








Mulching, Furrowing, and Fallowing of For- 
age Plantings on Arizona Pinyon-Juniper 
Ranges 
FRED LAVIN, T.N. JOHNSEN, JR., AND F.B. GOMM 

Abstract 

Mulching with plastic film, cinders, or juniper slash; deep fur- 
rowing; and fallowing increased penetration and retention of soil 
moisture, delayed soil surface crusting, and lowered seeding-zone 
temperatures in tests at five different pinyon-juniper range loca- 
tions. Responses of seven forage species to these practices varied. 
The combination of plastic film mulching, deep furrowing, cinder 
mulching, and fallowing uniformly had resulted in greater soil 
moisture, more seedlings, and better early growth than other com- 
binations. Plants under juniper slash had a longer growing season 
and were protected from excessive grazing by rabbits, with no 
evidence of toxic effects from the juniper. Cinder mulch increased 
seedling emergence and establishement, but in one year appeared 
to be toxic to the planted species. Deep furrowing generally had no 
advantage over surface drilling. Fallowing benefited pubescent 
wheatgrass and fourwing saltbush at a cold-moist pinyon-juniper 
site. The number of seedlings emerging gave little indication of the 
plant stand several years later. 

Attempts to revegetate depleted southwestern pinyon-juniper 
ranges often fail because the normally dry springs and falls make 
plant establishment difficult (Gomm and Lavin 1968). Widely used 
cultural practices such as mulching, furrowing, and fallowing 
affect plant establishment, growth, and survival by modifying soil 
properties such as moisture content and temperature (Geiger 1959; 
Jacks et al. 1955; Mathews and Cole 1938). However, little is 
known about the effectiveness of these practices in establishing and 
maintaining forage plantings on semiarid pinyon-juniper range- 
lands. Although these practices are expensive, the increasing cost 
of range rehabilitation has renewed interest in attempting to 
increase the changes of adequate establishment at first planting 
rather than relying upon repeated plantings. This paper reports the 
results of a long-term study of the effectiveness of mulching, fur- 
rowing, and fallowing on forage plantings in Arizona pinyon- 
juniper. 

Limited work done on juniper ranges in the 1940’s and 1950’s 
indicated that natural mulches seemed to improve establishment 
and maintenance of grass stands (Judd 1948; Judd 1966; Lavin 
unpublished data). However, the practice of range mulching was 
considered too expensive, and no followup studies were done at 
that time. 

Mulches modified soil temperature and conserved soil moisture 
in the seeding zone on New Mexico pinyon-juniper sites (Spring- 
field 1972). Straw mulching also protected the soil surface from 
puddling and erosion, reduced runoff, and increased infiltration. 
Mulching onto moist soils consistently improved seedling emer- 
gence, but adequate plant establishment depended on additional 
rainfall. Hot, dry, windy weather reduced mulching effectiveness. 

Authors are range scientist (deceased), research agronomist, and research agrono- 
mist, respectively, U.S. Department of Agriculture, Science and Education Adminis- 
tration, Agricultural Research, 2000 East Allen Road, Tucson, Arizona 85719, and 
USDA-SEA-AR Crops Research Laboratory, Logan Utah 97720. 

Polyethylene mulches modify soil temperatures (Andrews et al. 
1976; Hopen 1965) and moisture levels (Knave1 and Mohr 1967). 
Generally, when air temperature is high, soil temperatures and 
evaporation losses are lower with black plastic than with clear 
plastic (Knave1 and Mohr 1967), so black plastic might be more 
beneficial for establishment of range plantings. 

Gravel mulch conserved soil moisture and protected the soil 
surface from crusting (Corey and Kemper 1968). It was suggested 
that narrow bands of gravel might be effective on seeded areas. 
Readily available local materials might be suitable for this 
application. 

Furrows increase soil moisture content and decrease evapora- 
tion (Bertrand 1965). Seeding zone moisture was higher with fur- 
rowing than with surface drilling throughout the growing season in 
Arizona pinyon-juniper, but excessive sloughing of soil in deep, 
narrow furrows was detrimental to seedling emergence (Lavin et al. 
1973). Furrow shape, size, and spacing; soil type, and precipitation 
intensity are all related to seeding success with furrowing (Wein 
and West 197 I). Establishment of crested wheatgrass [Agropyron 
desertorum (Fish. ex Link) Schult.] was improved with deep fur- 
rowing (McGinnies 1959; Young et al. 1969) but this species is 
reported to establish equally well with surface drilling (Hull 1970). 
Fourwing saltbush [Atriplex cunescens (Pursh) Nutt.] became 
established in deep furrows at one New Mexico site but failed due 
to soil sloughing at another (Springfield 1970). 

The degree to which fallowing increases soil moisture in subse- 
quent years varies with the pattern and amount of precipitation 
(Mathews and Cole 1938). Precipitation is stored in the soil more 
effectively in cool, moist weather than in warm, dry weather. The 
prolonged spring and fall dry periods and limited rainfall in Ariz- 
ona pinyon-juniper ranges do not seem conducive to increasing soil 
moisture by fallowing, but it might be useful on wetter sites and 
during wetter years. 

Site Descriptions 

The study was done at five locations near Flagstaff, Arizona 
(Table 1). Cosnino, 16 km east, and Indian Flats, 40 km north, are 
classed as cold-moist pinyon-juniper subtypes (Lavin and Johnsen, 
1977); Hart Ranch, 53 km southeast, and Red Mountain, 58 km 
northwest, as cold-dry; and Drake, 96 km southwest, as warm-dry. 
Drake has relatively mild winters with hot summers. The other 
locations have cold winters with mild summers; Indian Flats is the 
coldest. Although the total annual precipitation differs, the loca- 
tions all average 20 to 25 cm of rainfall between May 1 and October 
3 1, with dry springs and falls. 

The topography at each location is fairly level. Indian Flats and 
Red Mountain have similar clay-loam soils classed as Aridic Argi- 
ustolls derived from volcanic materials. Cosnino and Hart Ranch 
have similar gravelly loam soils classed as Lithic Haplustolls 
derived from sedimentary rock. Drake has a gravelly loam soil 
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classed as a Petrocalcic Paleustoll derived from volcanic material. 
Soils on the plots are all moderately deep to deep. 

Junipers (Juniperus spp.) with some pinyon (Pinus edulis 
Engelm.) form the overstory. Blue grama [BoureIoua gracilir 
(Willd. ex H.B.K.) Lag. ex Griffiths] is the dominant grass species 
except at Drake, where it is part of a mixture of several grasses. 

The study areas were all fenced to exclude livestock. The Hart 
Ranch location was opened to yearlong grazing by cattle and 
horses in 1970. All but Hart Ranch are in national forests. 

Procedure 
Studies were made in both 1967 and 1968 at Indian Flats, Red 

Mountain, and Drake, but only in 1967 at Cosnino and Hart 
Ranch. 

Luna pubescent wheatgrass [Agropyron inrermedium var. tri- 
chophorum (Link) Halac. cv. Luna], sideoats grama [Boureloua 
curtipendula (Michx.) Torr. A 36031, spike muhly (Muhlenbergio 
wrightii Vasey A X604), and fourwing saltbush (Winslow) were 
planted each year at each location. Crested wheatgrass (Nordan) 
was planted only in 1967. Weeping lovegrass [Erogrostis curvula 
(Schrad.) Nees commercial] and western wheatgrass (Agropyron 
xmirhii Rydb. Chino A 16634) were planted only in 1968, and 
western wheatgrass was planted only on nonfallowed plots. 

Seedbeds were prepared in late April and early May each year. 
Half of each seedbed was planted between mid-June and mid-July; 
the other half was fallowed for planting the following year. Seeds 
were planted 1.25 to 2.5cmdeep, thegrassesateight pureliveseeds 
and the shrub at three live seeds per linear IO cm of row. Weeds 
were controlled as needed on the fallowed halves of seedbeds by 
light disking. All plots were disked, harrowed, and cultipacked 
before being planted. 

The species were planted in random order. Plots consisted of IO 
adjoining rows, 10.8 m long. and spaced 60 cm apart, for each 
species in each of three replicate blocks at each location. Each 
speaea plot was divided into two subplots of five adjoining rows 
each; one subplot was planted with the standard practice ofsurface 
drillingand theotherwasplanted bydrillinginthe bottomsofdeep 
furrows. The deep furrows were 5 cm deep and 45 cm wide, with 
relatively broad bottoms and gently sloping sides firmed after 

planting to reduce excessive sloughing of soil. 
Three mulching treatments were used on all species: cinders, 

juniper slash, and no mulch. These were applied in random order 
across all of the planted rows within each of the three replicate 
blocks (Fig. IA). Each mulching treatment covered one-third of 
each species plot. 

Red volcanic cinders, up to 2.5 cm in diameter, were spread over 
the drilled rows in bands I5 cm wide and averaging I .25 cm deep. 
The cinders were obtained from the same source each year. 

Juniper slash was placed over the plantings no more than 45 cm 
deep and covering 15% of the ground. The slash was obtained by 
cutting 2.5. to 7.5.cm diameter branches from nearbyjunipertrees 
at each location. 

A fourth mulching treatment, 6.mil black plastic film, was used 
only on cindered. deep-furrowed plantings of pubescent wheat- 
grass (Fig. IB). The plastic film was slit over the planted rows and 
fastened down by wooden blocks held in place by large spikes. In 
1968 at Indian Flats and Red Mountain, the plastic was placed 
only on fallowed plots. 

Plant responses measured were number of seedlings, number of 
plants established at the end of the first growing season by 10 
random 30-cm sections in the center rows ofeach plot, plant height 
growth, and relative stands of plants in subsequent years. Relative 
stand ratings incorporated the number of plants andtheirdistribu- 
tion, vigor, average height, and development (Hull 1954). The last 
ratings were done in August 1975. Supplementary observations of 
weed competition, native plant invasion, animal damage, and 
relative plant vigor were also made from 1967 through 1977. 
Numerical data for seedling establishment were converted to letter 
ratings (Gomm 1974) for ease of presentation. 

Soil moisture and temperature were measured on each replicate 
of each mulching-furrowing treatment combination at each loca- 
tion. Soil moisturewas measuredwithgypsum blocks(Tayloretal. 
1961) placed 1.25 and 5 cm deep near subplot centers. Additional 
blocks were placed 15, 30,45, and 60 cmdeep in one replicate only. 
Readings were taken weekly during thegrowingseasonand twicea 
month otherwise. Soil temperature was measured with copper- 
constantan thermocouples placed 1.25 cm deep within a drill row 
of each mulching-furrowing combination. Spot readings with a 



Table 1. Classification and description of Arizona pinyon-juniper forage study sites. 

___~ 
Subtype and name Elevation Mean annual May I-Ott 3 1 Rainfall (cm) Soils series and Natural vegetation3 

of study site (M) temp. (” C)r 1967 1968 1969 surface texture* Overstory Understory 

Cold-moist 
Cosnino 2,010 8.9 28.0 21.3 19.2 Laporte, G Juos, Pied Bogr 
Indian Flats 2,220 7.8 28.2 17.6 30.1 Thunderbird, C Jumo, Pied Bogr, Chna, Teca 

Cold-dry 
Hart Ranch 1,980 9.4 21.6 14.8 16.3 Laporte, G Juos, Jumo, Pied Bogr, Gusa 
Red Mountain 1,950 9.4 17.0 18.1 22.2 Thunderbird, C Juos, Pied Bogr, Chna 

Warm-dry 
Drake 1,400 12.2 30.1 26.1 24.9 Tajo, G Juos Hija, Bogr, Bocu 

‘Adapted from records of the nearest U.S. Weather Service Station 
2G = gravelly loam, C = clay loam 
3Key to names: Bocu = Bouteloua curtipendula (Michx.) Torr.; Bogr= Boutelouagracilis Willd. ex H.B.K.) Lag. ex. Griffiths; Chna= Chrysothamnusnauseosus (Pall.) Britt.; 
Gusa = Gutierreria sarothrae (Pursh) Britt & Rusby; Hiia = Hilaria jamesii (Torr.) Benth.; Jumo= Juniperus monosperma (Engelm.) Sarg.; Juos = Juniperus osteosperma 
(Torr.) Little; Pied = Pinus edulis Engelm.; Teca = Teiradymia cahescens D. 

portable potentiometer were made at irregular intervals; only data 
obtained on clear days were used for comparisons. Additional soil 
temperature data were obtained at Red Mountain, Hart Ranch, 
and Drake with recording thermographs whose sensing elements 
were buried under 1.25 cm of soil. 

Precipitation was recorded with 1966 through 1970 with stand- 
ard rain gauges modified to reduce evaporation losses (Gomm 
1961). Air temperature and relative humidity were recorded with 
hygrothermographs. Observations were made at each location, 
weekly during the growing season and monthly at other times. 

Another factor reducing treatment effectiveness over time was 
that moisture penetrated to greater depths in freshly plowed 
seedbeds than in older ones. Moisture from summer storms at Red 
Mountain penetrated 30 to 40 cm into soil plowed in the preceding 
spring, 15 to 30 cm into soil plowed the previous year, and only 5 to 
20 cm into soil plowed 2 years previously. Findings were similar at 
the other locations. Weeds invaded fallowed plots, especially at 
Red Mountain. Weed growth can reduce soil moisture content 
markedly, thereby reducing the effectiveness of fallowing. 

Results and Discussion 

Variables Influencing Treatment Effectiveness 
The 1967 plantings had good distribution of rainfall throughout 

the growing season, with little evidence of plant moisture stress 
until the fall. These plantings generally had fair to good emergence 
and establishment (Table 2). Plant survival was good through the 
winter of 1967-68 except for losses due to rodent damage at Cos- 
nino, losses on bare soil and cindered plots at Drake, and high 
mortality of all species except the wheatgrasses at Indian Flats. 

There was little relationship between low numbers of seedlings 
emerging and stand development of some species. Emergence of 
fourwing saltbush was variable at each location each year, often 
having poor first-year establishment but usually developing fair or 
better stands (Tables 2 and 3). Even with poor initial establishment 
due to delayed germination, western wheatgrass still developed fair 
or better stands at Indian Flats and Red Mountain (Table 3). 

The 1968 plantings had adequate soil moisture early in the 
growing season from heavy winter snowfalls, and seedling emer- 
gence was good. However, an extended dry period occurred late in 
the growing season, killing many seedlings and resulting in gener- 
ally poor establishment and survival, especially at Drake (Table 3). 

Generally, plant establishment and stands were better on the 
cold-moist sites at Cosnino with its medium-textured soil than 
elsewhere (Table 2). Plant stands on cold-dry sites were better on 
the fine-textured soils at Red Mountain than on the medium- 
textured soils at Hart Ranch (Table 2). At Drake, the only warm- 
dry site, seedling emergence was fair or better each year of planting, 
but only fourwing saltbush, spike muhly, and sideoats grama 
developed some fair or better stands each year (Tables 2 and 3). 

Cosnino, Drake, and Indian Flats received the most growing- 
season rainfall in 1967, and Red Mountain and Hart Ranch 
received the least (Table 1). Drake received the most growing- 
season rainfall in 1968. Only growing-season rainfall is reported 
because of difficulties in measuring moisture from snowfall, espe- 
cially that of mid-December 1967. 

Weeping lovegrass established fair to good stands at Indian 
Flats and Red Mountain (Table 3) but did not survive because of 
frost heaving the winter after planting. Western and pubescent 
wheatgrasses and spike muhly grew best on the colder sites; side- 
oats grama grew well on the warmer site only, and crested wheat- 
grass grew well only at Indian Flats, the cold-moist site with 
fine-textured soil (Tables 2 and 3). Fourwing saltbush grew best on 

Soil temperatures were highest with bare soil and surface drilling 
treatments and coolest with slash and deep furrows (Table 4). 
Maximum soil temperature with deep furrows averaged 21.3” C, 
2OC lower than the average with surface drilling (23.3.OC). The 
temperature difference between deep furrows and surface drilling 
(23.3OC). The temperature difference between deep furrows and 
surface drilling was greatest with bare soil. Temperature differen- 
ces would have the greatest effect during drier years with the higher 
temperature causing a faster rate of drying near the soil surface and 
possibly reducing seedling establishment. 

-Wet EZiMoist DlDry 

The various mulches and furrowing increased penetration and 
retention of soil moisture (Fig. 2), reduced soil temperatures near 
the surface (Table 4), and reduced soil surface crusting, all effects 
that favor seedling emergence and establishment. However, much 
of the effectiveness of the treatments was lost during the first 
growing season after planting: cinders washed away, plastic ripped 
and blew away, slash lost foliage and broke apart, and deep fur- 
rows filled in. 

‘BARE SOIL CINDERS SLASH PLASTIC 

Fig. 2. Soil moisture at weekly intervals during a drying cycle in 1968 
showing effects of mulches andfurrows at Red Mountain. “ Wet “soils are 
at or below 0. I bar; “‘dry “soils are at or above 15 bars and “moist “soils 
are between these values. 

JOURNAL OF RANGE MANAGEMENT 34(3), May 1981 173 



Table 2. Average seedling establishment and stand ratings as affected by mulcing and furrowing in different pinyon-juniper subtypes and locations planted 
in 1967. 

Mulch Furrow Species* 

Establishment/stand ratings at indicated location’ 

Cold-moist Cold-dry Warm-dry 

Cosnino Indian Flats Hart Ranch Red Mountain Drake Species average 

Deep 

Cinders Surface 

Deep 

Slash Surface 

Deep 

None Surface Agde E/V 
Agtr E/G 
Atca G/E 
Bocu F/V 
Muwr E/E 

Average G/F 
Agde 
Agtr 
Atca 
Bocu 
Muwr 

Average 

E/V 
E/F 
F/E 
p/v 
F/G 
G/F 

Agde 
Agtr 
Atca 
Bocu 
Muwr 

Average 

E/V 
E/E 
G/G 
G/F 
F/F 
G/F 

Agde 
Agtr 
Atca 
Bocu 
Muwr 

Average 

E/V 
E/G 
F/G 
F/V 
P/F 
G/F 

Agde 
Agtr 
Atca 
Bocu 
Muwr 

Average 

E/V 
E/G 
P/G 
p/v 
G/F 
G/F 

Agde 
Agtr 
Atca 
Bocu 
Muwr 

Average 

E/O 
E/G 
P/F 
p/o 
V/F 
F/P 

Plastic Deep Agtr E/G 

E/E 
E/G 
p/v 
E/O 
G/G 
G/F 

G/E 
E/G 
p/v 
G/V 
F/G 
G/F 

E/G 
E/G 
p/o 
G/O 
F/F 
G/P 

F/G 
E/G 
p/v 
F/O 
P/F 
F/P 

G/F 
E/G 
p/v 
p/o 
P/G 
F/P 

F/F 
E/F 
p/v 
p/o 
p/p 
F/P 

E/G 

v/v 
F/V 
F/G 
G/V 
v/o 
p/v 
o/o 
F/V 
P/G 
F/O 
o/o 
p/v 
p/v 
G/V 
F/G 
E/V 
p/o 
F/V 

o/o 
G/V 
P/E 
G/V 
p/o 
p/v 
F/O 
G/V 
P/G 
F/V 
p/o 
F/V 

G/O 
E/V 
P/G 
F/O 
p/v 
F/V 

E/V 

F/V 
E/G 
F/F 
E/O 
F/F 
G/P 

G/V 
E/G 
G/G 
F/V 
P/G 
G/F 

G/V 
E/G 
F/F 
G/V 
G/F 
G/P 

G/V 
E/G 
G/F 
F/V 
p/v 
G/P 

E/V 
E/F 
F/F 
G/V 
P/F 
G/P 

E/P 
E/F 
P/F 
G/O 
p/v 
G/P 

E/F 

p/v 
E/O 
P/G 
G/G 
P/F 
F/P 

G/V 
E/V 
P/F 
G/E 
p/v 
F/P 

p/o 
E/V 
P/G 
G/G 
p/v 
F/P 

p/o 
E/O 
P/F 
P/G 
p/v 
F/P 

p/o 
E/F 
P/G 
G/E 
P/F 
F/F 

F/O 
E/F 
P/F 
G/G 
P/G 
F/F 

E/F 

F/P 
E/F 
F/F 
G/V 
F/F 
G/P 

F/P 
E/F 
F/F 
F/P 
P/F 
F/F 

G/V 
E/F 
F/F 
G/P 
F/F 
G/P 

F/V 
E/F 
F/F 
F/V 
p/p 
F/P 

G/V 
E/F 
P/F 
F/P 
P/F 
F/P 

G/V 
E/F 
P/F 
F/V 
p/p 
F/P 

E/F 
‘Average seedling establishment at end of first growing season (0 = 0 seedlings per foot (0.3 m) of row, V = less than 0.5, P = 0.5 to I .O, F = 1. I to 2.0, G = 2.1 to 4.0, and F = 
more than 4.0)/average stand rating in fall of 1975 (@failure, V=very poor, P=poor, F=fair, G=good, E=excellent. Refer to text for details of bases of stand ratings. 
*Agde=Agropyron desertorum (crested wheatgrass); Agtr=A. intermedium var. trichophorum cv. Luna (luna pubescent wheatgrass); Atca=Atriplex canescens (fourwing 
saltbush); Bocu=Bouteloua curtipendula (sideoats grama); Muwr=Muhlenbergia wrightii (spike muhly). 

the limy, medium-textured soils of Cosnino and Hart Ranch 
(Table 2); western and pubescent wheatgrasses grew best on the 
fine-textured soils of Indians Flats and Red Mountain, pubescent 
also grew well on medium-textured soils at Cosnino (Tables 2 and 
3). 

Mulching 
Cinder mulching seemed to help crested wheatgrass seedling 

emergence and establishment on surface-drilled plots in the 1967 
planting year (Table 2). Generally, emergence and seedling growth 
was slightly better with cinder mulching than on bare soil. Emer- 
gence was slightly better on cinder mulched surface-drilled plots 
than on cinder-mulched deep-furrowed plots, probably because 
some seeds were buried too deeply by sediment from erosion of 
deep furrow sides. Cinder-mulched soils retained moisture longer 
than bare soils, but not as long as. soils mulched by slash or plastic 
(Fig. 2). Cinders lost their effectiveness when scattered and washed 
away by thundershowers, and the soil surface then becoming 
crusted. Cindered plots often became dominated by a cover of 
robust weeds. 

