from Table 1 and osmotic 
potential data are from Table 2. Percentage germination (Fig. 
4A) was stimulated by osmotic potentials above - 1 atmosphere, 
and declined at a moderate rate below -2 atmospheres. Al- 
though osmotic potential accounts for part of the significant 
response to fescue foliage and muhly foliage extracts, the 
difference in response from polyethylene glycol solutions of 
equivalent osmotic potential remains substantial. The magni- 
tude of the observed extract effects on speed of germination and 
speed of elongation (Figs. 4B and 4C) are diminished considera- 
bly by the separate effect of osmotic potential, but the differ- 
ences from polyethylene glycol remain significant. Thus, os- 
motic potential of extracts was a principal confounding factor 
which accounted for part of the observed responses to the 
extracts. In the range 0 to -3 atmospheres, which includes the 
osmotic potentials of the extracts, osmotic potential should not 
interfere with percentage germination, but may account for a 
substantial portion of the observed speed of germination and 
speed of elongation responses. 
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Fig. 4. Comparison of osmotic potential effects of grass residue extracts and 
polyethylene glycol (PEG) solutions on (A) percentage germination, (B) speed 
of germination, and(C) speed of elongation ofyellow sweetclover. One aster- 
isk indicates the difference between the extract and PEG is significant at the 
5% probability level; two asterisks indicate significance at the 1% level. (FF 
= fescue foliage, FNL = fescue new litter, FOL = fescue old litter, FR = 

fescue roots, MF = muhlyfoliage, MNL = muhly new litter, MOL = muhly 
old litter, MR = muhly roots.) 

the samples were separated into basal leaves and culms (seed stalks, 
including the inflorescence). Fescue culms had begun to dry when 
collected, whereas muhly culms were still green; basal leaves of both 
species were green. A 50-g sample (fresh weight) of each of the four 
plant materials was soaked in 100 ml of distilled water in a large 
beaker for 12 hours. Each was agitated for 5 minutes to wet all of the 
material. At the end of the soaking period the four leachates were 
drained off and refrigerated. 

Surface-sterilized clover seeds were used to test the four leachates 
for phytotoxicity. Ten milliliters of leachate were transferred to each 
of three 9-cm petri dishes, evaporated to dryness, autoclaved, and 
cooled. (In a separate test, it was found that autoclaving grass residue 
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extracts did not reduce their growth-inhibiting activity.) Three milli- 
liters of sterile distilled water and 100 unstratified seeds were added to 
each petri dish. A control with no leachate was also run. Germination 
tests were conducted in darkness in a germinator with temperature set 
at 75°F and high humidity. Other procedures and germination criteria 
were the same as described previously. Germination was recorded 
daily for 11 days. 

Results and Discussion 

All of the leachates, except from muhly culms, markedly 
reduced percentage germination and retarded speed of germi- 
nation (Table 3). The magnitude of the observed responses and 
appearance symptoms of retarded seedlings were similar to 
those in the extract experiment. 

Unfortunately, the osmotic potentials of the leachates were 
not determined, since they undoubtedly would account for a 
portion of the observed responses. Osmotic potentials within the 
range 0 to -3 atmospheres were found to have only a small 
depressing effect on percentage germination, but speed of 
germination was quite sensitive (Figs. 4A and 4B). Since it is 
unlikely that the osmotic potentials of the leachates were lower 
than any of the extracts, the results can be qualified in terms of 
the osmotic potentials measured in the extract experiment. If the 
control values in Table 3 are adjusted downward for the separate 
effect of osmotic potentials equivalent to fescue foliage and 
muhly foliage extracts (Figs. 4A and 4B), the percentage germi- 

Table 3. Effects of leachates of Arizona fescue and mountain muhly live 
foliage on percentage germination and speed of germination of yellow 
sweetclover seeds. 

Mean speed of 
Mean percentage’ germination 

Source of leachate germination (no. /day) 

Fescue, basal leaves 2o.a** 2.1** 
Fescue, culms 19.8** 2.0** 
Muhly , basal leaves 20.6** 2.0** 
Muhly, culms 43.8 11.3** 
Control 52.0 18.6 

I arc sin <p*transformation. 
*Differs significantly from control at 5% probability level. 

**Differs significantly from control at I % probability level. 



nation response would be little changed, but speed of germi- 
nation would be diminished by two-thirds. The depression in 
percentage germination would remain highly significant (a! = 
O.Ol), but speed of germination responses would be lowered to 
the 5% level of significance. However, because of the sensitivi- 
ty of speed of germination of clover seed to extract or leachate 
osmotic potential, the validity of the qualified responses is un- 
certain. Thus leaching may be a route of release of the inhibitory 
substance; the toxic substance contained in grass foliage may be 
slowly leached into the ground, where it inhibits the growth of 
species susceptible to it. However, more research is needed on 
the presence, toxicity, and leachability of the inhibitor in live 
and dead grass residues during the germination and growth 
period of the receiver species. Other possible routes of release, 
such as microbial decomposition of dead residues on the soil, 
should be investigated. 

Discussion of Ecological Significance 

The results of the extract experiment showed that substances 
contained in live foliage of fescue and muhly are highly toxic to 
germination and initial root development of yellow sweetclover 
in the laboratory. Osmotic potential of the extracts or leachates 
accounts for a large portion of the observed responses. The 
actual degree of inhibition is about the same as for ponderosa 
pine, but ponderosa pine is less sensitive to plant water stress 
(Rietveld 1975). 

Under natural conditions, the occurrence of allelopathic 
effects would be conditioned by an assortment of factors, 
including the route and rate of release of the inhibitor, timing of 
release with growth processes of the receiving species, per- 
sistence of the inhibitor in the soil, distribution of seeds and 
residues, and weather conditions-especially the diluting and 
leaching effects of precipitation. The outcome of interactions 
among these environmental factors could vary within broad 
limits. 

It is interesting to note that yellow sweetclover has been 
reported to have inhibitory effects on certain grass species. Ex- 
tracts prepared from sweetclover roots inhibited both germi- 
nation and seedling growth of crested wheatgrass, Russian 
wildrye, intermediate wheatgrass, bromegrass, and timothy 
(Lawrence and Kilcher 1962). White sweetclover (Melilotus 
albus) contains a large amount of coumarin and related com- 
pounds, as do most sweetclovers, which inhibit seed germi- 
nation of several associated species (Knapp and Furthmann 
1954). Later studies have shown that the coumarin is converted 
to melilotic acid, which is apparently the responsible phytotoxin 
(Kosuge and Conn 1961). 

While sweetclovers may release toxic substances which 
inhibit the development of associated species in a cultivated 
forage crop, this effect may be of little advantage in determining 
species distribution of wild sweetclovers, since other factors 
play a much more important role. Since wild yellow sweet- 
clover frequently occurs in nearly pure stands, chemical inter- 
actions may take place with other herbaceous species, although 
they have not yet been documented. Because sweetclover is very 
sensitive to water stress, at least during germination and initial 
growth, there seems to be little need for an allelopathic 
mechanism to exclude it from the bunchgrass community. The 
bunchgrasses are acknowledged to be superior competitors for 
available water and nutrients (Larson and Schubert 1969), and 
for growing space (Rietveld 1975). Moreover, sweetclover is 
biennial, which presents no threat to the bunchgrass community 
should it invade during a moist year. Sweetclover would be 

ousted from the community when growth factors again become 
limiting. The fact that sweetclover usually occupies roadsides, 
drainage banks, and disturbed sites also supports the contention 
that it cannot endure vegetative competition. 

Do yellow sweetclover and the bunchgrasses engage in 
reciprocal chemical warfare, i.e. allelopathy? If so, the toxins 
produced by sweetclover are of little avail. Sweetclover is 
distinctly on the losing side, since it is easily overcome by the 
defense mechanisms of the bunchgrasses. Yellow sweetclover 
appears to be one of the weaker herbaceous aggressors against 
the bunchgrass community. The strong defense mechanisms of 
the bunchgrasses have apparently evolved to meet stronger 
challengers. One of those challengers is most likely ponderosa 
pine, the climax species. It seems reasonable to postulate that 
the combination of intense competition and production of 
phytotoxins benefit the bunchgrasses most by forestalling the 
ponderosa pine climax, thus prolonging their subclimax suc- 
cessional stage. 

Conclusions 

A growth-inhibitory substance is present predominantly in 
live foliage, and to a lesser extent in dead residues, of Arizona 
fescue and mountain muhly in the northern Arizona ponderosa 
pine-bunchgrass community. The inhibitor is capable of sub- 
stantially reducing total germination and retarding germination 
rate and initial radicle development of yellow sweetclover. 

even small negative osmotic potentials. 
The inhibitory substance appears to be leachable from live 

grass foliage collected in mid-September. Leaching could be a 
route of release, but further research is needed on the leachabili- 
ty and toxicity of the substance during the germination period of 
the receiver species. 
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Plant Succession Following Chaining of 
Pinyon-Juniper Woodlands in Eastern Nevada 

ROBIN J. TAUSCH AND PAUL T. TUELLER 

Highlight: This study was undertaken to determine some of the 
long-term effects of secondary succession on tree control in 
pinyon-juniper woodlands by cabling and chaining with “debris 
in place,” a technique used for about two decades. Plant species 
representative of all the successional stages we observed following 
treatment exist simultaneously from treatment. These observed 
changes were primarily changes in relative abundance resulting 
4i-om differences in the growth rates and competitive abilities of 
the species concerned. Competitive ability appears directly related 
to the length of time following treatment that a species is able to 
maintain an increased growth rate. The trees maintain this 
increased growth for two to three times as long as any understory 
species studied. The result is a steady reduction of understory 
cover and production beyond the fifth to eight year following treat- 
ment, depending on site. 

With the expansion of the ranges and density increases of 
pinyon (Pinus monophylla Torr. and Frem.) and juniper 
(Juniper-us osteosperma (Torr.) Little) over the last 100 years, a 
general elimination of the understory has been observed 
(Blackburn and Tueller 1970; West et al. 1975). This expansion 
continues even if areas are protected from grazing. Viewed as 
undesirable by land managers, these changes have led to two 
basic approaches to tree control: prescribed burning and me- 
chanical treatments. Fire and prescribed burning have been 
shown to result in an initial significant increase in understory 
vegetation (Blackbum and Brunner 1975). 

A recent study in central Utah of several natural bums of 
various ages by Barney and Frischnecht (1974) shows the same 
initial improvement by understory vegetation. However, the 
trees eventually become re-established and understory suppres- 
sion resumes. Following fire, the site is occupied by a grass-forb 
community within 10 years. Around this time shrubs begin to 
appear that are well established within 20 years. Shrub domi- 
nance is usually reached in 30 years. Between 10 and 20, tree 
seedlings begin appearing on the site, but up to 50 years pass 
before their presence and impact become significant. In another 
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20 to 30 years the site is again woodland with a low understory 
cover. 

A common mechanical treatment to effect similar conversion 
has been debris-in-place cabling and more recently, chaining. 
The success of the treatments in producing desired changes has 
varied considerably, depending on treatment and site variations 
(Aro 1975). 

Little information is available on plant succession following 
these treatments. In eastern Nevada they have been used for 
about two decades (Cole 1968). Thus, only recently has it 
become possible to evaluate the long-term vegetation response 
to this management practice. 

Because of its high level of disturbance, the initial impact of 
the chaining process creates a large area of open habitat. The 
effectiveness of a debris-in-place treatment in achieving the 
desired results depends on the rates and patterns by which the 
site is reoccupied by native and seeded vegetation. This includes 
the surviving trees. Because of the creation of open habitat, the 
first expected response by all surviving and seeded plants is an 
accelerated rate of growth (Aro 197 1). In most cases this was 
what was observed. 

This growth acceleration can be attributed to the large reduc- 
tion in competition for the limited resources, primarily water 
@lay-Meir 1973). As the vegetation grows, competition will 
increase, becoming more intense with time, until all the 
available resources are again utilized. The length of this period 
can be expected to vary for different species depending on both 
the growth rate and ability of the species to reach and utilize the 
existing resources on a site. On a fully occupied site in water 
short areas, long-term vegetation composition is primarily 
determined by competition for the available moisture (Noy- 
Meir 1973). Success for a vegetation improvement procedure 
depends on how well the desired species increase on a site and 
on how well they maintain this increase over time. 

Studies done in the period immediately following a treatment 
have usually shown an increase in both the growth rates and 
vigor of understory species (Arnold et al. 1964; Aro 197 1). This 
initial response is expected due to the opening up of the habitat, 
but cannot last. Although the faster growing species occupy the 
site first this does not necessarily mean they will maintain their 
dominance, The initial spurt of new growth increases utili- 
zation, particularly by game (Terre1 1972; Aro 1975; and 
Spillett 1975). The real effectiveness of the chaining, however, 
depends on what type of long-term production and utilization 
occurs. 
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Observing the changes in presence and abundance of the 
various species on treatments of different ages can give insight 
into the patterns and rates of succession, and into the competi- 
tive abilities of the respective species. 

Location and Description of the Study Areas 
The treatments studied are located in approximately a north-south 

transect of eastern Nevada. Data were collected primarily during the 
summers of 1970 and 197 1. Earlier data available for some sites from 
Cole (1968) are also used. 

Blythe Springs, the southernmost treatment and only cabling, is 
located on the west side of the Delarnar Mountains 26 km (16 miles) 
southwest of Caliente, Nev. It has an average elevation of 1,850 
meters (6,100 ft). Approximately 190 km (120 miles) north is the Dale 
chaining, located on the west side of Spring Valley 16 km (IO miles) 
south of Conner’s Pass at a mean elevation of 2,100 m (6,800 ft). 
Three chainings are located around the Kern Mountains, within a 
radius of 16 km (10 miles). These are: The South Kern, the North 
Kern, and the North Kern East chainings. The average elevations vary 
horn 2,070 to 2,130 m (6,800 to 7,000 ft). The most northerly, Spruce 
Mountain chaining, is on the SSE flank of a mountain of the same 
name 24 km ( 15 miles) north of Currie, Nev. Its average elevation is 
2,040 m (6,700 ft). 

All six chainings are located in similar topographic positions, on the 
upper edge of bajadas at the base of mountain foothills. No slopes are 
steeper than can be easily negotiated by the mechanical equipment 
used (30-40%); annual rainfall on the sites is estimated to be between 
330 mm and 430 mm (13 to 17 inches) (Cole 1968). The North Kern 
site is a sagebrush chaining; all the others are in pinyon-juniper. 

Spruce Mountain was chained two ways with a smooth chain (60 
Lb/link). The other chainings were chained two ways with the Ely 
chain. Blythe Springs was aerial seeded with crested wheatgrass 
(Agropyron cristutum (L.) Gaertn.) following treatment. Spruce 
Mountain was not seeded. The remaining chainings were seeded with 
a shrub-grass-forb mixture, which was primarily crested wheatgrass 
and intermediate wheatgrass (Agropyron intermedium (Host.) Beauv.). 

Met hods 
Data were collected on macroplots located to sample all the major 

vegetation types on each treatment. Whenever the unchained vegeta- 
tion adjacent to a chained macroplot had the same slope, aspect, and 
native species composition, unchained vegetation data were collected 
by the same procedure as a representation of the prechained condition. 

Each macroplot consisted of a 152 m (500 ft) baseline. Perpendicu- 
lar to the baseline were ten 15.2 m (50 ft) randomly located transects. 
Each transect consisted of (1) ten contiguous 1.5x I .2 m (5x4 ft) 
macroplots for sampling shrub cover and density and (2) 20 nested 
0.3 X0.6 m (1 X2 ft) macroplots for sampling grass and forb cover. 
Cover values were obtained with the aid of rings representing 2% and 

5% of each size macroplot. Four tangent .OO I ha (.00025 acre) circles 
for deer pellet group density counts were located along each transect. 
From two random macroplots on four random transects, sagebrush 
(Arremisia spp.) and bitterbrush (Purshia spp.) trunk cross sections 
were collected. 

Tree cover and density were determined on two 0.08-ha (l/5 acre) 
plots centered on the baseline. All pinyon and juniper trees in the plots 
were individually counted and measured for crown cover. Trunk cross 
sections were taken from all trees less than 6 inches in diameter, and 
fkom a 20% random selection of all larger trees, including the largest, 
on both plots. The average canopy cover of the tree, shrub, grass, and 
forb components for each area studied (along with sampled deer-days 
use per acre) and the age of each area are in Table 1. 

Where sample size exceeded 100 cross sections, random samples of 
100 cross sections of each tree and shrub species collected were used 
for ring width measurements. Minimum sample size was 35 for bitter- 
brush on Spruce Mountain. All other samples exceeded 80 cross 
sections. For each cross section, all rings that developed following 
chaining and an equal number prior to chaining were measured to the 
nearest 0.01 mm with a Craighead-Douglas dendrochronograph. Ring 
widths of shrubs and trees have been shown to be closely correlated 
with plant production (Davis et al. 1972). As a result the pattern of ring 
width changes following chaining can serve as an index of the pattern 
of yearly production. This pattern was determined by fitting curvi- 
linear regressions to the ring widths over the years sampled. 

On each cross section its area at the time of treatment and its total 
area at the end of the last growing season prior to sampling were 
measured. By using the data for the average ring width for each year 
following chaining, the average radius for each cross section was 
incremented from treatment to sampling and used to compute the cross 
sectional areas of each section for each year from the area at treatment 
to the area at sampling. Linear regressions were then used to predict 
the year to year changes in cross sectional area for the years following 
chaining. All regressions were accepted at the 1% or 5% level. 

As an index of utilization, deer days per acre (DDA) was computed 
horn the average pellet group counts per acre by dividing by thirteen 
(Neff 1968). 

Results and Discussion 

Understory Response 

A significant increase in both density and cover by most 
understory species was observed immediately following treat- 
ment on both the North Kern and North Kern East chainings 
(Table 1, Fig. 1). 

The density responses of sagebrush (Artemisia tridentutu 
Nutt.) and bitterbrush (Purshia tridentutu (Pursh.) DC.) for 1 
year prior and 3 years following treatment on the North Kern 
sagebrush chaining are illustrated in Figure 1. After a peak the 

Table 1. Cover (?6) comparison for one cabled and four chained pinyon-juniper and one chained sagebrush area. 

Area (year 
sampled) 

N. Kern East 
1970 
1971 

S. Kern 
1971 

Dale 
1970 

N. Kern (sagebrush) 
1971 

Spruce 
1971 

Blythe (cabled) 
1971 

Canopy cover 
Years since Deer days 

treated Pinyon-juniper Sagebrush Bitterbrush Total shrub Total grass Forb use/acre 

1 5.60 .42 .16 .74 .89 .45 1.55 
2 5.83 .55 .08 1.40 3.15 1.35 6.15 

3 5.47 .20 .04 .25 4.75 1.75 3.74 

4 8.15 .015 .Ol .19 5.05 .16 .40 

3 - 4.85 .Ol 7.77 7.96 4.69 25.05 

8 7.66 7.32 .04 7.49 1.78 1.22 23.0 

12 10.67 7.82 1.73 11.0 .41 .69 3.63 - - 
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Fig. 1. Density trends (plants per hectare) in sagebrush (Artemisia tridentata) 
and bitterbrush (Purshia tridentata) for I year before and 3 years after 
chaining. 

first year, density declined. Shrub seedling density declined 
faster than total density. 

Comparing treatments of different ages, the patterns of 
increase in canopy cover following treatment varied by species 
for each of the major vegetation groups (Table 1). Maximum 
cover appears to be reached and full site occupancy approached 
by forbs in about 2 years. For perennial bunchgrasses, this point 
appears to be reached in about 3 to 4 years. The larger shrubs 
take 5 or more years. The time needed for each group is 
considerably less than that occurring following fire. After a 
maximum cover has been reached ring widths show that growth 
rates begin to decline for shrubs. 

The site differences of each treatment appear to have a 
definite influence on the rates but do not appear to alter the 
general pattern of secondary succession. The specific species 
involved in each group for a particular site also varies without 
appearing to alter the general pattern. 

0 SAGEBRUSH R2=.98 
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Fig. 2. Shrub ring width regressions for sagebrush (Artemisia nova Hull. and 
Clem .) and bitterbrush plus deer days use per acre (DDA) following chaining 
at Spruce Mountain. 

Pinyon 
Juniper 

Average 

72.2% 95.1% 
39.2% 70.8% 

57.5% 83.9% 
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Fii. 3. Shrub ring width regressions for sagebrush (Artemisia tridentata) and 
bitterbrush (Purshia glandulosa Curran.) plus deer days use per acre (DDA) 
following cabling at Blythe Springs. 

Fitting curvilinear regression to the average ring widths of 
sagebrush and bitterbrush for the years following treatment 
illustrates this pattern. On the Spruce Mountain chaining (Fig. 
2), located further north than Kern Mountain, the ring width 
pattern peaks sooner than the peak for the cover observed for 
Kern Mountain. Farther south at Blythe Springs (Fig. 3) the ring 
width peak occurs 1 to 3 years later than the peak cover data on 
Kern Mountain. After 8 years at Spruce Mountain and 12 years 
at Blythe Springs, the age of the respective treatments at 
sampling, the average ring widths, and the average shrub 
production increases have diminished to the beginning level. 
The data for the years in which deer days use per acre are 
available are also plotted on Figures 2 and 3. On both 
treatments the patterns of utilization and ring widths were 
similar as utilization and average ring width increase and 
decrease together. 

Tree Response 

The initial impact of treatment on tree density and cover is 
shown in Table 2. These values are the average of all the paired 
plots from all of the areas studied. Although the method and size 
of chain used varied between treatments, there was no signifi- 
cant difference in tree removal between treatments. The more 
recent chainings were done with heavier chains but actually had 
a slightly higher survival rate than the older chaining and 
cabling. Part of this appears to be due to the initial density 
differences (Table 3). 

Both treatments were much less effective on juniper than 
pinyon on all sites. The relative reduction of tree cover 

averaged 84% when averaging both species and treatments, 
while the relative reduction in density was well under 60% of 
that on the adjacent untreated sites. In the untreated vegetation 
sampled adjacent to the treated areas, 95 of the tree density 
contributed over 2/3 of the tree cover. This indicates that ‘/3 of the 
original density is still sufficient for dominance of the site. 

Table 2. Average density and cover reduction by comparison to adjacent 
untreated plots for simple leaf pinyon (Pinus monophylla), Utah juniper 
(Juniperus osteosperma), and the average of both trees combined. 



P,< .Ol Table 3. Average tree density (plants per hectare) surviving treatment on 
three chainings. 

Tree species Spruce Mountain South Kern North Kern East 

Pinyon 116 155 324 
Juniper 363 397 689 

A curvilinear regression was also fitted to the average yearly 
ring widths of the trees (Figs. 4 and 5). Neither species of trees 
on both the Spruce Mountain and Blythe Springs sites shows the 
substantial decline in ring widths observed in the shrubs. It 
appears that the sites were fully reoccupied by the understory as 
their response to treatment had nearly ended. The same situation 
had not occurred for the tree species at the time of sampling. 

The increase in resource competition experienced by the 
shrubs was not greatly affecting the trees. Some reduction in the 
rate of increase is evident in pinyon. This appears to indicate 
that the trees are much better competitors for available re- 
sources. Because of the larger size and slower growth rates in 
pinyon and juniper, it takes them two to three times longer to 
reach full site occupancy (full utilization of resources) than it 
does for the larger understory species. There appears to be, in 
general, a direct relationship between the size of a plant species, 
its rate of growth, and the time necessary to regain full site 
occupancy. Other site factors, not determined in this study, also 
appear to influence the rate of site occupancy. 