Markedly variable seedling emergence between replications on 
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cinder-mulched plots in 1968 suggested that the cinders might have 
toxic effects of an undetermined nature. These toxic effects would 
prevent using cinders as mulch; locally available gravel or sand 
might be substituted to avoid such affects. 

Juniper slash mulching usually did not markedly improve seed- 
ling emergence (Tables 2 and 3). The best stands of sideoats grama 
were on slash-mulched plots at Drake. We noted no toxic effects of 
the juniper foliage on plant growth such as those reported from 
laboratory studies ofjuniper foliage extracts (Jameson 196 1; Lavin 
et al. 1968). Early in the 1967 growing season, pubescent wheat- 
grass seedlings under slash mulch were spindly and weak but they 
were almost as tall as those mulched with plastic. These seedlings 
developed into vigorous plants after the foliage dropped from the 
slash, which indicates that shading might have caused the initial 
weak growth. Grasses remained green and grew several weeks 
longer with slash than with the other mulches, especially at Red 
Mountain, Hart Ranch, Drake, and Indian Flats (Fig. 3). How- 
ever, long-term survival of planted species and stand development 
was similar to those with the other mulching treatments in 1967 
and slightly better in 1968 plantings. 
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Table 3. Average seedling establishment and stand ratings of forage species as affected by mulching, furrowing, and fallowing at different pinyon-juniper 
locations planted in 1968. 

Establishment/stand rating at indicated 
location’ 

Mulch Furrow Species* 

Indian Flats Red Mountain Drake Average 

Non- Non- Non- Non- 
fallow Fallow fallow Fallow fallow Fallow fallow Fallow 

None Surface Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Cinders 

Slash 

Deep 

Surface 

Deep 

Surface 

Deep 

Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Agsm 
Agtr 
Atca 
Bocu 
Ercu 
Muwr 

Plastic Deep Agtr 

E/G 
E/F 
O/V 
o/o 
p/o 
o/o 

Average4 V/ V 

E/G 
P/F 
p/o 
G/O 
p/v 
F/P 

C/C 
E/F 
O/V 
o/o 
C/O 
010 

Average4 PI V 

E/G 
p/p 
p/o 
E/O 
p/v 
F/V 

P/C - 
C/F G/F 
O/V P/F 
o/o v/o 
P/O p/o 
O/V p/v 

Average4 VI V p/v 
P/F 
F/F 
O/V 
o/o 
F/O 
010 

Average4 V 1 V 

C/G 
C/F 
P/F 
o/o 
P/O 
o/o 

Average4 P/ V 

F/F 
v/p 
v/o 
p/o 
p/v 
p/v 
- 

E/G 
P/E 
p/o 
F/O 
F/O 
F/P 

F/C 
C/F 
VIV 
o/o 
P/O 
o/o 

Average4 V/ V 

E/G 
V/G 
v/o 
G/O 
p/o 
F/P 

E/E 

G/E 
G/F 
P/F 
F/O 
E/O 
F/V 
F/V 

F/E 
F/F 
p/p 
F/O 
G/D 
F/V 
F/V 

P/G 
P/F 
P/F 
p/o 
F/O 
VIV 
p/v 
P/F 
P/F 
P/F 
p/o 
p/o 
p/o 
p/v 
G/E 
F/E 
p/p 
p/o 
F/O 
p/v 
p/p 
G/G 
P/G 
V/F 

F/O 
p/v 
p/p 

F/F 
P/F 
p/o 
E/O 
p/p 
F/P 
- 

F/F 
p/p 
o/o 
G/O 
p/v 
p/v 
- 

p/p 
P/F 
o/o 
p/o 
o/v 
VIV 
- 

p/p 
VIV 
v/o 
p/o 
o/v 
v/v 

P/G 
P/G 
v/o 
F/O 
o/v 
p/p 

p/v 
P/F 
o/o 
p/o 
o/v 
v/v 
G/G 

v/o 
o/o 
O/F 
o/p 
o/o 
o/v 
o/v 
o/o 
o/o 
o/p 
o/p 
o/o 
o/o 
o/v 
o/o 
o/o 
o/p 
P/F 
v/o 
o/o 
v/v 
o/o 
v/o 
o/v 
O/F 
o/o 
o/o 
o/v 
o/p 
p/p 
o/p 
F/G 
p/v 
p/v 
p/p 
O/F 
p/p 
o/p 
F/G 
F/V 
p/v 
p/p 
o/v 

- 
o/ v3 
VP 
v/p 
VIV 
vi0 
v/v 

o/v 
V/F 
p/v 
o/o 
o/v 
VIV 
- 

p/v 
v/p 
v/p 
p/o 
o/o 
VIV 

VIV 
VIV 
V/F 
p/o 
P/F 
VIP 
- 

p/o 
P/E 
P/F 
p/o 
P/G 
p/p 
- 

p/v 
P/G 
P/G 
p/o 
P/F 
p/p 

F/F 
F/P 
v/p 
VIV 
p/o 
VIV 
p/v 
P/F 
F/P 
v/p 
VIV 
F/O 
v/o 
p/v 
V/F 
p/p 
v/p 
viv 
p/o 
o/v 
v/v 
v/p 
p/p 
v/p 
viv 
p/o 
v/o 
VIV 

F/G 
F/F 
v/p 
WV 
p/o 
VIV 
p/v 
P/G 
F/F 
v/p 
VIV 
F/O 
VIV 
p/v 
o/v 

- 
F/F 
P/F 
p/v 
F/O 
p/v 
p/p 
- 

F/F 
p/p 
v/o 
F/O 
viv 
p/v 
- 

F/P 
P/F 
VIV 
p/o 
VIV 
p/v 
- 

p/p 
VIV 
VIV 
p/o 
v/p 
VIV 
- 

F/F 
P/E 
p/v 
F/O 
p/p 
p/p 
- 

F/P 
P/G 
p/v 
F/O 
v/v 
p/p 
F/F 

‘Average seedling establishment at end of first growing season (0 = 0 seedlings per foot (0.3 m) of row, V = less than 0.5, P= 0.5 to 1.0, F = I. 1 to 2.0, G = 2. I to 4.0, and E = 
more than 4.0)/average stand rating in fall of 1975 (0 = failure, V = very poor, P = poor, F= fair, G= good, E= excellent). Refer to text for details of bases of stand ratings. 
2Agsm = Agropyron smithii (western wheatgrass); Agtr = A. intermedium var. trichophorum cv. Luna (luna pubescent wheatgrass); Atca = Atriplex canescens (fourwing 
saltbush); Bocu = Bouteloua curtipendula (sideoats grama); Ercu = Eragrostis curvufa (weeping lovegrass); Muwr = Muhlenbergia wrightii (spike muhly). 
‘An establishment of 0 with stand ratinp: of V or better indicates delaved emergence beyond the first growing season after planting. 
dAverage of treatment does not include Agsm rating. 

Slash-mulched plots often became very weedy and native vegeta- 
tion established under the slash on plots not dominated by planted 
species. Good stands of bottlebrush squirreltail [Situnion hystrix 
(Nutt.) J.G. Smith] developed on slash-mulched plots on each 
location. Good mixed stands of black grama [Bouteloua eriopodu 
(Torr.) Torr.], sideoats grama, and threeawns (Aristidu spp.) deve- 
loped at Drake. Adjacent bare-soil and cinder-mulched plots often 
remained weedy or became covered with snakeweed [Gutierreziu 
surothrue (Pursh.) Britt. & Rusby], rabbitbrush (Chrysothumnus 
spp.), or horsebrush (Tetrudymiu cunescens D.C.). Mulching with 
juniper slash might be a means of improving ground cover with or 
without planting, if remnants of desirable species are present. 
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Soil moisture losses under fresh juniper slash were markedly 
reduced compared with those in bare soil (Fig. 2). This reduction 
was lessened after the foliage fell off the branches. 

The smaller branches in the juniper slash broke down within 10 
years of application, without disturbance by livestock. At Hart 
Ranch, which was heavily grazed by livestock, the juniper slash 
was not generally evident 3 to 5 years after grazing began. Its near 
disappearance indicates that small, scattered slash would not be a 
serious long-term aesthetic blight, mechanical barrier to livestock 
movement, or fire hazard. 

The results with juniper slash mulching in this study generally 
agree with those of the limited studies done previously(Judd 1948; 

175 



Lavin unpublished data). Therefore, juniper slash mulching can 
probably be applied more widely than is indicated by this study, 

Plastic film over cinder mulch on deep furrows had the best 
emergence of all of the treatment combinations used on pubescent 
wheatgrass, the only species so treated. Plants had good establish- 
ment and early growth. Stands in 1975 appeared slightly better 
with plastic than with the other mulches at Cosnino, Indian Flats, 
and the 1968 Red Mountain plantings (Tab& 2 and 3). Plastic 
covered plots stayed relatively free of weeds until the plastic was 
removed. The plastic film tore easily and was blown loose within a 
year after application; remnants of it are still seen in the area 10 
years later, however, so large-scale applications might result in 
unattractive littering of the rangeland. 

Soil under plastic consistently had a higher moisture content 
than soil under the other mulchingtreatments, except immediately 
after soil-saturating storms (Fig. 2). Soil moisture at 1.25 cm 
remained high under plastic. Only at Red Mountain, Hart Ranch, 
and Indian Flats did the soil moisture content at 1.25 cm under 
plastic fall below the permanent wilting point during thedryfall of 
1967; only at Red Mountain did the soil moisture content at 5 cm 
do so. 

Furrowing 
There was no general advantage of deep furrowing over surface 

drilling for plant establishment and survival (Tables 2 and 3). 
Fourwing saltbush, sideoats grama, and spike muhly emerged and 
survived slightly better with surfacedrilling than withdeep furrow- 
ing. Seeds in deep furrows may have been buried by sediment 
during high-intensity early-summer rainstorms. This impairment 
of seedling emergence was especially evident with bare soil and 
cinder-mulched deep furrows. Mulching with slash or plastic film 
seemed to increase emergence in deep furrows, probably by reduc- 

Temperature (“C) 

Surface drilled Deep f”rrows 

27.5 n R 
Cinders 23.1 22.3 
Slash 19.4 17.9 
Plastic 20.8 
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ing erosion and, therfore excessive seed burial, as well as by reduc- 
ing soil moisture losses. The deep furrows were not evident 5 to 6 
years after planting. 

Fallowing 
Fallowing slightly improved seedling emergence and plant survi- 

val at Indian Flats, and to a lesser extent at Drake, and slightly 
worsened it at Red Mountain. Fallowed pubescent wheatgrass and 
fourwing saltbush had the best stands at Indian Flats. 

Fallowed-plot plantings were all made onto moist soil because of 
the heavy snowfalls ofthe preceding winter. We suspect that Indian 
Flats, being at a higher elevation and nearer to the San Francisco 
Mountains, received much more snow the winter of 1967-68 than 
the other locations. It may, therefore, have had more moisture 
penetrating more deeply into the soil. Indian Flats, a cold-moist 
site, is also the most mesic of the three locations fallowed. This may 
be why fallowing worked best at Indian Flats. Since we measured 
soil moisture only to the t&cm depth, we do not know whether 
there was more moisture deeper in fallowed plots than in nonfal- 
lowed ones. There is some indication that soil moisture lasts 
through the dry seasons in herbicide-killed juniper stands in which 
the dead trees are left standing (Clay et al. 1974). More research 
might be done on fallowing of sites protected through modification 
of the microenvironment by standing junipers killed by herbicides 
or fire. 

Use By Animals 
Differences in plant responses to the cultural treatments may 

have been increased by selective animal use. Rabbits (Lepus spp. 
and Sylvilagus spp.), gophers (7homomys spp.), and mice (Pero- 
myscus spp.) damaged plantings at all locations. Muledeer (Odo- 
coileus hemionus Refinesque) used plotsateachlocation,antelope 
(Antilocapro omericona Ord) used all locations but Drake, and elk 
(Cervus conadensis Erxleben) used only Indian Flats and Hart 
Ranch. Livestock heavily grazed Hart Ranch yearlong since 1970 
and may have caused the poor survival at that location. However, 
fourwing saltbush still survives at Hart Ranch in spite of heavy 
yearlong grazing. 

Rabbits selectively grazed pubescent wheatgrass and may have 
eliminated it at Drake. Slash protected plants from rabbit grazing 
until all green vegetation had been removed from adjacent areas, 
and this protection was most obvious at Drake, where rabbit 
grazing was especially severe. This is another advantage of using 
juniper slash for mulching range plantings. 

Removing the plastic film markedly increased the effect of rabbit 
grazing, perhaps because the plants did not recover as rapidly 
under the drier conditions without the plastic. The plastic may 
have repelled rabbits, but their droppings were plentiful in the 
planted rows of the plastic mulched plots. 

The cover provided by slash and plastic film appeared to attract 
gophers and mice. The activities of these small mammals often 
destroyed a number of individual plants and may have reduced 
establishment under slash. Rodent activity was especially preval- 
ent at Cosnino, Drake, and Indian Flats. Heavy losses of plants at 
Cosnino during the winter of 1967-68 were mainly from rodents 
burrowing under the plastic and slash mulches. Large-scale plant- 
ings or rodent control might alleviate the problem of small rodent 
damage. 

Conclusions 

In general, plant responses to mulching, deep furrowing, and 
fallowing varied because of factors such as (I) distribution of 
rainfall during the growing season, (2) site characteristics, (3) 
species planted, (4) type of mulch used, (5) weed competition, and 
(6) damage by small animals. These and other factors must be 
considered before a land manager can determine which, if any, of 
these practices should be used. Mulching often helped seedling 
emergence and initial establishment. Deep furrow planting 
improved seedling establishment under certain conditions but had 
no overall advantage over surface drilling. Fallowing resulted in 



slightly better establishment and survival than nonfallowing. How- 
ever, survival and stand development were affected more by sea- 
sonal distribution of rainfall, location, and species than by cultural 
practices. If a species is not adapted to a given site, cultural 
practices may help it become established, but usually do not affect 
its growth or stand development beyond the first year or so. 

The methods discussed in this paper are costly, but if they 
increase the chances of establishing adapted species they might be 
cheaper than replanting several successive years with no assurance 
of success. The development of equipment to apply gravel and 
plastic film to crop lands indicates that work should continue with 
these methods to see whether they might be useful in rangeland 
rehabilitation, roadside improvement, and critical-area planting. 

At present, juniper slash mulching could be used with juniper 
control or firewood harvesting projects. Requiring that branches 
and stems be lopped and scattered as mulch could help depleted 
ranges invaded by pinyon-juniper to recover without reseeding if 
remnants of desirable plants are present. The use of dead, standing 
juniper as shelter for plantings should also be studied further. 
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Nodulation and Acetylene Reduction by Cer- 
tain Rangeland Legume Species under Field 
Conditions 
D.A. JOHNSON AND M.D. RUMBAUGH 

Abstract 

Acetylene reduction rates, N$C2Hz], were obtained to estimate 
nitrogen fixation by several introduced and native range legume 
species. The Nz[CZHZ] fixation rates of excised root segments with 
attached nodules were measured in the field for legumes from two 
mountain grassland sites, one native sagebrush-dominated site, 
and three cultivated former big sagebrush study sites. Sampling 
was conducted in the driest part of the growing season. Even 
during this high stress period, nodules were present and active in 
some legume species. Medicago sativa plants were particularly 
notable because of their capability of being nodulated and ability 
to reduce acetylene in dry soils when other legumes were not active. 
In addition, under the most favorable environmental conditions in 
this study, nodules from M. sativa reduced acetylene most actively 
at a rate of 26.2 p moles ethylene/h/g nodule fresh weight. 
Although nodulation was generally less successful in New World 
than Old World lupine species, Lupinus mutabilis was capable of 
reducing acetylene at a rate of 4.97 ~1 moles ethylene/h/g nodule 
fresh weight, even in a severely water stressed environment. These 
results suggested that some legume species may be capable of fixing 
significant amounts of nitrogen on semiarid range sites. 

Plant productivity on western rangelands is frequently limited 
by lack of nitrogen (N). For example, Wight (1976) estimated that 
N deficiency reduces plant production on about 72 million hectares 
of rangeland in the Northern Great Plains. During a IO-year period 
of evaluation, N fertilization increased herbage yields 32 to 114% 
for average or near-average precipitation years and 218% during 
above-average precipitation years. These yield increases occurred 
without major species compositional changes in the native vegeta- 
tion (Wight and Black 1979). N fertilization of more arid range- 
lands in the Great Basin increased yields and herbage quality even 
in a year when soil moisture was exceptionally low (James and 
Jurinak 1978). 

Although forage production on many types of rangelands could 
be increased by the addition of nitrogenous fertilizers, marginal 
returns have prohibited fertilizer use on all but a fraction of North 
American rangelands. This is particularly true of semiarid and arid 
rangelands where plant response is restricted by low moisture 
availability throughout most of the growing season. Additional 
price increases for N in the future will probably further limit its 
application to rangelands. Such limitations have increased interest 
in biological fixation of N by legume-Rihizobium associations. 

Biological N fixation by legume-Rhizobium associations can 
increase both the quantity and quality of forage for improved beef 
gains on pastures (Anthony and Harris 1976; Kaiser and Cmarik 
1976). Forage productivity of perennial cool-season grass-legume 
mixtures in a favorable environment was equivalent to that of the 
same grass receiving an annual application of 150 to 200 kg N/ha 

Authors are plant physiologist and research geneticist, USDA-SEA-AR, Crops 
Research Laboratory, UMC 63, Utah State University, Logan 84322, respectively. 

This report is a contribution from the USDA-SEA-AR, in cooperation with the 
Utah Agricultural Experiment Station, Logan, Utah, Journal Paper No. 2402. 

Manuscript received June 6, 1979. 
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(Templeton 1976). Of 19 experiments involving 14 legumes species 
grown with warm-season grasses in 5 southern states, yearly N 
fixation was less than 112 kg N/ha in 12 experiments, somewhat 
more in 4 tests and over 224 kg N/ha in 3 tests (Burton 1976). An 
exhaustive economic analysis of pasture date from a subhumid 
area demonstrated that a zero-N fertilizer, grass-legume treatment 
was superior to 112 or 224 kg N/ha fertilizer treatments (Jacobs 
and Stricker 1976). 

Because legumes are known to add significant amounts of N to 
subhumid pastures, suggestions have been made to seed or inter- 
seed native or introduced legume species on western rangelands. 
However, plants growing in these arid and semiarid climatic zones 
of the western U.S. are affected seriously by both drought and high 
temperature stress. Because of these stresses, it has been proposed 
that biological N fixation does not represent a viable alternative for 
increasing productivity on western rangelands. The effects of high 
temperature and drought stress on N fixation processes have 
recently been examined in Rhizobium associations with crop 
legumes. However, little is known about the N fixation capabilities 
of legume associations growing on the drought and temperature 
stressed western rangelands (Farnsworth et al. 1978). 

This research was conducted to determine whether or not 
legume-Rhizobium associations growing in semiarid rangeland 
environments were capable of fixing N during the most highly 
stressed portion of the growing season. 

Site Descriptions and Methods 

Six study areas were located in northern Utah and southern 
Idaho. These included two mountain grassland study sites where a 
large proportion of the precipitation is received as snow. The other 
sites included one native big sagebrush-dominated site and three 
cultivated former big sagebrush study sites where the bulk of the 
precipitation is received during early spring (Table I). Inoculated 
seeds were planted at Franklin Basin, Snowville, and Green 
Canyon in experimental nurseries for range research. The Franklin 
Basin plots were established during 1957-1968, those at Snowville 
in 1954, and those at Green Canyon in 1978. Usual practice at the 
Nephi Dryland Field Station study site was to inoculate all legume 
seeds, but the available records do not specify that this was done 
when the test was planted in 1971. Plants used at the Tony Grove 
and Pocatello Summit locations had invaded or were native to the 
area. The Tony Grove location is an inactive gravel pit now fre- 
quented by deer and elk hunters, campers, and hikers, some of 
whom use horses. Seeds of Medicago lupulina and Melilotus osfici- 
nalis are believed to have been brought to the site in hay. The 
Pocatello Summit is a big sagebrush rangeland with naturally 
occurring Lupinus spp. Excised root segments with attached 
nodules were sampled at all sites once during the typically dry 
mid-summer period, except for the Franklin Basin study site where 
two samplings were taken. 

Acetylene reduction procedures described by Hardy et al. (1973) 
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Table 1. Dates legumes were sampled for 
mental characteristics of study areas. 

acetylene reduction 

Location 
Date 

sampled 
Elevation 

(m) 

Annual 
precip. 

(cm) 
Vegetation 

type* 

Franklin Basin 

Tony Grove 
Pocatello Summit 
Snowville 
Nephi 
Green Canyon 

7-l l-78 
8-l l-78 2,600 118 MG 
7-10-78 2,340 127 MG 
8- 16-78 1,500 35 BS 
8- 16-78 1,417 28 cs 
8-23-78 1,615 32 cs 
7-27-78 1,550 41 cs 

*MG=Mountain grasslands 
former big sagebrush site. 

site; BS=Big sagebrush-dominated site; CS=Cultivated 

and modified by Westermann and Kolar (1978) were used to obtain 
field estimates of nitrogen fixation activity (N$GHz]). Legume 
root systems were excavated between noon and 3 p.m. Unwashed 
root segments with attached nodules were excised from the root 
system -and placed in 20-cc plastic syringes. Root systems were 
differentially nodulated both among species and among plants 
within the same species and resulted in different numbers of 
nodules available for sampling for each plant. Consequently, some 
syringe samples consisted of nodules from only one plant, while 
other samples consisted of nodules from two or more plants. No 
more than two syringe samples were taken from each excavated 
root system. Fresh weight nodule mass placed in each syringe 
averaged 0.0742 grams. Each syringe was filled to 18 cc with 
ambient air. Then 2 cc of commercial acetylene that had been 
scrubbed through H2S04 and distilled Hz0 traps were drawn into 
the syringe. This resulted in an atmosphere within the syringe of 
10% acetylene and 90% air. The samples within the syringe were 
incubated for 2 hours at ambient temperatures and were shielded 
from direct sunlight. After the incubation period, gas samples of 1 I 
cc were injected from the syringes in 10 ml stoppered Vacutainersl. 
Although the Vacutainers were new and unused, each Vacutainer 
was evacuated prior to use for 15 set with a vacuum pump to insure 
uniform evacuation. The Vacutainer’s stoppers were sealed with 
paraffin prior to storage. 