Plant Succession and Competitive Interaction 

To further analyze the apparent competitive ability ot the two 
conifers, curvilinear regressions were computed between the 
total tree cover and the total understory cover as groups (Fig. 6). 
All the unchained macroplots were combined for the first 
analysis (curve 2). The chained macroplots from Blythe Springs 
(curve 1) and Spruce Mountain (curve 3) were similarly 
analyzed. 

The formula for these regressions has the basic form: 
S X SoevkT 

where S = the understory cover (%) determined from the 
amount of tree cover, So = the total cover (%) of the understory 
species possible when no trees are present, k = a competition 
constant, and T = the amount of tree cover (%). 

The results indicate a negative geometric reduction of the 
understory cover for each unit increase in tree cover. At Blythe 
Springs this rate is 8%; for the combined untreated macroplots it 
is 12.9%; and at Spruce Mountain it is 16%. This geometric rate 
of understory decline with tree cover increase appears to be 
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Fii. 5. Tree ring width regressions following cabling at Blythe Springs. 

inversely related to the rate of site reoccupancy by the conifers. 
Similar curvilinear relationships between tree and understory 
have been found in other areas (Jameson 1967; Clary 1963; 
Beale 1973; and Ffolliott and Clary 1975). 

The average post-treatment tree ring widths were 1.09 mm 
for Spruce Mountain, 1.4 mm for Blythe Springs, and 1.64 mm 
for Kern Mountain. These averages represent an index of the 
growth rate for each site. For all sites they represent approxi- 
mately a 400% increase over the pretreatment average. 

Because the dynamics of plant succession following treat- 
ment is dominated by the regrowth of surviving trees, these 
regression results also make possible a general estimate of the 
understory cover for any level of tree cover on a chaining. For 
the eastern Nevada area studied, any increase in the proportion 
of resources available to the understory resulting from the 
treatment appears to be essentially eliminated by the time the 
tree cover reaches between 12% and 15%. 

A determination of the rate and pattern of the regrowth of the 
trees in reaching this cover gives an estimate of treatment 
effectiveness. On each tree from Blythe Springs the measured 
ring widths were prorated to the average radius of each area for 
each cross section. 

The area of each cross section was then incremented by the 
appropriate amount from the year of chaining to the year of 
sampling for a measured 12-year increase in basal area. In 
addition, the average ring widths were summed by year for both 
trees and curvilinear regressions were fitted to this data. The 
curves were extrapolated for three more years and the resulting 
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Fii. 4. Tree ring width regressions following chaining at Spruce Mountain. Fii. 6. . Curvilinear regressions of tree cover (T) and total non-tree cover (S). 
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estimated ring widths used to project basal area increase to 15 
years following chaining. 

Using all cross sections for each tree species, linear regres- 
sions were computed to determine the effectiveness of using the 
area of the cross sections of one year to predict the area of the 
next year. The area at the time of treatment was used to predict 
the area of year one, year one was used to predict year two, year 
two to predict year three, etc. until year 14 predicted year 15. 
This resulted in 15 linear regression equations for each species 
that have R” values ranging from -96 to .97 for pinyon and .95 to 
.97 for juniper (P 5 .Ol). 

The accuracy of these equations has several implications on 
predicting and measuring the growth and production of the tree 
species. For any one season’s growth, the resulting cross 
sectional or basal area of a tree is highly correlated to the area at 
the start of the growing season. The constant determining the 
basal area increase seems to be controlled by the growing 
conditions existing each year. The high correlation between 
cross sectional areas from year to year indicated that a high 
correlation also exists between the amount of cross sectional 
area added and the total area at the beginning of the growing 
season for each year. Dimensional analysis of woody plant size 
and shape with growth has demonstrated that the ring area added 
is directly proportional to the sapwood area (Tausch and West 
1975). On trees surviving treatment nearly all the cross sectional 
area is sapwood because of the accelerated growth and initial 
small size. 

A comparison of the basal area to the crown cover of 74 
individual trees of each species by regression analysis also gives 
significant results with R” equal to .61 for juniper and .71 for 
pinyon (P 5 .05). Payne ( 1974) has recently shown cover to 
also be a good predictor of production. Significant correlation 
between basal area increases and understory decline have been 
described by others (Jameson 1967; Clary 1969; Beale (1973; 
and Ffolliott and Clary 1975). Basal area increase, particularly 
the yearly basal area, is directly related to production, more so 
than cover, and makes a better predictor of production (Tausch 
and West 1975). 

Using the regression values between tree cover and basal 
area, the 30 regressions predicting basal area increase were 
converted to predict crown cover increase. Using this relation- 
ship, the estimated crown cover of each year for any year could 
be predicted from the crown cover of the previous year. The data 
are available on all macroplots for all six treatments studied. 

The final regression equations, developed from data collected 
on the Blythe Springs cabling, were tested with 2 years’ data 
available from the Spruce Mountain chaining. Using these 
equations, the crown cover of each tree measured in 1970 was 
incremented to an estimated level for 1971 and an average tree 
cover for the chaining was computed. Because the average ring 
width at Blythe Springs was larger than at Spruce Mountain, an 
overestimate was to be expected. The estimated 197 1 tree cover 
was 7.77%; the cover actually sampled was 7.64%. Using the 
estimated I97 1 tree cover and the regression equation in Figure 
6, an estimated 197 1 shrub cover value of 9.82% was com- 
puted. The shrub cover sampled in 1971 was 10.01% (Table 4). 

These data indicate that the understory cover is declining as 
the tree growth continues, and that this tree growth can be 
reliably estimated from the basal area increases of the trees. 

A program was written, incorporating the regression equa- 
tions for crown cover, and applied to the data collected on two of 
the Kern Mountain chainings to predict tree regrowth. Kern 
Mountain had a greater average ring width than Blythe Springs, 

Table 4. Sampled cover (%) of tree and understory for 1970 and 1971 and 
the cover (%) predicted for 1971 from 1970 values on Spruce Mountain. 

Group 
1970 1971 

sampled sampled 
1971 

predicted 

Tree 6.57 7.64 7.77 
Understory 12.15 10.01 9.82 

indicating the results should be an underestimate. Computations 
were stopped when the tree cover exceeded 15%. 

On the South Kern chaining, the simulation reached this 
cover in 12 years following chaining. On the North Kern East 
chaining, this cover was reached in 10 years. On Spruce 
Mountain the simulation time needed was 14 years. The 
differences in time were caused primarily by the differences in 
surviving tree density on these chainings (Table 3). An inverse 
relationship exists between the surviving tree density and the 
effectiveness of the treatment. Natural reseeding by the trees 
appeared to be quite slow. After 12 years only 1% of the trees 
sampled on the Blythe Springs cabling were post-treatment 
seedlings. Two-thirds of these were pinyon. 

Summary and Conclusions 

In summary, the pattern of growth forms occurring in 
succession following a debris-in-place treatment was essentially 
the same as that found by Barney and Frischknecht (1974) 
following fire. The peaks in abundance of the various stages 
occur faster, however, due to the existence of individuals of all 
successional stages from the beginning. Chaining or cabling is 
not as severe a disturbance as fire and allows for a much higher 
plant survival rate. Many of the surviving plants have estab- 
lished root systems. Species representing all successional stages, 
although occurring simultaneously after treatment, dominate at 
different times. Differences in the growth rates of the species 
representing the different stages of succession results in their 
reaching maximum abundance at different points in time. 

During the first 1 or 2 years following treatment, the site is 
dominated by annual and perennial forbs. Where seed sources 
are available (native or seeded), perennial grass dominance 
begins the second year and reaches its maximum abundance 
around the fourth year. An increase in shrubs, again where 
propagules are available, follows closely behind the grasses and 
reaches its peak 1 to 3 years later. The increase in the tree 
species is slow but steady from the time of treatment, and trees 
appear to redominate the eastern Nevada sites studied in less 
than 15 years. This tree increase is primarily responsible for the 
decline in understory abundance and deer utilization observed 
after about the fifth year following treatment. 

The specific understory species representing each group 
involved in succession varies from site to site depending on the 
species present, as does each site’s specific rate of succession. 
The rate at which a species or species group reaches its peak is 
approximately inverse to the mature size of the species or 
average mature size of the species in the group. 

The historical increase in tree abundance in pinyon-juniper 
woodlands is a problem that is possibly greater than previously 
realized. Along with other important ecological considerations 
on the size, shape, and location of the treatment (Terre1 1972; 
Terre1 and Spillett 1975), any treatment not successfully re- 
moving nearly all the trees in the treated areas will have a short 
life expectancy, The incroachment of trees into many areas 
formerly without trees indicates some factor or factors were 
previously keeping the trees out of these areas. From the pattern 
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and rates of succession following fire described by Barney and 
Frischknecht (1974) and the growth dynamics described in this 
study, it appears that fires, no more frequent than 50 to 60 years, 
could have successfully kept the trees out of these formerly 
non-tree areas. 
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THESIS: TEXAS A&M UNIVERSITY 

Biochemical Calcium Cycling of Andropogon scoparius Michx. in Two Contrasting 
Soil Types, by Steven Scobee Waller, PhD, Range Science. 1975. 

Techniques of dry ashing plant material and column extracting soil 
material were developed to convert ‘Ca to a chloride salt. Calcium-45 
recovery efficiency was approximately 90% for plant material and 
95% for soil. Movement and distribution within Andropogon scopari- 
us Michx. tillers, clones, and associated ecosystems were investigated 
in greenhouse and field studies using “Ca as a tracer. Two contrasting 
soil types, Heiden-Hunt clay and Tabor fine sandy loam, were 
utilized. Calcium-45 introduction was achieved by both foliarand soil 
application techniques. 

Initial movement of foliar applied “Ca was rapid in greenhouse- 
grown tillers. Movement from point of introduction was basipetal and 
acropetal with activity observed in every tiller compartment and the 
soil within 1 hour following isotope introduction. Temporary re- 
distribution was observed between leaf and sheath (major compart- 
ments of accumulation) during 100.5 hours following isotope intro- 
duction. Over time, “‘Ca was immobilized and accumulated in the 
leaf, sheath, and senescent material. Calcium in the sheath was re- 
mobilized and transported to developing seed culms. 

Field studies indicated “Ca distribution within clonal tillers was 
similar to that observed in greenhouse-grown tillers. Over 56% of 

foliar applied ‘XZa had been transferred from clay-grown clones to the 
soil compartment while 1 I % was in the associated vegetationcompart- 
ment after 4 months. The sand soil compartment contained over 63% 
of the total applied activity with 8% in the associated vegetation 
compartment. At the end of the second growing season, the soil 
compartment contained about 85% of the applied “Ca, regardless of 
soil type. An active calcium cycle on the clay ecosystem was not 
identified, while a rapid cycle was documented on the sand ecosystem. 

Total 3’Ca uptake by little bluestem clones following soil appli- 
cation was positively correlated with foliage production during the 
growing season, and both were positively correlated with precipita- 
tion. Total uptake and concentration were greater in sand-grown 
clones than clay. Magnitude of foliage concentration was inversely 
related to stable soil calcium in the soil. However, maximum “Ca 
uptake at the end of the growing season did not exceed 0.20% of that 
applied on either soil type. Thus, the soil compartment was the 
principal sink and was the rate-limiting compartment in the grassland 
ecosystem of both soil types. 
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Species Susceptibility to Atrazine Herbicide 

on Shortgrass Range 
W. R. HOUSTON 

Highlight: Atrazine was applied at 2 kg/ha for three consecutive years on short- 
grass range in northeastern Colorado. The atrazine controlled all annual plant 
species, greatly reduced frequency of occurrence of cool-season perennial grasses, 
and increased drought survival of warm-season perennial grasses and two warm- 
season perennial forbs. Other species varied in their susceptibility to atrazine. 

The species frequency method of vegetation sampling used in this study provided 
reliable data for 27 of the approximately 100 species encountered on this range. 

Herbicide treatments for controlling 
undesirable plants are usually aimed at 
a particular target species, even though 
other species may be affected. On 
rangelands with a high diversity of 
species the problem of unwanted ef- 
fects on nontarget species may be se- 
vere. Determining effects of chemicals 
on all species on a range site, or even on 
important species only, seldom has 
been done in the past. This was due 
both to lack of interest and to inade- 
quate methods. The frequency method 
(Hyder et al. 1965) provides an accu- 
rate way for determining effects of 
chemicals on abundance of all major 
herbaceous species of shortgrass range 
and on many minor ones, including 
small shrubs, half-shrubs, and succu- 
lents. Other methods of measurement, 
such as density, list count, or crown 
cover, are available for trees, large 
shrubs, and woody plants. The equip- 
ment used in the frequency method at 
this location has recently been rede- 
signed for increased reliability and ease 
of use (Hyder et al. 1975b). 

on shortgrass range as the control of un- 
desirable species (Houston and Hyder 
1975). However, before the application 
of atrazine can be recommended, we 

Twenty-four paddocks of native range, 
each of 1.4 hectares, at the Central Plains 
Experimental Range were selected for 
study in 1970. These paddocks were 
previously used in a fertilization-and- 
grazing study (Hyder et al. 1975a). The 

Table 1. Monthly precipitation (cm) for the cropyears (September through August) 1970-73, 
cropyear totals, and 35year mean at Central Plains Experimental Range, Nunn, Colo. 

Month 
crop- 
year 

Cropyear Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. total ’ -~ 
1969-70 3.1 7.1 0.3 T 0.1 0.1 3.3 3.4 2.1 2.9 4.0 0.6 27.1 
1970-71 3.8 2.9 0.4 0.6 1.1 0.8 2.3 7.2 4.2 3.1 1.5 0.9 28.8 
1971-72 5.4 0.4 0.1 T 0.9 T I.0 1.5 3.1 8.3 4.5 9.3 34.9 
1972-73 4.3 1.4 1.6 1.0 0.3 T 1.8 3.5 1.5 2.3 6.8 1.5 27.3 

35-vear mean. 
19<9-73 ' 2.9 1.8 0.7 0.4 0.7 0.5 1.5 2.8 5.3 6.1 4.7 3.8 31.2 

Totals may not agree with sum of monthly precipitation because of rounding off. 

Tab.e 2. Botanical composition of frequency of occurrence in 1970. 

Mean 

Species 

Perennials 

frequency * 
(S) 

Atrazine (2-chloro-4-ethlamino-6- 
isopropylamino-s-triazine) has plant 
crrowth-regulating properties as well as b 
herbicidal activity. Stimulation of pro- 
tein production in blue grama (see 
Table 2 for botanical names of species 
mentioned) by atrazine (Houston and 
van der Sluijs 1973; 1975) and in- 
creased drought resistance (Hyder et al. 
1976) may be as economically valuable 

The author is range scientist, Agricultural Research 
Service, U.S. Department of Agriculture, Fort Collins, 
Colorado 

This paper results from cooperative investigations of 
the Agricultural Research Service, U.S. Dep. Agr., and 
Colorado State University Experiment Station (Scien- 
tific Series Paper No. 2077). 

This paper reports research involving pesticides. It 
does not contain recommendations for their use, nor 
does it imply that the uses discussed have been regis- 
tered 

Manuscript received September 19, 1975. 

Blue grama (Bouteloua grucilis (H.B.K.) Lag. ex Steud.) 
Scarlet globemallow (Sphaerulcea coccineu (Pursh.) Rydb.) 
Sun sedge (Curex heliophilu Mackenz.) 
Plains pricklypear (Opuntiu polyucunthu Haw.) 
Woody buckwheat (Eriogonum effusum Nutt.) 
Red threeawn (Aristidu longisetu Steud.) 
Hairy goldaster (Hererothecu villosu (Pursh.) Skinners) 
Sand dropseed (Sporobolus crypcundrus (Torr.) A. Gray) 
Rush skeletonplant (Lygodesmiu junceu (Pursh.) D. Don) 
Needleandthread (Stipu comuru Trin. and Rupr.) 
Scarlet gaura (Guuru coccineu Nutt. ex Pursh.) 
Western wheatgrass (Agropyron smirhii Rydb.) 
Bottlebrush squin-eltail (Situnion hysrrix (Nutt.) J. G. Smith) 
Eveningpriinrose (Oenotheru coronopifoliu Torr. & Gray) 
Rubber rabbitbrush (Chrysofhumnus nuuseosus (Pall.) Gritt) 
Textile onion (Allium textile Nels & Macbr.) 
Slimflower scurfpea (Psoruleu tenuijforu Pursh.) 

Annuals 
Sixweeks fescue (Vulpiu octofloru (Walt.) Rydb.) 
Greenflower pepperweed (Lepidium denslfi’orum Schrad.) 
Slimleaf goosefoot (Chenopodium leptophyllum Nutt.) 
Tansyleaf aster (Aster funucerifolius H.B.K.) 
Woolly plantain (Pluntugo purshii Roem. & Schult.) 
Tumbling russianthistle (Sulsofu ibericu Sennen et Pau.) 
Ridgeseed spurge (Euphorbiu glytospermu Engelm.) 
Redowski sticktight (Luppulu redowski (Homem.) Greene) 
Smallflower cryptantha (Cryptunthu minima Rydb.) 
Ragleaf goosefoot (Chenopodium incisum Poir.) 

Quadrat size 41 cm x 41 cm. 
Quadrat size 5. I cm x 5. I cm for thlb species only. 

852 
53 
24 
22 
19 
18 
17 
16 
13 
12 
12 
10 
8 
8 
7 
6 
5 

42 
41 
35 
25 
21 
12 
12 
12 
7 
7 
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must know its effects on botanical 
composition of the range, particularly 
the effects on the valuable forage 
species. 

Methods 



Central Plains Experimental Range is 
located 20 km northeast of Nunn, Colo. 

The vegetation is dominated by blue 
grama. Other important species are scarlet 
globemallow, plains pricklypear, red three- 
awn, woody buckwheat, sixweeks fescue, 
sand dropseed, needleandthread, and sun 
sedge. 

Twelve paddocks, selected at random, 
were sprayed with 2.0 kg/ha (I .75 lb/acre) 
active ingredient of atrazine in late fall of 
1970, 1971, and 1972. Twelve paddocks 
were untreated. The atrazine was applied as 
an 80% wettable powder in aqueous sus- 
pension at a rate of 140 liters/ha (15 
gal/acre). No surfactant was added. The 
liquid mixture was applied with a com- 
mercial spraying machine. 

In each paddock, all species on the two 
permanently marked macroplots of 30.5 m 
by 22.9 m ( 100 ft x 75 ft) were sampled in 
June 1970, 1971, 1972, and 1973 wth 250 
quadrat placements on each macroplot, for 
a total of 12,000 quadrat placements each 
year. Quadrat size was 41 cm x 41 cm for 
all species except blue grama. Quadrat size 
for blue grama was 5.1 cm x 5.1 cm. 

Analyses of frequency data for most 
abundant species were by conventional 
analysis of covariance. The data obtained 
for these species in 1971, 1972, and 1973 
were adjusted to the frequency present in 
1970. Species with a frequency of less than 
20% in 1970 were also tested by the 1% 
confidence limits of a binominal. For most 
of these species, only those macroplots 
with a mean frequency of 5% or more in 
1970 were used for comparisons of treat- 
ments. To determine species susceptibili- 
ties, mean frequencies were transformed to 
apparent plant density (d) by the equation 
(Greig-Smith 1957): 

d = -loge (l-p/100) 
(p = frequency percentage) 

The concept of apparent plant density is 
valid only for single-stemmed species and 
those that do not form a bunch or sod type 
of growth. Apparent plant density is not 
valid for most grasses, but for comparison 
of treatment effects on a single species, it is 
valid. 

Hyder (197 1) pointed out that the 
transformation from frequency to density 
holds true only where individuals of a 
species are dispersed at random. He 
showed that counting one herbaceous 
species on mixed-grass prairie provided a 
more thorough sample than frequency, but 
both methods placed the species in the same 
position relative to density of other species. 

Precipitation was below average during 
the summers of 1970 and 197 1 and 
continued low from the fall of 197 1 through 
spring of 1972. It was above average during 
summer and fall of 1972 and then below 
average through most of the summer of 1973 
(Table 1). Severe drought was experienced 
during the summers of both 197 1 and 1972, 
despite the favorable moisture in July and 

Table 3. Approximate susceptibilities of 27 species to atazine as shown by comparisons of plant 
density, 1971-73. Densities were derived from frequency of occurrence. 

Susceptibility 
and species 

Plant Number 
classi- of 

fication’ quadrats’ 

Percentage of control treatment 

1971 1972 1973 Mean 

Highly susceptible 
Redowski sticktight 
Smallflower cryptantha 
Slimleaf goosefoot 
Ragleaf goosefoot 
Sixweeks fescue 
Greenflower pepperweed 
Woolly plantain 
Ridgeseed spurge 
Tansyleaf aster 
Tumbling russianthistle 
Eveningprimrose 
Bottlebrush squirreltail 

Moderately susceptible 
Textile onion 
Needleandthread 
Western wheatgrass 
Scarlet gaura 
Rubber rabbitbrush 

Not susceptible 
Sun sedge 
Scarlet globemallow 
Woody buckwheat 
Plains pricklypear 
Blue grama 
Slimflower scurfpea 
Rush skeletonplant 
Red threeawn 
Sand dropseed 
Hairy goldaster 

ACF 
AWF 
AWF 
AWF 
ACG 
ACF 
ACF 
AWF 
ACF 
AWF 
PWF 
PCG 

PWF 
FCG 
FCG 
PWF 
PWH 

PCG 
PWF 
PWF 
PCC 
PWG 
PWF 
PWF 
PWG 
PWG 
PWF 

(x 1,ow 
4 
3 
4 

12 
4 
4 
4 
4 

12 
3 
3 
0.5 

3 
12 
12 
3 
2 

12 
12 
12 
12 
12 
4 
6 

12 
12 
0.5 

-1o(j*: 

-1OO* 
-1OO* 
_100* 

-99* 
-9a* 
-98* 
-96* 
-92* 
-99* 
-72* 
-8O* 

-89* -23 
-19* -58* 
-22* -41* 
-38* -27 
-45* -41* 

+4 
+7 

+10 
+2 
+2 

+26 
--L 

+20* 
+92* 
+45 

-1OO* 
-1OO* 
-1OO* 

- 
-1OO* 
-1OO* 

-99* 
-94* 
-92* 
-83* 

-1OO* 
-84* 

-2o* -4 -7 

-10 -17* -7 

+4 +4 +6 

+9 +24* +12 

+9 +36 +16 

+30 0” +19 

+19* +59* +25 

+77* + 150* +82 

+ 187* +843* +374 

+415* +753* +404 

-1OO* 
-98* 
-93* 

-1OO* 

-67* 
-71* 

-70 

+13 

-100 
-100 

-100 

-100 

-100 

-99 

-99 

-97 

-94 

-92 

-91 

-83 

-56 

-48 

-45 

-45 

-24 

‘For first letter A-annual, P-perennial; for second letter C-cool season, W-warm season; for third letter G- 
grass, F-forb, H-half-shrub, and C-cactus or succulent (from Dickinson and Baker 1972). 

‘Total number of quadrat placements used for comparisons. 
,‘Asterisk denotes a statistically significant difference in frequency of occurrence from untreated control. For species 

with 12,000 quadrat placements, treatments compared by analysis of covariance (P=O.O5); other species compared 
by 1% confidence limits of a binomial. 
Dash indicates that frequency of occurrence was too low for evaluation. 
‘0 indicates no change in density between the two treatments (frequencies were identical). 