Ethylene content of the gas samples was determined by use of a 
gas chromatograph equipped with dual hydrogen-flame ionization 
detectors maintained at 1500 C. Prepurified nitrogen was used as 
the carrier gas and was passed through 1.83 X 0.003-m stainless 
steel columns packed with 80- to loo-mesh Poropak N. Column 
and injection port temperatures were held at 55 and 100” C, respec- 
tively. Gas samples of 100 ~1 were drawn from the Vacutainers and 
injected into the chromatograph. Retention times for ethylene and 
acetylene were approximately 30 and 60 seconds, respectively. 
Ethylene peak heights from duplicate gas samples were used to 
estimate the amount of ethylene evolved from the nodulated root 
segments. The scrubbed acetylene contained a small amount of 
ethylene contaminant that was determined and subtracted from 
each gas sample. Nodules from sampled root segments were placed 
in a water-saturated atmosphere for 18 hours before weighing. All 
N2[CzH2] activities were expressed as I_C moles of ethylene/h/g of 
nodule fresh weight. 

Results 
Acetylene reduction rates varied considerably among species on 

the two mountain grassland sites (Franklin Basin and Tony Grove) 
with Medicago saliva about an order of magnitude above the other 
legumes (Table 2). The high rate for M. saliva was likely due to the 
favorable soil moisture conditions present on the Franklin Basin 
site. The nodules from M. saliva were not found along the tap root 
but rather were located in clusters on fibrous roots at a 20-50 cm 
depth. Although Lotus corniculutus was actively colonizing adja- 

‘Mention of a trademark name or proprietary product does not constitute endorse- 
ment by USDA and does not imply its approval to the exclusion of other products that 
may also be suitable. 

Table 2. Acetylene reduction rates of selected legumes for two mountain 
grassland study sites, three cultivated former big sagebrush study sites, 
and one big sagebrush-dominated site in northern Utah. Activity is ex- 
pressed as p moles ethylene/h/g nodule fresh weight. 

Species 

Native (N) Number 
or of Activity 

Introduced (I)’ samples %s. d. 

Franklin Basin: 
Coronilla varia 
Lotus corniculatus 
Lupinus alpestris 
Medicago sativa 
Trlfolium sp. 
Vicia cracca 

1 12 0.2zko.3 
1 12 0.8f0.6 
1 7 3.1f5.3 
1 7 26X5.2 

N 12 9.2f6.7 
I 7 1.852. I 

Tony Grove: 
Lathyrus leucanthus 
Medicago lupulina 
Melilotus of$cinalis 
Lupinus sericeus 

Nephi 
Astragalus cicer 
Astragalus falcatus 
Hedysarum boreale 
Medicago sativa 

Snowville: 
Medicago sativa 
cv. Sevelra 

N 10 5.X3.8 
I 10 2x2. I 
I 10 1.5zko.9 
N --no nodules found- 

I --no nodules found-- 
1 --no nodules found--- 
I --no nodules found-- 
1 16 o.tio.4 

1 3 0.3f0.2 

Green Canyon: 
Medicago sativa 
cv. Deseret 
Onobrychis viciaefolia 

1 19 1.41tl.8 

1 4 0.9Ito. 14 

Pocatello Valley 
Lupinus sp. 

Summit: 
N 3 0.02fo.03 

‘Native or introduced 
titular study site. 

refers to whether or not the species is indigenous to the par- 

cent plots not originally seeded with this species, it had one of the 
lowest acetylene reduction rates at the Franklin Basin site. The 
second highest acetylene reduction rate at Franklin Basin was in a 
native Trzfolium species growing in a moist streambank area. 
Plants of Lupinus alpestris, Vicia cracca, and Coronilla varia were 
all nodulated and reduced acetylene at slower rates than Medicugo 
sativa and the indigenous Trlfolium. 

At the Tony Grove site Lathyrus leucanthus exhibited the high- 
est acetylene reduction rates (Table 2). However, on a per plant 
basis Medicago lupulina was the most profusely nodulated species. 
All plants of Melilotus officinalis bore some active nodules, but 
none were found on the Lupinus sericeus plants. All excavated 
Luthyrus leucanthus and Lupinussericeus plants were on an undis- 
turbed quarry bank, whereas the Medicago lupulina and Melilotus 
officinalis plants were on a more exposed, xeric, disturbed soilbed 
where gravel had been excavated. Thus, the higher activity mea- 
surements of Luthyrus may have resulted from its more favorable 
habitat. Because lupines are native to the area, appropriate Rhizo- 
bium should have been present in the soil as inoculum. Although 
the lupine plants did not appear to be under marked moisture 
deficiency stress at the Tony Grove site, their nodules may have 
died from drought as reported for other species (Mishustin and 
Shil’nikova 197 1). 

Acetylene reduction rates for the legumes from three cultivated 
former big sagebrush study sites (Nephi, Snowville, and Green 
Canyon) were considerably lower than those from the higher eleva- 
tion mountain grasslands (Table 2). Severe plant water deficits, 
though not specifically measured, were likely present at the time of 
acetylene reduction sampling on all three cultivated former big 
sagebrush study sites. For example, during May, June, and July, 
1978, a total of 2.5 cm of precipitation was received at the Nephi 
Field Station. This record low precipitation resulted in a water 
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Table 3. Nodulation and acetylene reduction rates for Lupinus species 
seeded on a cultivated former big sagebrush study site at Green Canyon 
in northern Utah. Activity is expressed as p moles ethylene/h/g nodule 
fresh weight. 

Species 

New World Lupinus: 
L. adsurgens 
L. albicaulis 
L. albifrons 
L. bicolor 
L. burckii 
L. concinnus 
L. cruckshankii 
L. erectus 
L. hartwegii 
L. hirsutas 
L. hirsutissinus 
L. Ieucophyllus 
L. luteolus 
L. mutabilis 
L. pachylobus 
L. rothmaleri 
L. sericeus 

Old World Lupinus: 
L. albus 
L. angustifolius 
L. luteus 

Number Plants 
of with Activity 

plants nodules Xfs.d. 

1 0 - 
5 0 - 
5 0 - 
1 0 - 
1 0 - 
2 0 - 
3 0 - 
1 0 - 
3 1 o.OO&o.oo 
4 3 0.03fO. 10 
1 0 - 
0 0 - 
4 0 - 

12 8 4.97f 1.26 
1 1 0.01+0.00 
1 0 - 
2 0 - 

87 32 0.01f0.03 
16 5 0.09kO.28 
9 0 - 

content in the upper 9 I cm of soil of only 6.4% for the late August 
sampling date on this site. Even with this severe water stress, 
Medicago sativa still exhibited acetylene reduction capability. No 
nodules were found on roots of the other three legume species 
seeded at Nephi. Although Hedysarum boreale is not native to the 
particular site, this legume is native to surrounding areas within 15 
miles of Nephi. Several species of Astragalus also are indigenous in 
the vicinity of the study site, but the two seeded taxa are intro- 
duced. Consequently, the Rhizobium present in the soil might not 
have been capable of infecting some of the legumes on the Nephi 
site. 

Nodules from Medicago sativa plants at Snowville were more 
active than those from lupines growing on a big sagebrush- 
dominated site at the Pocatello Valley Summit (Table 2). Me&- 
cage sativa nodules from Green Canyon also were much more 
active than those of Onobrychis viciaefolia growing in the same 
nursery. 

A number of Lupinus species were assayed for acetylene reduc- 
tion rates at the cultivated former big sagebrush study site at Green 
Canyon (Table 3). These seeded species included 17 species of New 
World lupines from either North or South America and 3 species of 
Old World lupines from the Mediterranean region of southern 
Europe and northern Africa. Although seeds of these species were 
treated with commercial peat-base inoculum, 13 species of New 
World lupines exhibited no nodulation. Conversely only 1 of the 3 
Old World lupines was not nodulated. Of the 6 Lupinus species 
that were nodulated, only L. mutabilis exhibited considerable 
acetylene reduction rates. 

Discussion 

High temperature could have contributed to some of the low 
acetylene reduction rates found in this study. Temperatures 
between 20 and 35°C produced maximum N fixation rates for 
most temperature legumes (Gibson 1971). Environmental rhizo- 
sphere limitations of soybean (Glycine max) N fixation included 
low and high rhizosphere temperatures, slow response to heating 
and low reversibility (Hardy and Criswell 1976). Over the range of 
I4 to 34O C the equilibrium response of soybean N~[CZ HZ] fixation 
to altered temperature was quadratic, with optima at 22 to 24°C 
and greater decreases caused by heating than by cooling. 

Drought stress also probably contributed to the low acetylene 
reduction rates obtained in this study. Drought stress has been 
shown to seriously reduce N fixation in a number of legume- 
Rhizobium associations (Sprent 1971a and b, 1972, 1976; Engin 
and Sprent 1973; Minchin and Pate 1975; Pankhurst and Sprent 
1975; Foulds 1978). Soil moisture stress had particularly delete- 
rious effects on shallow-rooted legumes (Ward et al. 1966). 
Extremes of soil moisture also adversely affected root nodule 
bacteria (Engin and Sprent 1973; Sprent 1971a; Vincent 1965). 
Lotus cornicu/atus plants grown from seeds placed in soil of low 
average moisture content had small, white, and nonfunctional 
nodules with up to 55% of the plants still not nodulated 77 days 
after seeding (McKee 1961). Two or more weeks of desiccation of 
inoculated seeds of Medicago sativa and Lotus corniculatus in a 
dry seed bed reduced inoculation and produced N deficiency in the 
legumes (Alexander and Chamblee 1965). Pate (1976) summarized 
the effects of drought stress on symbiotic N fixation; however, 
most of the conclusions were based on data collected from legumes 
that evolved in mesic environments. 

Mishustin and Shil’nikova (1971) stated that optimum soil mois- 
ture for inoculation was 60 to 70%. They observed a death of 
formed nodules with lack of moisture although plant species are 
known to differ in their critical moisture thresholds (Kornilov and 
Verteletskaya 1952). Onobrychis viciaefolia formed nodules well 
when the soil was only slightly wet, while Medicago sativa was very 
sensitive to a lack of moisture. However, in the present study 
Medicago sativa was nodulated in semiarid environments when 
other legumes were not and exhibited higher N$CzH2] rates than 
other legumes grown in the same environments (Table 2). This 
difference may be attributed to cultivar and/or Rhizobium 
differences. 

The acetylene reduction rates reported in this study represent 
measurements taken during only one portion of the growing sea- 
son. As such, these values may not reflect acetylene reduction 
capabilities of plants sampled during other portions of the growing 
season or growing in more favorable environments. It is important 
to note that nodilation was present and nodules were active even 
during the most highly stressed portion of the semiarid growing 
season. This suggests that rates of biological nitrogen fixation by 
legume-Rhizobium associations might be considerable in April, 
May, or June when temperature and moisture availability are more 
favorable. 

Field assessments of nitrogen fixation capabilities throughout 
the entire Intermountain West growing season and controlled 
laboratory studies examining the effects of drought and tempera- 
ture stress on range legume nitrogen fixation are needed. Research 
dealing specifically with legume-Rhizobium species growing in 
semiarid range environments is needed because of possible adapta- 
tions that may enable these species to function better under marked 
drought and high temperature stress. Research in these areas is 
currently underway in our laboratory. 
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Toxicity and Control of Kelsey Milkvetch 
E.H. CRONIN, M. COBURN WILLIAMS, AND JOHN D. OLSEN 

Abstract 

Kelsey milkvetch (Astragalus atropubescens Coult. and Fish.) 
contains miserotoxin (P-glucoside of 3-nitro-1-propanol). Chemi- 
cal analyses and biological evaluations indicated moderately low 
concentrations of the toxin in this species. However, this plant has 
been implicated in cattle losses and a potential danger of both acute 
and chronic poisoning exists on grazing areas where kelsey milk- 
vetch grows in abundance. It grows in mountainous areas in the 
Salmon River drainage in Idaho and the Big Hole River drainage 
in Montana. Kelsey milkvetch was controlled with an application 
of 2.24 kg/ha (2 lb/at) of 2,4,5-T [2,4,5tricholorophenoxy)acetic 
acid] and eradicated with an application of silvex [2-(2,4,5- 
tricholorophenoxy)propionic acid]. 

Kelsey milkvetch (Astrugahs atropubescens Coult. and Fish.) 
grows in the mountainous areas of east-central Idaho, especially on 
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the headwaters of the Salmon River. Its range extends northward 
to the Big Hole River and the headwaters of Clark’s Fork in 
western Montana. The collection of some immature specimens 
suggests that the Missouri Valley near Helena, Montana, may also 
be part of its range (Barneby 1964). 

Kelsey milkvetch plants consist of numerous erect, slender stems 
produced from a number of small caudexes on short branches from 
a woody taproot. The stems form a dense, narrow bundle that 
imparts a tall, slender appearance to the plants (1.5 to 30 cm or 
more). The showy racemes of white-to-creamy flowers emerge 
above the green herbage of the leaves which are composed of 19 to 
20 leaflets. The flowers may tend to nod but the seed pods are held 
stiffly erect. Seed are smooth and vary from dull brown to dull 
black. The upper surface of the leaflets and the pods are glabrous 
but generally the rest of the plant is covered with stiff, appressed to 
sub-appressed hairs 0.3 to 0.6 mm long. These hairs are sometimes 
white but are frequently black as indicated by the specific name. 

Although kelsey milkvetch has not been recognized previously 
as a potentially dangerous poisonous range plant, specimens of this 
plant were collected in 1975 because investigators thought that this 
species might have been responsible for the deaths of 28 cattle 
during June of 1974 near Challis, Idaho. The plant was growing on 
a ridge top reseeded to crested wheatgrass [Agropyron cristatus 
(L.) Gaertn.] on a Forest Service grazing unit. Specimens were 
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collected on the Gooseberry Creek drainage, a part of the Morgan 
Creek and Salmon River system. 

Duncecap larkspur (Delphinium occidentale S. Wats.) and 
water hemlock [Cicuta douglasii (DC.) Coult. and Rose] also grow 
along the banks of Gooseberry Creek within the grazing unit. 
However, the distribution of the dead cattle did not suggest that 
either of these poisonous plants was responsible for the observed 
mortality. 

Previous analysis of the leaf samples from the herbarium speci- 
mens of kelsey milkvetch showed the presence of nitro compounds 
but not their form or concentration (Williams and Parker 1974; 
Williams and Barneby 1977). Therefore, the objectives of this study 
were: (1) to determine both the form and concentration of the nitro 
compounds to learn whether kelsey milkvetch was a potentially 
dangerous range plant that might cause chronic or acute toxicity in 
livestock; (2) to determine whether these plants were consumed; 
and (3) to find herbicide treatments to selectively control the 
species. 

Materials and Methods 

Specimens of kelsey milkvetch were collected and submitted to 
the Intermountain Herbarium of Utah State University at Logan, 
Utah, where voucher specimens are filed. 

Plant materials were collected on the site where cattle died in 
June 1975 and in June 1976. Percentage of nitro, calculated as mg 
NOz/g dry weight, was determined by the method of Cooke( 1955) 
as modified by Williams and Norris (1969). Material from the 1975 
collection was also sent to a commercial laboratory for identifica- 
tion of the form of the nitro-toxin contained in the samples. 

Plant extracts for a standard chick bioassay were prepared 
(Williams and Binns 1967; Williams et al. 1979) and force-fed to 
l-week-old chicks (avg wt = 70 g) at doses equivalent to 1,2,3,4, 
and 5 g of plant material. After dosing, the birds were given food 
and water ad libitum and observed for signs of toxicity for a 24-hr 
period. Two chicks were used for each level. 

To determine the effects of herbicide treatments on kelsey milk- 
vetch and associated vegetation, a study site was established where 
the cattle had died. The plots were established on the edge of the 
site previously reseeded to crested wheatgrass. The plot area had 
been reinvaded by low sagebrush (Artemisia arbuscula Nutt.) and 
Idaho fescue (Festuca idahoensis Elmer), but kelsey milkvetch was 
the dominant species of the vegetation. Aerial cover on the plots 
consisted of approximately 15% grasses, 30% low sagebrush, 10% 
miscellaneous forbs, and 10% kelsey milkvetch; about 35% of the 
soil lacked plant cover. 

A randomized block of 56 plots, each 2.44 m X 10.58 m (8X 33 
ft), was established. Each of the four subblocks contained two 
untreated plots. Herbicides applied were: 2,4-D [2,4- 
dichlorophenoxy)acetic acid] mecoprop (2-[(4-chloro-o- 
tolyl)oxy]propionic acid]; 2,4,5-T[2,4,5-tricholorophenoxy) acetic 
acid]; and silvex [2-(2,4,5-tricholorophenoxy) propionic acid]. All 
herbicides were applied at rates of 1.1,2.2, and 4.5 kg/ ha (1,2, and 
4 lb/acre) in 187 liters/ ha (20 gal/acre) aqueous spray solution. 
Herbicide treatments were applied the morning of June 3, 1976, 
when kelsey milkvetch was in full flower. 

Vegetational changes resulting from the treatments were 
recorded on July 7, 1977. The number of living kelsey milkvetch 
plants in each plot was recorded. The percentage of dead, low 
sagebrush plants was estimated. The apparent relative abundance 
of the miscellaneous forbs was compared with forb abundance on 
the nearest untreated plot. Total grass production was also visually 
estimated and compared with production on the nearest untreated 
plot. 

Consumption of kelsey milkvetch was estimated along four 
transects in a grazing unit used by cattle in June of 1977. On an 
adjacent grazing unit not used by cattle in 1977, the process was 
repeated. Transects were started 25 paces from the boundary fence, 
perpendicular to the fence and to the slope, and continued in a 
straight line until 25 plants had been intercepted. The number and 

the types of grazed plants were recorded on July 7, 1977. 

Results and Discussion 

Chemical analysis of kelsey milkvetch revealed that it contained 
miserotoxin (P-glucoside of 3-nitro-1-propanol) (analysis com- 
pleted by Stermitz and Yost 1978). Analyses showed that the 
concentrations of the poisonous substance were 9.0 and 9.9 mg 
N&/g, respectively, for the 1975 and 1976 collections of kelsey 
milkvetch. The quantity of mi$otoxin found in kelsey milkvetch is 
moderately low compared with the concentration of nitro com- 
pounds in some other species of Astragalus (Williams and Barneby 
1977). However, the nitro concentration might have been slightly 
higher had the material been fresh-frozen prior to analysis (Majak 
and Bose 1974; Majak et al. 1974; Majak et al. 1977). 

Chicks fed kelsey milkvetch extracts equivalent to 1 g of the 
plant stood with eyes closed and feathers ruffled, but exhibited no 
other signs of toxicity. Only one chick fed that dosage appeared to 
have recovered after 24 hr. Chicks fed extracts equivalent to 2 or 3 g 
of the plant lacked coordination and had difficulty maintaining 
their balance throughout the 24-hr observation period. Birds fed 
extracts equivalent to 4 or 5 g lost all semblance of coordination 
and lay with eyes closed and feathers ruffled. Except for the chicks 
dosed at l-g equivalent, all chicks showed signs of nitro poisoning 
after 24 hr. Repetition of the 4-and 5-g equivalent doses resulted in 
death within 24 hr. 

The relatively low concentration of miserotoxin is reflected in 
the response of the chicks. However, the level of miserotoxin 
would be lethal to ruminants, particularly cattle, if the plant consti- 
tuted a significant portion of their diet (Williams et al. 1979). 
Approximately 3 g of the dried plant material per kg of body 
weight would be lethal to cattle (1.2 kg for a 400-kg cow). The plant 
could easily cause chronic poisoning if consumed over a week or 10 
days in moderate amounts (about 0.6 kg of dried plant material). 

Both acute and chronic poisoning are potential problems on the 
Morgan Creek Allotment because kelsey milkvetch is widely dis- 
tributed on both Bureau of Land Management and Forest Service 
lands within the allotment. The abundance of kelsey milkvetch on 
this allotment can probably be compared with conditions in some 
parts of British Columbia where Columbia milkvetch [Astragalus 
miser var. serotinus (Gray) Barneby] has been the source of chronic 
poisoning. Kelsey milkvetch grows in plant communities domi- 
nated by low sagebrush or big sagebrush (Artemisia tridentata 
Nutt.), but appears to flourish in communities where grasses are 
important components of the vegetation. Cattle tend to concen- 
trate on grassy areas where the milkvetch is most abundant. 
Growth of grasses intermixed with milkvetch herbage makes it 
difficult for cattle to avoid ingesting the milkvetch as they graze 
such grassy areas. 

Highly significant reductions of kelsey milkvetch resulted with 
all applications of herbicide treatments (Table 1). However, only 
rates of 2 and 4.5 kg/ha (4 lb/acre) of silvex eradicated the milk- 
vetch from treated plots. 

Highly significant reductions of low sagebrush also resulted 
from applications of the herbicide treatments (Table 1). Reduc- 
tions in the number of low sagebrush plants are not only accepta- 
ble, but usually desirable for increased forage production and 
enhancement of the quality of the watershed. All herbicide treat- 
ments reduced the low sagebrush to the extent that would be 
desirable on sites where sagebrush is limiting forage production. 

Reductions in the relative number of miscellaneous forbs were 
also highly significant after applications of the herbicide treat- 
ments (Table 1). However, it is doubtful that the response of the 
miscellaneous forbs should influence the selection of any of the 
herbicide treatments for controlling kelsey milkvetch. The forbs 
were a diverse group of species highly variable in palatability and 
nutritional value. No individual species contributed significant 
herbage to the total production of the community. 

Significant increases in grass production resulted from the appli- 
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Table 1. Vegetation responses as evaluated in July 1977 on plots treated in June 1976 with various herbicides for the control of kelsey milkvetch.1 

Herbicide applied 
Rate _of application 
(kg/ha) _ (lb/a4 

Kelsey milkvetches per Dead low sagebrush Rating of forb Production ratings 
per plot2 per plot2 numbers per for grasses on 

(No.1 (%I plot2,3 plots4,5 

1.1 1 
2,4-D 2.2 2 

4.5 4 

1.1 1 
Mecoprop 2.2 2 

4.5 4 

2,4,5-T 
1.1 1 6c 
2.2 2 2c 
4.5 4 2c 

1.1 1 
Silvex 2.2 2 

4.5 4 

Control 1 
Control 2 

No treatment 48 a 
No treatment 61 a 

27 b 69 b 3.0 a 6.25 bc 
2c 100 a 1.8 abc 6.75 abc 
3c 100 a 0.8 c 7.25 ab 

12 c 96 ab 
20 c 88 ab 
2c 99 a 

2.0 abc 
2.5 ab 
1.2 bc 

2.8 a 
2.5 ab 
2.2 abc 

1.5 abc 
1.2 bc 
1.5 abc 

3.0 a 
3.0 a 

7.25 ab 
7.75 a 
7.25 ab 

2c 
oc 
oc 

25 c 
71 ab 
98 a 

99 a 
100 a 
100 a 

2c 
5c 

6.50 abc 
7.00 abc 
7.50 ab 

6.75 abc 
7.25 ab 
6.75 abc 

4.75 d 
5.75 d 

‘Data are averages of four replications. 
2Data in this column followed by the same letter are not significantly different at the 1% level of probability. 
JRatings are: I= forb numbers substantially below those on untreated areas; 2~ forb numbers approximately half those on untreated areas; 3 = forb numbers approximately the 
same as those on untreated areas; and 4 = forb numbers higher than those on untreated areas. 
4Ratings are: 0= no grass production; 5 = grass production about the same as that on untreated areas; and IO= grass production about 3 to 4 times greater than that on untreated 
areas. 
5Data in this column followed by the same letter are not significantly different at the 5% level of probability. 

cations of all herbicide treatments (Table 1). However, the preci- 
sion of the estimates of grass production militates against 
conclusions regarding differences in production on plots treated 
with herbicides. 

Sampling indicated that approximately 30% of the kelsey milk- 
vetch plants had been consumed in the grazing unit used by cattle. 
All or most of the flowering racemes had been removed from these 
plants. Only 11% of the grazed plants had leaf tissue removed and 
removal of the leaf tissue appeared to have been coincidental to 
ingestion of the flowering racemes. 

In the grazing unit not used by cattle in 1977, only four of the 
sampled plants exhibited evidence of consumption. Seven racemes 
or parts of racemes had been removed. Observations suggested 
that the racemes had been cut from the plants by rodents because 
four of the racemes were found at the base of the plant from which 
they had been removed. 

Conclusions 

Kelsey milkvetch contains moderately low concentrations of 
miserotoxin but is a potential danger to ruminants. When it consti- 
tutes a significant portion of the diet the plant could be lethal; if 
small amounts are consumed daily, it could cause chronic toxicity. 

The plant is grazed by cattle that appear to select the raceme 
while it is in flower and as the young pods begin to develop. 

The existence of miserotoxin in the plant and the apparent 
palatability of the plant to cattle support our assumption that 
cattle deaths in 1974 near Challis, Idaho, were probably the result 
of ingesting kelsey milkvetch. These factors also suggest that cattle 
grazing areas supporting large populations of kelsey milkvetch 
should be carefully observed for signs of chronic poisoning. 

Herbicide treatments can effectively control the milkvetch on 

sites where it causes death or losses resulting from chronic poison- 
ing. Selection of a herbicide treatment will depend on the effective- 
ness of the treatment for controlling the vetch and the cost of the 
herbicide. The other vegetation responses appear to be quite sim- 
ilar, regardless of the particular herbicide applied. 
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Effects of Range Improvement on Roosevelt 
Elk Winter Nutrition 
IHOR M. MERESZCZAK, WILLIAM C. KRUEGER, AND MARTIN VAVRA 

Abstract 

Three pasture types dominate the Beneke Creek Wildlife Man- 
agement Area on this Roosevelt elk winter range in northwestern 
Oregon. In winter, elk showed a strong preference for perennial 
ryegrass pastures that were hayed the previous summer and fall 
fertilized over bentgrass pastures also hayed and fertilized or 
unmanaged bentgrass pastures. These perennial ryegrass pastures 
provided forage that met minimal requirements for digestible pro- 
tein and digestible energy all winter while both bentgrass pasture 
types were deficient in these nutrients through winter. Improve- 
ment of bentgrass pastures by conversion to ryegrass should result 
in higher rates of elk reproduction and better survival of offspring. 

In 1973 the Oregon Department of Fish and Wildlife purchased 
bottomland pastures in the Coast Range Mountains of northwest- 
ern Oregon to provide wintering areas for Roosevelt elk (Cervus 
cunadensis roosevelti). The increasing demands of the public for 
more elk to view and harvest, combined with the Oregon Depart- 
ment of Fish and Wildlife’s desire to maximize production of elk 
from these pastures, has prompted them to undertake an intensive 
vegetation management program on the purchased lands. The 
intensive management on these areas has resulted in an increase in 
wintering elk populations. However, no data were available on the 
quality of winter forage provided by the intensively managed 
pastures as compared to undeveloped pastures. 

Trainer (197 1) stated that under the stress of lactation, most 
Roosevelt elk cows in western Oregon were unable to maintain 
adequate energy reserves. During the breeding season, little evi- 
dence of ovulation was found for cows in lactation. This was 
related to their poor condition. During the year in which the cow 
was barren and dry, energy reserves were restored to a level where 
ovulation again occurred. Therefore, many Roosevelt elk cows 
produce a calf every other year, rather than yearly (Trainer 1971). 
Trainer further suggested that the quality of elk forage was at least 
in part responsible for this situation. Harper (1962) stated that 
overpopulation and/ or poor forage quality could have contributed 
to the low nutritional status of Roosevelt elk on Boyes Prairie, 
California. Schwartz and Mitchell (1945) blamed poor forage 
quality as the cause of most malnutrition deaths of Roosevelt elk 
on the Olympic Peninsula, Washington, since most animals exam- 
ined had their paunch full of “. . . coarse and unpalatable. . .” 
forage. Poor winter nutrition appears to be a problem for Roose- 
velt elk throughout their range. 

Since forage quality has been accepted as a key criterion by 
which vegetation management practices can be judged, the objec- 
tives of this research were to determine the effects of bottomland 
pasture development on the nutritive values of forage for wintering 
Roosevelt elk and on elk preference among pastures. 
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Study Area 

This research was conducted on the Beneke Creek Wildlife 
Management Area (W.M.A.), Clatsop County, Oregon. The 
W.M.A. encompasses 276 ha, most of which is stream bottom and 
alluvial terraces of unconsolidated stream sediments (Beaulieu 
1973). Approximately 48 ha are slopes of the Coast Range Moun- 
tains. The average annual precipitation was 150 cm, 66% of which 
fell from November through March. The average daily maximum 
and minimum temperatures were 16O and 3” C, respectively 
(NOAA 1968-1978). 

Following acquisition of the property, the Oregon Department 
of Fish and Wildlife began to plow and reseed pastures to species 
that were considered more productive and more palatable during 
the winter. Fall fertilization and hay removal were implemented on 
most pastures that were level enough to do so. As a result of this 
habitat development, three types of perennial pastures were pres- 
ent on the area. 

Untreated Colonial Bentgrass (Agrostis tenuis) (Bentgrass-U): 
These pastures were cleared of trees more than 50 years ago, 
possibly broadcast seeded in spots and grazed by livestock, but 
never tilled. They were neither hayed nor fertilized and were heav- 
ily dominated by colonial bentgrass. 

Treated Colonial Bentgrass (Bentgrass-T): These pastures were 
tilled in the past. They most likely were once grain fields and later 
used for pastures, but have not been tilled for at least 20 years. 
Since the purchase of the area, these pastures have been hayed and 
fall fertilized with 10-20-10 fertilizer at a rate of 390 kg/ha each 
year. These pastures were also heavily dominated by colonial 
bentgrass. 

Treated Perennial Ryegrass (Lolium perenne) (Ryegrass-T): 
These pastures were plowed, limed, planted with a cover crop of 
cereal rye through the first winter, then plowed again the next 
spring and seeded to a pasture mixture of: perennial ryegrass, 
annual ryegrass (Lolium multiflorum), orchardgrass (Dactylisglo- 
merata), tall fescue (Festuca arundinacea), white clover (Trifolium 
repens) and subterranean clover (Trlfolium sub terraneum). They 
were hayed and fall fertilized yearly with lo-20- 10 fertilizer at a rate 
of 390 kg/ ha. They were heavily dominated by perennial ryegrass. 
Development of these pastures has been the goal of the elk habitat 
program on the Beneke Creek W.M.A. 

The experimental pastures were comprised of eight plant com- 
munities. Similarities among plant communities were specific to 
each of the pasture types (Table 1). 

The timbered areas were dominated by red alder (Alnus rubru) 
and Douglas-fir (Pseudotsuga menziesii) on the hillsides and sitka 
spruce (Picea sitchensis), western red cedar (Thuja plicata) and 
bigleaf maple (Acer macrophyllum) in the bottoms. 

Methods 

Sampling was conducted during December, January, and Feb- 
ruary of the 1976- 1977 and 1977-1978 winters. Each winter was 
partitioned into three 30day (monthly) sampling periods. Com- 
parisons were made between the Bentgrass-U, Bentgrass-T, and 
Ryegrass-T pasture types. 
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Table 1. Dominant plant communities and associated 
Beneke Creek Wildlife Management Area. 

pasture types on the 

1. 

2. 

3. 

4. 
5. 
6. 

7. 
8. 
9. 

Wild blackberry/ Colonial bentgrass/ 
Buckhorn plantain 

Wild blackberry/ Colonial bentgrass/ 
Birdsfoot trefoil 

Evergreen blackberry/ Colonial bentgrass/ 
Birdsfoot trefoil 

Colonial bentgrass/ White clover 
Colonial bentgrass/ Sheep sorrel 
Colonial bentgrass/ Buckhorn plantain/ 

Birdsfoot trefoil 
Perennial ryegrass/ White clover 
Cereal rye 
Woodland 

Bentgrass-U 

Bentgrass-U 

Bentgrass-U 
Bentgrass-T 
Bentgrass-T 

Bentgrass-T 
Ryegrass-T 
Cereal rye 
Not a pasture type 

Total standing biomass of herbage and herbage removal were 
estimated monthly from weighed, oven-dried (50” + 5” C) samples 
acquired by clipping caged and uncaged paired, 0.22-m2 circular 
plots. Three pastures for each of the pasture types being compared 
were selected to represent and replicate the appropriate pasture 
types. Fifteen subsample estimates, apportioned according to rela- 
tive area of each plant community in each replication, for each of 
the above parameters were averaged to provide a value for each of 
the three replications in each of the three pastures types. 

The 15 caged samples of herbage from each replication were 
composited and a 100-g subsample per replication was ground 
through a 40-mesh screen in a Wiley mill. The ground samples were 
used to determine crude protein, gross energy and in vitro dry 
matter digestibility. 

Five fecal collections were made for each 30-day sampling 
period in each pasture type replication. During each fecal collec- 
tion, feces were collected on every replication from observed defe- 
cating elk, immediately after defecation. Fecal collections were 
dried at 50° C (IL 5” C), cornposited, and 100-g subsamples for each 
replication were ground through a 40-mesh screen in a Wiley mill 
and analyzed for fecal crude protein (FP) and fecal gross energy 
(FE). 

Crude protein (CP) was determined by the micro-Kjeldahl tech- 
nique, and gross energy (GE) was determined by adiabatic bomb 
calorimetry. Dry matter digestibility (DMD) of the forage was 
determined by the two-stage in vitro method described by Tilley 
and Terry (1963) as modified by Vavra et al. (1973). Rumen 
inoculum was obtained from a fistulated steer that was fed hay, 
harvested from the experimental pasture, for 14 days prior to 
collecting inoculum. The literature indicated that the ability of 
rumen inoculum to digest feeds among different ruminants (elk, 
deer, and cattle) does not differ markedly, especially for those 
ruminants fed similar diets (McBee et al. 1969; Palmer et al. 1976; 
Robbins et al. 1975; Ward 1971). Thus cattle, rather than elk 
rumen fluid, was used in the in vitro digestion trials. 

Estimates of digestible protein (DP) and digestible energy (DE) 
were calculated from equations in Crampton and Harris (1969). 

Ten total counts of elk on the Beneke Creek W.M.A. were 
conducted during each monthly sampling period. Average Roose- 
velt elk weights were acquired from Hines (1972), Hines and Lemos 
(1975), and Lemos and Hines (1974). 

The number of calves was converted to the number of adult 
equivalents by the following relationship: 

Average calf weight kg’.‘” _ 79 kgo.75 -- = 0.42 
Average cow weight kgo.75 250 kg0.75 

(0.42) (number of calves) = Adult elk equivalents for calves 

(Adult elk 
equivalents for calves) + (Adult elk) = elk equivalents 

The distribution of elk among plant communities and replica- 
tions was measured by placing a 1 X 100-m plot in each plant 
community of each replication and counting pellet groups in each 
plot monthly. The number of pellet groups that had obviously 
deteriorated to the degree that they would not be present during the 
next count were recorded, and the next count was adjusted to 
provide an estimate of total pellets deposited per 100 m2 during 
each sampling period. The following relationship was used to 
estimate the density of adult elk equivalents (Elk) for each plant 
community (Comm.): 

Elk/ha in Total Pellet groups/ plot 

iith Comm. = Elk Comm i 
Comm. Pellet \ 
(groups/plot X ha ) 

I Comm. i Comm. i 

Estimates of Elk/ha/replication were used to apportion the 
amount of intake by Elk. 

Data from standing biomass of herbage, herbage removal, elk 
density, gross energy, crude protein, and dry matter digestibility 
were pooled over years and tested for differences among pasture 
types and months using a split plot analysis of variance. Duncan’s 
new multiple range test was used to test for significance of 
differences among treatment means where the analysis of variance 
indicated such differences existed. Throughout this paper the term 
significant refers to K.05. 

Results 

Standing Biomass of Herbage 

Standing biomass was affected by several inseparable factors, 
other than pasture types and weather. These factors were: grazing 
that occurred before the beginning of the study period in each 
winter, growth of herbage, and deterioration of herbage. 

In December and January, the Bentgrass-U pasture type had the 
significantly greatest standing biomass with more than 4,000 
kg/ ha, while the Ryegrass-T pastures were lowest with about 2,000 
kg/ ha (Table 2). In February there was no significant difference 
found between the Bentgrass-U and Bentgrass-T pastures, both of 
which had more than 3,000 kg/ha; however, they both had 
significantly more standing biomass than the Ryegrass-T pasture 
type, which had about 1,700 kg/ha. 

Herbage Removal 
Monthly herbage removal in the Ryegrass-T pasture type varied 

from 640 to 770 kg/ ha and was significantly higher than in both the 
Bentgrass-U and Bentgrass-T pasture types, except in January, 
where it was not significantly different from the Bentgrass-T 
pasture type (Table 2). Based on personal observation and those of 
Wheeler (1976), elk use was determined to be the cause of nearly all 

Table 2. Standing biomass of herbage and herbage removal for three 
pasture types on the Beneke Creek Wildlife Management Area for 
the winters of 1976-77 and 1977-78. 

Pasture tvne 
Month Bentgrass-U Bentgrass-T Ryegrass-T 

Standing biomass (kg/ ha) 
December 
January 
February 

4113”’ 3347b 2397” 
4187” 3623b 1936’ 
35208 3103” 1719 

Herbage removal (kg/ ha) 
December 
January 
February 

0” 267” 70gb 
176” 473”b 779 
788 0” 646b 

lValues 
fK.05. 

within rows followed by the different letters were significantly different at 
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of the herbage removal on the Beneke Creek W.M.A. during the 
winter. 

Significantly more herbage was removed in January than 
February from the Bentgrass-T pasture type. No other significant 
differences occurred between months within pasture types. 

The lack of significant differences among herbage removal 
values that differ considerably numerically, as shown in Table 2, 
reflected the high variability of these data. Thus, individual 
observations were not reliable as estimates of elk intake. However, 
when the sum of herbage removed from the Beneke Creek W.M.A. 
from the total of 8 10 paired plots was divided by a pooled estimate 
of elk density, the average intake per adult elk equivalent per 
month was 173 kg (22.93 g forage consumed daily/kg body 
weight). This was within the range of results of others for free 
ranging adult ruminants (Table 3). 

Table 3. Comparison of elk intake during the winter determined 
bage removal data to estimates by other authors. 

from her- 

Determined from herbage 
removal data 

Thorne et al. 1976 
Thorne and Butler 1976 
Raleigh and Lesperance 

1972 
Alldredge et al. 1974 

22.9 Roosevelt elk 
22.8 Rocky Mountain elk 
24.2 Rocky Mountain elk 

21.3 Cattle 
20.1 Mule deer 

‘Intake is expressed as g forage consumed daily/ kg body weight. 

Elk Density and Distribution 
An average of 168 elk used the Beneke Creek W.M.A. during the 

winter study periods of 1976-77 and 1977-78. The average elk 
density on the 78 ha of pasture was 2.15 elk/ ha of pasture. 

No significant differences were found for the effects of months 
on elk density. There were no significant differences in elk density 
between the Bentgrass-U and Bentgrass-T pasture types at 0.4 and 
1.3 elk/ ha, respectively, but elk density on the Ryegrass-T pasture 
type was significantly higher than on the other pasture types with 
4.4 elk/ha. 

Digestible Energy 
Forage from the Ryegrass-T pasture type had 2.1 to 2.7 Meal/ kg 

of DE. This was significantly higher than forage from both the 
Bentgrass-U and Bentgrass-T pasture types with 1.3 to 1.7 
Meal/kg DE, respectively (Table 4). Digestible energy 
concentration in forage from the Bentgrass-U and Bentgrass-T 
pasture types did not differ significantly. Digestible energy in 
forage from the Ryegrass-T pasture type was significantly higher in 
December than in February. No other significant differences 
occurred between months within pasture types. 

Forage from the Ryegrass-T pasture type consistently exceeded 
the minimum energy requirement of 1.83 Meal/ kg for free ranging 
cattle and sheep, as reported by Cook and Harris (1968). However, 
forage from the other two pastures was below the minimum 
requirement. 

Digestible Protein 
Forage from the Ryegrass-T pasture type showed the 

significantly highest concentration of digestible protein (DP), 
while forage from the Bentgrass-U pasture types had the lowest 
(Table 4). The average concentrations of DP in forage from the 
Ryegrass-T pasture types exceeded the minimum DP requirement 
of 4.4Yc suggested by Cook and Harris (1968) for range cattle and 
sheep during the winter. The DP averages in the Bentgrass-U and 
Bentgrass-T pasture types were always below this level. 

Discussion 
In general the Bentgrass-U pasture type had the most available 

Table 4. Digestible energy and digestible protein for three pasture types on 
The Beneke Creek Wildlife Management Area for the winters of 1976-77 
and 1977-78. 

Pasture tvne 

Month Bentgrass-U Bentgrass-T Ryegrass-T 

Digestible energy (Meal/ kg) 
December 1.5*’ 1.7” 2.7b 
January 1.5” 1.7” 2.2b 
February 1.3” 1.7” 2. lb 

Digestible protein (So) 
December 3.0b 9.T 
January S 2.ob 7.7” 
February 0” 2.0b 10.9” 

‘Values 
K.05. 

within rows followed by the different letters were significantly different at 

herbage and the Ryegrass-T pasture type the least (Table 2). 
However, elk preferred to graze the Ryegrass-T pasture more than 
the Bentgrass-U and Bentgrass-T pasture types, which were similar 
to each other. Forage availability had a negative relationship to 
grazing preference and herbage removal. Feeds that were higher in 
nutritive value have been shown to be preferred over plants of 
lower nutritive quality (Cook 1965; Heady 1964; Voigt 1975). This 
seems to have been the case on the Beneke Creek W.M.A. The 
forage in the Ryegrass-T pasture type was higher in DE and DP 
than the other two pasture types. The Bentgrass-Tpasture type was 
higher in DP and the same in DE as the Bentgrass-U pasture type. 
The differences in nutritive values between the Bentgrass-U and 
Bentgrass-T pasture types either were not great enough to 
influence elk use or differences in the levels of elk use were too 
small to detect. Perhaps another factor in these two pastures 
influenced elk use more than nutritive value of forage. 

Throughout winter, forage in the Ryegrass-T pasture type 
exceeded the recommended minimum concentrations of DP and 
DE by Cook and Harris (1968). However, deficiencies in DP were 
indicated in part of the winter of 1976-77 during a period of 
alternate freezing and thawing. The Bentgrass-T pasture types’s 
forage was marginal for DE and generally deficient in DP. The 
herbage in the Bentgrass-U pasture type never reached minimum 
requirement levels for DE and DP. This does not mean that the 
diets of elk using the Bentgrass-U and Bentgrass-T pasture types 
were always deficient in energy and protein. Bedell (1971) stated 
that the diets of sheep and cattle on ryegrass-subterranean clover 
pastures contained higher concentrations of crude protein than 
was available in the herbage. This indicated that the sheep and 
cattle were selecting plants and parts of plants higher in crude 
protein over those with lower crude protein concentration. It was 
possible that, through selective grazing, elk diets were of a higher 
quality than the forage nutrient data indicated. However, the 
forage quality data indicated that elk had much more opportunity 
to acquire adequate levels of DP and DE in the Ryegrass-T pasture 
type than in either the Bentgrass-U or Bentgrass-T pasture types. 
Additionally, elk had a better chance of consuming a nutritionally 
adequate diet in the Bentgrass-T pasture type than they did in the 
Bentgrass-U pasture type. 