August of 1972. The drought effects 
showed up in vegetation responses in the 
following years of 1972 and 1973. 

Results 
Blue grama was the most abundant 

species in 1970, prior to treatment 
application (Table 2). The second most 
abundant species was the perennial forb 
scarlet globemallow; and the next three 
most abundant were the annual species 
sixweeks fescue, greenflower pepper- 
weed, and slimleaf goosefoot. 

Susceptibilities to atrazine differed 
greatly between annual and perennial 
species and between warm-season and 
cool-season perennial grasses (Table 
3). The ten species most susceptible to 
the atrazine treatments were annuals. 
The 17 least susceptible species were 
perennials. Only 2 perennials, evening- 
primrose and bottlebrush squirreltail, 
were highly susceptible to atrazine. 
The remaining 15 perennial species 
were only moderately susceptible or 
not susceptible. 

Sun sedge, an important cool-season 
perennial, did not respond to either the 

atrazine treatments or to weather over 
the 4 years of study. Apparently, sun 
sedge was tolerant to atrazine. Scarlet 
globemallow, woody buckwheat, 
plains pricklypear, and slimflower 
scurfpea were not susceptible to atra- 
zine, and the last three species also 
showed little response to weather. 

The cool-season, perennial grasses 
rapidly decreased during the study on 
the atrazine treatments, but maintained 
a more-or-less constant frequency on 
the untreated controls (Table 4). Fre- 
quency of bottlebrush squirreltail de- 
creased from 7% in 1970 to 1% in 1973 
on the atrazine treatments, while on the 
untreated controls it remained at 8% 
throughout the experiment. When 
treated with atrazine, western wheat- 
grass decreased from 11% frequency in 
1970 to 2% in 1973, but remained con- 
stant on the untreated controls. Fre- 
quency of needleandthread decreased 
from 16% to 4% on the atrazine treat- 
ments, and increased from 9% to 12% 
on the untreated controls. 

The atrazine treatments protected the 
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Table 4. Frequency percentages of some perennial 
1970-73, in June. 1970 data are pretreatment. 

grasses and forbs showing effects of ‘atrazine, 

Classification Atrazine Percentage frequency ’ 
and species rate 

(kg/ha) 1970 1971 1972 1973 

Perennial cool-season 
Bottlebrush squirrel 0 8 8 8 8 

2 7 2*2 1* 1* 
Needleandthread 0 9 9 10 12 

2 16* 8* 4* 4* 
Western wheatgrass 0 8 9 9 8 

2 11* 7* 4* 2* 
Perennial warm-season 

Blue grama 0 88 80 67 56 
2 82 80 70 68 

Rush skeletonplant 0 14 12 7 6 
2 13 11 9* 9* 

Red threeawn 0 17 14 7 5 
2 19* 17* 12* 13* 

Sand dropseed 0 20 12 9 2 
2 12* 22* 23* 18* 

Hairy goldaster 0 15 12 4 2 
2 20 17 19* 12* 

Rounded to nearest 1%. 

zAsterisk denotes significant difference in frequency present the year shown (P =0.05 forspecies with 12,OOOquad- 

rat placements-Table 3. These species tested by analysis of covariance. Other species tested by I % confidence 
limits of a binomial. 

warm-season perennial grasses from 
drought effects in 1972 and 1973. Blue 
grama frequency decreased slowly from 
82% in 1970 to 68% in 1973 where 
treated with atrazine. On the untreated 
controls, drought reduced blue grama 
frequency more rapidly, from 88% to 
56%. Red threeawn decreased from 
19% frequency in 1970 to 13% in 1973 
on the atrazine treatments, as compared 
with decreases from 17% to 5% on the 
untreated controls. Sand dropseed in- 
creased in frequency on the atrazine 
treatments from 12% in 1970 to 23% in 
1972, and then decreased to 18% in 
1973. On the untreated controls, 
drought rapidly reduced sand dropseed 
frequency from 20% to 2%. 

Rush skeletonplant and hairy gold- 
aster, both warm-season perennial 
forbs, also were protected by atrazine 
from drought effects. Rush skeleton- 
plant decreased slowly on the atrazine 
treatments, from 13% frequency in 
1970 to 9% in 1973. On the untreated 
controls, drought reduced rush skele- 
tonplant more rapidly, from 14% 
frequency to 6%. Hairy goldaster 
decreased from 20% frequency in 1970 
on the atrazine treatments to 12% in 
1973. On the untreated controls, this 
species decreased from 15% in 1970 to 
2% in 1973. 

Discussion 

Previous studies on shortgrass range 
found that atrazine treatments did not 
affect overall forage yields (Houston 
and van der Sluijs, 1973; 1975). 
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However, the seasonal growth pattern 
of forage may have been modified. 
With the loss of cool-season species, 
the season of green grass growth and 
good animal gains could be shortened, 
beginning later in the spring and ending 
earlier in the fall. However, Hyder et 
al. (1975a) reported that on these same 
ranges, where cool-season species are 
not a major component, the best forage 
quality was obtained in June and July, 
and the greatest productivity was ob- 
tained in August and September. This 
would imply that the losses of cool- 
season species, on this range at least, 
would have little or no effect on animal 
productivity. 

In the shortgrass plains, western 
wheatgrass is found mostly on bottom- 
land, overflow sites and the other cool- 
season grasses on uplands. By omitting 
application of atrazine on the highly 
productive ovefflow sites, the desirable 
western wheatgrass could be retained 
there. 

Red threeawn is an undesirable 
species. Its palatability and grazing use 
are low. Nitrogen fertilizers reduce red 
threeawn (Hyder and Bement 1972). 
Applications of N fertilizer where 
threeawn is abundant may reduce the 
atrazine-induced increases and prevent 
ted threeawn from presenting a greater 
problem. 

Of the nongrass perennials, probably 
only scarlet globemallow is a valuable 
forage species. The rate of loss of this 
species is low. Its loss may be lessened 
by either lower rates of application of 

atrazine or applications in intermittent 
years. Of the annual species, only 
Russian thistle is a desirable forage 
plant. Loss of this species is probably a 
loss of forage. 

Considering all species, probably the 
most serious forage changes are the 
losses of bottlebrush squirreltail and 
needleandthread. Lower rates of ,atra- 
zine, intermittent applications, or both 
may reduce these losses, or separate 
seeded pastures of cool-season species 
may be provided. 

The frequency method used for 
sampling vegetation in this study pro- 
vided reliable data for 27 of the over 
100 species found. This method is 
rapid, but requires personnel trained in 
identification of species and a large 
number of quadrat placements. The 
method provides an account of many 
species with a sampling time about 
equal to that required for list counting 
one species (Hyder 197 1). 
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Improving Gambel Oak Ranges for Elk and 
Mule Deer by Spraying with 2,4,5=TP 

ROLAND C. KUFELD 

Highlight: Areas of Gambel oak vegetation in northwestern 
Colorado were sprayed with 2,4,5-TP to evaluate effects on plant 
abundance and deer and elk use 2 and 5 years after treatment. 
Grasses increased in abundance 44% after 2 years; shrubs and 
forbs decreased 29 and 15%, respectively. Atier 5 years, grasses 
and shrubs were 17 and 7% , respectively, above pretreatment 
levels of abundance; forbs were 4% below. Total vegetation on the 
treated area decreased 4% after 2 years, while a 5% increase was 
recorded after 5 years. Elk and deer use on the sprayed area 
increased 73 and 16%, respectively, 2 years after spraying. After 5 
years eik use was 11% above pretreatment levels and deer use was 
21% below. If 2,4,5-TP is used to spray Gambel oak to modify 
plant composition and increase elk or deer use, the area should be 
resprayed at 3-year intervals, indefinitely, if the improved situa- 
tion is to be maintained. 

Gambel oak (Quercus gambellii) is an important elk (Cervus 
canadensis) and mule deer (Odocoileus hemionus) winter 
browse plant in Colorado (Kufeld 1973; Kufeld et al. 1973). 
Extensive stands of Gambel oak are found on some big game 
winter ranges throughout the western slope of Colorado 
(Brown 1958). As oakbrush becomes older, however, it grows 
beyond the reach of elk and deer and much of it is unavailable as 
game forage. Oak stands also become extremely dense, sup- 
pressing grass and forb production, and often precluding access 
by cattle; very dense stands will exclude elk. Boyd (1970) found 
that oakbrush in densities exceeding 5 1% appeared to exclude 
elk physically. 

This study was conducted to determine if forage production 
and elk and deer use can be increased on Gambel oak game 
ranges by spraying with 2,4,5-TP (2 - (2,4,5trichlorophenoxy) 
propionic acid) to induce shrub sprouting and alter vegetation 
composition. It was a cooperative project involving the Colora- 
do Division of Wildlife and the U.S. Forest Service, Routt 
National Forest. 

The author is wildlife researcher, Colorado Division of Wildlife, Fort Collins, 
Colorado. 

The paper is a contribution of Federal Aid in Wildlife Restoration Project W-101-R. 

The author gratefully acknowledges assistance of the following people who participated 
in various aspects of the project: Data collection-Ron Lambertson, Mark Frazier, Gary 
Montgomery, George Bock, Bill Osborne, Martin Brandt, Julius Klein, Judd Brown; Data 
analysis and statistical assistance-Dr. David Bowden, Larry Stewart; Typing-Joan 
Cornell; Editing-Dr. Oliver Cope, Harold R. Shepherd. 

Study Area and Methods 
The study was conducted along Beaver Creek on the Routt National 

Forest about 28 miles southwest of Hayden, Cola., at an elevation of 
8,000 to 8,500 feet. Dominant plants are Gambel oak, snowberry 
(Qmphoricarpos sp.), serviceberry (Amelanchieralnifolia), andcorn- 
man chokecherry V’runus virginiana). Slopes generally face south- 
west and are relatively steep, ranging from 30 to 90%. Annual 
precipitation averages 23 inches. 

The area is used by elk during fall, winter, and spring, and year- 
long by deer. Most deer use, however, occurs during spring, summer, 
and fall. The area has been set aside for wildlife by the U.S. Forest 
Service and is closed to livestock grazing. 

Two adjacent 67-acre areas were studied. One area was treated with 
herbicide and the other was a control. On July IO, 1969, the treated 
area was sprayed by helicopter with 2 lb of 2,4,5-TP in 10% gallons of 
water per acre. The large volume of water was used to achieve 
adequate wetting of vegetation. Winds during spraying remained 
below 5 mph. Three-fourths of the spraying was completed during the 
early morning hours. Due to rising winds, however, the remaining 
one-fourth was delayed until midafternoon, when winds again 
dropped below 5 mph. Temperatures ranged in the 60”s and 70% and 
no precipitation occurred on spraying day. 

Vegetation measurements were made on 111 permanent plots in the 
treated area and 114 in the control. Vegetation was measured during 
summer ( 1968), 1 year before spraying, and in 197 1 and 1974,2 and 5 
years after spraying, using the vertical point quadrat method 
originated by Levy and Madden (1933). The equipment consisted of a 
tubular 7/8-inch aluminum conduit horizontal frame, 12 inches by 68 
inches, mounted on 5/8-inch steel rod uprights fastened to permanent 
steel stakes. The frame could be set any desired height up to 5% feet. 
Two attached line levels permitted the frame to be set level and plumb. 
Ten guide holes 6 inches apart were drilled through the horizontal 
conduit frame to support and guide the point quadrat pins. Pins were 
made of 3/16-inch carbon-tested drill rod. Each was 6 feet long, with 
one end sharpened to a needle point. One plot consisted of 10 pin 
drops. The number of hits (point contacts) with vegetation were 
recorded, by plant species, between a height of 5% feet and ground 
level. Changes in plant abundance are reflected by changes in 
frequency of occurrence. All vegetation change data have been 
adjusted for normal year-to-year fluctuations in plant growth as 
measured on the control area. 

Identification of study area plants was verified by Colorado State 
University Botany Department personnel. Scientific names are 
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according to Harrington (1952). Common names are according to 
Kelsey and Dayton (1942). 

Photographs showing vegetation conditions were taken at 67 
permanent photo points 1 year before and 1, 2, and 5 years after 
spraying. 

Deer and elk use during the fall-winter-spring period as indicated by 
fecal pellet accumulation was measured on 58 .OOl -acre circular pellet 
group plots located in the spray area and 57 plots in the control. Fecal 
counts were made 1 year before and 2 and 5 years after spraying. Plots 
were cleared of pellets about the first of September, and accumulated 
deer and elk pellet groups counted the following May. 

Results 

Vegetation Changes 2 and 5 Years after Spraying 

Total vegetation abundance changed very little following 
spraying. After 2 years, adjusted total vegetation on the sprayed 
area decreased 4%, while an increase of 5% was recorded 
after 5 years (Table 1). However, relatively large changes in 

abundance ot forbs, grasses, and shrubs occurred after 
spraying. Although vegetation measurements were not made 
until the second year, substantial increases in abundance of 
grasses and decreases in shrubs were observed after the first year 
following spraying. After 2 years, grass abundance had 
declined somewhat and shrub regrowth was underway (Fig. 1). 
Despite the decline of grasses and regrowth of shrubs between 

the first and second post-treatment years, grasses had still 
increased 44% and shrubs had decreased 29% 2 years after 
spraying. After 2 years forbs decreased 15% from spraying 
(Table 1). 

Between 2 and 5 years after spraying, grass abundance 
continued to decline toward pretreatment levels and shrub and 
forb abundance continued to rise (Fig. 1, Table 1). Grass 
abundance after 5 years was still higher than adjusted control 
area values, but only by 17%. This increase during the 5-year 
post-treatment period was significant (P<.O5), but most of the 
significance was attributable to the large increase in grass yields 
measured after 2 years. Shrub abundance after 5 years was 7% 
higher than before spraying, and forb abundance was 4% below 
pre-treatment levels. The change in shrubs during the 5-year 
post-treatment period was significant at the Q! (confidence) .05 
level primarily due to the large decrease in shrubs observed after 
2 years. The post-treatment forb decline was significant at the (Y 
.I5 level, again due primarily to the decrease in forbs after 2 
years. 

The principal grass and grasslike plants on the study area are 
nodding brome (Bromus anomafus), blue wildrye (Elymus 
gluucus), Kentucky “bluegrass (Poa prutensis), and elk sedge 
(Carex geyeri). Kentucky bluegrass and elk sedge were lumped 
together in this study because it was often difficult to distinguish 
between them when making vegetation measurements. Nodding 

Table 1. Abundance of summer vegetation on control and sprayed areas before and 2 and 5 years after spraying. 

Spray area 

Control area 

1968 1971 1974 1968 

Percent Percent Percent Percent 
Hits camp. Hits camp. Hits camp. Hits camp. 

Signifi- Percent 
change due 

cance of 

1971 1974 change 
to spraying 1 Over 5 

Percent Expected 
Hits 

Percent Expected After After year 
camp. 7 1 hits’ Hits camp. 74 hits 2 years 5 years periods - 

Species 

Achilles lanulosa 86 6.0 152 6.4 89 4.7 77 5.6 152 6.8 74 3.8 
54 2.8 
35 1.8 
30 1.5 

149 7.6 
38 1.9 
33 1.7 
59 3.0 

222 11.4 

694 35.5 

38 1.9 
94 4.8 
97 5.0 

178 9.1 

48 2.5 

455 23.3 

46 2.4 
59 3.0 

231 11.8 
442 22.6 

24 1.2 

802 41.0 

1951 99.7 

86 + 6 - 14 
78 - 15 - 31 
31 - 27 + 12 
21 + 16 + 39 

115 - 32 + 29-- .05 
49 - 41 - 24 
62 - 33 - 47 
29 + 59 +100 

251 

722 - 15 - 4 .I5 

45 + 3 - 17 
31 + 81 +196 
75 +191 + 28 .05 

210 - 1-16 

27 

388 + 44 + 17 .05 

52 - 67 - 12 .05 
74 - 49 - 21 

172 - 13 + 34 
394 - 19 + 12 .I0 

58 

750 

1856 

- 29 + 7 .05 

- 4+ 5 

4.2 42 3.0 49 2.2 
1.5 43 3.1 28 1.3 
1.2 42 3.0 64 2.9 
5.1 71 5.1 131 5.9 
2.9 21 1.5 35 1.6 
3.3 49 3.5 48 2.2 
1.4 29 2.1 72 3.2 

143 
57 
38 
55 

193 
59 
71 
45 

12.9 126 9.1 179 7.9 227 
37.2 500 36.0 758 34.0 888 

2.5 28 2.0 101 4.5 98 
1.7 41 3.0 58 2.6 32 
2.8 57 4.1 313 14.0 107 

13.1 142 10.2 323 14.5 326 

1.6 26 1.9 77 3.5 42 

21.7 294 21.2 872 39.1 605 

1.7 64 4.6 23 1.0 70 
5.2 65 4.7 62 2.8 122 

11.3 97 7.0 173 7.8 198 
21.1 324 23.3 315 14.1 387 

1.8 37 2.7 27 1.2 

41.1 587 42.3 600 26.9 

Total all plants 1426 99.8 2383 99.8 1907 100.0 1381 99.5 2230 99.9 

62 

839 

2318 

Agastache urticifolia 40 2.8 58 2.4 80 
Erigeron sp. 22 1.5 32 1.3 28 
Galium boreale 42 2.9 56 2.3 22 
Lathyrus leucanthus 32 2.2 155 6.5 98 
Lupinus argenteus 34 2.4 69 2.9 56 
Mertensia franciscana 49 3.4 72 3.0 63 
Thalictrum fendleri 21 1.5 38 I .6 26 
Minor forbs 

(37 species) 140 9.9 236 9.9 247 

Total forbs 466 32.6 868 36.3 709 

Agropyron spp. 29 2.0 101 4.2 47 
Bromus anomalus 15 1.1 31 1.3 33 
Elymus glaucus 21 1.5 93 3.9 53 
Poa-Carex geyeri 249 17.4 390 16.3 249 
Minor grasses 

(5 grasses) 23 1.6 24 1.1 32 

Total grasses 337 23.6 639 26.8 414 

Amelanchier alnifolia 33 2.3 45 1.9 33 
Prunus virginiana 103 7.2 151 6.3 100 
Quercus gambellii 136 9.5 247 10.3 216 
Symphoricarpos sp. 328 23.0 394 16.5 402 
Minor shrubs 

(4 species) 23 1.6 39 1.7 33 

Total shrubs 623 43.6 876 36.7 784 

- 
1 Value retlects the number ot hits expected on the sprayed area followmg spraying assuming that normal year-to-year plant abundance changes occurred there in the same 

proportIon as on the control. This value forms the basis for determining percent change due to spraying. It was derived by applying the number of pretreatment spray area hits 
to a regression of pre- and post-treatment control area hrts for each plant species. 

L Indicates the highest confidence level at which changes due to spraying during the 5-year period followmg spraying are significant. Data in the preceding column show 
whether most of the slgmficant change occurred after 2 or 5 years. Only changes that are significant at the E .05, IO, or I5 level are shown. 

54 JOURNAL OF RANGE MANAGEMENT 30(l), January 1977 



brome and blue wildrye accounted for most of the large increase 
in grass abundance after2 years. These species increased 8 I and 
19 I %, respectively. Abundance of nodding brome continued to 
rise, and after 5 years it had increased 196%. Five years after 
treatment, abundance of blue wildrye was only 28% above 
pretreatment levels. Bluegrass-elk sedge declined by I % after2 
years and by 16% after 5 years (Table I). 

Abundance of primary shrubs declined substantially after 2 
years. Serviceberry, chokecherry, Gambel oak, and snowberry 
declined 61, 49, 13, and l9%, respectively. The decreases in 
these shrubs were probably even greater the first year following 
spraying than after the second (Fig. I). As a result of sprouting 

and regrowth, abundance of serviceberry and chokecherry after 
5 years was only 12 and 21%. respectively, below pre-spray 
levels; Gambel oak and snowbeny were 34 and l2%, 
respectively, above levels recorded before spraying (Table I). 

Two of the primary forbs on the study area, nettleleaf 
gianthyssop (Agastuche urticifu/ia) and Franciscan bluebell 
(Merrensiufrunciscana), showed continued decline throughout 
the 5.year post-spraying period. These were down I5 and 33%. 
respectively, after 2 years and down 31 and 47%. respectively, 
after 5 years. Three others, fleabane (Erigeron sp.), aspen 
peavine (Lathyrus leucanrhus), and silvery lupine (Luphmr 
argenteus), showed decreases after 2 years (~27, -32, and 



-4 I%, respectively), but by 5 years after spraying, fleabane 
and aspen peavine were more abundant than before (+ 12 and 
+29%, respectively); silvery lupine was still below pretreat- 
ment levels (-24%), although more abundant than it was after 
2 years. Northern bedstraw (Galium bore&) and Fendler 
meadowrue (Thalictrum jkzdferi) increased in abundance 2 
years after treatment (+ 16 and +59%, respectively), and these 
continued to become more abundant until 5 years, when their 
production was + 39 and + lOO%, respectively, above 
pretreatment levels. Western yarrow (Achifleu lunufosu) was 
6% more abundant after 2 years, but 14% less abundant after 5 
years (Table 1). 

Elk and Deer Use Changes 2 and 5 Years after Spraying 

Elk use in the study area vicinity during fall, winter, and 
spring remained relatively high throughout the duration of the 
study. Pellet count data from the control area showed elk use 
fluctuated from 136 elk per square mile in 1969 to 162 in 1972 
and 114 in 1975 (Table 2). 

Two years after spraying, elk per square mile on the spray 
area increased 106%, while a 19% increase was recorded for the 
control area. Comparison of ratios of elk use intensity measured 
before (1969) and 2 years after (1972) spraying on the control 
plot with the same ratios on the spray area indicates the increase 
attributable to spraying after 2 years is 73%, or 67 elk per square 
mile. 

Five years after spraying, elk density per square mile on the 
spray and control areas was lower than before spraying, by 6 and 
16%, respectively. Since elk use declined less on the sprayed 
portion than on the control, comparison of ratios of elk use on 
control and sprayed areas before and after spraying indicates an 
increase attributable to spraying after 5 years of 11%, or 7 elk 
per square mile (Table 2). A t test showed that neither the 2- or 
5-year elk use increase is statistically significant at the Q! .10 
level. 

Fall, winter, and spring deer use in the study area vicinity 
declined steadily throughout the duration of the study. Deer use 
on the control area was measured at 198 deer per square mile in 
1969, 108 in 1972, and 54 in 1975 (Table 2). This decline was 
not related to spraying, but occurred throughout western 
Colorado and was reflected by declining deer harvest figures. 

Pellet counts show deer use 2 years after spraying (1972) 
declined 45% on the control area and 37% on the spray area from 
levels recorded before the 1969 treatment. Since deer use 
declined less on the sprayed portion than on the control, com- 
parison of ratios of deer use intensity before and after treatment 
on the two areas suggests spraying, in effect, prompted an 
increase of 16% or 12 deer per square mile. 

Five years after spraying (1975), deer use was 73% below 
pretreatment ( 1969) levels on the control area and 78% below on 
the spray area. Comparison of ratios of deer use on control and 
sprayed areas before and after spraying reflects a decrease 
attributable to spraying after 5 years of 2 1%) or 8 deer per square 
mile (Table 2). A t test showed that neither the 1972 or 1975 
change is statistically significant at the cy .I0 level. 