Protein and energy in ruminant diets have been directly tied to 
survival and reproduction (Allden 1970; Verme 1965; Zimmerman 
et al. 1961; Holter and Hayes 1977; Thorne et al. 1976). Trainer 
(1971) reported that the inability of Roosevelt elk cows to maintain 
energy (fat) reserves was responsible for their relatively low rates of 
reproduction in Oregon. He suspected that inadequate nutrients in 
the forage may have been the cause of the relatively poor body 
conditions observed. The relatively low DE levels shown for forage 
from the Bentgrass-U and Bentgrass-T pasture types (Table 4) 
indicated that Trainer’s (1971) suspicions were well founded, since 
most Roosevelt elk winter habitat was similar in characteristics to 
the Bentgrass-U and Bentgrass-T pasture types, except that very 
little was ever fertilized as the Bentgrass-T pasture type was. The 
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higher and nutritionally adequate levels of DE and DP in the 
Ryegrass-T pasture type suggested that Roosevelt elk with access 
to these types of pasture should be able to maintain higher rates of 
reproduction and survival of offspring than is generally noted 
across their range in Oregon. 
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Response of Western 
Prairie to Intensive 

North Dakota Mixed 
Clipping and Five 

f Stages of Developmenu 
CHARLES A. HOLDERMAN AND HAROLD GOETZ 

Abstract 

The effects of clipping to a 2.54 cm (1 inch) height at 5 stages of 
development of western North Dakota mixed prairie were investi- 
gated. Soil moisture content at the beginning of the growing season 
had a greater effect on yields than did the clipping treatments. 
Observations from this two-year study indicate that soil moisture 
removal was not affected by the clipping treatments. Clipping 
significantly affected peak yields by needle-and-threadgrass (Stipa 
coma&) and the Carex species during 1977; and the miscellaneous 
grasses (Agropyron smithii and Agropyron subsecundum) during 
1978, at the sandy loam site. No significant differences in yields 
were observed for the other species and groups at the sandy loam 
site, or, the species and groups at the loam site for the two-year- 
period. 

Late season livestock gains in western North Dakota may be 
improved if the amount of blue grama (Bouteloua gracilis), the 
dominant palatable warm-season shortgrass, could be increased 
without decreasing the overall productivity of the range. Whitman 
(1953) reported that normal grazing usage results in a cover which 
is probably of greater grazing value than the completely protected 
cover. Employing a deferred and rotation system, Sarvis (1923) 
reported greater total gains on fewer acres when compared to a 
continuous grazing system. Under the deferred and rotation sys- 
tem, the vegetation was allowed to mature periodically before 
being subjected to grazing again. A new system of ranching, 
referred to as the Short Duration Grazing or SDG system, was 
developed in Rhodesia in 1964 (Goodloe 1969). This system con- 
sists of a high intensity-low frequency harvesting of the forage, 
even with intensive harvesting range conditions improved under 
the semiarid climate where the SDG system was developed. The 
present study was designed to determine the effect of intensive 
harvesting on the developmental stages of Northern Great Plains 
mixed prairie. 

Clipping results in more severe injury to grass stands than does 
defoliation from normal grazing use (Whitman et al. 1961). 
Although clipping does not directly duplicate the effects of grazing, 
considerable information may be gained by the reactions of species 
to foliage removal (Sarvis 1923). 

The effects of clipping on the Northern Great Plains have been 
reported by different authors. In South Dakota, Black et al. (1937) 
reported that frequency of clipping buffalo grass (Buchloe ducty- 
loides) and blue grama appeared to have little effect on yield. Total 
production of buffalo grass, blue grama, western wheatgrass 
(Agropyron smithii), plains bluegrass (Poa arida), and six weeks 
fescue (Festuca octofora) was greatest when clipped at 40-day 
intervals. Total production by all plants was also greatest when 
clipped at 40day intervals. Two vegetation types in western North 
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Dakota, a western wheatgrass-blue grama type, and a needle-and- 
threadgrass (Stipa comatakblue grama-sedge (Curex spp.) type 
were studied by Whitman and Helgeson (1946). Average yields for 
blue grama decreased in both vegetation types when clipped twice 
during a season to a height of 1.27 cm (l/2 in). Needle-and- 
threadgrass decreased under all clipping treatments in height, 
yield, and basal area. Average yields for western wheatgrass were 
maintained under single clipping to a height of 3.8 1 cm (1 I/ 2 in) 
and 7.62 cm (3 in), but decreased under double clipping. Sarvis 
(1923) reported blue grama was benefited by frequent clipping 
while needle-and-threadgrass decreased in relation to clipping fre- 
quency. Heinrichs and Clark (1961) in Saskatchewan, and Whit- 
man et al. (1961) at Dickinson, North Dakota, reported that yields 
of green needlegrass (Stipa viridulu) increased when clipped 2 or 3 
times a year compared to annual clipping. 

These studies applied periodic and/or annual clipping treat- 
ments. The present paper reports the response of Northern Great 
Plains mixed prairie to intensive clipping at five stages of develop- 
ment, with respect to peak yields and basal cover of selected species 
and groups, and the seasonal removal of soil moisture in the 
profile. 

Description of Study Locations 

This study was carried out on two major range sites in western 
North Dakota. Vegetation of the region is mixed grass prairie as 
described by Weaver and Clements (1938). Study site I is located 
approximately 9.6 km (6 miles) northwest of the city of Dickinson 
on a sandy loam of the Vebar-Parshall-Arnegard toposequence 
(Larson et al. 1968). Dominant perennial grasses are needle-and- 
threadgrass, green needlegrass, blue grama, prairie Junegrass 
(Koeleria cristatu), and Sandberg bluegrass (Poa secunda). The 
miscellaneous grasses are dominated by western wheatgrass and 
bearded wheatgrass (Agropyron subsecundum). Major Carex spe- 
cies are C.fillfolia, C. eleocharis, and C. heliophila. Study site 2 is 
located approximately 14.4 km (9 miles) southeast of the town of 
Medora on a loam soil similar to the Shambo series (U.S. Dep. 
Agr. Forest Serv. 1971; and personal communication with Ken 
Thompson, Soil Conserv. Serv., Dickinson, N.D.). Dominant per- 
ennial grasses are western wheatgrass, blue grama, prairie June- 
grass, and needle-and-threadgrass. The miscellaneous grasses are 
dominated by green needlegrass (Stipa viridulu) and Sandberg 
bluegrass (Poa secundu). Major Curex species are C.filifoliu, C. 
eleocharis, and C. heliophilu. Scientific and common names follow 
Stevens (1963). Abbreviated scientific names follow the Range 
Analysis Handbook U.S.F.S. (1977). 

The climate of the region is semiarid with an annual precipita- 
tion between 40.13 cm (15.80 inches) and 42.06 cm (16.56 in), 75% 
of which falls during the growing season April through September. 

Experimental Procedures 
The experimental plots were randomly located with three repli- 
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cates of eight treatments on each of two study sites. Plot size was 
10.1 m by 11.9 m (33 ft by 39 ft) with four rows of six plots. Plots 
were subdivided into six 3.96 m by 5.03 m (13 ft by 16.5 ft) subplots, 
half of which were randomly selected to be sampled for above 
ground biomass in alternating years. Six-foot alley ways were left 
between plots to facilitate movement. Five of the treatments were 
clipping trials, two were herbicide trials, and one the control which 
received no treatment. This paper reports only the results of the 
clipping trials. 

Three plots (replications) on each of the two study sites were 
mowed to a 2.54 cm (1 in) height on each of the treatment dates. 
Clipping (mowing) dates for 1977 were: May 24 and 25; June 9 
and 10; June 22 and 23; July 6 and 7; and July 19 and 20, for sites 1 
and 2, respectively. Clipping dates for 1978 were: May 20 and 21; 
June 7 and 8; June 22 and 21; July 7 and 6; and July 21 and 19, for 
sites 1 and 2, respectively. Plots received only one clipping treat- 
ment per year. Plots clipped in 1977 were clipped at approximately 
the same time period in 1978. The clipped herbage was removed 
following the treatment. Prior to each treatment three subplots 
from each replication were randomly sampled for above ground 
biomass using one 1/8-m* (25 cm by 50 cm) quadrat for a total of 
nine 1/8-m* quadrats per treatment. Control plots were sampled 
for biomass at approximate biweekly intervals from mid May 
through mid July and a terminal harvest in mid October 1977 and 
early September 1978. The May clip, first June clip, and the second 
June clip were sampled for regrowth at approximate monthly 
intervals until mid to late July and during mid October of 1977 and 
early September of 1978. Nine 1/8-m* quadrats were randomly 
located for the regrowth sampling. Species composition by weight 
was estimated using the double sampling technique. The double 
sampling technique consisted of estimating the percent by weight 
of species composition, and then clipping by species the first and 
last quadrats of the 9 quadrats clipped for the biomass samples. 
The percent by weight of species composition was estimated for 
quadrats 2 through 8 and the clipped herbage combined for the 
quadrat sample. Clipped herbage was then dried at 66” C for 72 
hours and weighed to the nearest 0.1 gram. Correction percentages 
from quadrats 1 and 9 were applied to quadrats 2 through 8. Peak 
yields for the clipping treatments were determined from adding the 
biomass samples taken prior to the clipping treatment with each of 
the samples taken for regrowth. Peak yield reported is the maxi- 
mum cumulative average yield per treatment for the selected spe- 
cies and groups. Peak yields on control plots were the biomass 
peaks for the selected species and groups. 

Soil moisture content was determined utilizing the gravimetric 
method in 1977 and the neutron-scattering method in 1978. Sam- 
pling depths for 1977 were: 1- I5 cm, 15-30 cm, 30-45 cm, 45-60, 
60-75 cm, 75-90 cm, and 90-120 cm. Sampling depths for 1978 
were: O-15 cm, 15-30 cm, 3045 cm, 45-60 cm, 60-75 cm, and 
75- 105 cm. (A 15-cm error in lowering the probe’s source resulted 
in the change of sampling depths in 1978). The gravimetric method 
was utilized for the O-15 cm depth in 1978. Gravimetric samples 
were dried at 105’ C for 72 hours and weighed to the nearest 0.1 
gram. The soil moisture content was sampled at biweekly intervals 
from approximately May 15 through August 15. The amount of 
soil water removed was determined utilizing a method described by 
Neff and Wight (1977). They reported: “The available soil water is 
the difference between the soil water measurement and the min- 
imum soil water measured at anytime during the period of record. 
This definition assumed that the minimum soil water measured 
during the period of record approximated the soil water holding 
capacity at wilting point”. Their definition of available soil water 
was interpretated to be the amount of soil water removed through 
evapotranspiration. Soil moisture removed for 1977 is reported for 
the period of June 7 through August 11; and for 1978 the period of 
May 15 through August 24. 

Basal cover was determined in August of 1977 and 1978 using the 
point contact method. A hit was recorded when the point came into 
contact with the base of a living (green) plant. Percent basal cover 
was determined from 3,600 points per treatment. According to 

Whitman and Siggeirsson (1954) 3,600 basal contact points would 
provide sampling errors of 10% or less for the three major 
components-needle-and-threadgrass, blue grama, and the 
sedges; and sampling errors between 10 and 20% for all other 
species and groups, except for plains reedgrass (Cafumagrostis 
montanensis). 

Data were analyzed using standard analysis of variance tech- 
niques. The Duncan’s multiple range test was used to separate 
mean differences when significant (KO. 10 or KO.05) values were 
found. Acceptance levels for significant differences reported are at 
the P<O.O5 level unless otherwise stated to be at the KO. 10 level. 

Results and Discussion 

Above-ground Biomass 
Clipping to a 2.54 cm (1 in) height on May 24 and June 10 

reduced (P<O. 10) yields of needle-and-threadgrass compared to 
yields observed for the 2.54-cm (1 in) clipping in July 19 and 
control plots during 1977 at site 1 (Fig. 1). Needle-and-threadgrass 
yields were not significantly different between the control plots, 
June 22, July 7, and July 19 clipping treatments; or between the 
May 24, June 10, June 22, and July 7 clipping treatments. Yields by 
Curex species increased (X0. IO) when clipped to a 2.54 cm (I in) 
height on June 10 compared to yields on control plots, May 24, and 
July 19 2.54 cm (1 in) clipping treatments. When clipped to a 2.54 
cm (1 in) height on July 7, yields by Curex species increased 
(KO. 10) above yields observed for the controlplots and the July 
I9 2.54-cm (1 in) clipping treatment. No significant differences in 
yield of Carex species were observed for: the May 24, June 22, and 
July 7 2.54 cm (1 in) clipping treatments. Clipping did not signifi- 
cantly affect yields by green needlegrass, prairie Junegrass, blue 
grama, Sandberg bluegrass, miscellaneous grasses, or the forbs for 
1977. The June 22 clipping treatments increased (KO. 10) the peak 
yield compared to the May 24 clipping treatment and control plots 
(Fig. 2). Clipping did not significantly affect peak yields between: 
the June 10, June 22, July 7, and July 19 2.54 cm (1 in) clips; or the 
control plots, May 24, and July 19 2.54 cm (I in) clipping treat- 
ments. Peak yields were increased (KO.10) by the June 10, June 
22, and July 7 2.54 cm (1 in) clipping treatments above those 
observed on May 24 clipping treatment and control plots for 1977. 
Observation indicated an increase (KO. 10) in yield by the miscel- 
laneous grasses when clipped to a 2.54 cm (1 in) height on July 21 as 
compared to all other 2.54-cm (1 in) clipping treatments and 
control plots for the 1978 growing season (Fig. 1). Clipping did not 
significantly reduce yields by needle-and-threadgrass and prairie 
Junegrass in 1978. No significant differences in yield were observed 
for the other species and groups, or the peak yields at site I for the 
1978 growing season (Fig. 1 and Fig. 2, respectively). Clipping did 
not affect yields during the 1977 or 1978 growing seasons at site 2 
(Fig. 1 and Fig. 2). 

The relationship between soil moisture and forage yields was 
observed at both sites during this two-year study period (Fig. 1 and 
Fig. 2). These observations agree with studies reported by Rogler 
and Haas (1947) working near Mandan, North Dakota. They 
reported that when soil moisture was above or below average, 
forage yields showed a positive relationship of being above or 
below average. The dry conditions observed at the beginning of the 
1977 growing season, when compared to 1978, appeared to have a 
greater effect on yields than the clipping treatments. However, 
early season clipping appeared to have compounded the effects of 
dry conditions on needle-and-threadgrass by reducing yields at site 
1 during 1977 (Fig. 1). Precipitation for the period of January 
through May of 1977 was 12Vc below normal at Dickinson and 
Medora (Table 1). For the same time period in 1978, precipitation 
was 18.7% of 51.2% above normal at Dickinson and Medora, 
respectively. The growing season precipitation, April through Sep- 
tember, was above normal at both stations during 1977 and 1978. 
Even with above-average growing season precipitation during 
both years, forage yields were higher in 1978 as a result of higher 
soil moisture levels at the beginning of the growing season when 
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Fig. 1. The effect of clipping date on the peak dry matter yields ofselectedsuecies andgroups at two western North Dakota mixedprairiestudy sites during 
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compared to 1977. 

Basal Cover 
The basal cover of Sandberg bluegrass was reduced (KO. 10) by 

the June 22, July 6, and July 19 2.54 cm (1 in) clipping treatments 
during 1977 and reduced by all 2.54cm (1 in) clipping treatments in 
1978 at site 1 (Table 2). The July 19 2.54-cm (1 in) clip increased 
basal cover of the sedges compared to the control plots, and the 
May 24, June 10, and June 22 2.54-cm (1 in) clipping treatments for 
1977. The basal cover of the sedges increased when clipped to a 2.54 
cm (1 in) height on July 6 above that observed for the May 24 and 
June 22 2.54-cm (1 in) clipping treatments during 1977. Total basal 
cover, when excluding small clubmoss (Seluginella densa), 
increased under the June 10 2.54-cm (1 in) clipping compared to 
the May 24, June 22, July clipping treatments, and control plots in 
1977. Total basal cover, when excluding small clubmoss, decreased 
in 1978 under the June 22, July 7, and July 21 clipping treatments 
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Fig. 2. The effect of clipping date on the peak yields at two western North 
Dakota mixed prairie study sites during 1977 and 1978. 

Table 1. Precipitation (cm) at Medora, North Dakota, and the Dickinson Experiment Station during the period 1977-1978 compared with the 29-year 
(1941-1970) average at each station. 

Location J F M A M J J A S 0 N D Annual 

Site 1 
Dickinson ND Experiment 

Station 1977 1.11 0.91 3.33 0.33 6.60 13.67 2.74 3.86 14.68 5.49 2.77 3.25 58.67 
Dickinson ND Experiment 

Station 1978 0.64 0.99 0.23 4.60 10.13 5.33 6.12 5.11 6.50 0.74 3.40 0.99 44.78 
1941-1970 average 1.04 1.04 1.68 3.84 6.38 10.19 5.82 4.72 3.48 1.83 1.30 0.76 42.06 

Site 2 
Medora ND 1977 1.37 0.48 2.06 0.20 6.65 9.17 2.31 5.26 13.87 2.87 2.49 1.96 48.69 
Medora ND 1978 0.33 1.73 0.58 3.15 12.73 7.34 7.70 3.84 4.34 0.61 3.00 0.89 46.23 
1941-1970 average* 0.99 0.89 1.30 3.63 5.44 10.24 5.77 4.60 3.45 1.80 1.30 0.74 40.13 

*Medora ND is located approximately in the center of a triangle formed when the three closest recording weather stations were averaged for the 1941- 1970 period. The three 
weather stations are Amidon, N.D., Sentinel Butte, N.D., and Fairfield, N.D. 
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Table 2. Average percent basal cover of selected species and groups in August of 1977 and 1978, for each of the 5 clipping treatments and control plots at 
site 1. 

Species 

1977 1978 
May 24 June 10 June 22 July 6 July 19 Control May 20 June 7 June 22 July 7 July 21 Control 

Stipa viridula 3.50 
(Green needlegrass) 

Stipa comata 0.73 
(Needle-and-thread- 

grass) 
Koeleria cristata 1.17 

(Prairie Junegrass) 
Bouteloua gracilis 2.37 

(Blue grama) 
Poa secunda 0.37ab2 

(Sandberg bluegrass) 
Misc. grasses 0.37 
Carex spp. 1.18~’ 

(Sedges) 
Forbs 0.40 
Selaginella densa 2.10 

(Small clubmoss) 

1.06 

0.90 

0.66 

1.37 

1.17 1.67 

3.00 2.60 

0.70a 0.16b 

0.23 0.27 
2.57cb 1.57c 

0.37 0.40 
0.90 3.80 

Total* 7.90b’ 9.90a 8.33b 

0.97 0.93 

0.93 1.50 

0.63 0.47 

2.07 2.17 

0.07b 0.06b 

0.12 0.09 
3.13ab 3.73a 

0.19 0.16 
1.10 0.80 

8.03b 9.lOab 

0.23 0.63 

1.83 1.43 

0.93 1.83 

2.33 4.33al 

0.67a 0.15b’ 

0.13 0.77 
2.50cb 1.70 

0.05 0.05 
4.80 4.30 

1.37 0.17 0.70 0.70 

0.97 I. 17 0.73 1.13 2.17 

1.73 1.70 0.90 1.70 2.43 

3.77ab 3.70abc 2.53bc 2.27~ 2.37bc 

0.57b 0.16b 0.20b 0.15b 1.17a 

0.57 0.33 0.50 0.40 0.29 
2.40 1.30 2.47 1.83 2.03 

0.16 0.12 0.37 0.13 0.19 
2.10 5.60 1.80 1.20 4.70 

8.40b 10.87al 11.43a 8.77b 7.87b 8.20b 11.27a 

*Total basal cover values excluding Sefaginella densa. 
‘Means in the same row followed by similar letters are not significantly different at the 0.05 level of probability. 
2Means in the same row followed by similar letters are not significantly different at the 0.10 level of probability. 

compared to the control plots, the May 20, and June 7 clipping 
treatments. The May 20 clipping treatment increased the basal 
cover of blue grama during 1978 above that observed for the 
control plots, July 7, and July 21 clipping treatments. Even though 
the basal cover of Sandberg bluegrass decreased on the clipping 
treatments and a general increase in basal cover of blue grama was 
observed for the May 20, June 7, and June 22 clipping treatments 
during 1978, clipping did not significantly affect yields by either 
species (Fig. 1). 

of hits observed. The difficulty in distinguishing between living and 
dead plants, rather than the clipping treatments, may have 
accounted for the decrease in basal cover in 1977. Clipping did not 
affect the basal cover for prairie Junegrass in 1978. The clipping 
treatments did not affect the basal cover of the other species and 
groups, or the total basal cover, when excluding small clubmoss, 
on site 2 for the two-year period. 

Soil Moisture 

Prairie Junegrass decreased (KO.10) in basal cover when The soil moisture content at the beginning of the growing season 
clipped to a 2.54 cm (1 in) height on July 20 compared to the greatly influenced forage production. Dickinson received 9.40 cm 
control plots, the May 25, and June 9 clipping treatments at site 2 of precipitation from October 1976 through April 1977, 18.1% 
for 1977 (Table 3). The June 23 clipping treatment reduced below normal. Precipitation for the same time period in 1977 and 
(KO. 10) the basal cover of prairie Junegrass compared to the May 1978 was 56.4% above normal (Table 1). During mid May 1977, the 
24 clipping treatment and control plots. Prairie Junegrass made average percent soil moisture on the control plots at site 1 was 4.4% 
very little regrowth following the June 23, July 7, and July 20 and 19.7% at mid May 1978. Medora, a measuring station within 
clipping treatments during 1977. It was difficult to distinguish 14.4 km of site 2, received 6.76 cm of precipitation from October 
between living (green) plants and dead plants when the point 1976 through April 1977, or 36.5% below normal. Precipitation for 
contact method was used in August, resulting in the lower number the same time period in 1977 and 1978 was 23.2% above normal 

Table 3. Average percent basal cover of selected species and groups in August of 1977 and 1978, for each of the 5 clipping treatments and control plots at 
site 2. 