Discussion 

The response of grasses and shrubs to spraying is similar to 
that described by Marquiss ( 1972) after spraying Gambel oak 
with 2,4,5-TP mixed with picloram. He reported an 80% kill of 
oak and large increases in forage abundance, presumably 
grasses, over a 5-year period. His area was resprayed approxi- 

Table 2. Changes in fall, winter, and spring elk and deer 
years following spraying of Gambel oak with 2,4,5-TP. 1 

use 2 and 5 

Animals per square mile 

Change due 

Animal Area 
Actual Expected. to ‘prayink? 

Year no. no.? no. % 
Elk Control 1969 

1972 
1975 

Spray 1969 
1972 
1975 

Deer Control 1969 
1972 
1975 

Spray 1969 
1972 
1975 

@we-spray) 
(2 years after) 
(5 years after). 

@e-spray) 
(2 years after) 
(5 years after) 

(pre-spray) 
(2 years after) 
(5 years after) 

@e-spray) 
(2 years after) 
(5 years after) 

136 
162 
114 

77 
159 92 +67 +73 
72 65 + 7 +I1 

198 
108 
54 

:38 
87 75 +12 +I6 
30 38 - 8 -21 

‘Data are derived from pellet group counts. Pretreatment period of use was 8-19-68 
to 5-5-69. Two- and 5-year post-treatment periods of use were 9- I-7 I to 5-8-72 and 

8-25-74 to 5-28-75, respectively. 
Ihe number of animals per square mile expected on the sprayed area following 

spraying assuming that normal year-to-year animal use changes occurred there in the 
same proportion as on the control. This value forms the basis for determining percent 

change due to spraying. 

‘The change in animals per square mile which can be attributed to spraying. This has 
been adjusted to consider animal use changes on the control area. 

mately 3 years after initial treatment, which probably caused 
grass abundance to remain high for 5 years. 

Reasons for initial attractiveness of the sprayed area to elk 
and to a minor extent deer, were not isolated. Animals may have 
responded to changes in plant moisture or nutrient content. 
Kufeld (1975), however, working in a Gambel oakbrush area 
near Collbran, Colo., which had been sprayed with the same 
chemical (2,4,5-TP), found no significant differences after 2 
years between sprayed and control areas in plant moisture 
content and the following nutrients and-minerals: total cell 
contents, protein, ether extract, soluble carbohydrate, soluble 
ash, msoluble ash, lignin, holocellulose, nitrogen, calcium, 
phosphorus, calcium/phosphorus ratio, iron, zinc, copper, 
magnesium, manganese, and potassium. Kufeld (1975) found 
sodium content of forbs significantly higher on the sprayed area, 
but this was during the summer; elk and deer use measurements 
on the Beaver Creek study area were made during fall, winter, 
and spring when forbs were not available. 

The trend of elk and deer use, particularly elk use, for 5 years 
after spraying roughly follows the same pattern as the trend in 
production of grasses, which was 44% higher than adjusted 
pretreatment levels after 2 years and 17% higher after 5 years. 
The grass increase, in effect, changed the forage composition, 
creating a greater variety of forages compared to surrounding 
oakbrush type areas and may have been a major factor attracting 
elk and deer. 

Reasons for the observed decline of 21% in deer use 
attributable to spraying after 5 years are not known and may 
have been the result of sampling variation. Deer may have 
exhibited a more positive response to the sprayed area following 
spraying had the area not been so heavily used by elk. 

Conclusions 

Based on results of this study, spraying Gambel oak type 
vegetation with 2,4,5-TP herbicide can be expected to cause 
substantial initial reductions in shrub abundance and increases 
in the quantity of grasses. This is most pronounced during the 
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first and second year following spraying. Effects of spraying are 
relatively short-lived, however, and after 5 years plant 
composition can be expected to return to its pretreatment 
condition. 

Although not significant statistically, the relatively large 
increase in elk use 2 years after spraying suggests that initial 
increase in elk use may be expected after spraying Gambel oak. 
Attractiveness of the area to elk may be due to increased grass 
abundance and the resulting change in plant composition 
compared with surrounding untreated areas. Elk appear to lose 
their affinity for the area as plant composition reverts to its pre- 
treatment state. Elk use approached pre-spray levels 5 years 
after treatment. 

In this study deer exhibited only a minor response to the 
sprayed area. Their response may have been more positive had 
the area not been so heavily used by elk. 

If Gambel oak vegetation is sprayed with 2,4,5-TP for the 
purpose of modifying plant composition and increasing elk or 
deer use, it is recommended that a program be established 
involving respraying at 3-year intervals for as long as the 

improved situation is to be maintained. 
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Effects of Range Treatment with 2,4-D 
on Prairie Dog Diet 

KATHLEEN A. FAGERSTONE, HOWARD P. TIETJEN, AND G. KEITH LaVOIE 

Highlight: Two established prairie dog colonies in Montana were studied to 
determine the effect of range treatment with 2,4-D on prairie dogs’ diet. One colony 
was sprayed with 2,4-D for 2 consecutive years and the other was not treated. There 
was a significant reduction in foliar cover by forbs and shrubs on the treated colony 
but no change on the untreated colony. Foliar cover by grass did not change signifi- 
cantly on either area. Prairie dog diet changed significantly from forbs to grass after 
forb coverage was reduced. Before spraying, prairie dogs ate 73% forbs and 5% 
grass. Afterward, they ate 9% forbs and 82% grass. The availability of these foods 
appeared to be responsible for the diet change. Despite the change in diet, the 2,4-D 
treatment appeared to have little detrimental effect on prairie dogs. They remained 
in good condition after treatment, as indicated by body weight, and there was no 
significant difference in prairie dog activity between the treated and untreated 
colonies. There was considerable variation in diet between the two colonies the first 
year, with the prairie dogs preferring grass in the untreated colony and forbs in the 
treated colony. However, in later years preference values were higher for grass than 
for forbs on both colonies. 

Research findings on the diet of 
black-tailed prairie dogs (CJYW~JS 
ludovicianus) are divided into two 
groups. One group contends that forbs 
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form the most important part of the 
prairie dog diet; the other group 
contends that grasses are more impor- 
tant. Clements et al. (1940) reported 
that prairie dogs on mixed prairie ate 15 
species of forbs but no grass, signifying 
that the latter seemed to be a second 
choice. King (1955) suggested that 
forbs were among the most important 
species used for food. However, Kelso 
(1939) found that grasses comprised 
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61.6% of the prairie dogs’ annual diet. 
Koford (1958) agreed that grasses 
formed the most important part of the 
diet but stated that prairie dogs proba- 
bly could not survive on grass alone. 
He suggested that prairie dog popula- 
tions could be limited by reducing the 
food supply at some undefined critical 
period of the year. 

Reduction of forbs with herbicides 
has reduced some rodent populations. 
Keith et al. (1959) reported an 87% 
reduction in northern pocket gopher 
(Thomomys talpoides) numbers in 
western Colorado rangeland 1 year 
after treatment with 2,4-D [(2,4-di- 
chlorophenoxy)acetic acid]. Tietjen et 
al. ( 1967) showed that declining num- 
bers of pocket gophers on 2,4-D treated 
rangeland were due to starvation and 
were directly related to depletion of 
essential forbs. On the basis of these 
results, we proposed that 2,4-D treat- 
ment of shortgrass rangeland might 
have a similar detrimental effect on 
prairie dogs. This study evaluated the 
effects of 2,4-D on range vegetation 
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within a prairie dog colony and on 
prairie dog diet and activity. 

Methods 

We conducted the study on the Charles 
M. Russell National Wildlife Range, 
Lewistown, Mont. This 3X4,966-ha refuge 
occupies 35 km along the Missouri River. 
This is a rugged area wth high, grassy 
plateaus surrounded by ponderosa pine 
(Pinus ponderosa), gentle slopes with 
shrubs, and precipitous slopes of clay and 
shale. We studied two prairie dog colonies, 
each occupying 8 to IO ha of rangeland 
(Fig. 1). One colony served as a control. 
We sprayed the treated colony on June 9, 
1970, with a dimethylamine salt of 2,4-D, 
andagainonJuly9, 1970, witha butylester 
2,4-D formulation to achieve a more 
complete kill of sagebrush (Artem;sia 
nidentata and A. frigida) and a few 
recurring forbs such as knotweed (PO/~- 
~~n~rn sp.). We sprayed the colony a third 
time with the butyl ester formulation on 
June IO, 1971. Herbicide was applied on 
each date at 2.2 kg/ha in water at 46.8 
htersiha. 

Ground cover was sampled on each 
colony by means of six pemument 20-m 
line transects. Canopy cover estimates were 
made at I-m intervals following Dauben~ 
mire‘s (1959) method. 

We determined diet by analyzing stom- 
ach contents of 30 prairie dogs shot on each 
colony: lOonMay 19, 1970(pretreatment), 
IO on May 19, 1971, and IO on June 7, 
1972. Stomachs were frozen until exam- 
ined in the laboratory. Contents of each 
stomach were thoroughly mixed and a 

sample was placed in a microsieve for 
straining. 

Plants common on the prairie dog towns 
were collected and separated into leaf, 
stem, flower, and seed parts: each put was 
ground to simulate chewing and digestion, 
stained, and mounted on a slide. Plant 
fragments in the stomachs were identified 
by comparing their epidermal chxacter- 
istics with those ofthe reference plants. We 
used the technique of Williams (1962) for 
staining reference plants and stomach con- 
tents. A slight modification was added: 
tissue was first cleared for 30 minutes in 
warm I% sodium hypochlorite solution 
before treatment with mordant and hema- 
toxylin. Iron-alum mordant and hema- 
toxylin solution are described by Iohansen 
(1940). Stained tissue was mounted in 
Apathy’s modified gum syrup medium 
(Williams 1959). 

A slide was examined from each stomach 
at 100 X magnification and each identifi- 
able plant genus was recorded. A IO- x 
IO-mm eyepiece grid was used for quantita- 
tive estimates. We randomly selected 10 
microscope fields on each slide and deter- 
mined the number of grid squares filled by 
each plant genus. Thus, percentage by area 
of each species present was estimated. To 
determine which foods prairie dogs pre 
ferred, we calculated a preference index for 
each plant genus by dividing its percentage 
composition in the prairie dogs’ diet by its 
percentage availability in the habitat (= 
canopy coverage for the genus divided by 
total canopy coverage for all plants) during 
the same sampling period. 

To provide an index to the relative 

number of active burrows on each colony, 
we closed 100 prairie dog holes with soil 
plugs before and after treatment. Burrows 
were located by the nearest neighbor 
technique of Hansen and Remmenga 
(1961). Burrows were checked 48 hours 
later to determine the percent active 
(reopened by prairie dogs). As a check on 
their physical condition after treatment, we 
collected and weighed 20 prairie dogs from 
each colony on August 29, 1972. Whole 
body weights were analyzed by one-way 
analysis of variance. All other data were 
analyzed by Chi-square. 

Results and Discussion 

There was a highly significant reduc- 
tion in coverage of forbs and shrubs 
(PC.005) on the treated colony but no 
significant change on the untreated 
colony (P>. IO) (Table I). Forb cover- 
age decreased 60% on the treated area 1 
month after the first spraying, and 28% 
on the untreated area. These reductions 
resulted partly from an increase in the 
percentage of bare ground between 
June and July as spring annual plants 
died. By 1972, forb coverage on the 
treated colony was reduced 67% from 
the pretreatment level, contrasted with 
no reduction on the untreated colony. 
Grass coverage did not change signifi- 
cantly on either area. 

Initially, the treated site supported 
higher total ground cover than the on- 
treated site (49% versus 29%). How- 
ever, after treatment, the percentage of 



Table 1. Foliar cover (%) on an area treated with 2.2 kg/ha of 2,4-D in June and July, 1970, and 
in June, 1971, and of an untreated area, both of which supported black-tailed prairie dog 
colonies near Lewistown, Mont. 

Treated area 

Plant genus 6170 

Pretreat- 
Untreated area ment Post-treatment 

7170 517 1 6172 6170 7170 5171 6172 - - - 
Grasses: 

Agropyron 
Bouteloua 
Poa 
Others 
Total 

Forbs and shrubs: 
Artemisia 
Astragalus 
A triplex 
Chenopodium 
Draba 
Dyssodia 
Euphorbia 
Lactuca 
Lappula 
Lepidium 

Melilotus 
Monolepis 
Opuntia 
Plantago 
Polygonum 
Rosa 
Sphaeralcea 
Vi& 
Total 

Bare ground: 

3.6 2.5 3.2 3.6 7.5 8.9 10.5 10.4 
0.4 Ta 0.3 0.2 0.7 0.7 1.5 0.6 
0.3 0.1 0 0 0.1 0 0 0 

0 0 0.2 T 0.3 T T T 
4.3 2.6 3.8 3.9 8.6 9.6 12.0 11.0 

9.1 8.2 7.6 
3.6 3.5 3.3 
0.2 0.3 0.2 
0.8 0.5 0.2 
0.1 0 T 
T 0 0.4 

0.3 0 T 
0 T 0.1 

0.5 0 2.0 
0.1 0 T 

0 T 0.1 
6.0 0.3 6.4 
0.3 0.4 0.5 
3.1 3.4 0.2 
1.0 1.2 0.2 
0 0 0 
T 0.2 0 

0.1 0.1 0.1 
25.2 18.1 21.0 
70.5 79.3 76.2 

8.2 4.6 3.7 4.7 
5.1 7.3 4.4 1.3 
0.2 1.4 1.3 0.2 
0.4 0.4 0.1 T 
0.1 0.6 0 0.1 
0.3 2.0 2.4 0 
0 0.8 0.1 0 

0. I 0 0 T 
1.4 1.4 0.1 0.6 
T 0.1 T 0 
T 0.2 0 0.1 

6.1 10.5 T 2.1 
0.4 0 0 0 
2.0 4.2 1.7 T 
0.8 1.1 1.4 0.7 

0 0.2 0.2 0.4 
0.2 T T 0 
0.1 4.8 0.6 0.5 

25.2 39.6 16.0 10.7 
70.9 51.8 74.4 77.3 

0. I 
0.7 
0 
0.3 
0.5 
2.6 
0 
T 
0.8 
T 
T 
5.6 
0 
T 
1.1 
I.0 
0 
1.4 

14.1 
74.9 

a T = trace (c. 0. I%). 

Table 2. Percentage of active black-tailed 
prairie dog burrows in area treated with 2.2 
kg/ha of 2,4-D in June and July, 1970, and 
in June, 1971, and in an untreated area near 
Lewistown, Mont. 

Date of count 

Pretreatment 

Burrows active (%) 

Untreated Treated 

June 8, 1970 
Post-treatment 

80 52 

Sept. 10, 1970 73 64 
May 20, 1971 86 73 
June 8, 1972 44 32 

bare ground increased and ground 
cover was reduced to 25% in 197 1. 
Total ground cover on the untreated 
area was between 25 and 29% all 3 
years. 

The 2,4-D treatment greatly altered 
the composition of the remaining forb 
and shrub vegetation. Before spraying, 
monolepis (Monolepis sp.), loco 
(Astrugalus sp.), vetch (Vicia sp.), 
sagebrush, and plantain (Plantago sp.) 
provided the most cover on both areas 
(Table 1). By 1972, these species were 
still common on the untreated area but 
were rare on the treated area. On the 
treated area sagebrush and plantain 
decreased 99%, loco 91%, and vetch 
70%. Some forbs recovered rapidly 
after treatment; knotweed increased 
27% a month after the first spraying, 
and in 1972, rose (Rosa sp.) and 

Table 3. Botanical composition (%) of stomach contents of black-tailed prairie dogs and resulting preference index by plant genus from an area 
treated with 2.2 kg/ha of 2,4-D in June and July, 1970, and in June, 1971, and from an untreated area near Lewistown, Mont. 

Untreated area Treated area 

Pretreatment Post-treatment 

Plant genus 

May, 1970 May, 1971 June, 1972 May, 1970 May, 1971 June, 1972 

Comp. Pref. Comp. Pref. - Comp. Pref. Comp. Pref. Comp. Pref. Comp. Pref. 
(%) indexa (%) index: (%) indexa (%) indexa (%) indexa (%) indexa 

Grasses: 
Agropyron 
Bouteloua 

54.5 4.5 28.8 2.2 20.9 1.7 4.6 0.3 52.2 1.1 54.3 1.3 
28.9 21.3 6.4 5.3 10.6 15.4 0.7 0.5 28.2 4.3 9.9 4.1 

Poa 0 - 0 - 1.4 >4.1 0 - 1.8 >4.1 7.0 >17.6 
Total 83.4 5.8 35.2 2.3 32.9 2.5 5.3 0.3 82.2 1.6 71.2 1.6 

Forbs and shrubs: 
Artemisia 5.6 0.2 7.5 
Astragalus 0 - 0.3 
Chenopodium 0 - 13.8 
Draba 0 - 1.0 
Euphorbia 0 -_ 1.6 
Lactuca T - 18.4 
Lappula 0 - 1.7 
Lepidium 1.9 5.6 4.7 
Monolepis 0 - T 
Plantago 0.4 T 1.1 
Sphaeralcea T - 0.4 
Vicia 0 - 0 
Total 7.9 0.1 50.5 

Unidentified 8.7 14.3 

0.2 
Tb 

17.1 
>2.5 
>4.0 
45.6 

0.2 
B11.7 

T 
1.4 
- 
- 

0.6 

1.7 0.1 
0 - 

0.1 0.1 
0 - 
0 - 
0 - 

0.2 T 
16.3 ~47.4 
3.8 0.2 

30.1 4.4 
0.4 0.6 
2.3 6.7 

54.9 0.6 
12.2 

0.9 0.1 
3.9 0.3 
9.4 11.4 

0 - 
1.5 0.9 

0 
0.1 5 

0 - 
T T 

54.3 6.3 
0.1 >0.5 
2.4 0.2 

72.6 0.9 
22.1 

2.0 
0 

0. I 
0.2 

3.: 
T 
T 

2.0 
I.1 

T 
0 

9. I 
8.7 

0. I 
- 

>0.2 
0.5 
- 

>8.4 
T 

- 
0.2 

>2.5 
- 
- 

0.2 

0.3 0.8 
2.6 0.9 

0 - 
4.1 2.1 

0 
1.6 >4< 

T T 
2.1 >5.l 
4.3 0.2 
7.6 >l8.4 
0.1 - 

0 - 
22.7 0.4 

6.1 

*reference index values, based on vegetation data for the same period and colony (Table I), were calculated as: (average % composition in stomachs) + (relative percentage 

ground cover). 

‘>r = trace (c. 0. I%). 
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dogweed (Dyssodia sp.) provided 
greater cover than before treatment. 

There was no significant difference 
(P>. 10) in the number of active 
burrows between the treated and un- 
treated colonies (Table 2), although the 
untreated area always had a slightly 
higher percentage of active burrows 
than the treated colony. In both colo- 
nies the percentage of active burrows 
decreased in the last year (P<.O5), 
probably because of the unusually cold 
spring weather. According to Koford 
(1958), a delay in spring plant growth 
may create a food shortage at a critical 
time (during breeding), causing high 
pre- and postnatal mortality. The open- 
hole test is satisfactory for measuring 
activity, but it cannot be used as a 
population index, since prairie dogs 
may clean out more holes than they 
actually occupy. Koford (1958) sug- 
gests that the number of active prairie 
dog burrows is not a reliable index to 
population numbers; instead, it is an 
index to food availability. The index 
did confirm visual observations that 
prairie dogs remained on the treated 
area. 

Seventeen plant genera were identi- 
fied in the stomach contents from both 
colonies (Table 3). Genera comprising 
less than 1% of the diet in any year are 
not listed in the table and include 
threeawn (Aristidu sp.) and pigweed 
(Amaranthus sp.). 

On the treated area, prairie dog diet 
changed significantly (PC .005) from 
forbs to grasses after forb coverage was 
reduced. Before treatment, forbs made 
up 73 % of the diet (Table 3). After 
treatment, forbs decreased to 9% of the 
diet in 1971 and 23% in 1972. Grasses 

in the diet increased from 5% before 
treatment to 82% after treatment. The 
availability of these foods appeared to 
be responsible for this diet change. 
Plantain and goosefoot (Chenopodium 
sp.) were highly preferred before treat- 
ment, comprising 64% of the diet. 
Plantain alone accounted for 54%. A 
year after spraying, these forbs made 
up only about I % of the diet. 

Despite the change in diet, the prairie 
dogs remained in the colony and 
appeared to be in good physical 
condition. Body weight averaged 994 g 
and did not differ significantly between 
the treated and untreated areas. This 
indicates that the reduction in forb 
coverage did not cause starvation or a 
decrease in breeding such as Keith et al. 
(1959) found in pocket gophers. 

Diet was highly variable between the 
two colonies and from year to year. 
Before spraying, prairie dogs on the 
treated area ate 5% grass and 73% 
forbs, while on the untreated area they 
ate 83% grass and 8% forbs. Prairie 
dogs selectively sought grasses on the 
untreated colony, as indicated by a 
preference value of 5.8. On the treated 
colony, the amounts eaten more closely 
approached the amounts available; the 
preference value for forbs was 0.9, for 
grasses, 0.3. We do not know the 
reason for the difference in diet be- 
tween the colonies. However, the 
treated area supported more vegetative 
cover at the start of the study, which 
perhaps encouraged the prairie dogs to 
eat a wider variety of food items, 
including more forbs. Prairie dogs from 
the treated area averaged five plant 
genera per stomach while those on the 
untreated area averaged only three to 

four genera. In the last 2 years of the 
study, the percentage of grass in the 
diet of prairie dogs from the untreated 
colony dropped from 83% to about35%. 

In all but one sampling period, the 
preference values were higher for grass 
than for forbs (Table 3). However, 
when a variety of food was available, 
prairie dogs also preferred a few forb 
species including plantain, goosefoot, 
pepperweed (Lepidium sp.) and wild 
lettuce (Lactuca sp.). 
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Chromic Oxide as an Indicator of Total Fecal 
Output in White-tailed Deer 

LEONARD F. RUGGIERO AND JAMES B. WHELAN 

Highlight: Two captive rumen-tistulated white-tailed deer 
(Odocoileus virginiunus) were used to evaluate chromic oxide as an 
external indicator of total fecal output. Acknowledging the limita- 
tion imposed by having only two rumen-fistulated animals, accu- 
rate estimates of total daily fecal output were made by combining 
average values obtained from sampling at different times during 
the day. Factors which contributed to diurnal variation in ex- 
cretion of chromic oxide should be studied further before the 
technique can be of practical value. 

The ratio or external indicator techniques for determining 
total fecal output (TFO) has advantages in that it eliminates the 
necessity of making total fecal collections and it permits 
digestion trials to be conducted in places other than metabolism 
cages. Hence, estimating total fecal output in field situations is 
one potentially valuable application. However, research in 
external indicator techniques has been limited primarily to 
domestic ruminants, and the applicability for wild ruminants is 
unsubstantiated. Moreover, the field situation for domestic 
ruminants is quite different than that for a wild ruminant like the 
deer. Consequently, the practical application of such a tech- 
nique to problems involving wild free ranging ruminants is 
questionable and would necessarily become the object of 
investigation once the technique itself is perfected. In any case, 
the technique would be of practical value for various aspects of 
wild ruminant nutrition research under captive or semiwild 
conditions. 

The background for the present study comes almost ex- 
clusively from the literature of domestic animal science. In 
1955, Raymond et al. elucidated the necessary criteria for an 
external indicator as a substance which should be quantitatively 
recovered in the feces (i.e., neither absorbed nor abnormally re- 
tained in the digestive tract), be nontoxic, inexpensive, readily 
analyzed by physical or chemical methods, and present in only a 
small amount in the original diet. In this context, chronic oxide 
has been widely accepted as an external indicator substance. 

Two basic assumptions for the use of an external indicator are 
(1) the tracer material becomes evenly distributed with the 
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ingesta, and (2) the tracer material passes through the digestive 
tract in a manner similar to that of nutrients (Kane et al. 1952). 
In the case where either of these assumptions does not hold true, 
the general accuracy of TFO estimates would be impaired and 
any single fecal sample would fail to provide an accurate TFO 
estimate. 

In an effort to determine sampling error using the chromic 
oxide technique, Kane et al. (1952) took 15 fecal “grab” 
samples from three dairy cows on five different days. Compari- 
son between TFO estimates based on these samples and a total 
fecal collection led to the conclusion that TFO values obtained 
from any single fecal sample were not sufficiently accurate to be 
used in digestibility studies. The apparent reason for the unrelia- 
bility of single fecal samples was a diurnal variation in the 
excretion rate of chromic oxide in the dairy cow, i.e., a highly 
significant difference was noted in the chromic oxide content of 
a.m. versus p.m. fecal samples. 

Subsequent experimentation corroborates these findings, and 
diurnal variation in the excretion of chromic oxide appears to be 
typical regardless of ruminant species (Pigden et al. 1957; 
Putnam et al. 1957; Faulds et al. 1971). Balch et al. (1957) 
cautioned that the suitability of any given scheme of chromic 
oxide administration and of feces sampling should be checked 
against a complete collection of feces under the conditions of 
each experiment. 

Although the literature is definite relative to diurnal variation 
of chromic oxide excretion, there is no agreement as to what 
times during a 24-hour period or what combinations of grab 
samples would yield an accurate estimate of fecal output. For 
example, Harding et al. (1953), in a study using beef and dairy 
cattle, reported that feces taken at 6:00 a.m. and 4:00 p.m. and 
compounded on an equal wet-weight basis during seven or more 
days resulted in reliable estimates of dry matter intake. This is in 
contrast to the results of Kane et al. ( 1952), who reported that 
fecal grab samples taken from cattle between I:00 p.m.- 
3:00 p.m. and 4:00 a.m.-6:OO a.m. gave the best results. 

In a study using sheep, Raymond et al. ( 1955) found that 
there was no standard excretion pattern on which accurate grab 
sampling could be based. Raymond also provides a review 
which further documents between study variability relative to 
this technique. 
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Various methods for administering chromic oxide are rec- 
orded in the literature (Pidgen et al. 1957; Laglanda et al. 1968; 
Phar et al. 1970). In general, the problem of unreliable estimates 
based on single fecal samples has persisted as some function of 
diurnal variability in chromic oxide excretion. 

Faulds et al. ( 197 1) evaluated the chromic oxide technique in 
sheep and deer. After a 5-day equilibration period these workers 
administered 3.0 grams of chromic oxide daily to two deer via 
gelatin capsules. Grab samples were taken twice daily at 8:00 
a.m. and 4:00 p.m. for 5 days. The results of their work were 
checked against a total fecal collection for the 5-day trial period, 
and their data indicated that estimates of fecal output for deer are 
generally lower if based on the a.m. fecal grab samples rather 
than the p.m. grab samples. Estimates in both cases were based 
on averages of the five samples taken at those times. Both ex- 
perimental deer showed the highest concentration of chromic 
oxide in the feces at noon, with a steady decrease to midnight, 
followed by an increase to 8:00 a.m. They concluded that one 
grab sample does not yield a reliable estimate of fecal output in 
white-tailed deer. 

Hence, it appears that deer are also subject to diurnal fluctua- 
tions in chromic oxide excretion, and therefore the time of grab 
sample collection is quite important as it affects TFO estimates. 
Faulds et al. suggest that more accurate TFO estimates might be 
obtained for deer by taking grab samples at different and more 
varied times during a 24-hour period. 

The principal objectives of the present study were (a) to 
determine the accuracy of chromic oxide as an external indicator 
of total fecal output in the white-tailed deer, and (b) to determine 
a schedule of fecal sampling which maximizes the accuracy of 
TFO estimates using this technique. 

Met hods 

During a 2-week conventional digestion trial, two 17-month-old 
rumen-fistulated white-tailed deer (one doe and one castrated buck) 
were each given three grams of chromic oxide at 9:00 a.m. daily. The 
dose of chromic oxide was packaged in a thin cellulose sheet and 
administered via the rumen fistula. This technique required that the 
deer remain relatively still during administration so that no dry matter 
was lost through the fistula. This was accomplished, and for the 
duration of the trial no rumen tluid or ingesta was lost. 

The first 5 days of the trial served as an equilibration period (Faulds 
et al. 197 1; Van Dyne 1968; Crampton 195 1) to insure that the marker 
material, chromic oxide, was evenly distributed throughout the 
digestive tract and a steady-state excretion pattern of the indicator was 
reached. 

The deer were housed in 3.7 m X 6.4 m pens and were fed ad 
libitum a concentrate ration in pelleted form (Table 1). Daily feed 
consumption was recorded to the nearest gram for each deer. For 11 
days following the equilibration period, fecal “grab” samples were 
taken from each animal at 9:00 a.m. and 5:00 p.m. daily, and for the 
last 3 days of the trial period (days 12, 13, and 14)) fecal samples were 
collected every 4 hours. Fecal samples were collected according to this 
schedule for the purpose of determining the best time of day for 
estimating total fecal excretion, using chromic oxide as an external 
indicator. In addition to daily fecal sample collections, a total 
collection of the daily fecal output from each deer was made. All pellet 
groups were carefully collected from the floor of the pens at regular 
intervals throughout the day in an effort to make an accurate total 
collection. Each day the pen floors were thoroughly washed to further 
insure an accurate total fecal output collection. 

Fecal collections were oven dried at 100°C for 24 hours and ground 
in a Wiley Mill using a size 40-mesh screen. Analysis of the chromic 
oxide content of daily fecal grab samples was made according to the 
calorimetric method of Hill and Anderson (1958). 

Table 1. Composition of pelleted deer ration fed 
white-tailed deer during a 14-day digestion trial. 

to rumen-fistulated 

Constituent Composition 

Feed ingredients (kg/metric ton*) 
Corn 
Soybean oil meal 
Alfalfa meal 
Wheat bran 
Oats 
Molasses 
PO42 

Mineral salts 
DSVP3 

Proximate analysis4 (96) 
Crude protein 
Ether extract 
Crude fiber 
Ash 
Nitrogen-free extract 

140 
150 
300 

57.5 
240 

80 
7.5 

15 
10 

19.06 
2.97 

15.27 
8.29 

54.4 1 

‘I metric ton = 2,200 pounds. 
qhosphate supplement: defluorinated rock phosphate. 
3Dairy supplement vitamin package (DSVP): S= I .4%; Mg=7.5%; Fe=2. I%; Mn= 

I .3%: Zn= I .3%; cu=0.2%; 1=0.02%; co=0.02%; Vitamin A= I. I X IO6 USP/kg; 
Vitamin D=4.4~ I@ USP/kg; Vitamin E=220 [U/kg. 

4Expressed as percent of ration dry matter (90.19%). 

Duplicates of each fecal grab sample were analyzed for their 
chromic oxide content. The chromic oxide content of feces was cal- 
culated as follows: 

optical density xK 
mg Cr203/g of fecal drv matter = ____________________ 

fecal sample weight (g) 

The K factor in this equation represents a slope value which is obtained 
by plotting the change in concentration of standard solutions of 
chromic oxide against the corresponding change in optical density for 
these solutions. The K value for this study, 37.3, was determined 
using a range of .O 1 mg CrgO:Jml to .14 mg CrpO:Jml (.O 1 mg incre- 
ments). These standard solutions were prepared using chromic oxide, 
concentrated nitric acid, and a digestion mixture as described by Hill 
and Anderson ( 1958). 

The fecal output estimates for all individual grab samples were 
calculated as follows: 

mg Cr203 administered 
Fecal output (grams dry matter) = _________________________ 

mg CrzOs/g of fecal dry matter 

A comparison was made between the observed daily total fecal 
output and estimates obtained for specific times during the day using 
the chromic oxide technique. 

Results and Discussion 
Estimated and observed daily fecal outputs for the study are 

summarized in Table 2. The data gathered on days 1 through 11 
at the 9:00 a.m. and 5:00 p.m. sampling times, indicate that the 
5-day equilibration period was not sufficient for uniform 
distribution of chromic oxide in the digestive tract. After the 
11 th day of the trial period the estimates of fecal output became 
more accurate, suggesting that a relatively long equilibration 
period is necessary for white-tailed deer. 

The most accurate estimates of total fecal output (TFO) per 
day and throughout the study period are shown for each deer in 
the last three rows of Table 2. The last 3 days of the trial (post 
equilibration) were used in calculating these estimates. This was 
achieved by combining the 9:00 a.m. 3-day grab sample mean 
with the 1:00 a.m. 3-day grab sample mean and the 9:00 a.m. 
3-day grab sample mean with the 9:00 p.m. 3-day grab sample 
mean. These sample combinations for the female and male, 
respectively, gave results which were 99.7% and 96.0% of the 
actual TFO for the first combination, and 102% and 103% for 
the second combination. The most accurate estimates for a 
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Table 2. Summary of total fecal output (TFO) estimates using the chromic 
oxide technique. Values represent means for the last three days of a 
standard (14 day) digestion trial. 

Fecal Estimated TFO 
nroh Chromic oxide 
b&U” 

sample concentration Estimated 9-day average Actual TFO 
collection (mg/g feces) TFG (g) actual TFO (g) (%) 

(tune) Female Male Female Male Female Male Female Male 

9am 7.8 5.3 386 577 311 451 124.0 128.0 
1 Pm 6.5 3.3 458 922 311 451 149.0 204.0 
5 Pm 5.6 2.4 57 1 959 311 451 181.0 213.0 
9Pm 12.1 9.1 250 354 311 451 80.0 78.5 
1 am 13.1 10.5 234 289 311 451 74.0 64.0 
5 am 10.6 7.9 298 387 311 45 I 91.0 86.0 
9am+ lam 310 433 311 451 99.7 96.0 
9 am + 9 pm 318 465 311 45 1 102.0 103.0 

single sampling time were obtained from the 5:00 a.m. samples. 
Figure 1 shows the diurnal variation in chromic oxide 

excretion and was prepared from data gathered on the last 3 days 
of the trial. This curve, representing chromic oxide excretion as 
a function of time, decreases from 5:00 a.m. to 5:00 p.m., after 
which time it increases rapidly to its peak at 1 :OO a.m. 

Chromic oxide is subject to a diurnal excretion pattern in 
white-tailed deer, similar to that which has been found for 
domestic ruminants. This diurnal variation may be accom- 
panied by a seasonal variation which is suspected when com- 
paring the results of this study with those of Faulds et al. ( 197 1). 
These workers conducted their study in the early spring as com- 
pared to the study here reported which was done in early fall, 
about 6 months later in the year. A comparison of diurnal 
excretion for chromic oxide in both studies shows the same 
general pattern but with an apparent phase shift, e.g., the 
excretion curve in this study lags behind that of Fauld’s by about 
7 hours. 

The diurnal nature of chromic oxide excretion indicates that 
single grab samples should not be used to estimate total daily 
fecal output. Accurate estimates of total fecal output were 
obtained by combining the 3-day mean estimate for fecal grab 
samples taken at two different times during each day. These 
times were 9:00 a.m. plus 9:00 p.m. and 9:00 a.m. plus 1:00 
a.m. 

It appears that reliable (accurate) estimates of TFO can be 
experimentally obtained using the chromic oxide technique, if 
fecal samples are collected at the time(s) during each day which 
will provide the best estimate. However, the practical appli- 
cation of the technique will be minimal until more data are 
available on the diurnal and seasonal variation in the excretion 
pattern of chromic oxide so that these times can be determined. 
Hence, variability in the excretion pattern should be measured 
for all animals which are to be used for estimating TFO by the 
“grab” sample method. 

Data on the average consumption of forage by individual deer 
is important given numerous management considerations but is 
very difficult to collect. A technique which permits accurate 
total fecal output estimates coupled with accurate forage digesti- 
bility estimates would permit forage intake estimates. Hence 
one of the most significant uses of fecal output estimates is as a 

3 

2 

1 

‘I 
5am 9am I p.m 5pm. 9pm lam 

Time (hours) 

fig. 1. Diurnal variation in chromic oxide excretion by I7-month-old rumen- 
fistulatedfemale and male white-tailed deer, (Values represent means for the 
last 3 days of a Id-day sampling period.) 

context, it would appear that further investigation of diurnal and 
seasonal variation in chromic oxide excretion is warranted. 
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A Comparison of Twig-length and Browsed- 

twig Methods of Determining Browse Utili- 

zation 

CHARLES H. JENSEN AND GEORGE W. SCOTTER 

Highlight: Utilization of shrubs has been determined by several 
techniques, two of which are: (1) measuring twig lengths before 
and after use then calculating the percentage and (2) estimating 
the percentage of browsed twigs. Estimates were checked for 
accuracy by actually counting the number of browsed and un- 
browsed twigs and then calculating percentages. The two methods 
were compared on a big game winter range in southcentral Utah to 
evaluate the agreement among utilization estimates, consistency 
among individual observers, and efficiency. 

Estimating the percentage of browsed twigs or calculating 
percentages from counts of browsed and unbrowsed twigs pro- 
vided higher utilization values than measuring twig lengths. Dis- 
advantages of estimating percentages of browsed twigs include the 
introduction of individual bias when estimates are made and lack 
of sensitivity in accurately determining percentage utilization 
under heavy use. By contrast, calculating percentages of utili- 
zation from twig length measurements provided equal sensi- 
tivity throughout the 0 to 100% range. Twig measurement data 
were more consistent among observers than estimates. Measuring 
twig lengths required about four times as many man-hours as 
estimating percentages of browsed twigs or counting twig numbers. 

Determining percentage utilization of key browse species is 
considered essential for effective big game management. A 
commonly used method for determining utilization of browse 
plants is to calculate the percentage from differences between 
twig lengths before and after use. This method, first suggested 
by Nelson ( 1930), became a widespread game management tool 
as described by Aldous ( 1945) and is currently employed in 
Utah with modifications suggested by Smith and Umess (1962). 
This method consists basically of selecting a series of browse 
plants and marking a major branch on each plant, then measur- 
ing lengths of current year’s twigs in the fall and residual lengths 
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of those same twigs in the spring, then calculating the percent- 
age utilization. The length removed is closely correlated with 
weight removed (Smith and Umess 1962). 

Percentage utilization can also be determined either by 
estimating the percentage of twigs browsed or these estimates 
can be checked by counting the number of browsed and 
unbrowsed twigs and calculating the percentage of twigs 
utilized (Cole 1963). Only the number of browsed twigs is 
considered for this percentage, not the volume or length 
removed. Estimates of utilization for each plant are assigned to 
one of six utilization classes: 0, l-9, 10-39, 40-59, 60-89, 
90-100. It requires just one visit to the range, after winter use is 
complete. 

Shrubs are selected by the “closest plant” sampling tech- 
nique (Cole 1963). In using the procedure, age class and form 
class are assigned to each shrub, hopefully to provide estimates 
of range condition, and are similar to those suggested by 
Dasmann (1951). Although they are integral parts of the 
procedure outlined by Cole (1963), their utility is not restricted 
to a specific method of utilization determination; and they could 
be incorporated into any program for determining utilization. 
The purpose of this study was to compare the advantages and 
disadvantages of the two methods, but primarily the utility of 
each for estimating utilization. 

Methods 

Utilization of two browse species by mule deer in winter was 
determined by two methods during two different years. Percentage 
utilization was estimated by (1) twig length differences, and (2) 
estimates of the percentage of twigs browsed. The numbers of total 
and browsed twigs were also tallied to provide a check on estimates of 
the percentage of twigs browsed. The lengths of current year’s twigs 
were measured on 150 permanently marked cliffrose (Cowania stuns- 
buriana) branches and 50 marked bitterbrush (Purshiu tridentutu) 
branches in the fall of 1967. In the spring of 1968, the residual lengths 
of twigs were measured on the tagged branches by four teams of 
observers (2/team). The plants with tagged branches were flagged 
with plastic tape before the methods were applied to facilitate locating 
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the marked plants to minimize bias favoring one or the other method. 
The time required to complete the observations was recorded by each 
observer using the browsed-twig method and each team using the twig 
length method. Current year’s twigs were measured between the tags 
and the tips of the branches and dot tallied in inch classes. Total 
number of twigs was obtained from dot tallies of the fall measurement 
data and percentage of length utilized was computed from the fall and 
spring measurements. After the teams completed length measure- 
ments, the unbrowsed twigs were counted by one observer and the 
percentage of twigs browsed was individually estimated by 7 ob- 
servers on the 150 tagged cliffrose branches and 5 observers on the 
50 bitterbrush branches. Variability of the estimates of percentage 
utilization was compared for the observers on the two species. 

In addition to observations of marked branches, 3 observers 
estimated the percentage of twigs browsed on 50 different bitterbrush 
plants and 3 others on 50 different cliffrose plants in the spring of 
1968, each using the “closest plant” sampling technique to deter- 
mine the time required to employ that method. 

Percentage utilization by length differences was determined on 120 
tagged cliffrose branches and tallies of total and browsed twigs in the 
early winter of 1973-74 to better establish the relationship of percent- 
age utilization values obtained in the two ways. Data were recorded at 
about three-week intervals. In that way, estimates of utilization could 
be attained when mean utilization was light as well as when it was 
heavy. Correlation and regression analyses were computed for the 
three sets of data. 

Results 

Mean estimated values of utilization were highest when the 
percentage of twigs browsed was estimated, slightly lower 
when the number of browsed and unbrowsed twigs were 
counted, and substantially lower when the length of current 
year’s twigs was measured fall and spring. Under heavy deer 
use in the winter of 1967-68, the disparity between estimating 
the number of twigs browsed (estimates) and computing per- 
centages from the counted number of browsed and unbrowsed 
twigs (counts) was 3% for cliffrose and 8% for bitterbrush 
(Table 1). The disparity between estimating the number of twigs 
browsed and percentages calculated from before-and-after 
browsing twig length measurements (measurements) was 29% 
for cliffrose and 32% for bitterbrush. The differences between 
measurements and counts were 26% and 24%, respectively. 

The percentage of twigs browsed was not estimated in the fall 
and early winter of 1973-74, but the percentage difference in 
utilization values between browsed twig counts and length 
measurements demonstrated a relationship similar to that of 
1968-69. By December 5, 1973, mean utilization of the twigs 
on 120 marked branches was 42% and 22% by counts and twig 
measurements, respectively, a difference of 20%. By December 
28, these respective mean percentage values had increased to 
89% and 62%, a difference of 27%. 

Since the percentage of twig length removed closely approxi- 
mates the percentage of twig weight removed (Smith and Umess 
1962), counting the numbers of browsed and unbrowsed twigs 
overestimated the volume utilized by as much as 27%, and 

Table 1. Average utilization (%) as determined from twig length measure- 
ments, estimated and counted numbers of browsed twigs. 

Plant Browsed twigs Twig length 
species Year Estimated Counted difference 

Cliffrose 1968-69 94 91 - 65 
Cliffrose Dec. 5, 1973 I 42 22 
Cliffrose Dec. 28, 1973 - 89 62 
Bitterbrush 1968-69 81 73 49 

IThe percentage of twigs browsed was not estimated 1973-74. 

estimating the percentage of twigs browsed overestimated the 
volume utilized by as much as 32% (Table I). 

As much as 80% of the variation in percentage of twigs 
browsed could be accounted for by the percentage of length 
utilized when utilization was light, and as little as 19% when 
utilization was heavy (Table 2). While the coefficients of 
determination were low under heavy use, all differed signifi- 
cantly from 0. 

When utilization was light, the data fit linear, logarithmic, or 
quadratic regression lines fairly well (Figs. 1, 2, and 3). The 

2j/y , , , , , , , , 

20 40 60 80 I( 
Percent of Length Utilized 

Fig. 1. Linear regression for (a) light utilization. (b) moderate utilization, and 
(c) heavy utilization of cliffrose b_y mule deer. 

Percent of Length Utilized 
Fig. 2. Quadratic curves for (a) light utilization, (6) moderate utilization, and 

(c) heavy utilization of cliffrose by mule deer. 
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3. Common logarithmic curves in relation to (a) light utilization, (b) mod- Fig. 4. A comparison of (a) linear, (b) common logarithmic, and(c) quadratic 

erate utilization, and (c) heavy utilization of cl@frose by mule deer. 

quadratic curve provided a slightly better fit of the data than 
logarithmic or linear curves. The low coefficients of determina- 
tion under heavy use were caused partially by the small number 
of twigs on tagged branches. Many branches had 100% of the 
twigs browsed, but utilization of length was highly variable on 
those branches and usually less than 100%. By combining data 
of plants from specific sites, thereby increasing number of twigs 
per sample to 50 or more, values were increased to .90, 
.87, and .97 for linear, common logarithmic, and quadf-atic 
curves respectively (Fig. 4). 

The estimated number of twigs browsed obtained by appli- 
cation of the “closest plant” technique provided utilization 
values comparable to estimated percentage of browsed twigs on 
the permanent transects in 1969 (Table 3). 

Utilization values obtained by the four teams were more 
consistent than estimates made by individuals. The range of 
percentage utilization based on twig length measurements was 
1% for cliffrose and 3% for bitterbrush (Table 3). Analysis of 
variance provided no detectable difference at the .Ol level 
among teams. The four teams usually reported total twig 
lengths within ? 2 inches of one another on each tagged 
branch. A few measurements of tagged branches varied by 
up to 19 inches. In such cases, one or more of the two- 
man teams failed to measure all twigs on the tagged branch 
or they measured some twigs not within the tagged portion. 
However, these obvious errors accounted for less than the 

curves for combined site utilization data. 

reported 3% difference in mean percentages among teams. 
Individual bias was not detected in the twig-length measure- 
ment data. 

The range of averages for five observers for bitterbrush 
and for seven estimators on cliffrose estimating the number 
of twigs browsed was 10%. One man’s estimates of 
percentage of browsed twigs were consistently higher than 
all others and another’s were consistently lower, which 
demonstrated the tendency for individual bias in estimation. 

When estimating the number of twigs browsed to the nearest 
5%, some wide variations occurred between estimators. Con- 
sidering the proposed use classes with midpoints at 0,5,25,50, 
75, and 95% of twigs browsed, about one-half the estimates 
were within the same use class. Most of the remainder fell 
within two use classes, but a few fell into a third use class. 
Estimates that ranged over three use classes varied in excess of 
40%. Analysis of variance showed such differences significant 
at the .05 level. 

The time required to estimate the percentage of twigs 
browsed and assign appropriate form and age classes on the 
permanent transects ranged from 50 to 95 minutes. As observers 
gained experience, they required less time to estimate and 
record utilization on 50 permanently marked plants. Each 
observer completed evaluation of 50 plants on the “closest 
plant” transects in about 45 minutes. 

Two-man teams required about 40 minutes to measure twig 

Table 2. Comparison of linear, common logarithmic, and quadratic regression analysis of three sets of cliffrose utilization data plotting percentage of 
twigs browsed on percentage of length utilized. 