Species 

1977 1978 

May 25 June 9 June 23 July 7 July 20 Control May 21 June 8 June 21 July 6 July 19 Control 

Agropyron smithii I .50 
(Western wheatgrass) 

Stipa comata 0.10 
(Needle-and-thread- 

grass) 
Koeleria cristata 1.07al 
Bouteloua gracilis 3.53 

(Blue grama) 
Misc. grasses 0.0 
Carex spp. 1.80 

(Sedges) 
Forbs 0.53 
Selaginella densa 12.0 

(Small clubmoss) 

1.40 1.60 1.07 0.80 1.07 0.87 1.40 1.17 1.17 1.00 0.63 

0.26 0.26 0.40 0.50 0.40 0.27 0.20 0.13 0.13 0.23 0.33 

0.87ab 0.30bc 0.43abc 0.13c l.OOa 1.50 1.30 0.73 0.87 1.13 1.47 
3.97 4.47 4.90 5.47 5.20 5.97 5.43 4.87 4.73 5.10 5.40 

0.0 0.02 0.0 0.0 0.0 0.23 0.03 0.05 0.09 0.0 
1.47 1.37 1.60 2.73 2.13 1.13 1.29 1.07 0.90 1.60 

0.67 0.67 0.27 0.17 0.36 0.30 0.23 0.70 0.08 0.20 
16.80 13.80 17.30 21.50 24.70 7.70 14.20 10.50 12.30 12.60 

0.17 
1.47 

0.19 
21.40 

Total* 8.40 8.57 8.57 8.70 9.73 10.30 10.3 9.23 8.87 7.93 9.20 9.70 

*Total basal cover values excluding Selaginella densa. 
‘Means in the same row followed by similar letters are not significantly different at the 0.10 level of probability. 
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Table 4. A comparison of the amount (cm) of soil moisture removed for the 
5 clipping treatments and control plots at site 1 for the 1977 and 1978 
sampling periods. 

Clipping 
treatment 
date O-15 15-30 30-45 45-60 60-75 75-90 90-120 

1977 
May 24 3.05 2.32 1.29 0.78 1.19 0.93 1.20 
June 10 3.52 2.55 2.24 1.07 0.77 I .06 1.06 
June 22 2.84 2.35 2.07 1.36 1.85 0.75 1.07 
July 6 3.40 2.60 2.09 1.41 1.74 1.69 1.83 
July 19 3.04 1.94 1.74 0.96 1.25 1.11 2.13 
Control 2.94 2.08 1.75 1.28 1.14 0.75 0.30 

o-15 i5-30 30-45 45-60 60-75 75-105 

1978 
May 20 2.81 3.10 2.79 2.89 2.86 4.3 I 
June 7 2.83 3.51 3.13 3.12 3.05 4.3 1 
June 22 3.34 3.10 2.79 2.59 2.59 3.78 
July 7 2.76 3.48 2.95 2.91 2.68 3.37 
July 21 2.79 3.22 3.03 2.91 2.95 4.06 
Control 2.15 2.76 2.71 2.60 2.59 5.05 

(Table 1). During mid May 1977 the average percent soil moisture 
on the control plots at site 2 was 7.0% and 25.1%at mid May 1978. 
The higher soil moisture levels at the beginning of the growing 
season in 1978 resulted in higher forage yields when compared to 
1977 (Fig. 1 and 2). 

Clipping did not significantly affect soil moisture removal at site 
1 during 1977 and 1978 (Table 4). Significant (KO. 10) differences 
in soil moisture removal were observed at the 30-45 cm (12 to 18 in) 
depth and (X0.05) at the 75-90 cm (30 to 36 in) depth during the 
1977 sampling period at site 2 (Table 5). The gravimetric method 
was used for the 1977 sampling period. Spotty natric horizons 
(claypans) were encountered on some of the treatment replications 
at site 2. The differences in soil moisture may be the result of a 
combination of the “claypan” layers and below normal precipita- 
tion at the beginning of the 1977 growing season. A slight recharge 
in soil moisture was observed in the 75-105 cm (30 to 42 in) depth 
on the control plots and the July 19 2.54-cm (1 in) clipping treat- 
ment for the 1978 sampling period at site 2. Lateral movement of 

Table 5. A comparison of the amount (cm) of soil moisture removed for the 
5 clipping treatments and control plots at site 2 for the 1977 and 1978 
sampling periods. 

Clipping 
treatment 
date O-15 15-30 30-45 45-60 60-75 75-90 90-120 

1977 
May 25 1.92 1.82 1.19ab1 1.33 1.24 1.44a2 2.98 
June 9 1.24 1.35 0.52b 0.97 0.97 1.31a 2.24 
June 23 2.30 1.36 1.16ab 1.08 1.30 1.95a 1.88 
July 7 1.52 1.37 0.97ab 1.28 1.39 l.4la 1.50 
July 20 2.28 1.58 1.62a 1.34 1.54 0.14b 2.10 
Control 1.78 2.10 i.50a 1.39 1.57 I .49a 2.32 

O-15 15-30 30-45 45-60 60-75 75-105 

1978 
May 21 3.23 3.67 3.74 2.65 2.70 1.68 
June 8 4.31 3.71 3.73 3.12 1.97 0.64 
June 21 4.70 4.11 4.07 3.20 2.05 0.08 
July 6 3.86 3.29 3.36 2.81 0.95 1.20 
July I9 4.20 2.49 2.40 2.13 1.31 -.32 
Control 4.70 4.33 3.81 3.51 2.45 -.30 

‘Means in the same column with different letters are significantly different at the 0. IO 
level of probability. 
2Means in the same column with different letters are significantly different at the 0.05 
level of probability. 

Table 6. A comparison (average of all clipping treatments and control 
plots) of the amount (cm) of soil moisture removed between the O-45 cm 
depth and the 45-105 cm depth from two western North Dakota mixed 
prairie study sites for the 1977 and 1978 sampling periods. 

Site 1 Site 2 

Year o-45 45- 105 o-45 45- 105 

1977 
1978 

7.30al 4.15b 
8.88a 9.77b 

4.60 4.94 
I 1.29al 5.31b 

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

by different letters are significantly different at the 

water may have accounted for the recharge. Observations from this 
2-year study indicate that soil moisture removal was not affected 
by the clipping treatments. 

Precipitation and soil texture influenced the removal of soil 
moisture. More moisture was removed in the O-45 cm depth com- 
pared to the 45- 105 cm depth on the sandy loam soil of site 1 during 
1977 (Table 6). During 1978 more moisture was removed from the 
45-105 cm depth when compared to the O-45 cm depth. The 
increase in soil moisture removal at the O-45 cm depth during 1977 
may have resulted from the lack of moisture infiltration to the 
45-105 cm depth following the above average growing season 
precipitation (Table 1). No significant differences in soil moisture 
removal were observed between the O-45 cm depth and the 45-105 
cm depth on the loam soil of site 2 during 1977 (Table 6). During 
1978, more moisture was removed from the O-45 cm depth when 
compared to the 45-105 cm depth. Even with the above average 
growing season precipitation during 1977, water infiltration may 
have been reduced on the finer textured loam soil at site 2 as 
compared to the more coarse textured sandy loam soil at site 1. 

Conclusions 

The soil moisture content at the beginning of the growing season 
greatly influenced forage production. Even with above average 
growing season precipitation during both years, forage yields were 
higher in 1978 as a result of higher soil moisture levels at the 
beginning of the growing season when compared to 1977. Early 
season soil moisture appeared to have a greater affect on yields 
than the clipping treatments. However, early season clipping 
appeared to have compounded the effects of dry conditions on 
needle-and-threadgrass by reducing yields on the sandy loam site 
during 1977. Observations from this 2-year study indicate the 
removal of soil moisture was not affected by the clipping treat- 
ments. Precipitation and soil texture had a greater influence on the 
removal of soil moisture than did the clipping treatments. 

The basal cover of Sandberg bluegrass was reduced by all 2.54- 
cm (1 in) clipping treatments on the sandy loam site during 1978. 
Early season clipping increased the basal cover of blue grama on 
the sandy loam site during 1978. However, clipping did not signifi- 
cantly affect yields by either species. 

Hurtt (1951), working near Miles City, Montana, reported the 
average drought frequency in the Northern Great Plains at once in 
5 years. Drought conditions play a major role in proper range and 
livestock management. Long-term projections can not be made 
from two years of study. Further research is needed to determine 
long-term effects of intensive harvesting on the development of 
western North Dakota mixed prairie. 
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White-tailed Deer Diets from Pastures in 
Excellent and Poor Range Condition 
F.C. BRYANT, C.A. TAYLOR, AND L.B. MERRILL 

Abstract 

A study was initiated in August, 1975, to examine the forage 
available to and diet composition of white-tailed deer on pastures 
of excellent and poor range condition at the Sonora Research 
Station near Sonora, Texas. Grass and forb standing crop and deer 
feeding time on these two forage classes were considerably higher 
on the pasture in excellent range condition than that in poor range 
condition. Browse standing crop and feeding time was greater from 
the pasture in poor range condition. The Merrill 4-pasture grazing 
system appeared to increase the availability and use by deer of 
grass regrowth. Yearly averages of crude protein and phosphorus 
were higher in diet samples collected from the pasture in excellent 
range condition. Digestible energy levels were similar between 
pastures when averaged over the l-year period. Digestible energy 
levels in diets were, however, higher from the excellent condition 
pasture in every season except winter. In winter, deer fed primarily 
on the foliage of oak on excellent condition range; but on the 
pasture in poor range condition, deer used large amounts of foliage 
and mast from juniper and dead leaves of persimmon in addition to 
oak foliage. Juniper and persimmon apparently contributed to the 
higher digestible energy levels observed on the pasture in poor 
range condition during the winter season. Energy may be a major 
nutrient limiting deer production on the Edwards Plateau. 

In pristine times, the Edwards Plateau of Texas was considered a 
grassland steppe but has since been invaded by woody perennials 
(Krebs 1972). It now contains a diverse community capable of 
supporting many kinds of plants and animals. Among the endemic 
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fauna occurs one of the most dense concentrations of white-tailed 
deer (Odocoileus virginianus) in the world. Economically, 
ranchers on the Edwards Plateau often make more net profit from 
marketing hunting privileges for a white-tailed buck than from the 
sale of a calf. The problem, however, is not in raising a quantity of 
animals but in producing quality deer. This problem has been 
magnified both by an over-population of deer and by poor grazing 
management of livestock that share the range with deer. 

White-tailed deer do poorly on ranges stocked heavily with 
cattle, sheep and goats and grazed continuously year after year. 
McMahan and Ramsey (1965) reported a period of 8 years without 
a fawn crop when deer were confined in 3%ha experimental pas- 
tures under these conditions. However, deer do in fact survive and 
even thrive under unconfined conditions because of their remarka- 
ble ability to respond to wet years by doubling their population size 
(Marburger and Thomas 1965). Inadequate harvest of these high 
populations coupled with poor grazing management practices 
interact to produce poor quality deer (Teer et al. 1965). Although 
deer numbers are favorably influenced by proper stocking and 
deferred-rotation grazing systems (Merrill et al. 1957; Reardon et 
al. 1978), our objectives were to quantify the relationships of 
excellent vs. poor condition range in terms of quantity of forage 
available to deer and the botanical composition and nutritional 
quality of their diets. 

Study Area and Methods 

Two 8-ha study sites were selected at the Texas A&M University 
Agricultural Research Station located 45 km southeast of Sonora, 
Texas. One study site was selected in a pasture representing excel- 
lent range condition and the other poor range condition (Fig. I). 
The pastures have had different histories of use and manipulation 
(Table I). 

Topography of the Sonora Station is rolling with steep breaks 
along some drainages. Soils are generally stony clays and clay 
loams. Precipitation averages 61 cm annually with peaks in May 
and September. 

193 





Table 2. Forage biomass available (kg/ha) to white-tailed deer on excellent and poor condition range at the Sonora Research Station, 

Late summer Autumn Winter Spring Mid-summer 
(August) (October) (January) (April) (July) 

Grass: 
Excellent condition 
Poor condition 

Forb 
Excellent condition 
Poor condition 

Browse: 
Excellent condition 
Poor condition 

Total: 
Excellent condition 
Poor condition 

1975 1975 1976 1976 1976 

3317 3235 2432 2586 2190 
1090 951 707 335 790 

476 79 30 62 259 
46 46 9 22 37 

576 618 534 445 391 
2096 1924 1412 1019 1378 

4369 3932 2996 3093 2840 
3232 2921 2128 1376 2205 

Annual mean 

2752 
775 

181 
32 

1566 

3446 
2373 

1976) or from a non-rootplowed pasture also in the Merrill 4- 
pasture, 3-herd grazing system (Reardon and Merrill 1976). Soil 
disturbance and subsequent aeration association with rootplowing 
probably contributed to the abundance of forbs on the good 
pasture, along with removal of competitive shrubs. However, 
proper grazing management following the treatment cannot be 
ignored as a significant factor in maintaining and promoting vigor- 
ous forb growth. 

Powell and Box (1966) found rootplowing to have a positive 
influence on standing crop. If large blocks are rootplowed, how- 
ever, the impact on deer may be negative (Davis and Winkler 1968; 
McMahan and Inglis 1974). Urness (1974) reported mule deer (0. 
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Fig. 2. Percent feeding time white-tailed deer spent on the major forage 
classes from excellent and poor condition range. 
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hemionus) used rootplowed areas consistently less than adjacent, 
untreated brush. He suggested that when treatments left adequate 
cover, increased forbs on rootplowed areas would be highly benefi- 
cial to deer. 

Some of the more abundant forb species on the excellent condi- 
tion site were perennials including orange zexmenia (Zexmenia 
hispida), Plantago spp., Abutilon spp., Texas snoutbean (Rhyn- 
chosia texana), Lindheimer copperleaf (Acalypha lindheimeri), 
upright prairie-coneflower (Ratibida columnaris), spreading sida 
(Sida jilicaulis), velvet bundleflower (Desmanthus velutinus), 
Mexican sagewort (Artemisia ludoviciana), and chickenthief 
mentzelia (Mentzelia oligosperma). These forbs comprised more 
than 77%, and 5370, and 74% of the forb standing crop in August, 
1975, and April, and July 1976, respectively. On the poor condition 
range the palatable forbs recorded were spreading sida, Texas 
snoutbean, and velvet bundleflower, but were found only in limited 
amounts. 

Availability of browse was three times greater on poor condition 
range than on excellent (Table 2). Most browse on the poorcondi- 
tion pasture was from mature plants, whereas rootplowing elimi- 
nated mature trees on the excellent condition pasture and the 
resulting browse was primarily from 7-year-old resprouts. Over 
75% of the browse standing crop on the poor condition pasture was 
Juniperus spp., with Vasey shin oak (Quercus pungens var. 
vaseyana), and plateau oak (Quercus virginiana var. fusiformes) 
constituting most of the remaining 30%. On theexcellent condition 
pasture, plateau oak and Vasey shin oak co-dominated the browse 
standing crop. 
Forage Composition of Diets 

Deer spent more time (KO.05) feeding on grass on the excellent 
condition pasture than the poor condition pasture (Fig. 2). Highest 
grass use was from spring to early summer, similar to the findings 
of McMahan (1964). This period corresponds to the succulent 
growth stage of warm-season grasses. In south Texas, deer used 
more grass in winter than any other season (Chamrad and Box 
1968; Drawe and Box 1968). 

McMahan (1964) found deer took more ‘bites’ of grass under 
‘heavy’ use by livestock than ‘light’ or ‘no’ use, and indicated they 
ate grass only when browse or forbs were lacking. Contrary to 
McMahan’s findings, deer in the excellent condition pasture spent 
more than 22% of their time feeding on regrowth grass during July, 
a time when browse was abundant and forbs were rejuvenated by 
the unexpected rainfall. Most of their feeding time (18%) was 
divided equally between Johnsongrass (Sorghum halepense) and 
cane bluestem. Since Johnsongrass is extremely palatable to most 
herbivores, it is rarely found in grazed pastures on the Edwards 
Plateau, except those that are well managed. The Merrill ‘&pasture 
grazing system maintained this grass even at the heavy stocking 
rate ( 1 AU/ 5.2 ha). The remainder of the feeding time was distrib- 
uted among fall witchgrass (Leptoloma cognatum), King Ranch 
bluestem (B. ischaemum var. songarica), tumblegrass (Schedon- 
nardus paniculatus), sideoats grama and Carex spp. 



One of the deer fed mostly on Johnsongrass, while the other fed 
mostly on native grasses, primarily cane bluestem and sideoats 
grama. The high use of grass by deer was associated not only with 
above-average rainfall promoting grass regrowth, but with remo- 
val of the livestock that made the nutritious grass leaves available 
to deer. This succulent material was not as available on the excel- 
lent condition pasture and the poor condition pasture in spring nor 
the poor condition pasture in July because the livestock were 
present. Thus, these deer appeared to select grass when immature 
growth was readily available. 

Grazing systems that provide for periodic resting of the range 
from domestic livestock are advantageous to deer because live- 
stock can remove mature grass herbage during the grazing period 
and nutritious regrowth is readily available to deer during the rest 
period if growing conditions prevail. Fulgham et al. (1977) sug- 
gested controlled sheep grazing benefitted mule deer diets on foot- 
hill ranges in Utah because of succulent grass made available. 

Forbs contributed more (X0.05) to the deer feeding time on the 
excellent condition pasture than on the poor condition pasture 
(Fig. 2). Increased use of forbs by deer as availability increased has 
been well documented (McMahan 1964; Chamrad and Box 1968; 
Drawe and Box 1968; McCollum 1972), and forbs were more 
available on the excellent condition pasture (Table 2). Seasonally, 
however, forbs were highest in availability in autumn, 1975, but the 
greatest percentage of time deer spent feeding on forbs was in 
spring. Thus it appears that mature forbs in autumn, albeit abund- 
ant, were not as palatable to deer as were the forbs present in 
spring. 

On the excellent condition pasture; forbs in deer diets declined in 
importance from autumn through winter but began to increase by 
March (Fig. 2). The highest percentages of time deer spent feeding 
on forbs were recorded from May through July. On the poor 
condition pasture, the only significant amount of time (34%) deer 
spent on forbs was in July when availability of spreading sida 
increased in response to the cool, rainy weather and the deer 
actively grazed this species. 

Some species selected by deer in this study were similar to those 
reported by McMahan (1964) and McCollum (1972). However, 
forb abundance and diversity in the excellent condition pasture 
provided deer a higher degree of selectivity. Consequently, prefer- 
ence indices on excellent condition range were different from those 
of McCollum (1972) and new species were added to our knowledge 
of plants palatable to deer (Table 3). Some species were highly 
preferred during some some seasons but ignored at other times of 
the year even though available. Artemisia ludoviciana and Ratib- 
ida columnaris are good examples. The study deer tested certain 
species only once but did not select them again. Examples are 
Nedyotis spp., .Uymenoxys odorata, Evax prolifera, Croton spp., 
and Paronychia jamesii. 

Preference indices are notably biased because it is difficult to 
show a high preference for an abundant species or a low preference 
for a scarce species. Zexmenia hispida was the most abundant forb 
and appeared to be highly palatable to the deer because of the 
observed high use. However, the average annual preference index 
was similar to Ratibida columnaris (Table 3). Preference indices of 
plants eaten by deer in this study (Table 3) are useful for intensive 
management in light of the potential of these plants for propaga- 
tion and planting. 

The amount of time deer spent feeding on browse was lower 
(X0.05) on the excellent condition pasture (6lyc) when compared 
with browse feeding time (92%) on the poor condition pasture (Fig. 
2). Browse use on the poor condition pasture was high yearlong 
except in July when browse feeding time dropped to 58%. Results 
from the poor condition pasture are similar to those McMahan 
(1964) reported from the pasture he labeled ‘heavy degree of use.’ 
Feeding time on browse in the excellent condition pasture was 
comparable to results of McMahan’s (1964) from the pasture 
labeled as ‘no other use,’ where deer spent most of their time 
feeding on browse only during winter. He suggested the greatest 
difference found in deer food habits occurred between the ‘no other 
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use’ pasture (exclosure) and any of the continuously grazed pas- 
tures, regardless of the degree of use. 

Oak leaves were the most important browse constituent in deer 
diets on the excellent condition pasture, primarily because oak was 
the dominant browse available. Plateau oak was most heavily used 
in winter because of its evergreen nature, but also was important to 
deer in the other seasons. Vasey shin oak was important only in 
spring. Other browse species used throughout the year to a limited 
extent, primarily because of their low availability, were sugar 
hackberry (Celtis laevigata), woollybucket bumelia (Bumelia lanu- 
ginosa), Texas persimmon (Diospyros texana), and elbowbush 
(Forestiera pubescens). 

On the poor condition pasture, browse use by deer included 
year-round use of plateau oak, early spring use of Vasey shin oak, 
and heavy winter use of decadent leaves of Texas persimmon, 
foliage of Ashe juniper (Juniperus ashei) and mast from Ashe 
juniper and redberry juniper (J. pinchoti). 

During February in the poor condition pasture, deer spent 34% 
(20% on green foliage and 14% on mast) of their time feeding on 
Ashe juniper. This heavy use was surprising since these tame deer 
were not under nutritional stress. In Arizona, Swank (1958) 
regarded Juniperus spp. as an unpalatable emergency food source 
for mule deer. In Texas, most biologists assume Juniperus spp. are 
relatively unpalatable and are not used much by white-tailed deer. 
However, for mule deer, Terre1 and Spillett (1975) found Utah 
juniper (J. osteosperma) comprised 20 to 25% of the overwinter 
diet in a Utah study and stated deer actually exhibited a certain 
degree of preference for it. Kufeld et al. (1973) also reported Utah 
juniper to be important in several mule deer diet studies in other 
states. Where identified, certain species of juniper, such as Ashe 
juniper in Texas, may thus be more palatable and important to 
deer than presently is realized. These results have far-reaching 
management implications. Complete eradication of Ashe juniper 
may influence deer not only in terms of cover lost but also in 
removal of a seasonally important food source. 