- --- 
Y=a+bX Y =a+blogX Y = a + 2boX + blX* 

Sites of Means Linear Common log Quadratic 
utilization _ 

data d.f. x Y a b r* a b r* a bo bl r* 

Heavy 194 60.0 91.2 72.56 0.31 .21 36.93 30.96 .19 65.74 0.58 - .0024 .22 
Light 117 29.7 51.7 15.79 1.21 .72 20.39 56.05 .78 3.22 2.56 - .0208 .80 
Moderate 117 62.8 88.8 40.69 0.76 .48 -50.37 78.19 .60 -0.96 2.48 -.0160 .62 

‘All coefficient\ differ synit‘kwdq t’r~nl 0 at the .()I kvel. 
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Table 3. Comparison of consistency of average between observers on a 
bitterbrush transect and three cliffrose transects for the winter of 1968- 
69. 

Estimated percentage of browsed twigs 
Percentage of twig 
length utilized on 

Species 

“Closest plant” Permanent transect permanent transect 

No. of No. of No. of 
observers Range observers Range teams Range 

Bitterbrush 3 7 1-86 5 74-84 4 48-5 1 
Cliffrose 3 94-95 7 87-97 4 61-62 

lengths of the 50 tagged cliffrose branches and about 50 minutes 
to measure twig lengths of the 50 tagged bitterbrush branches, 
about twice as many man-hours as estimating the number of 
twigs browsed. Combining the time required for fall measure- 
ments with that required for spring measurements, the twig 
length method takes about four times as long as the browsed- 
twig method. 

Discussion 

Neither estimating the number of twigs browsed nor meas- 
uring twig lengths supplies the ultimate data for managing big 
game herds on winter ranges. Estimating the number of twigs 
browsed requires only one technician to collect and record the 
information. However, individual biases influence estimated 
values. It also becomes insensitive under heavy utilization 
levels. Stickney (1966) found this to be true at utilization levels 
above 55% of length for black chokecherry (Prunus virginiana) 
and about 60% of length for Saskatoon serviceberry (Amel- 
anchier alnifolia). Similar results have been reported for several 
herbaceous species (Springfield 196 1; Springfield and Peterson 
1964; and Charlton 1968). 

Obtaining useful utilization data from numbers of twigs 
browsed is further diminished when considering proper or 
allowable utilization levels. Evidence has demonstrated that 
utilization intensities exceeding 60% of the twig length may be 
permissible for some species in Oregon (Garrison 1953). 
Garrison (1953) found that foliage production of bitterbrush and 
rubber rabbitbrush (Chrysothamzus nuuseosus) could be in- 
creased on some sites by 75% clipping intensities. If removal of 
50% or more of the average twig length is considered proper use 
or if utilization exceeds 60%, which it frequently does, a 
technique must be employed that will precisely measure that 
utilization. Counting the number of browsed and unbrowsed 
twigs or estimating the percentage of twigs browsed fails to 
do this. 

The twig-length method does not provide a measure of 
condition or trend as it is presently employed. It is designed to 
measure utilization and does this with comparatively high 
precision. When an objective scale such as length measure- 
ments is employed, little bias will be introduced by observers. 
Therefore, annual utilization determinations should be compa- 
rable, even though observers may change. Average twig length 
provides a comparable index of forage yield from year to year, 
an important consideration when recommending hunting sea- 
sons. If yield of available forage has decreased from the 

previous year, for example, utilization by a static animal popu- 
lation should be expected to increase and vice versa although 
this may not always be so. The problem of arriving at yield 
indexes from current average twig length has been recognized 
and discussed by Dasmann and Hjersman (1958) and Smith and 
Urness ( 1962). 

Conclusion 

Techniques that depend upon the numbers of browsed twigs, 
without regard to weight consumed, are generally restricted to 
establishing utilization at levels less than 60% of the weight. 
Such methods may be suited to certain situations. If final 
utilization is expected to be light or when periodic checks are 
needed to insure that utilization does not exceed 40--50%, 
more laborious procedures need not be considered. The real 
advantages of “counting’ ’ methods are speed and simplicity 
(Stoddart 1935). If stems are completely removed with first 
contact by an animal, the relationship between numbers and 
volume is linear and certainly the most rapid method is the best 
in this case. However, such situations rarely occur, and if not, 
the results are unreliable (Pechanec 1935). 

The main problem in estimating or counting the number of 
twigs browsed lies in its inability to provide adequate informa- 
tion for managers. For example, managers will generally allow 
50-60% utilization by weight of a key plant species. Frequently, 
removal exceeds 50% of the key species on big game winter 
ranges, but counting or estimating numbers of twigs browsed 
cannot detect this adequately. For that reason, it is important to 
use a technique that will measure volume removed precisely 
from O-100% when utilization data are essential to proper 
management. The twig length method fulfills this requirement. 
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A Technique for Estimating Big Sagebrush 
Production 

L. R. RITTENHOUSE AND F. A. SNEVA 

Highlight: Photosynthetic and woody aerial biomass of big sage- 
brush was successfully estimated from linear measurements of 
crown width and area. Combining the above variables with height 
resulted in higher R2 values than various crown measurements 
alone. 

It is often desirable to know the total production of the aerial 
biomass of big sagebrush (Artemisia tridentuta Nutt.) to study 
competition among plants, to determine total available browse, 
to estimate available fuel for control or uncontrolled burning, 
and so on. Only time-consuming cutting and weighing of entire 
plants can be used to obtain production estimates. Estimates of 
photosynthetic biomass are even more laborious. 

We studied the relationship between various expressions of 
linear and area measurements and production of aerial biomass 
of big sagebrush. In this study measurements were restricted to 
the subspecies wyomingensis. 

Methods and Materials 

Plants were selected at predetermined points along a line from two 
different sites about 3.5 km apart on the Squaw Butte Range Station 
during 2 separate years. The station is about 70 km west of Bums, 
Oregon, at 1,640 m elevation. Site I was on a low terrace with deep 
soils. Important associated species included little rabbitbrush (Chryso- 
thamnus viscidijlorus), basin wildrye (Elymus condensatus), bottle- 
brush squirreltail (Sitanion hystrix), Thurber needlegrass (Stipa 
thurberiana), and western groundsel (Senecio integerrimus). Site 2 
was on an alluvial plain with a moderately deep soil. Important associ- 
ated species were granitegilla (Leptodactylon pugens), bottlebrush 
squirreltail, Sandberg bluegrass (Poa sandbergii), Idaho fescue 
(Festuca idahoensis), and Thurber needlegrass. 

On July 14, 197 1, and August 5, 1972, whole plants of big 
sagebrush were cut at ground level following in situ measurement of 
height (H), and two measurements of crown width (W). The first (WI) 
was defined as the longest intercept with the second (W2) taken on a 
perpendicular line bisecting the WI line. Intercept was defined 

During the research, authors were assoctate professor. Rangeland Resource Program, 
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search Service, U.S. Department of Agriculture, Burns, Oregon 97720. (Oregon Agri- 
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The report is a contribution from the Squaw Butte Experiment Station, Bums, Ore. 
97720. This station is jointly operated by Oregon Agr. Exp. Sta., Oregon State 
University, and Agr. Res. Serv., U.S. Dep. Agr. 

as a vertical projection to a line for photosynthetic plant tissue. Photo- 
synthetic material (biomass) was defined as ephemeral leaves (leaves 
developing early and shed during periods of stress) and persistent 
leaves (leaves that overwinter) (Winward 1970). Canopy openings 
less than 30 cm were considered as continuous intercept. Plant height 
was measured to the tallest actively growing plant tissue. Measure- 
ments were to the nearest 3 cm. Elliptical crown area (A) was 
determined as 

7r wtw2 

4 

Cut plants were placed in large plastic bags. While one end of the 
bag was left open, the contents were air dried to a constant weight. 
Photosynthetic biomass was removed from the woody portion, oven 
dried at 6O”C, and expressed as grams on an oven-dry basis. Woody 
biomass (aerial biomass remaining after removal of leaves) was 
expressed as grams on an air-dry basis. 

Data for 197 1 and 1972 were pooled, based on an analysis of co- 
covariance for homogeneity of regression coefficients (P>O. 10) and a 
t test on differences in the Y intercepts (P>O. 10). 

Results 

Plants ranged from 34 to 117 cm high and 20 to 119 cm along 
the W 1 and 19 to 98 cm along the W2 intercept. Crown surface 
areas ranged from 58 to 12,872 cm2. 

When either photosynthetic or woody biomass was plotted 
against measurements of width or height, the resulting relation- 
ship was best represented by the following function: 

Y =aXb 
where Y is a biomass, X is the independent variable and b is the 
rate of change. For linear approximation the data was 
transformed to fit an equation of the following form: 

log Y = b. + bJogX 
where Y and X are as above and b, is log a and b I= b (a typical 
scattergram is given in Fig. 1). 

Photosynthetic Biomass 

Although log (WI + W2)/2 accounted for the most variability 
in biomass (r2 = 0.90)) it accounted for only 2,5, and 4 percent- 
age units more than log WI, log A, and log H, respectively. Log 
W2 accounted for only 73% of the variability in biomass (Table 
l), and the sy.X was nearly 50% larger than the average sy.X of 
the other variables mentioned above. 
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Table 1. Regression and correlation statistics for various expressions of 
width and cover vs photosynthetic biomass of Wyoming big sagebrush, 
oven-dry basis.’ 

Statistic2 

bo b, b2 % s y.x R2 

log WI -1.51 1.83 0.216 0.88 

log WI + log w2 
-I .53 1.47 0.413 0.208 0.89 

log WI + IogH -2.46 1.05 1.28 0.125 0.96 

log WI + log W2 + log H -2.44 0.786 0.320 1.24 0.114 0.97 
log w2 0.900 1.62 0.316 0.73 
log W2 + log H -2.52 0.738 1.67 0.157 0.94 
log (WI + W2)/2 -1.47 1.88 0.195 0.90 
log (Wl + W2)/2 

+ log H -2.36 1.13 1.19 0.114 0.97 
log A -1.86 0.929 1.19 0.234 0.85 
log A + log H -2.71 0.507 1.36 0.132 0.96 
log H -2.68 2.39 0.227 0.86 

’ WI and Wz are plant intercept of width and bisecting width, respectively. A IS elliptical 
area, and H is height 

’ b, IS log a, and bi corresponds to Its respective variable. 

Combining log W2 with log Wi resulted in an improvement in 
the f?’ value of only 1%. However, combining log H with 
individual variables resulted in an improvement in the R’values, 
i.e., 0.88 to 0.96, 0.73 to 0.94, 0.90 to 0.97, and 0.85 to 0.96 
for log Wi, log W2, log (Wi + W2)/2 and log A, respectively. 
Adding log H to log Wi plus log W2, changed the R2 only 1% 
over log Wi plus log H. In all cases adding log H reduced the 
standard error of the estimate to about 50-60% of the sY X of the 
individual variables. 

LOG Wl, cm 

Fig. 1. Relationship between longest width (W,), cm, and photosynthetic 
biomass of Wyoming big sagebrush, glplant, on a log-log scale. 

Woody Biomass 

Combining log Wi, log (Wi + W2)/2, or log A with log H 
increasedR’values from 0.86 to 0.95,0.88 to 0.95, and0.85 to 
0.96 respectively. The coefficient of determination of log W2 
increased from 0.72 to 0.93 when log H was added (Table 2). 

Table 2. Regression and correlation statistics for various expressions of 
width and cover vs woody biomass of Wyoming big sagebrush, air dry 
basis. ’ 

Statistic’ 

Item bo b, b, b, “Y.X R’ 

log WI -2.06 2.55 0.326 0.86 
log wi + w2 -2.08 2.03 0.585 0.317 0.87 
log Wi + H -3.43 1.40 1.86 0.204 0.95 
log w + log w2 

+ log H -3.41 1.03 0.450 1.81 0.192 0.95 
log w2 -1.21 2.25 0.456 0.72 
log W2 + log H -3.52 0.999 2.37 0.237 0.93 
log (WI + W2)/2 -1.99 2.61 0.300 0.88 
log (Wl + W2)/2 

+log H -3.30 1.51 1.74 0.190 0.95 
log A -2.58 1.30 0.330 0.85 
log A + log H -3.78 1.89 0.717 0.191 0.95 
log H -3.73 3.35 0.324 0.86 

‘WI and Wz are plant intercept of width and bisecting width. respectively, A is elliptical 
ma, and H is height. 

width, height, or area of individual plants within a population 
and density of plants per unit area must be determined. 
Considering ease in measurement and the magnitude of the sYeX 
and rz or R2, either photosynthetic or woody biomass per plant 
would be estimated from mean width (W 1) and height (Tables 1, 
2). In this case, all but 4 to 5% in the variability of biomass per 
plant could be accounted for by simple linear measurements. 
Use of linear measurements is justified by the fact that no 
relationship was found between biomass, expressed as log 
g/ml, and log width l (/Q-O. 10). Examples of predicted photo- 
synthetic and woody biomass from width I and height with their 
respective 95% confidence intervals are given in Table 3. By 
combining average biomass per plant (B) with density per unit 
area (D), i.e., BD, an estimate of photosynthetic or woody 
biomass per unit area could be made. We assume, of course, 
that sufficient plants were measured to give an acceptable 
degree of precision of estimates of the independent variable and 
density. 

The data also imply that biomass of Wyoming big sagebrush 

Table 3. Predicted biomass of Wyoming big sagebrush (g/plant) with the 
lower and upper limits of the 95% confidence intervals, using width, and 
height (cm). 

Biomass 

*b. is log a, and bi corresponds to its respective variable. 

Discussion 

Even though the data in this study are presented in terms of a 
static model, the reader should be aware of the fact that the sage- 
brush plant is dynamic in its physiological response to climatic 
variables. In this study, plants were harvested before ephemeral 
leaf-drop. Both 197 1 and 1972 were near-average years, i.e., 
105 and 94% of the long-term average crop-year precipitation. 

In order to apply the relationships presented above, the mean 

Width Height 

10 15 
20 

20 30 
35 
40 

40 40 
60 
80 

80 70 
90 

I10 
120 80 

100 

Photosynthetic woody 

Mean Lower Upper Mean Lower Upper 

1.2 1.1 1.7 1.4 0.0 2.4 
1.8 1.3 2.4 2.4 1.5 3.9 
6.2 5.1 7.5 13.6 10.0 18.6 
7.5 6.2 9.0 18.2 19.9 24.5 
8.9 7.4 10.7 23.2 17. I 31.7 

18.4 15.7 21.6 61.3 47.2 79.5 
30.8 27.2 34.9 130.0 106.0 160.0 
44.5 36.8 53.8 222.0 163.0 303.0 
77.4 66.4 90.5 404.0 356.0 589.0 

107.0 92.2 124.0 730.0 574.0 927.0 
138.0 115.0 165.0 1,059.O 771.0 1,418.O 
141.0 113.0 174.0 1,034.O 728.0 1,470.O 
187.0 154.0 226.0 1,566.0 1,147.O 2,138.0 
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per unit area could be estimated from percentage crown cover, 
provided the rate of change of log percentage crown cover and 
log biomass per unit area was zero. Such a calculation was not 
possible using the data collected in this study, since the 
calculations involved confounded the errors associated with the 
dependent and independent variables. 

In this study the functional relationship of width, height, and 
biomass was independent of site and years and agrees with 
Winward (1970). He reported a close relationship of stem 
diameter with age of Wyoming big sagebrush in Idaho, proba- 
bly because of the characteristic growth of the subspecies 
wyomingensis. Lyon ( 1968) found considerable differences 
in the relationship between crown volume of serviceberry 
(Amelanchier alnifolia) and current annual twig production on 
various sites. We would, however, expect annual production to 
be more site-sensitive than total biomass. Bently, Seagrist, and 
Blakeman (1970) found no differences in the relationship 

between crown volume classes and dry weight in several stands 
of different volume classes of manzanita (Arctostaphylos 
p&da), Chinkapin (Castunopsis sempervirons), snowbrush 
(Ceanothus velutinus), and bitterberry (Prunus emarginata). 

Bentley et al. ( 1970) expressed their data on a log-log scale 
and reported R” values of 0.86 to 0.94 between the dependent 
and independent variables. This result supports the use of the 
exponential form used in this study. 
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THESIS: THE UNIVERSITY OF ARIZONA 

Characterization of Range Sites in the Empire Valley, Arizona, by J. A. de Araujo 
Filho, PhD, Range Sciences. 1975. 

This research deals with the characterization of range sites in the 
Empire Valley study area, 40 miles southeast of Tucson, Ariz. Black- 
and-white aerial photographs were used in the reconnaissance, stratifi- 
cation, and selection of 304 stands evaluated during 1973 and 1974. 
Field data collected by ocular reconnaissance from each stand included 
a list of species, dominance, and composition ratings of individual 
species in herbaceous, shrub, and tree layers, percentage cover of the 
vegetation layers, cobbles and gravel, soil series, topographical 
position, slope percent and aspect, and present grazing intensity. 

Stands were classified into three major categories based on topo- 
graphical position and limyness of the soil: bottomlands, nonlimy up- 
lands, and limy uplands. Specific plant communities and gravel cover 
on the soil surface were used to separate tentative sites on the 
bottomlands. Solar radiation at the soil surface as affected by slope 
angle and aspect, slope percent, and cobble cover were used to 
separate the tentative sites of both the nonlimy and the limy uplands. 
Multiple regression analyses between the abiotic site factors, as 
independent site variables, and individual plant species importance 
values, as dependent variables, were used to test the influence of the 
abiotic environmental factors on the occurrence of plant species in the 
study area. Cluster analyses based on coefficients of similarity among 
stands were conducted, and groups of stands of similar vegetation 
composition were identified. Correlations among plant species were 
tested and possible range site condition and site potential interactions 
were discussed. 

Four tentative sites identified on the bottomlands were justified. 
Sites 1 and 4 were separated on the basis of specific plant com- 
munities, dominated by Hilaria mutica and Sporobolus wrightii 
and/or tree-size Prosopis j&flora, respectively. Sites 2 and 3, 
separated on the basis of gravel cover, reflect the differences between 

Comoro and Pima soil series in terms of vegetation cover. The vege- 
tation groups associated with these latter two sites were greatly 
influenced by range condition. 

The 10 tentative sites of the nonlimy uplands were regrouped into 
seven range sites. Site 6, representing the steep south slopes, was 
justified in terms of characteristic plant species, radiation, and slope. 
Tentative sites 8 and 11, initially separated in terms of the difference in 
cobble content, were combined into a single range site because the 
effects of the differences in range condition obscured the differences 
caused by the small cobble cover percent. Tentative site 10, repre- 
senting the flat uplands with fine textured soils, was justified as a 
range site and supported a specific plant community dominated by 
Hilaria mutica. Tentative sites 13 and 15, the gentle and moderate 
slopes of the 600-700 langleys/day radiation class did not present 
sufficient plant community differences to justify a separation into two 
distinct range sites. Site 17, representing the steep slopes of the 
600-700 langleys/day radiation class was separated as a distinct range 
site based on differences in slope and plant community. Two distinct 
range sites were identified in the low radiation classes in terms of 
characteristic plant communities. Sites 19 and 22, radiation classes 
500-600 and 400-500 langleys/day, respectively, were combined as 
one site. Site 24, radiation class 300400 langleys/day, was justified 
as a distinct range site separated from other north slopes because of 
steep slope, low herbaceous cover, and presence or absence of specific 
species. 

No attempt was made to separate sites on the limy uplands, due to 
the inadequate number of samples per tentative sites. However, trends 
indicate a pattern in the number and characteristics of range sites 
similar to those of the nonlimy uplands. 
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Reseda lutea: A Multipurpose 
Lands 

M. R. MOGHADDAM 
Highlight: Rest& lulen b a plant welt adapted to the arid and semiarid 

rangetands Of Iran. 11 pmvides early spring green growth, is palatable to 
sheep and goats, and compares favorably with alfalfa in nutritive content. 

Aridity of the climate is the most important factor in limiting plant 
gmwth and, therefore, forage production in arid and semiarid lands. 
Limited existing or potentially available water does not leave oppar- 
tunity for forage production under irrigation, because other demands 
of the increasing population are expanding constantly. Also, the cost 
of hay produced under irrigation does not leave the alternative to 
increase irrigated forages for livestock needs; furthermore, sheep and 
goat raising can be reliable if the animals can take most of their 
nutritional needs from rangelands. The only solution to solving the 
problem of forage and meat production in arid and semiarid rangelands 
in areas such as Iran seems to be producingforage under dvfarming. 

For seeding programs each area has the opportunity to use intro- 
duced plants; however, there are also many native species which still 
exist in the natural vegetation that could be used for reseeding. 
According to my experience, Reseda lutea can be considered as one of 
the most useful and multipurpose plants for arid and semiarid 
rangelands. 

Growth Characteristics 
Reseda lutea is a plant of the Resedaceae family, which is a 

perennial with deep roots and many erect and very fast-growing stems, 
each terminating in a series of flowers, and which remains green 
during the summer. The flowers are very attractive to honey bees, 
more attractive than clover (Trifolium prarense) flowers. It is a very 
early-growing plant, and, according to our observations, is one of the 
earliest growing in arid and semiarid rangelands. 

Phenological observations in 1975 on southern slopes of Albourn 
Ranges, Iran, at 1,300 m elevation, gave the following growth 
periods: 

Growth started March 15 
Flower buds forming April 4 
Flowering began April I8 
Flowering ended June 2 
Seed ripening June I4 
Growth ended October25 

Comparing the beginning of growth of Reseda to other native 
species in the region, we observed an approximate 25.day interval in 
which Reseda produced forage ahead of the principal associated 
vegetation. Reseda k&a was 32.5 cm in height and in full fewer on 
April 25; but the dominant species of the site, Stipa barbata, Artemi- 
sia kerba-alba, and Salsola rigida, were in early growth. This early 
gmwth is very important, especially in mountainous regionsorregions 

Plant for Arid and Semiarid 

Iron,. 

where there is a deficit of winter forage and the livestock suffer from 
shortages of forage during late winter and early spring. 

Rae-da produces considerable seeds, and the seeds germinate 
easily, even in very harsh conditions. The seedlings can become 
established under severe growing conditions. This can be observed 
from its distribution in Iran. It occurs in Iran from 100 mm annual 
precipitation in the northeast hills of Zahedan at I.700 m elevation 
(Moghaddam 1975) to 400 mm 25 km south of Amol near the Caspian 
Sea at 300 m elevation (Moghaddam 1973). 

The elevational distribution of Reseda ranges from 300 m south of 
Amol to 1,900 m in central Alboum. It survives well under extremes 
of temperatures, growing in northeast Zahedan, where temperatures 
can exceed 50°C. as well as in the Karadj Region and Albourn 
Mountains, where winter temperatures may fall below -25°C (Fig. 
31. 

Species Growth stage DM CP CF Ca P 

- Resedn heo Pre-“owedng 18.8 17.5 23.6 2.5 0.27 
Full “owering 22.2 18.8 23.4 2.7 0.27 
Seed stage 31.1 16.1 43.4 1.9 0.22 

MediMgOSaiw Pre-“owering 20.6 24.6 13.8 2.3 0.30 
Flowering 27.9 16.8 28.6 2.4 0.15 

‘DM = dry mawr. CP = crude p’“‘ei”: CF = crude fiber,. Ca = UdlCI”rn, and P = 
$l”\ph”rus. 