Nutrient Composition of Diets 
Deer diets from the pasture in excellent range condition were 

higher (KO.05) in crude protein throughout the year than diets 
from poor condition range (Fig. 3). Although the average annual 
difference was only 2.6%, during several months the difference was 
considerably greater and approached 8.0% during May. 

The maintenance requirement for protein is the amount neces- 
sary to cover nitrogen losses not of dietary origin, including meta- 
bolic fecal nitrogen and endogenous urinary nitrogen (Church et 
al. 1974). Dietz (1965) reported minimum protein levels for deer 
were thought to be around 6-7% and Wallmo et al. (1977) used 7% 
as the maintenance requirement for deer in their study. Milford 
and Haydock (1965) reported 7% crude protein was the minimum 
level required by sheep for positive nitrogen balance. Church et al. 
(1974) found 8% protein was needed for maximum cellulose diges- 
tion in lambs. Also of significance is the protein requirement for 
reasonable growth and production, quoted as being anywhere 
from 13 to 20% (Verme and Ullrey 1974). 

Hand-plucked diet samples from the excellent condition pasture 
, were never below 7% for crude protein in any month of the year but 
were below 8% in January and February (Fig. 3). Deer primarily 
ate plateau oak during these months. Huston (unpublished data) 
reported crude protein in leaves of plateau oak reached their lowest 
levels (8.6%) during February. Deer in this study fed on twigs as 
well as leaves and the diets were hand-plucked to simulate this 
feeding behavior. Thus the estimates of 8% in this study seem 
realistic when compared with Huston’s data. Also, Wilson et al. 
(197 1) reported cut samples of shoots and leaves of interior live oak 
CQ. wislizenii) were similar in crude protein to diet samples col- 
lected from sheep via esophageal fistulae. In terms of maintenance 
on the poor condition pasture, deer reached critically low levels 
(6.1-7.4%) of crude protein during December and January. 

If 13% crude protein is considered a minimum for reasonable 
production and growth, diets from the pasture in poor range 

JOURNAL OF RANGE MANAGEMENT 34(3), May 1981 



Table 3. Monthly and annual means of preference indices for forages palatable to white-tailed deer on excellent condition range at the Sonora Research 
Station. 

Aug. 
1975 

Sept. Oct. Nov. Dec. 
1976 

Jan. Feb. Mar. Apr. May June July Mean 

Grass and Grasslike Plants 
Bothriochloa barbinodis 
Carex spp. 
Hilaria belangeri 
Leptoloma cognatum 
Sorghum halepense 
Bothriochloa ischaemum 
Schizachyrium scoparium 
Bouteloua curtipendula 
Eriochloa sericea 
Stipa leucotricha 

Forbs 
Abutilon spp. 
Anemone spp. 
Astragalus spp. 
Simsia calva 
Evax proltfera 
Tragia nepetaefolia 
Cocculas carolinus 
Mentzelia oligosperma 
Acalypha lindheimeri 
Croton spp. 
Verbena bipinnattftda 
Anethum graveolens 
Euphorbia spp. 
Siphonoglossa pilosella 
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Fig. 3. Percent crude protein in samples hand-plucked to simulate diets 
selected by deer from pastures in excellent and poor range condition at 
the Sonora Research Station. 

condition were below that level in every month but April, whereas, 
on excellent condition range, they were at or above that level 
during March, April, May, and again in July. Hand-plucked diets 
approached 18% crude protein during April on the excellent condi- 
tion pasture. Further, diets from excellent condition range were 
higher (KO.05) than those from poor condition in every month of 
the year but February and March. 

Average annual digestible energy levels in deer diets were not 
different (BO.05) between the two pastures (Fig. 4). However, 
during late summer 1975 and spring and early summer 1976, 
digestible energy levels were higher (KO.05) from diet samples 
hand-plucked from the excellent condition pasture. This was 
attributed to deer spending more time feeding on forbs and grasses 
on the excellent condition pasture (Fig. 2). 

From December through March, digestible energy levels were 
higher (KO.05) in diet samples from the poor condition pasture. 
Deer spent 85% to 95% of their time feeding on browse in both 
pastures and usually, high amounts of browse in diets results in low 
digestibility (Wilson et al. 197 1). However, different browse species 
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Fig. 4. Digestible energy @al/kg) in samples hand-plucked to simulate 
diets selected by deerfrom pastures in excellent andpoor range condition 
at the Sonora Research Station. 
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supply nutrients in differing amounts (Wilson 1969). When grazed 
on the pasture in excellent range condition, the deer fed primarily 
on foliage of plateau oak. Oak leaves and twigs notoriously are 
poor energy sources because they have highly lignified cell walls 
(Wilson et al. 197 l), which depresses digestibility (Van Soest 1967) 
and thus, total intake (Bissell and Strong 1955). 

Browse species other than plateau oak were eaten by deer on the 
pasture in poor range condition. These included foliage and mast 
from juniper and fallen leaves of Texas persimmon. 

Juniper contains volatile oils that may inflate energy values. 
These oils, extracted in the laboratory as organic matter that are 
actually part of the ether extract fraction, are largely non-nutritive 
(M.M. Kothmann pers. comm.). Short et al. (1966) found ether 
extract to be as high as 15-19% in Rocky Mountain juniper (J. 
scopulorum), while Fraps and Cory (1940) reported values of 
9-I 1% for redberry juniper but they did not analyze Ashe juniper. 
Thus, all samples containing juniper were analyzed for ether 
extract (A.O.A.C. 1970) and corrected for ether extract content. 
The results suggest that complete eradication of Ashe juniper may 
remove a potentially important energy source because winter 
energy values were still higher on the poor condition pasture. 
However, energy from Ashe juniper may only be supplemental if 
its volatile oils inhibit rumen function when the plant is consumed 
in large quantities. This inhibiting affect has been reported for 
other junipers (Dietz and Nagy 1976) as well as for other genera 
containing high percentages of volatile oils (Nagy and Tengerdy 
1968; Oh et al. 1968). 

Male and female white-tailed deer fawns require 168 and 155 
kcal/ kg BW.75/day of digestible energy for maintenance, respec- 
tively (Ammann et al. 1973). A male fawn weighing 18 kg in 
October would require 1,468 kcal of digestible energy per day. 
Respective estimates of the supply of energy for the fawn eating 32 
g/kg of BW/ day (Wallmo et al. 1977) on the excellent and poor 
condition pastures would be 1,162 and 1,043 kcal/ day, assuming 
the fawn had stopped nursing. The resulting deficiency would be 
305 and 375 kcal/ day on the excellent and poor condition pastures, 
respectively. Similarly computed for 18 kg female fawns, the defi- 
ciency would be 193 and 262 kcal/day on the excellent and poor 
condition pastures, respectively. Since energy and not protein 
affects ovulation in female fawns (Abler et al. 1976), the observed 
energy shortages could affect herd reproduction. 

A weaned 20-kg male fawn in January would be deficient 361 
and 248 kcal/day of digestible energy on the good and poor 
pastures, respectively. These results likely overestimate deficien- 
cies because diet selectivity by deer is much more refined than man 
can simulate. Regardless, the increased energy demands of growth 
over maintenance (Thompson et al. 1973) suggests energy may be a 
major limiting nutrient for fawns under the conditions of this 
study. 

A 45-kg pregnant doe in May, eating 22 g/kg of BW /day $Wall- 
mo et al. 1977) with a requirement of 156 kcal/ kg BW 5/day 
(Ullrey et al. 1969), would be 78 1 kcal/day below her digestible 
energy requirement on the poor condition pasture and only 318 
kcal/ day below on the excellent condition pasture. This difference 
was attributed to the increased use of forbs and grasses on the 
excellent condition pasture. 

Although there are no estimates of digestible energy require- 
ments for deer during lactation, requirements for sheep may 
increase as much as 500 kcal/ kg of dry matter in the diet (NRC 
1975). This is important because digestible energy levels in diet 
samples dropped on both pastures during June, a time when 
white-tailed deer on the Edwards Plateau normally are in heavy 
lactation. Levels were nearly as low in June as they were in late 
autumn and early winter, periods of record lows for digestible 
energy. . 

The results of insufficient energy in lactating ewes were lower 
milk production and a shortened lactation period (Pope 1974). 
Further, dairy cattle decreased both milk production and feed 
consumption when environmental temperatures increased (Rags- 
dale et al. 1948). When temperatures reach and continue at 38” C, 



sources for optimum deer habitat, along with the ability of deer to 
adapt to higher stages in plant succession, require further 
investigation. 
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Fig. 5. Percent phosphorus in samples hand-plucked to simulate diets 
selected by deer from pastures in excellent and poor range condition at 
the Sonora Research Station. 

dairy cattle may even stop milk production. Thus, energy shortages 
during hot summers may contribute to death of young deer on 
these ranges through a decreased energy supply in the face of rising 
energy demands for both the doe and fawn. Fawns apparently can 
shunt a limited food intake into fat reserves when growth is no 
longer possible (Verme and Ullrey 1974). This may enable some 
young deer to survive such conditions. High levels of digestible 
energy observed in July were abnormal because of the cool, rainy 
weather that prevailed. 

Levels of phosphorus in hand-plucked diets were higher 
(KO.05) on the excellent condition pasture than the poor condi- 
tion pasture when averaged over the year (Fig. 6). This difference 
was attributed primarily to differences (KO.05) between pastures 
during April, May, and July. 

Dietz (1965) and Short (1969) agree that phosphorus intake at or 
below 0.16% could adversely affect reproduction. Others feel 
0.25% is necessary for normal development (French et al. 1956; 
Ullrey et al. 1973). Verme and Ullrey (1974) reported excellent 
development of fawns when fed a ration containing 0.35% 
phosphorus. 

None of the estimates approached 0.35% phosphorus in either 
pasture and the 0.25% level was exceeded during April only on the 
excellent condition pasture. Hand-plucked diets exceeded 0.16% 
during 4 months of the year on the excellent condition pasture but 
were above that level in only 3 months on the poor condition 
pasture. The lowest levels of phosphorus corresponded to high 
amounts of feeding time deer spent on browse, except in early 
spring when high phosphorus levels were observed in addition to 
high use of browse. This agrees closely with Wilson’s (1969) report 
that nondeciduous shrubs were usually low in phosphorus with 
their highest amounts occurring in spring. 

Conclusion 
McMahan (1964) concluded that the greatest differences in food 

habits of deer occurred between a grazing exclosure and continou- 
sly stocked pastures regardless of stocking rate. The results pres- 
ented in this paper indicate that a stocked pasture in excellent 
range condition was comparable in terms of deer food habits to 
McMahan’s (1964) data from an area where livestock were 
excluded. The grazing system observed in this study apparently 
contributed to and maintained the excellent range condition. 
Results were higher annual levels of crude protein and phosphorus 
and higher seasonal levels of digestible energy in simulated deer 
diets, as compared with poor condition range. Periodic resting of 
the range from domestic livestock apparently was advantageous to 
deer in this study because of reduced competition for succulent 
regrowth grass when growing conditions prevailed. 

Diversity and abundance of grass, forb, and browse species 
seems desirable for higher quality deer diets on the Edwards Pla- 
teau of Texas. The appropriate spatial arrangement of these food 
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Deer and Elk Use on Foothill Rangelands in 
Northeastern Oregon 
RICHARD F. MILLER, WILLIAM C. KRUEGER, AND MARTIN VAVRA 

Abstract 

Forested foothills of the Wallowa Mountains in northeastern 
Oregon provide spring and early summer range for deer and elk. 
Deer and elk use varied both between plant communities and 
seasonally within plant communities. Plant species composition of 
big game diets also varied with season. Bunchgrass and logged 
communities collectively occupying 57% of the land area studied, 
provided 90% of the big game diet during spring and early summer. 
Grasses made up 52% of the diet, forbs 38%, and browse 10%. 
Timothy and western goatsbeard were the two most important 
species consumed by big game. Pellet groups did not reliably 
estimate the value of various communities to deer and elk for 
forage use. 

follows: ponderosa pine-bluebunch wheatgrass with ponderosa 
pine-wheatgrass; ponderosa pine-snowberry with ponderosa pine- 
Douglas fir-snowberry-oceanspray (Holodiscus discolor); Doug- 
las fir-snowberry and Douglas fir-ninebark with ponderosa 
pine-Douglas fir-ninebark; grand fir-pachistima with white fir- 
twinflower-forb (Abies concolor-Linnaea borealis); and Sandberg 
bluegrass-Kellogg onion with bluegrass scabland. Although both 
Douglas fir habitat types fall within Hall’s ponderosa pine- 
Douglas fir-ninebark community type, the Douglas fir-snowberry 
habitat type was located on a west aspect while the more mesic 
Douglas fir-ninebark habitat type was on a northwest aspect. 

Forested foothills of the Wallowa Mountains in northeastern 
Oregon provide habitat for mule deer (Odocoileus hemionus hemi- 
onus) and Rocky Mountain elk (Cervus canadensis nelsonii) dur- 
ing the winter, spring, and early summer. This area also provides 
an important source of timber, water, fish, recreation, and summer 
forage for livestock. Through assessing the value of plant commun- 
ities and the impact of logging practices for deer and elk, land 
managers can deal more effectively with the competitive relation- 
ship between big game and other land uses. 

Objectives of this study were to: (1) determine the importance of 
various plant species in the diet of deer and elk; (2) evaluate deer 
and elk preferences for different plant communities including for- 
ested communities that have been clearcut and seeded to forage 
plants, and (3) evaluate differences and/or similarities between 
forage utilization and pellet group densities to estimate the value of 
various plant communities for deer and elk forage. 

Study Area 

The study area was located in the foothills of the Wallowa 
Mountains in northeastern Oregon at the Eastern Oregon Agricul- 
tural Research Center, Union Branch. Elevation ranges from 1,006 
to 1,2 19 m. Habitat types identified in the study area were ponde- 
rosa pine-bluebunch wheatgrass (Pinus ponderosa-Agropyron 
spicatum); ponderosa pine-snowberry (Pinus ponderosa- 
Symphoricarpos albus); Douglas fir-snowberry (Pseudotsuga 
menziesii-Symphoricarpos albus) Douglas fir-ninebark (Pseudot- 
suga menziesii- Physocarpus malvaceus); and grand fir-pachistima 
(Abies grandis- Pachistima myrsinites) as determined from the keys 
in Daubenmire (1970) and Daubenmire and Daubenmire (1968). 
The grand fir-pachistima habitat type was represented by a grand 
fir-adenocaulon (Abies grandis-Adenocaulon bicolor) commun- 
ity. A Sandberg bluegrass-Kellogg onion (Poa sandbergii-Allium 
anceps) community was also important in the study area but it did 
not reflect any previously identified habitat type. These habitat 
types correspond with Hall’s (1973) plant community types as 

Understory production in the bunchgrass communities, Sand- 
berg bluegrass-Kellogg onion and ponderosa pine-bluebunch 
wheatgrass, averaged 343 kilograms per hectare (Table 1); and tree 
canopy cover was 4% or less (Miller and Krueger 1976). Under- 
story production in the three forested communities, ponderosa 
pine-snowberry, Douglas fir-snowberry, and grand fir- 
adenocaulon varied from 69 to 138 kilograms per hectare. Tree 
canopy cover ranged from 55 to 9 1% for these forested communi- 
ties. Also contained within the study area was a 27-hectare forest 
clearcut. The area was logged in 1969, burned in July 1970, and 
seeded in September 1970 to timothy (Phleum pratense), tall oat- 
grass (Arrhenatherum elatius), white Dutch clover (Trifolium rep- 
ens), Manchar smooth brome (Bromus inermis), orchardgrass 
(Dactylis glomerata), and blue wildrye (Elymus glaucus). Habitat 
types contained within the logged area included ponderosa pine- 
snowberry, Douglas fir-ninebark, and grand fir-pachistima. Plant 
communities established in the clearcut were: Kentucky bluegrass- 
goatsbeared (Poa pratensis- Tragopogon dubius) in the ponderosa 
pine-snowberry habitat type; ninebark-timothy in the Douglas 
fir-ninebark habitat type; and timothy-orchardgrass in the grand 
fir-pachistima habitat type. Understory production ranged from 
564 to 622 kilograms per hectare during the study period (Table I). 
Miller and Krueger (1976) give a more detailed description of these 
communities. 

Methods 

Herbage and browse production, forage utilization and pellet 

Table 1 Percent ccmposltlon by community, total praductlan, and percent of sprmg and early summer 
diet of big game from each stand on the study area (March-July 1973) 

COMMUNITIES 

BUNCHGRASS 

PERCENT TOTAL 
COMMUNITY PROCUCTlON 

PE;;;NT 
TOTAL 

COMPOSITION kg/h GRASSES~FORBS 1 BROWSE 

Sandberg bluegrass-Kellogg onion 
Ponderoso pine-bluebunch wheatgross 

FOREST 

Ponderosa pine- snowberry ( 14 ( 138 ( t ( 3 ( t 1 3 

Douglas fir - snowberry 

Grand fir - adenocoulon 

At the time of the research, authors were, assistant professor, associate professor, 
Rangeland Resources Program, Department of Animal Science, Oregon State Uni- 
versity, Corvallis, and associate professor, Eastern Oregon Agricultural Research 
Center, Union, respectively. Dr. Krueger is currently chairman, Range Science 
Department, Univeristy of Colorado, Fort Collins. 

This report was submitted as Technical Paper No. 5254. Oregon Agricultural 
Experiment Station, Corvallis. 

Manuscript received August 27, 1979. 

TOTAL I I 90’/ 1 52 I38 1 IO 1 
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groups were measured in mid-March, mid-May, mid-July. earlv the summer and fall, but utilization was too light to measure. 
September and late October. Herbage production was sampled by 
the weight estimate method (Pechanec and Pickford 1937a) on 

Deer and Elk Community Preferences 

twenty 0.43-m* circular plots in each community. Plots were ran- 
Big game diets and pellet group distribution varied both between 

domly distributed throughout each community during each sam- 
plant communities. The three clearcut communities provided 66% 

pling period. The ocular estimate by plot method was used to 
of the big game diet during the entire foraging season while 

estimate utilization of herbaceous species in 40 randomly distrib- 
accounting for 3 1% of the land area studied (Table I). The timothy- 

uted 0.43 m* circular plots in each community (Pechanec and 
orchardgrass community was the most important source of forage 

Pickford 1937 b). Ten additional plots were protected with wire 
from March until mid-May (Fig. 1). This community provided 41 

cages and clipped during each sampling date to correct estimate 
to 54% of the big game diet during this period. Contribution of 

plots (Wilm et al. 1944). Cages were moved to a new location at the 
forage to the diet in this community dropped to 10% in June when 

end of each sampling date. forage utilization shifted primarily to the Kentucky bluegrass- 

Production and utilization on shrub species less than 45 cm in 
goatsbeard and ponderosa pine-bluebunch wheatgrass communi- 

height were also measured in the 0.43-m* circular plots. Browse 
ties. These communities provided 5 1 and 33% (respectively) of the 

production and utilization for the larger shrubs were measured in 
big game diet from mid-May through June. The ninebark-timothy 

eight permanent belt transects 48.8 m long and I .3 m wide in each 
community in the clearcut was also important during March. 

plant community. These belt transects were randomly distributed 
Forage utilization on this community dropped steadily during 

throughout plant communities parallel to slope contour. Annual 
March, May, and June. During this time contributions to the diet 

growth was calculated by recording leader length on approxi- 
decreased from 26 to 11 to 3%. The Kentucky bluegrass- 

mately 25% of each shrub occurring in the transect. Only 
goatsbeard community was the only logged community receiving 

unbrowsed leaders were measured. Outside of the permanent tran- 
relatively light use from March to mid-May, but became a major 

sect, a sample of leaders was measured for length, clipped, and 
source of forage from mid-May through June. 

dried at 60” C for 48 hours for each species. Leader length measure- 
ments were then converted to oven dry weight. Percent use of new 
leader length was estimated for browse species occurring within the 
transects. On these same transects pellet groups for deer and elk 
were counted and cleared (Neff 1968). 

Plant species composition of big game diets was calculated from 40 
production and utilization measurements. Total herbage and t; 
browse produced by species was estimated in each community by 
multiplying kg/ ha of species produced by number of hectares in 

E 3o 

that community. Then these production figures were multiplied by Y 
percent forage utilization of corresponding plant species within ; 20 

each community. These data were totaled across communities to 
determine total kilograms of each species consumed by big game in 
the study area. Preference of deer and elk for each plant species was 

,. 

evaluated with a relative preference index (RPI) (Van Dyne and 
Heady 1965). This was a ratio between percent composition of a 0 

plant in the animals’s diet to percent composition of the same plant 
on the range. 

CLEARCUT BUNCHGRASS FOREST 

Relative Preference Indes (RPI) = Percent Diet 
Fig. 1. Percent diet of big game in spring andearly summer contributed by 

each stand on the study area. 
Percent composition on range 

All herbage production, utilization, diet, and composition values 
Deer and elk pellet groups did not reflect the same importance of 

were converted to oven dry weight. 
the three logged communities as did forage utilization. Based on 

Analysis of variance with a completely randomized design and 
elk pellet groups, animals did not significantly prefer any of the 

Duncan’s new multiple range test were used to test differences (at 
eight plant communities throughout the study area (Fig. 2). Addi- 

the 95% confidence level) of pellet group densities and levels of 
tionally, levels of elk pellet groups did not correlate with forage 

forage utilization between plant communities. Linear regression 
utilization. Clearcut communities appeared to be avoided by deer 

was used to test the correlation between number of pellet groups 
as reflected by pellet group distribution (Fig. 3). Deer pellet groups 

within each community with the amount of forage each contrib- 
uted to the big game diet. Throughout this paper the term signifi- 
cant refers to p10.05. 