Forage Value 

According to data obtained from chemical analysis (Table I), 
Reseda as compared with alfalfa (Medicago sarivn) is high in 
nutritional value. The palatability ofReseda has been tested in feeding 
trials by range-grazed native sheep and goats, where it was compared 
with alfalfa (Medicago sariva) and crested wheatgrass (Agropyron 
deserrorum). The green forage of the Reseda, alfalfa, and crested 
wheatgrass was cut into S-cm pieces and fed on the range. Samples 
were weighed before and after each trial and the percents consumed of 

each species were calculated (Table 2). More Reseda was taken than 
either the alfalfa or crested wheatgrass. 

Conclusion 

The characteristics of growth, establishment, adaptation, and pal- 
atability of Reseda lutea indicate it not only can be a very useful plant 
for grazing or hay production for winter times in harsh conditions of 
aid and semiarid rangelands, but it also has a potential as a plant for 
establishing or improving cover in watersheds and areas with severe 
emsion. It also should be a useful plant for revegetating road cuts, 
mining areas, and spoil banks. Its distribution in different conditions 
leaves the opportunity to use this plant not only in restoring natural 
vegetation in Iran, but in similar conditions in other countries. 

It is rcommended that studies be undertaken about introduction of 
this plant into variable ecological conditions. 

Literature Cited 

Mogbaddam, M. R. 1973. Intmduction to range management. College of 
Natural Resources, Karaj, Iran. 

A Tool and Method for 
Remote Sites 

GARY R. BROWN AND JOHN F. THlLENlUS 

Extracting Plant-Root-Soil Cores on 

For a study of above- and below-ground biomass production of 
alpine and subalpine ranges in Wyoming (Thilenius 1975) we needed a 
coring tool to obtain intact samples of above-ground plant parts, roots, 
and soil on sites which were not accessible to motor vehicles. The tool 
bad to (I) be easily portable, (2) be man-operated, and (3) cut and 
remove cores rapidly. 

Design and Methodology 

The tool we built (Fig. 1) has a cutting head patterned after that of 
the common soil bulk-density sampler (Blake 1965), but has a much 
longer tube so long cores could be extracted in one piece. Two handles 
are welded to the tube to aid in pulling it from the ground. 

Our original idea was to drive the coring tool into the ground with a 
sledgehammer. However, this method damaged the upper pat of the 
tube, even though it had been reinforced. More importantly, thecutting 
edge was chipped and bent from contact with rocks in the soil. 
Pounding was also slow, required considerable physical effoe, and 
meant the extra weight of a heavy sledgehammer had to be carried. 

During preliminary trials we discovered the tool could be twisted 
into the ground without pounding: One person kneels, grasps the 
handles of the corer, and holds it upright, while a second person stands 
on the tool, his feet on the handles immediately next to the tube. By 
placing his hands on the shoulders of the kneeling person, the standing 
person can maintain his balance and still have most of his weight on the 
tml (Fig. 2). The kneeling person then twists the tool back and forth 
around its axis so it drills into the ground. The combination of weight 
and twisting motion makes it relatively easy to push the tool into the 
gmund. 

After the tool penetrates to the desired depth the person standing on 
the tool steps off and pulls the tool from the ground with a twisting 
motion. We obtained intact cores 20 inches (50.8 cm) long without 
difficulty. The large root mass and generally moist soil conditions of 
alpine sites prevented the soil core from falling apart or dropping out of 
the tool. 

We first put the extracted cores in heavy plastic bags for trans- 
portation from the field. Normal movements while transporting the 
cores either by backpacking or on a packhorse caused soil material and 
above-ground plant parts to become mixed, with consequent damage 
to the plant parts and loss of soil material. Even when undamaged, the 



A Tool and Method for Extracting Plant-Root-Soil Cores on 
Remote Sites 
GARY R. BROWN AND JOHN F. THILENIUS 

Highli$ht: A portable, man-operated tool for extracting intact cores of 
soil, roots, and above-ground plant parts on sites inaccessible to motor 
vehicles can be constructed for less than $125.00. Two men can extract up 
to 125 cores in 4 hours. 

For a study of above- and below-ground biomass production of 
alpine and subalpine ranges in Wyoming (Thilenius 1975) we needed a 
coring tool to obtain intact samples of above-ground plant parts, roots, 
and soil on sites which were not accessible to motor vehicles. The tool 
had to (1) be easily portable, (2) be man-operated, and (3) cut and 
remove cores rapidly. 

Design and Methodology 

During preliminary trials we discovered the tool could be twisted 
into the ground without pounding: One person kneels, grasps the 
handles of the corer, and holds it upright, while a second person stands 
on the tool, his feet on the handles immediately next to the tube. By 
placing his hands on the shoulders of the kneeling person, the standing 
person can maintain his balance and still have most of his weight on the 
tool (Fig. 2). The kneeling person then twists the tool back and forth 
around its axis so it drills into the ground. The combination of weight 
and twisting motion makes it relatively easy to push the tool into the 
ground. 

The tool we built (Fig. 1) has a cutting head patterned after that of 
the common soil bulk-density sampler (Blake 1965), but has a much 
longer tube so long cores could be extracted in one piece. Two handles 
are welded to the tube to aid in pulling it from the ground. 

After the tool penetrates to the desired depth the person standing on 
the tool steps off and pulls the tool from the ground with a twisting 
motion. We obtained intact cores 20 inches (50.8 cm) long without 
difficulty. The large root mass and generally moist soil conditions of 
alpine sites prevented the soil core from falling apart or dropping out of 
the tool. 

The authors are, respectively, range research technician and range scientist, Rocky 
Mountain Forest and Range Experiment Station, Forest Service, U.S. Department of 
Agrkuiture. Research reported here was conducted at the Section’s Research Work Unit at 
banlie, ih cooperation with the Umversity ofwyoming. Station’scentral headquarters is 
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We first put the extracted cores in heavy plastic bags for trans- 
portation from the field. Normal movements while transporting the 
cores either by backpacking or on a packhorse caused soil material and 
above-ground plant parts to become mixed, with consequent damage 
to the plant parts and loss of soil material. Even when undamaged, the 
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Our original idea was to drive the coring tool into the ground with a 
sledgehammer. However, this method damaged the upper part of the 
tube, even though it had been reinforced. More importantly, the cutting 
edge was chipped and bent from contact with rocks in the soil. 
Pounding was also slow, required considerable physical effort, and 
meant the extra weight of a heavy sledgehammer had to be carried. 
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Fig. 1. Plan and dimensions of the coring tool. Metric dimensions in ( ). 

plant parts were coated with soil, which made identification and 
weight determination difficult or impossible. We corrected this 
problem by using rigid plastic cylinders instead of bags (Fig. 3). The 
ends of the cylinders were sealed with removable plastic caps and 
carried with the above-ground plant parts uppermost. The cylinders 
can be placed in the corer either before or after the corer is twisted into 
the ground. 

The extracted cores could be stored in the cylinders at -5°F 
(-22°C) for up to 3 months without damage to the above-ground plant 

parts. Absence of damage may be due to the cold-resistent nature of the 
high-elevation plant species we sampled. 

Construction and Materials 
The dimensions of the coring tool we developed are given in Figure 

1. Actual measurements are not critical and may be altered to suit the 
requirements at hand. However, some design elements are critical. 
The first of these is the rounded bulge (A) on the cutting head. This 

Fig. 2. TWO persons are required for the coring operation, 
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Fig. 3. Plastic cylinder being inserted into the coring tool. 

73 



causes the hole made by the tool to be slightly larger than the outside 
diameter of the tube, and eliminates much of the friction between the 
outside of the tube and the surrounding soil as it moves into the 
ground. 

A second critical element is the length of the surface just inside the 
cutting head (B). This should be made as short as possible (without 

loss of strength) to minimize contact, and consequently friction, 
between the core itself and the tool. 

The inside diameter at B determines the diameter of the core. The 
diameter at B must be slightly less than the inside diameter of the plastic 
carrying cylinder so the core does not bind as it moves into the 
cylinder. The outside diameter of the carrying cylinder determines the 
inside diameter of the tube, which should be large enough so the 
cylinder slides easily into the tube. A retaining shoulder (C) is 
machined on the inside of the cutting head to keep the plastic cylinder 
in the tube. 

The tube of the coring tool is made from steel pipe machined on a 
lathe to the required dimensions. Reinforcing strips are left at the top 
and where the sockets for the handles are welded to the tube. Handles 
are 0.75 inch (1.9 cm) diameter galvanized iron water pipe; the 
sockets are pipe couplings. We fitted the handles with bicycle 
handlebar grips to prevent blisters. 

The cutting head is machined separately from the tube and attached 
to it by silver soldering. This method of attachment allows removal (by 
heating) and replacement should the bit become badly damaged. We 
believe silver soldering is a sufficiently strong method of attachment. 
We extracted more than 5,000 cores over a 2-year period without any 
loosening of the cutting head and believe silver soldering to be a 
stronger method of attachment than threading. The edge of the cutting 
head is sharpened and treated with tungsten carbide applied by means 
of an acetylene torch (Eutalloy Process).’ This hardens the cutting 
edge and enables it to cut through or push aside small rocks without 
damage or undue effort on the part of the operator. 

Comments 

We believe the tool and method affords a relatively simple and 
efficient way to obtain samples of above- and below-ground biomass 
in remote locations. We were able to extract 125 cores in about 4 hours 
of actual working time. While we believe we solved the problem of 

____ 

‘Product names are included for the convenience of the reader. Mention of a specific 
product by name of manuticturer doe5 not constitute endorsement by the U.S. Department 
ot Agriculture. Prices are those paid in 1973. 

extracting cores, transporting them from the field may still be a 
problem. An average load of 30 cores in their tubes weighs approxi- 
mately 100 lb (45.5 kg). While this weight can be backpacked for short 
distances, a packhorse is recommended, especially at elevations 
exceeding 10,000 ft (3,048 m). 

Materials and Costs2 

A list of materials and suppliers we used is given below. 

Item cost 

Coring tool tube: 3.0 inch (7.6 cm) I.D. steel pipe 0.1875 
inch (0.48 cm) wall thickness; 22.0 inch (55.9 cm) long $ 4.46 

Coring tool handles: 0.75 inch (1.9 cm) I.D. iron water pipe, 
9.0 inch (22.9 cm) long (2) 1.18 

Handle sockets: 0.75 inch (1.9 cm) pipe couplings (2) 1.22 
Rubber bicycle handlebar grips (2) 1.00 
Coring tool cutting head: 3.5 inch (8.9 cm) O.D. carbon 

steel seamless tubing 6.00’ 
Tungsten carbide hardening material (Grittalloy # 100 11) 4.00 

Total: $ 17.86 

Machinist’s wages: 7 hours @ $15.00 $lO5.00 
Plastic cylinders: 3.0 inch (7.6 cm) I.D. plastic tubing. 

$2.4O/ft (30.5 cm). Available in 6-ft (193 cm) lengths. 
Plasticrafts Inc. 
2800 N. Speer Blvd. 
Denver, Colorado 802 11 

Plastic caps for cylinders: 3.0 inch (7.6cm) I.D. $0.03 each. 
Caplugs Division, Protective Closures Co. 
2 150 Elmwood Ave. 
Buffalo, New York 14207 

‘Approximate cost. 
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Changing Philosophies of Rangeland Management in the 
United States 

GRANT A. HARRIS 

Ranchers and professional range man- 
agers have sometimes thought that they 
make major decisions controlling range- 
land use. During certain periods of our 
history this may be true, particularly on 
private lands. But grazing use on public 
lands is more or less rigidly controlled by 
government, which is responsible and 
responsive to appropriate legislative bodies. 
And in our democracy, legislative repre- 
sentatives are likely to be strongly in- 
fluenced by expressed public sentiments. 

At times, the whole system pays little 
attention to problems of rangeland use, but 
at other times the attention of an aroused 
public is focused directly on these prob- 
lems. Because we are currently enjoying 
such attention, it seems timely to examine 
the changing philosophies of rangeland 
management and the forces which bring 
about these changes. 

Rangeland constitutes almost half of the 
total surface area of the United States and is 
by far the greatest single land use category. 
Even though rangelands are generally at the 
bottom of the scale in productive capacity, 
they are so extensive in area that they 
cannot avoid public attention for long. 
During recurring periods of public con- 
servation enthusiasm (typified by the 
current “ecology” binge, the creation of 
the alphabet soup federal agencies of the 
mid-nineteen-thirties, and the conservation 
furor at the turn of the last century), major 
legislation is written to preserve natural 
resources, including ranges. Restrictive 
legislation usually provides for the estab- 
lishment of a bureau in government to 
enforce provisions of the act. Then the 
policy becomes somewhat self-sustaining 
and very difficult to change without support 
from a powerful political group. 

The author is chairman, Department of Forestry and 
Range Management, Washington State University, 
Pullman 99 163. 

Drought, economic depression, war, 
threatened population explosion, and other 
natural crises may impact government 
bureaus and change policies of rangeland 
use in various ways. Previously passed 
laws may be repealed, rewritten, or simply 
ignored to allow citizens to meet their real 
life problems of finding food, clothing, and 
housing. It may become socially acceptable 
to plunder the natural resource reserve for 
personal gain. 

During “normal” times, between frenzy 
and famine, the smoldering forces of 
“preservation” and “exploitation” are 
more or less at a stand-off, unable to 
generate the great public outcry needed to 
bring about significant change. 

In the following historical review, an 
account will be given of social, economic, 
and biological forces at work changing 
philosophies of rangeland management. 

Early Attitudes: 
Free Uncontrolled Use 

Soon after the original 13 states formed 
the Union, their nonprivate lands were 
deeded to the federal government. This 
acreage became the original public domain. 
In a relatively quick succession of pur- 
chases and treaties, over the period of 1803 
to 1867, hundreds of millions of acres of 
land were added to the public domain, 
bringing the boundaries of the country 
approximately to their present location 
(Hibbard 1939). 

Ownership of this vast surplus of land 
posed many serious problems for the 
relatively inexperienced federal govern- 
ment. Disposal seemed the wisest course, 
and various means were devised. Land 
sales offered in an attempt to raise funds for 
governmental operation were only partly 
successful. Homestead laws, beginning in 
1862, transferred much of the best land into 
private ownership. Federal land grants 
were made to encourage development of 
railroads, canals, schools, prisons, and 
other improvements in an effort to stimu- 
late settlement. 

Essentially no provision was made for 
controlling grazing or other use of the 
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extensive undisposed public domain. In the 
beginning, stockmen used practically all of 
it without charge, or any semblance of 
control. As the government’s disposal 
program proceeded, homesteaders fenced 
in the best agricultural lands and stockmen 
were forced to move to the less productive 
ranges not suitable for intensive crop 
agriculture. By controlling water holes and 
through mutual agreements worked out 
with neighbors, cattlemen frequently were 
able to maintain tenuous control of their 
occupied ranges. Itinerant sheep bands 
with nothing more than a sheep wagon for a 
headquarters moved across the ranges and 
further complicated a tense situation. This 
was the status of public domain lands in 
1905 (Barnes 1925). 

The range management philosophy of 
the government at this time was to avoid 
interfering with the stockmen’s use of the 
range. Under this administration, public 
domain ranges were filled up rapidly to 
eventually become severely overstocked, 
and great damage was inflicted. The 
stockmen themselves, in responding to a 
questionnaire, overwhelmingly favored 
strict federal control of stocking and 
assignment of designated areas on the 
public ranges (Potter 1905). 

The great public need during this period 
was for economic development of the land. 
But unmitigated greed mixed with a pure 
lack of understanding of the fragile nature 
of the western range resource brought 
widespread destruction of native cover and 
subsequent loss of topsoil. 

During this same period, timber and 
other resources were being similarly ex- 
ploited. National and state conservation 
organizations, such as the American For- 
estry Association, and many public spirited 
individuals raised a clamor about forest 
resources destruction. In the beginning, 
their efforts drew little attention; but with 
the leadership of Gifford Pinchot, newly 
appointed Chief Forester fresh from pro- 
fessional forestry training in Europe, and 
Theodore Roosevelt, the Rough Riding 
hero President, the entire political climate 
changed. By Presidential edict, clever 
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legislative finagling, and bull-headed per- 
sistence, they steered federal land policy on 
a steady course between private exploi- 
tation and public preservation. Pinchot’s 
idea of management for “the greatest good 
to the greatest number” ushered in a new 
era for forestry, including not only trees, 
but forage, water, wildlife, and recreation. 
His “wise use” brand of conservation 
caught the imagination and support of 
sufficient power centers to bring it into 
practice on the newly established national 
forests and set it as a beacon for others to 
follow. 

wise use 

In 1905 the Forest Reserves were placed 
under the administration of the newly 
established Forest Service. In a report to the 
Senate that year, Forest Service Chief of 
Grazing Albert F. Potter recognized over- 
stocking as “the greatest cause of range 
destruction and decreases in its carrying 
capacity. ” Grazing studies were made to 
determine “carrying capacity” of each 
unit, and specifications made of numbers 
permitted, seasons of use, and class of 
stock. Management philosophy, as ex- 
pressed in the Forest Service “Use Book,” 
included both biological and social ob- 
jectives. It stated: “The Forest Service will 
allow the use of the forage crop of the 
reserves as fully as the proper care and 
protection of the forests and water supply 
permit.” The regulations further specified 
that permanent operators who owned land 
for maintenance of the stock when off the 
national forests were to be given first pref- 
erence in the issuing of National Forest 
Grazing Permits. The biological objective 
was to maintain the forage and the soil under 
full grazing use in a state of sustained yield 
in perpetuity. The social objective was to 
stabilize the livestock industry and to 
integrate use with other resource use: 
water, timber, wildlife, and recreation 
(Pinchot 1947). 

Even though large acreages of un- 
reserved public domain, as well as many 
private holdings, continued to deteriorate 
under unrestricted grazing use during this 
period, the practice of improved range 
management on national forests had a 
salutary effect. It led to the development of 
a system of practical range management 
principles and practices through practical 
experience and demonstrated the need for 
range research. Universities were stimu- 
lated to develop curricula leading to 
professional degrees. Range management 
became recognized as a distinct profession 
among land managers. Gradually, stock- 
men came to accept the philosophy of 
sustained yield on Forest Service ranges, 
and the social objective of making secure 
the forage supplies needed to stabilize the 
livestock industry began to be realized. 

Perhaps the first comprehensive treat- 
ment of range management and principles 
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was published in 1915 by Jardine and 
Anderson. They defined range manage- 
ment as “the application of a system of 
range use which (accomplishes) in a broad 
sense the aims of regulated grazing; . . , it 
is the fullest and best use of the grazing 
resource consistent with the protection, 
development, and use of other resources.” 
(Note that the professional range manager, 
by implication, is the key decision maker.) 

In the years following Pinchot’s estab- 
lishment of range management on the 
national forests, the unappropriated public 
domain was used much as before, without 
control of livestock numbers or seasons of 
use. Grazing on private lands, in general, 
also suffered from lack of enlightened 
management. The Forest Service persisted 
in agitating for grazing regulation on all 
public lands and also attempted to spread 
the science to private land holdings through 
education. But stockmen successfully re- 
sisted, using their considerable political 
power to counter the relatively weak 
conservation groups. 

War 
During World War I many of the gains 

previously made in management of the 
national forests were temporarily reversed. 
The United States government took on the 
responsibility of feeding the world under 
the “Hoover Plan,” which required heavy 
production of livestock from forest ranges. 
Overstocking was officially encouraged 
to meet quotas. Long-term permits were 
issued for excessive numbers, and in many 
instances, 25 to 30 years were required to 
return forest ranges to proper stocking 
levels. 

In the meantime, organizations and 
agencies continued to press on for regu- 
lation on all public lands. In 1925, the 
Forest Service released a bulletin titled 
“The Story of the Range,” authored by 
Chief of Grazing Will C. Barnes, which 
gave an historical account of the destruc- 
tion of the range as a result of lack of proper 
livestock management. In this bulletin he 
openly proposed that the remaining un- 
reserved public ranges be transferred to the 
U.S. Department of Agriculture and graz- 
ing regulated by the Forest Service. The 
Forest Service had implicit faith that, given 
the opportunity, it could bring order from 
chaos on these lands. Many of the stock- 
men operating on public domain ranges in 
winter trailed livestock to nearby national 
forest ranges for their summer feed. 

Forest officers knew how to work with 
these stockmen on the Forest and believed 
they could extend regulation to the public 
domain. But interagency jealousies and 
entrenched administrative authority could 
not be moved in normal times. 

Double Jeopardy: 
Depression and Drought 

The greatest depression was com- 
pounded by the greatest drought. The 

IO-year depression came in 1929, and the 
drought came in 1932, 1934, and 1936 
(with poor years in between). The de- 
pression ruined the market and the drought 
ruined production. Typical is the story of a 
farmer who shipped his hog to market in 
Chicago; transportation costs were $3.25. 
The hog sold for $3.00. 

In this national crisis, the Taylor Grazing 
Act of 1934 became possible, initially 
bringing 80 million acres of grazeable un- 
reserved public domain land into managed 
grazing districts. (Later additions expanded 
grazing districts to cover more than 160 
million of the original 200 million acres of 
unreserved and unappropriated federal 
lands.) The Great Drought emphasized the 
overstocking situation and did much to 
convince the nation of the need for 
application of range management princi- 
ples. Relief programs instituted to over- 
come the suffering of people in the Great 
Depression provided funds for research, 
range improvement programs, and college 
education in natural resource management. 
The Taylor Grazing Act established the 
Grazing Service in the Department of the 
Interior (in 1946 combined with the 
General Land Office to become the Bureau 
of Land Management) as the management 
agency with responsibility for saving these 
ranges from destruction. Much of the art 
and science of range management as 
developed by the U.S. Forest Service was 
adopted directly, where applicable. 

Several other conservation agencies 
were born during this same period, in- 
cluding the Soil Erosion Service (later the 
Soil Conservation Service) and the Agri- 
cultural Adjustment Administration (later 
the ASCS). State governments found 
guidance in federal legislation, and many 
western states established agencies which 
initiated grazing policies on state lands. An 
“Interagency Range Committee” fortnu- 
lated uniform grazing inventory proce- 
dures. Professionally trained range man- 
agers were in demand, and western land 
grant colleges rose to the occasion. 

In 1936, the U. S . Forest Service released 
adocument titled “The Western Range-A 
Great But Neglected Natural Resource” in 
response to Senator Norris’ resolution. 
This was a detailed report of the extent and 
condition of the range, as well as recom- 
mendations for its future management and 
renovation. As defined in this report, the 
objectives of range management were to 
“restore and maintain in perpetuity on a 
sustained yield basis, and utilize ail of the 
resources of the land. ” 

The thrust continued to be oriented 
primarily toward the economics of the 
livestock industry for the next two decades, 
as indicated by textbook definitions. 
Stoddart and Smith (1943) said, “Range 
management is the science and art of 
planning and directing range use so as to 
obtain the maximum livestock production 
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consistent with conservation of the range 
resources. ” Sampson’s definition (1952) 
was similar, stating, ‘ ‘Range management 
is the science and art of procuring maxi- 
mum sustained use of the forage crop 
without jeopardy to other resources or uses 
of the land.” Stoddart and Smith’s second 
edition (1955) changed the wording slight- 
ly (but not the philosophy) to read “the 
science and art of obtaining maximum live- 
stock production from range land con- 
sistent with conservation of the range 
resource. ’ ’ There were few dissenters, as 
most seemed preoccupied with overcoming 
the depression, winning the Second World 
War, raising big families, and making 
certain that their children had all the 
niceties their parents were denied by the 
Great Depression. 

What’s This? 
Money Isn’t Everything? 

Following World War II, the national 
economy enjoyed a long period of in- 
creasing industrial production, and individ- 
ual incomes spiraled. Populations shifted to 
metropolitan centers as agriculturalists, 
also adopting modern chemicals, ma- 
chines and management practices, in- 
creased individual production phenomenal- 
ly. The “affluent society,” as it came to be 
called, developed attitudes and tastes 
which were quite changed from the pre- 
dominantly agricultual economy of a few 
decades earlier. Significantly, the balance 
of political power, under legislative re- 
apportionment following the “one man one 
vote” concept, moved to the burgeoning 
urban centers. There, city dwellers became 
accustomed to thinking of food as always 
available at low prices and in great 
abundance on supermarket shelves. 

The new generation often found that 
securing the material things their parents 
struggled for (food, clothing, and shelter) 
was no challenge. In fact, they had more of 
everything than they needed to the point 
where some even felt a revulsion of 
material things. Spin-off from the great 
productive capacity of the country allowed 
them to live comfortably, if frugally, 
without employment. A philosophy of 
“zero population growth” and a “no- 
growth economy” evolved. Their interests 
turned to aesthetics such as environmental 
quality, rare and endangered species, wild 
and scenic rivers, and the preservation of 
wilderness. College students anxiously 
demonstrated membership in the “cult” by 
wearing ragged blue denims, beards, long 
stringy hair, and the ubiquitous back pack 
filed with books. 

Recreation organizations sprung up in 
the most unexpected places. Bird watchers’ 
clubs, rock hound clubs, dune buggy clubs, 
motorcycle clubs, four-wheel drive clubs, 
snowmobile clubs, hiking clubs, bicycle 
clubs, and recreation vehicle clubs, to name 
a few, spread over the ranges from Mexico 

to Alaska. Old-line conservation organi- 
zations, such as the Sierra Club, Izaak 
Walton League, Audubon Society, Ameri- 
can Forestry Association, Wildlife Feder- 
ation, and Wilderness Society, grew phe- 
nomenally in memberships (some exceeded 
100,000). “Instant Ecologists” appeared 
in the ranks of every discipline, profession, 
and walk of life. Housewives abandoned 
their kitchens to join the Crusade. “Ecolo- 
gy” became the stock-in-trade subject of 
customer conversations with barbers and 
shoe salesmen (for those who continued to 
have haircuts and wear shoes). 

The conflict for use of the public lands 
grew to such proportions that from time to 
time it occupied the center of national 
attention, with significant political, social, 
and economic impacts. Land managing 
agencies were caught between the preser- 
vationists, the recreation developers, and 
the consumptive users (including the stock- 
men). 

Legislators in this republic opened their 
ears, and the new laws which appeared 
were a direct response to the attitudes of the 
changing electorate. For example, the Wild 
Horse and Burro Preservation Act passed in 
a flush of emotion expressed by millions of 
city dwellers, some of whom were led to 
believe they could capture their very own 
wild horse and raise it in their back yard. 
Stockmen were made to seem, in the public 
eye, selfish profiteers taking for themselves 
that which belonged to the public. The 
thought that “token grazing fees” paid for 
grazing permits would readily be foregone 
in favor of preserving the ranges for public 
recreation (or even no use at all) gained 
wide_ acceptance. The Bureau of the 
Budget, following an agency-wide study, 
more than quadrupled grazing fees recently 
in effect. 

Priority for livestock grazing use on 
public ranges reached an all-time low in 
U.S. history. Consideration of the needs of 
big game animals progressively took pre- 
cedence over domestic stock in agency 
grazing plans and research programs. 
Consideration for nongame species, and in 
particular, rare and endangered plant and 
animal species, was given highest priority. 

A new range management text, third 
edition, was written during this period and 
released in 1975 (Stoddart, Smith, and 
Box). The tone throughout the book was 
heavily colored with the constraints placed 
on range management by the broadly 
changed social needs outlined above. The 
new definitions of range management 
clearly reflects this change in philosophy, 
as well as some sharpening and moderni- 
zation of terms. It reads: “Range manage- 
ment is the science and art of optimizing the 
returns from rangeland in those com- 
binations most desired by and suitable to 
society through the manipulation of range 
ecosystems. ” 
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Note the change! The more sophisticated 
economic term “optimizing” has replaced 
the impractical idea of “obtaining maxi- 
mum” production. The addition of the 
phrase ‘ ‘manipulation of range ecosys- 
tems” is largely a modernization of terms 
and an extension of past ecological 
thought. More significant though, is the 
change in what is expected to be produced. 
“Livestock production” has become “re- 
turns from rangeland in those combinations 
most desired by and suitable to society.” 
Certainly this is an expression of altered 
philosophy in range management, re- 
flecting accurately the mood of current 
social attitudes, developed in the fire of 
social and political debate. In the future, 
the people, represented primarily by activ- 
ists, are expecting to make the decisions 
regarding what the highest priority uses of 
the range will be. In many instances that 
could mean rock hounding, hunting and 
fishing, open space, wildlife, water, tim- 
ber, or just beautiful scenery. It may or may 
not include the production of livestock. 

Professionals have the responsibility of 
being able to manage the ranges to attain 
these objectives as determined by the 
public. As professionals, we can no longer 
expect to have our personal opinions about 
priorities accepted without questions. But 

neither can we afford to neglect expressing 
our opinions on these subjects, where we 
may have the best information about land 
use priorities available. 

People tend to be somewhat like sheep. 
They often fatuously follow the latest 
fashion, not only in clothes but in social 
action. With much increased leisure time, 
with a TV in every living room, and a 
newspaper on every doorstep, the writhings 
of public opinion are becoming more 
convulsive and violent with the passing 
years. Self-styled experts gain reputation 
and remuneration by making shocking 
statements, sometimes without reference to 
facts. People routinely fall in behind them 
and march off on another crusade. If the 
crusade wanders out onto the range, cool 
headed professionals are needed. 

Political scientist Norman Wengert says: 
“In an age of insecurity, the timid among 
us squirm and fidget when confronted with 
controversy. They mistake social conflict 
for social disorganization. Dispute and 
disagreement-the elements of political 
struggle-are too often frowned upon. Yet 
these are the essence of the democratic 
process in twentieth-century America. And 
it is through this process that the public 
interest may be identified and achieved, for 
the public interest is not some object 
principle handed down to mortals from 
above. It is what we, the public, believe 
and feel as a result of our experience, as a 
result of our collective judgements. This 
has been the basis of the political struggle 
over resource policy. 
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World Hunger? 
Predictions of the future always bear 

some hazard; but signs are becoming clear 
that new attitudes are forming which will 
again change national policies. The un- 
employed and workers threatened with 
insecurity by environmentally related re- 
strictions on economic activities are having 
second thoughts about their zeal for the 
cause. Students these days are interested in 
jobs. Businessmen are expressing their 
needs more persuasively and eloquently, 
and sympathy for their point of view is 
appearing publicly. 

Renewed interest is appearing for the 
range as a source of food. Range forage is 
becoming recognized as an alternate to feed 
grains, which thus might be saved for direct 
human consumption. Appropriations for 

range research have ended their long 
downward trend. “Red meat production” 
is a common phrase in titles and bodies of 
publications expressing fears of the future. 

Perhaps range livestock production will 
have a new day! 

Literature Cited 

Barnes, Will C. 1925. The story of the range. 
Hearings before a subcommittee of the Com- 
mittee on Public Lands and Surveys, U.S. 
Senate, 69th Congress, First Session, Pursuant 
to S. Res. 347, Part 6. 

Hibbard, B. H. 1939. A history of the public 
land policies. The MacMillan Co., New York, 
1924. Reprinted by Peter Smith, New York. 

Jardine, J. T., and Mark Anderson. 1915. 
Range management on the national forests. 
U.S. Dep. Agr. Bull. 790. 98 p. 

Pinchot, Gifford. 1947. Breaking new ground. 
Harcourt, Brace and Co., Inc., New York. 

Potter, Albert F. 1905. Grazing on the public 
lands. U.S. Dep. Agr. Bull. 62. 62 p. 

Sampson, A. W. 1952. Range management, 
practices and principles. John Wiley and Sons, 
New York. 

Stoddart, L. A., and A. W. Smith. 1943. 
Range management. McGraw-Hill, New York. 

Stoddart, L. A., and A. W. Smith. 1955. 
Range management (Second Edition). 
McGraw-Hill, New York. 433 p. 

Stoddart, L. A., A. W. Smith, and T. Box. 
1975. Range management (Third Edition). 
McGraw-Hill, New York. 532 p. 

U.S. Forest Service. 1936. The western range, a 
great but neglected natural resource. Senate 
Dot. 99. 620 p. 

Wengert, Norman. 1955. Natural resources and 
the political struggle. Random House, New 
York. 68 p. 



Pest Control: An Assessment of Present and Alternative 
Technologies. Volume 1. Contemporary Pest Control 
Practices and Prospects: The Report of the Executive 
Committee. National Academy of Sciences, Washington, 
D.C. 20418. 1975. 506 p., paperbound, $11.75. 

This book leads off a five-part report on a technically and politically 
difficult topic that is vital to us all. Along with the other four volumes 
dealing with corn/soybean, cotton, forest, and public health pest 
control situations, it is the product of a blue-ribbon NAS committee 
charged to “evaluate long-range alternatives for accomplishing pest 
control. ” The committee has done its work well. 

Volume 1 lays the background for and also summarizes the other 
four discipline-oriented reports. It provides the reader with a compre- 
hensive overview of the contemporary pest-control scene, the com- 
mittee’s view of the future, and its recommendations on what control 
approaches should be emphasized. 

Following 24 pages of summaries and recommendations, the main 
part of the book is organized into three major sections as follows: I. 
Contemporary Pest Control Practices (comprising nine separate 
chapters including a variety of topics ranging from Pest Control and 
the Law to Transportation, Storage, and Accidents): II. Prospects for 
Pest Control; III. Summaries, Conclusions, and Recommendations of 
the other four study team reports. The report takes a generally 
aggressive, forward-looking approach toward the need for improved 
technologies, reflecting the current views of most pest management 
leaders that new directions will have to be emphasized in the years 
immediately ahead if the success pest control now enjoys is to con- 
tinue. 

Examples of technologies that are considered ripe for increased 
exploitation include control by pathogens (often highly specific and 
effective organisms, but currently difficult to push through EPA 
registration procedures); genetic-including sterile male-techniques 
cultural practices; improved formulation and application of currently 
available pest control chemicals; and “integrated control” or 
“integrated pest management,” the scientific blending of all 
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applicable control approaches brought to bear on a particular pest 
problem, along with use of clearly defined economic levels of pest 
numbers and/or damage. Looked at less favorably by the committee is 
the oft-attempted “eradication” approach. 

The main thrust of the whole report is toward solutions that are 
ecosystem oriented, and thus complex and not likely to be 
implemented overnight. Such thinking is often difficult to sell in the 
political marketplace; one can only hope that support for these more 
long-term, but in the long run more efficient, solutions can be 
developed and maintained. 

Overall, the study-and this book-does a creditable job of telling 
where we are in the pest control arena, and how we should aim to move 
down the road. Teachers, administrators, and others involved with 
pesticides should read the book and implement as best they can the 
forward-looking philosophies and pest control approaches it empha- 
sizes .-Robert E. Stevens, Fort Collins, Colorado. 

Forest Pest Control-Volume IV of Pest Control: An Assess- 
ment of Present and Alternative Technologies. By Forest 
Study Team. National Academy of Sciences, Washington, 
D.C. 1975. 170 p. $5.75. 

Forest pest control is an inherently complex subject because it deals 
with different management objectives, land ownership, forest types, 
and pests. This book reflects the complexity of the subject through its 
array of facts, examples and case histories of forest pests. The book 
stresses forest pest control as just one part of forest management and 
the importance of keeping it in perspective with other aspects of 
management-an infrequent practice in the past. 

The book begins by giving an overview of the forest area of the 
United States and the primary land uses of forested areas. The second 
chapter briefly discusses tree diseases, insect and vertebrate pests, 
and competing weed species. The third chapter concentrates on 
contemporary pest control practices and the use of such practices in 
specific management situations. The next chapter elaborates on the 
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impact of federal and state policies on forest pest control 
management-mainly by examining four particularly important pest 
problems in the United States. The final chapter identifies future 
trends in pest management as influenced by other national policies and 
several dominant objectives of forest management. 

This text defines a forest pest “as any organism that diminishes the 
value of a resource in which man is interested.” The definition is 
necessarily broad because it must encompass more than just insects 
and diseases-organisms commonly envisioned when the word pest is 
mentioned. It is somewhat contradictory because as the text points out, 
a tree species might be considered a pest and yet the tree may be the 
desired species under management. Repeating the definition in 
different chapters is distracting although the repetition serves to stress 
and reinforce the broad encompassing nature of the definition for us 
narrow-minded pathologists and entomologists. 

The study team summarizes their investigations with ten recom- 
mendations, the majority of which are concerned with expanded 
research. Expanded research can certainly provide answers in some 
areas, but, like pest control, should be kept in perspective with other 
aspects of forest management. In many instances, it might be better to 
establish the management objectives for specific tracts of land and 
expand intensive management rather than expand research. 

gifted artist, familiar with both the prairie ecosystem and its raptors 
. . . a falconer with close insight into the nature and appearance of 
hawks and falcons. But why does he show the eagle’s primaries with 
inner and outer vanes equal? (p. 12). 

I noted few errors, but two volumes by Dr. Stemmler attest that 
the Golden Eagle breeds in Switzerland; several Aquilas including 
chrysaetos are variously sympatric in Asia; and bringing new nest- 
materials, particularly greenery, does not really wane wth incubation 
but waxes strongly during nestling stages, from Alaska to the 
Appalachians. The Golden Eagle in North America has not been here 
millions of years but is probably a recent intrusion, along with man 
himself, along a Pleistocene refugium, and thus Stegmann finds our 
‘race,‘ canadensis, similar to those of much of central Asia. 

I enjoyed this book, and despite the youthfulness of the author, it 
shows an appreciative insight into what is beneath the surface, both in 
the environment and in himself. 

A glossary of vernacular-scientific names would be helpful: one 
man’s Atriplex is another man’s saltbush . . . and what is slimflower 
scurf pea?-Walter R. Spo&ord, Portal, Arizona. 

Forest Pest Control represents a worthwhile addition to the pest 
management library because it summarizes the state of the art with an 

The Forest Service: A Study in Public Land Management. 

array of facts, perspectives, influencing factors, and historical By Glen 0. Robinson. Published for Resources for the 

developments of this complex subject.--John M. Schmid, Fort Future, Inc., by John Hopkins University Press, Baltimore 
Collins, Colorado. and London. 1975. 337 p. $16.95 cloth and $4.95 paper. 

This book reflects public interest in the many problems of resource 

Golden Eagle Country. By Richard R. Olendorff. Alfred A. 
management on public lands. It points out that there has been little 

Knopf, Inc. 1975. xvi + 202 p., maps, 38 drawings by 
research directed at government agencies that bears upon their primary 
responsibility toward management. 

Robert Katona. $12.95. Glen 0. Robinson, the author, was a law professor at the University 

This book is an account of a post-doctoral student’s “first breath” of Minnesota and is currently serving as commissioner on the Federal 

of unconfined freedom in the shortgrass prairie of northeastern Communications Commission. He elected to study the Forest Service 

Colorado. It is a narrative and autobiographically styled account of his for several reasons: (1) It was an early leader in the conservation 

adventures with various aspects of wildlife natural history, aimed high movement; (2) it is a large organization managing a large acreage of 

at the raptor top, but not neglecting history, soil, and the botanical federal land; (3) its functions are multifaceted, covering nearly the full 

substrate, including much of the whole biotic community. It is fun range of federal land management. 

reading-the reader finds himself waiting for what the next hour and The author spent about 2 years gathering information, but does not 

the next day will bring forth, the unexpected sidelights themselves an claim the book to be a scientific study. He admits early that “If any one 

important part of the book. It is not meant as a reference work, but the perspective tends to dominate, it is that of economics.” This he 

intimate gleanings of a field naturalist, interposed with equally broadly defines as the study of resource allocation under conditions of 

intimate inward looks at his own thoughts, and these interspersed with scarcity. The main focus of his study is the National Forest System. 

reminiscences of a life in Anchorage and Fairbanks, Alaska, a life The Research and State and Private Forestry segments are not ignored 

where he worked while his friends were chasing gyrfalcons in Mt. completely but considered only briefly. 

McKinley National Park . . . all this a harrowing experience in self- The book includes specific chapters on the basic resources Timber, 

discipline. Outdoor Recreation, Wilderness, Range, Wildlife, and Water and 

The eagle is central to the book, but various hawks and owls at home Watershed Management. Each includes from 3 to 16 pages of notes 

are encountered as the days and weeks pass into months and years. The concerning source material. Appendices A, covering “National Forest 

ecosystem is interesting-highly agriculturalized until the resulting System Areas” and B, covering “Forest Service Appropriations for 

dust-bowl in the 1930’s brought much of this to an end-and then the Fiscal Year 1975” are quite complete. 

ietum of plant and animal successions, these often exploiting the Basically, Mr. Robinson feels the problem of public land manage- 

remains of man’s intervention. This recovery of farmland by eagles, ment is scarcity, which breeds conflicts and creates problems. He 

hawks, and owls is viewed wth optimism for the future of raptors. Of thinks the foremost institutional problem challenging the Forest 

course this aspect is true, just as the recovery of former farmland in Service today in managing the National Forests is allocation of scarce 

New York State has benefitted the goshawk. But the fact not really resources among competing demands. This is not new, of course, but 

investigated in this line of thought is that recovery takes place after is intensifying. 

man has retreated and not necessarily along with it. Harris’s Hawks in In the last 10 years the Forest Service has increased its efforts to give 

Arizona do not increase with the destruction of the saguaro habitat by more balanced attention to all its resources. The difficulty of getting 

developers setting up house lots, and in a sense, even if the eagle can the job done involves not only management effort but: 
fly to higher ground, this in itself brings diminishing returns. If man 1. Budget. Congress and the Executive Branch exercise constraints 
can achieve a minus population growth, the whole planet will benefit both by policy directives and budget approval. The Service responds 
horn a better balance of all life. to appropriations. The best of plans and intentions can be halted by 

I like best the part where the author, “Butch,” relinquishes his lack of funds. 
overlook viewing hide to his companion, and he himself tries to focus 2. Personnel Policy. The advantages and disadvantages of Forest 
on “waders” at a neighboring impoundment, all this just as an eagle Service personnel policy and practice are discussed. These include the 
egg is hatching . . . accounts of graceful avocets, and the+‘Damn, practices of hiring mostly professional foresters and of promoting 
how did Jack ever talk me into letting him go to the blind today?!” from within. Mr. Robinson feels these lead to an unconscious 

This volume in large format is very attractively illustrated by a emphasis on the timber activity. He feels that to employ modern 
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economics and also to meet demands of new laws, court actions, and 
environmental impact statements, more economists and lawyers 
should be employed. 

3. Planning and Decisionmaking. Mr. Robinson writes that the 
Forest Service does not lack plans. He thinks many separate plans have 
been inadequately coordinated. Even with the advent of multiple use 
planning, essentially autonomous functional plans have resulted. The 
present emphasis on a “land use” planning system aims at achieving a 
greater balance among the 5 major resource users. He feels it is too 
soon to assess the success of this latest approach. 

4. Public Participation. The public is showing an increasing 
interest in the policy, planning, and decisionmaking process. They 
wish the opportunity to register an opinion before actual decisions are 
made. There is need of participation from the informational aspect 
also. Participation must include industrial as well as interest groups. 

The reader of the book The Forest Service will gain a better 
understanding of public land management procedures and problems as 
related to a specific agency, the Forest Service.-George L. Burnett, 
Lakewood, Colorado. 

NEW PUBLICATIONS 

CROP PRODUCTION: PRINCIPLES AND PRACTICES, by 
Stephan R. Chapman and Lark P. Carter. W. H. Freeman and 
Company, San Francisco, Caif. 94104. 1976. 566 p, $15.00. This 
book is an introduction to principles and practices of crop production. 
Particular emphasis is given to the special conditions and problems of 
crop production in the United States and provinces of Canada. In part 
one, the authors discuss the basic anatomic morphological, and 
physiological factors of field crops. Part two considers factors that 
affect where and how crop species grow. Part three considers actual 
production practices for the major American and Canadian field crops. 
Three of the chapters in the last section provide subjects which may be 
of particular interest to journal readers in that they provide information 
on forage legumes, forage grasses, and production practices for forage 
management and utilization. 

TURF MANAGEMENT HANDBOOK. Second Edition, by 
Howard B. Sprague. The Interstate Printers and Publishers, Inc., Dan- 
ville, Ill. 61832. 1976. 258 p. $11.25. In this edition, material on 
pesticides recommended as being effective and acceptable by the 
Environmental Protection Agency has been updated, including insec- 
ticides, fungicides, and herbicides. Also, improved strains and varie- 
ties of turf have been updated. Machinery and equipment for turf 
establishment and maintenance is shown with inclusion of more than 
40 new illustrations. A wide range of equipment is pictured with 
comments on its use for turf management. 

ENVIRONMENTAL CONSERVATION, Fourth Edition, by 
Raymond F. Dasmann. John Wiley and Sons, New York, N.Y. 10016. 
1976. 427 p. $9.50. This latest edition reflects the growing urgen- 
cy of the human situation and a recognition that approaches used 
in the past to meet human needs and still protect the life of the planet 
are not good enough. Among new approaches explored is the need for 
decentralization of political and economic power and decisionmaking 
authority. If goals of environmental conservation and the well-being 
of humanity are to be attained, a change must take place in the attitudes 
of people toward nature and toward themselves. This change must take 
place in the individual and local community. It cannot be decreed by 
national governments. 

WILDLAND PLANNING GLOSSARY, by C. F. Schwartz, E. C. 
Thor, and G. H. Elsner. U.S. Dep. Agr., Forest Serv. Gen. Tech. 
Rep. PSW- 13. 252 p. 1976. Defines technical terms commonly used 
in land-use planning. This glossary contains more than 1,400 entries, 
selected from the specialized vocabularies of the disciplines involved 
in wildland planning-the earth, biological, and social sciences, 
architecture, engineering, economics, and other fields. Also included 
are summaries of some major federal statutes affecting land-use 
planning such as the National Environmental Policy Act and the Wild 
and Scenic Rivers Act. A 22-page list of entries provides a thesaurus 
and a guide to the contents. Copies of the publication are available 
from the Pacific Southwest Forest and Range Experiment Station, 
Forest Service, U.S. Department of Agriculture, P.O. Box 245, 
Berkeley, California 9470 1. 

rangeland 
reference areas 
bY 

William Laycock, Chairman 
SRM Rangeland Reference Area Committee 

This third publication in the Range Science Series reviews the published literature 
dealing with rangeland reference areas, summarizes current programs of other groups in the 
United States and Canada who are interested in natural area preservation, lists activities in 
other countries, and outlines a program useful for encouraging preservation of reference 
areas. Rangeland Reference Areas is of particular value to those interested in range research 
as well as preservation of reference areas and would be an excellent supplementary text for 
range students at the college level. 

l soft cover l 72 pages l illustrated l bl%liography l $1.50 postpaid 
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