Results and Discussion 

q  APRIL-MID-MAY 
&j MID-MAY-JUNE 

Deer and elk use on the study area occurred primarily during the 
winter, spring and early summer. Deer and elk moved down to the 
study area as winter snow accumulated on high summer range. 
Pellet groups and forage utilization increased from winter to 
spring, peaking in April and mid-May; by June they declined back 
to winter levels. Overall herbage and browse utilization in the eight 
communities during spring and early summer ranged from less 
than 1 to 5% of total available plant production. Utilization on 
principal species providing a major part of the diet ranged from 2 
to 12%. Use of certain preferred forbs, however, commonly o 
exceeded 40%. From the last week of June until late fall, no 
measurable forage use or new pellet groups occurred in the study 

--FoRIEsT CLEARCUT BUNCHGRASS 

area. At this time most deer and elk had moved back onto high Fig. 2. Elk pellet groups per week per hectare in each stand during winter, 

elevation range. A few deer remained on the study area throughout spring and early summer on the study area (Sept. 1972-July 1973). 
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Table 2. Percent composition of selected plant species in the diet of big 
game and their relative preference index, RPI (March-July 1973). 

q  MID-MAY-JUNE 

CLEARCUT BUNCHGRASS 

Fig. 3. Deer pellet groupsper week per hectare in each stand during winter, 
spring and early summer on the study area (Sept. 1972-July 1973). 

were significantly lower on the ninebark-timothy and timothy- 
orchardgrass communities than on bunchgrass or forest communi- 
ties throughout the spring and summer. Although deer pellet 
groups only occurred in the clearcut on the Kentucky bluegrass- 
goatsbeard community, deer were observed foraging in the 
timothy-orchardgrass community on several occasions. The entire 
logged area accounted for only 4% of the deer pellets in the area 
studied. 

The two bunchgrass communities provided 2470 of the big game 
diet during March, April, May, and June (Table 1). The Sandberg 
bluegrass-Kellogg onion community, although occupying only 8% 
of the land area, was important for providing both grasses and 
forbs in March, April, and mid-May. It accounted for 17% of the 
big game diet during this period (Fig. 1). This community, with 
shallow soils and a south aspect, was the first to initiate growth in 
the spring. However, due to the aridity of the site, plants matured 
and dried early. No measurable forage use occurred after mid- 
May. 

The ponderosa pine-bluebunch wheatgrass community was also 
an important source of forage for deer and elk during the spring 
and early summer. This community provided 15,7, and 33% of the 
big game diet on the study area in March, May, and June, respec- 
tively. From mid-May through mid-June this community was 
second only to the Kentucky bluegrass-goatsbeard community in 
forage use. 

Relatively low densities of elk pellet groups occurred on both of 
the above bunchgrass communities during the winter (Fig. 2). 
However, from March to mid-May the highest pellet group densi- 
ties in the study area occurred on these two communities. Levels of 
elk pellet groups decreased in mid-May and June on both com- 
munities, which did not reflect forage utilization. Deer pellet group 
densities significantly increased on the Sandberg bluegrass- 
Kellogg onion site from relatively low densities in the winter to the 
highest density of any community on the study area in June (Fig 3). 
Seasonal trends of deer pellet group densities on the ponderosa 
pine-bluebunch wheatgrass site were similar to those of elk pellet 
group densities, peaking in April and mid-May and declining after 
mid-May. 

Although the three forested communities accounted for 41% of 
the area studied, they only provided 10% of the total big game diet 
in the spring and early summer (Table 1). However, based on pellet 
groups, big game preference for these communities appeared to be 
comparable to other communities (Fig. 2 and 3). 

Diet Composition 
Grasses made up 52% of the big game diet in March, April, May, 

and June (Table 1) and generally were moderate in preference 
values (Table 2). The ponderosa pine-bluebunch wheatgrass and 
timothy-orchardgrass community provided the highest levels of 

Species Percent diet RPI 

Grasses and sedges 
Phleum pratense (seeded) 
Arrhenatherum elatus (seeded) 
Poa sandbergii 
Dactylis glomerata (seeded) 
Agropyron spicatum 
Elymus glaucus (seeded) 
Festuca idahoensis 
Bromus inermis (seeded) 
Koelerica cristata 
Poa pratensis 
Carex geyeri 
Carex rossii 

Forbs 
Tragopogon dubius 
Lupinus caudatus 
Lactuca serriola 
Agoseris grandifora 
Adenocaulon bicolor 
Rumex acetocella 
Crepis occidentalis 
Arnica fulgens 
Epilobium paniculatum 
Camassia guamash 

Browse 
Symphoricarpos albus 
Physocarpus malvaceus 
Holodiscus discolor 
Ceanothus sanguineus 

18 
8 
6 
6 
3 
2 
2 
2 
2 

25 
2 
2 
2 
2 

4 
3 
2 

2.4 
2.3 
1.1 
0.7 
0.8 
1.3 
0.6 
2.3 
3.3 
0.1 
0.2 
0.6 

273.3 
6.0 

35.0 
17.0 
20.0 

1.7 
80.0 

8.3 
2.2 

25.0 

2.5 
5.4 

1 I.0 
4.2 

grasses to the big game diet among communities sampled. Seeded 
grass species accounted for 36% of the big game diet. Timothy, 
junegrass (Koeleria cristata), tall oatgrass, and smooth brome were 
the most palatable grass species, each with an RPI exceeding two 
(Table 2). Timothy made up 18% of the diet. 

Thirty-eight percent of the diet was made up of forbs. The 
majority of forbs were consumed from the Kentucky bluegrass- 
goatsbeard community in the clearcut. Goatsbeard, the most pre- 
ferred forb, made up 25% of the diet. Most forbs consumed by deer 
and elk were very palatable, having relative preference indexes 
exceeding two. 

Browse accounted for 10% of the diet although it only made up 
5% of the understory production. Ninebark, oceanspray, redstem 
ceanothus (Ceanothus sanguineus), and snowberry had preference 
ratings. Significantly more browse was utilized by deer and elk in 
the ninebark-timothy community in the clearcut than any other 
community. 

Seasonal Diet Preference 
Deer and elk showed definite seasonal trends in plants selected. 

Availability of preferred species appeared to be an important 
factor in determining diet composition. 

During March, Sandberg bluegrass was the most heavily grazed 
grass species. It initiated growth prior to most other herbaceous 
species, providing tender leaf sprouts in late February. Other 
frequently used forages during this period were bluebunch wheat- 
grass, Idaho fescue (Festuca idahoensis), Kentucky bluegrass, and 
timothy. These species combined with Sandberg bluegrass 
accounted for over 90% of the big game diet during March. 

From April through mid-May grasses continued to contribute a 
major portion of the diet. However, utilization of forbs had 
increased representing almost half of the forage consumed on the 
unlogged communities. Important forages consumed within the 
clearcut during April and mid-May were timothy, orchardgrass, 
blue wildrye, and Ross sedge (Carex rossii). Plant species utilized 
on adjacent unlogged communities were Sandberg bluegrass, com- 
mon camas (Camassia quamash), Kellogg onion, and western 
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hawksbeard (Crepis occidentalis). 
From mid-May through June, forbs made up just over half of 

the diet with grasses still playing an important role. The two most 
important forage species during this period were timothy and 
western goatsbeard. Timothy was primarily utilized in the timothy- 
orchardgrass community and western goatsbeard in the Kentucky 
bluegrass-goatsbeard community. Other forages utilized at this 
time were orchardgrass, smooth brome, blue wildrye, tall oatgrass, 
junegrass, tailcup lupine (Lupinus caudatus), prickly lettuce (tic- 
tuca serriola), pale agoseris (Agoseris glauca), American adeno- 
caulon, and snowberry. 

In July and August, utilization was too light and scattered to be 
measured. When utilization was measured again in late fall, the 
majority of deer and elk were still at higher elevations probably due 
to the lack of snowfall. 

Conclusions and Management Implications 

From March through June, when deer and elk were in the study 
area, forage utilization occurred primarily on the nonforested 
plant communities. Bunchgrass and logged communities, which 
collectively occupied 57% of the area studied, provided approxi- 
mately 90% of the forages in the big game diet. The presence and 
availability of palatable forages was much higher in these plant 
communities as compared to the forested communities. If these 
animals had not had access to high elevation range, forage utiliza- 
tion may have shifted into forested communities later in the 
summer as plants matured. Edgerton and Smith (1971) reported 
that during spring deer and elk fed mostly on grasslands and open 
forests in the Blue Mountains of northeastern Oregon. Availability 
of preferred forages has been shown to be an important parameter 
in influencing seasonal trends of habitat use by deer and elk 
(Edgerton 197 1, 1972; Reynolds 1962, 1966). It is important for 
managers to consider not only the structural characteristics of a 
habitat but also the specific forage plants and their value to deer 
and elk. The seeded clear-cut proved to be important as a forage 
source. Although the three communities in the forest clearcut 
accounted for approximately 3 1% of the area, these communities 
provided 66% of the big game diet. This was significantly higher 
than the same habitat types on the study area that had not been 
logged. Other researchers have also reported deer and elk use 
increased following logging (Reynolds 1962, 1966; Patton 1969; 
Edgerton 1972). 

Pellet groups indicated that the bunchgrass and forested com- 
munities were either comparable to or more important than the 
clearcut communities. Seasonal distribution of deer and elk pellet 
groups within and across communities did not correlate with sea- 
sonal preferences of the various communities for forage use. In the 
past, various authors have used pellet groups as indicators of 
habitat use (McMain 1948; Julander 1958). However, this study 
and that of Leckenby (1968) indicated that pellet groups did not 

reliably estimate the value of various communities to deer and elk 
for forage use. The different responses of forage related parameters 
and pellet group distribution suggested that managers should con- 
sider indexes that incorporate both forage and other needs in 
evaluating suitability of habitats for deer and elk. 
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Translocation and Storage of 14C-labled 
Total Nonstructural Carbohydrates in 
Honey Mesquite 
WALTER H. FICK AND RONALD E. SOSEBEE 

Abstract 

Translocation of total nonstructural carbohydrates (TNC) in 
mature honey mesquite (Prosopis glandulosa var. glandulosa) 
trees was studied by photosynthetically incorporating 14CO2 on 
eight dates during the summer of 1975. Several plant parts were 
analyzed for TNC and relative total activity (RTA) to determine 
direction of translocation and sink strength. Stem and twig TNC 
fluctuated more than basal bud TNC in response to phenological 
development. Pods were generally the strongest TNC sink except 
during initial pod formation (June 23, when bidirectional translo- 
cation occurred and all plant parts sampled contained equal con- 
centrations of the l4C label. A RTA/TNC ratio used in conjunction 
with RTA and TNC suggested that increased TNC concentrations 
in the pods and stems may not always be due to increased import of 
TNC but caused by a reduction in growth with constant importa- 
tion. Greatest translocation of TNC to the basal buds occurred 
between the phenological stages of green flower spikes (June 10) 
and pod formation (June 25) and during pod maturation (August 4 
to August 19). 

Honey mesquite (Prosopis glandulosa var. glandulosa) is the 
most widely spread “pest” plant in Texas and now occupies more 
than 22.7 million ha of grassland. The distribution of honey mes- 
quite increased by 506,000 ha between 1948 and 1963 (Smith and 
Rechenthin 1964). Many mechanical and chemical control 
methods are beneficial, but none prevent reestablishment of honey 
mesquite. 

Dormant buds, located in the crown area of the underground 
stem, allow honey mesquite to resprout and become reestablished. 
Any foliar applied herbicide must be translocated to the crown 
area and accumulate at toxic levels in order to kill honey mesquite. 

Translocation of organic food materials from the leaves to other 
plant parts has been associated with the movement of 2,4-D (2,4- 
dichlorophenoxyacetic acid) (Mitchell and Brown 1946). Greatest 
translocation of 2,4,5-T (2,4,5trichlorophenoxyacetic acid) 
occurred when there was a moderate to rapid movement of sugars 
to the roots of honey mesquite (Fisher et al. 1956). Thus, carbohy- 
drate translocation can be studied to determine the probable distri- 
bution of foliar applied systemic herbicides indirectly. 

Previous studies have examined root and stem carbohydrates in 
relation to season of the year (Fisher et al. 1956) and total available 
carbohydrates in honey mesquite roots in relation to phenological 
development and reproductive potential (Wilson et al. 1975). 
These studies used carbohydrate concentrations as an indication of 
direction of translocation. This study examined total nonstructu- 
ral carbohydrates (TNC) in several parts of honey mesquite during 
the growing season and the distribution of radioactive labeled 
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TNC. Specific objectives of the study were to determine nonstruc- 
tural carbohydrate sinks and better establish direction of translo- 
cation as affected by phenological development. 

Experimental Procedures 

The site for this study was on the Texas Tech University campus 
in Lubbock, Level topography characterizes the area and the soil is 
an Amarillo fine sandy loam (an Alfisol). Blue grama (Bouteloua 
gracilis) and buffalograss (Buchloe dactyloides) are the dominant 
grasses. Major forb species are horseweed (Conyza canadensis), 
kochia (Kochia scoparia), and broom snakeweed (Xanthocepha- 
lum sarothrae), whereas honey mesquite is the dominant shrub. 

Radioactive carbon dioxide was generated in the field by mixing 
a 10% HCl solution with aqueous sodium bicarbonate (NaHi4C03) 
solution. The generation occurred in a closed system into which 
~~CCIJ was pumped and circulated for 10 min. The system consisted 
of a plexiglass chamber placed on the terminal branch of the 
mesquite tree. A total of 32 trees were randomly selected and 
exposed to 2 PC of the V-label on eight treatment dates between 
May 20 and September 8, 1975. 

Samples collected 1 week after tagging included the tagged 
leaves, tagged twig, stem below the tagged twig, a portion of the 
basal bud zone, and pods. Tagged tissues refer to those actually 
exposed to Y&. The below-ground sample was collected by 
mechanically removing the soil around a tree to a depth of 0.6 m 
and cutting the taproot approximately 0.3 m below the crown 
buds. A hatchet was used to chip an adequate sample (5 to 10 g) 
from the bud zone. Once collected, all samples were immediately 
placed under dry ice to stop enzyme activity. Samples were dried in 
a forced-air oven at 55” C for a minimum of 48 hr and ground in a 
Wiley Mill to pass a 0.5-mm screen. Phenological development was 
described on each sampling date. 

All samples were analyzed for TNC by extracting a 500 mg 
sample of plant material using acid (0.2N HCl) hydrolysis as 
described by Smith et al. (1964). Carbohydrate concentration was 
determined using anthrone reagent and spectrophotometry 
(Murphy 1958) with glucose as the standard. Once extracted, a 
2-ml aliquot of the aqueous solution was added to 10 ml of a 
dioxane based counting solution which was prepared by adding 4g 
PPO (2,5-diphenyloxazole), 300 mg POPOP (p-bis[2-(5- 
phenyloxazolyl)]-benzene), and 100 g naphthalene to 1,000 ml 
1,6dioxane. The amount of radioactivity in a sample was deter- 
mined using a liquid scintillation counter. Results are reported as 
relative total activity (RTA) which is the disintegrations per minute 
(dpm) in a plant fraction divided by the total dpm recovered from 
the entire plant multiplied by 100. 

Within a treatment date, TNC, RTA, and RTA/TNC data were 
analyzed using a nested classification. A completely randomized 
design with subsampling was used to analyze across treatment 
dates and within a plant part. Means were separated by Duncan’s 
multiple range test. 
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Fig. 1. Total nonstructural carbohydrates in the basal buds, stems, and 

pods of honey mesquite trees harvested between May 28 and September 
15, 1975. Phenological development is also indicated. TNC levels not 

followed by a similar letter dijfer significantly at the 5% level. 

Results and Discussion 

The distribution of 1% to the various plant parts of honey 
mesquite 1 week after exposure should be closely related to herbi- 
cide translocation. Most of the label would reasonably be expected 
to be present in the plant since Bamberg et al. (I 973) recovered 98% 
of the fixed 1% from Ambrosia dumosa 1 week after tagging. In the 
current study, 2.5% of the 1% was recovered in the TNC fraction of 
honey mesquite samples I week after exposure. Mesquite trees 
sampled in this study had a high reproductive load (50 to 60% of 
their potential). 

Total Nonstructural Carbohydrates 
Minimum basal bud TNC was measured on June 10,1975, when 

the trees had dark green leaves and green flower spikes (Fig. 1). 
Between June 10 and August 19, basal buds increased from 10.4 to 
17.8% TNC. Most of this increase occurred during pod maturation 
(August 4 to August 19). During this same period (June 10 to 
August 19), stem TNC fluctuated greatly. Between the develop- 
ment of green flower spikes (June 10) and small pods (June 25) 
stems increased from 4.7 to 7.4% TNC indicating downward trans- 
location of carbohydrates. Twigs (June 10 to June 25) also 

Table 1. Storage of total nonstructural carbohydrates (so) in the twigs and 
leaves of honey mesquite trees harvested between May 28 and September 
15, 1975. 

Plant fraction 

Harvest date Twigs Leaves Phenological stage 

May 28 6.3 bed’ 6.6 bc light green leaves 
June 10 4.7 d 5.4 cd green flower spikes 
June 25 8.1 ab 6.4 bc small pods 
July 7 4.6 d 3.8 d pod elongation 
July 22 6.8 bc 5.4 cd green pods 
August 4 5.6 cd 5.6 cd red pods 
August 19 7.0 bc 5.0 cd mature pods 
September 15 9.7 a 4.5 a no pods 

‘Values not followed by a similar letter differ significantly at the 5% level. 

increased in TNC (Table 1) substantiating outward translocation 
of TNC from the leaves. During pod elongation (June 25 to July 7) 
stems (Fig. I), twigs, and leaves (Table 1) declined in TNC suggest- 
ing possible translocation to the pods. Wilson et al. (1974) sug- 
gested that stored carbohydrate reserves were used during 
maximum dry matter accumulation by pods since current photo- 
synthate was not adequate to meet the organic matter needs of the 
pods. Between cessation of pod elongation (July 7) and immature 
green pods (July 22), stems (Fig. 1) and twigs (Table 1) increased in 
TNC. Pod TNC (Fig. 1) remained low (4.5 to 8.0%) when the stems 
and leaves were fluctuating in TNC. Imported TNC by the pods 
was probably rapidly converted to structural material. After the 
pods turned red around August 4, their TNC content increased 
rapidly reaching 23.5% on August 19 (Fig. 1). Pods were importing 
TNC during this period but basipetal translocation was also occur- 
ring as the stems and basal buds (Fig. 1) began increasing TNC 
after pods began to mature (August 4). 

Root mortality of honey mesquite using foliar applied herbicides 
generally increases when root TNC increases and declines when 
root TNC is depleted (Dyer and Dahl 1975). Thus, best root kills 
are obtained when honey mesquite is sprayed between the cessa- 
tion of flowering and pod maturation. However, direction of trans- 
location cannot be determined by measuring TNC concentration 
in the roots alone. In this study, fluctuating TNC levels in the stems 
and small twigs of honey mesquite more closely indicated direction 
of carbohydrate translocation from the photosynthetic source. 
George and McKell(l978) measured similar responses in the TNC 
storage organs of snowberry (Symphoricarpus oreophilus). Prox- 
imity of the leaves, twigs, and stems to elongating honey mesquite 
pods between June 25 and July 7 resulted in decreased TNC 
concentrations in these plant parts. The TNC level in the basal 
buds remained unchanged during this stage of phenological devel- 
opment. Depletion of TNC in a plant part indicates outward 
translocation or utilization. A radioactive tracer can be used to 
determine the TNC sink. 

Table 2. Relative total activity (70) in plant fractions of honey mesquite 1 week after exposure to “CO2 on eight treatment dates.1 

Plant fraction 

Harvest date 

14C-labeled tissues 

Leaves Twig Basal buds Stem Pods Phenological stage 

May 28 87.6 a2 lO.Ob 1.2 c 1.2 c 
June 10 77:2 a 18.6 b 0.7 c 3.5 c 
June 25 22.0 a 20.4 a 10.2 a 19.6 a 27.8 a 
July 22 29.4 a 16.1 b 0.7 c 3.8 a 50.0 a 
July 22 19.7 b 13.2 b 1.7 c 3.6 c 61.8 a 
August 4 22.6 b 18.6 b 2.5 c 7.1 c 49.2 a 
August 19 18.5 b 15.6 b 3.5 b 7.1 b 55.3 a 
September I5 35.0 a 49.2 a 4.2 b 11.6 b 

‘Relative total activity is defined as the 14C in a plant fraction expressed as a percentage of the total l4C recovered. 
*Values within a harvest date not followed by a similar letter differ significantly as the 10% level. 

light green leaves 
green flower spikes 
small pods 
pod elongation 
green pods 
red pods 
mature pods 
no pods 
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Table 3. Relative total activity (%) in plant fractions common to all honey mesquite trees 1 week after exposure to 14COz on eight treatment dates.’ 

Plant fraction 

%-labeled tissue 

Harvest date Leaves Twig Basal buds Stem Phenological stage 

May 28 
June 10 
June 25 
July 7 
July 22 
August 4 
August 19 
September 15 

87.2 a2 
77.2 a 
30.5 e 
58.8 b 
51.5 bc 
44.6 bed 
41.4 cde 
35.0 de 

10.0 d 
18.6 cd 
28.6 bc 
32.2 b 
34.5 b 
36.6 ab 
34.9 b 
49.2 a 

1.2 de 
0.7 e 

14.1 a 
1.5 c 
4.5 bc 
4.8 bc 
7.8 b 
4.2 bed 

1.2 d 
3.5 cd 

27.1 a 
7.5 bc 
9.5 bc 

14.0 b 
15.9 ab 
11.6 b 

light green leaves 
green flower spikes 
small pods 
pod elongation 
green pods 
red pods 
mature pods 
no pods 

‘Relative total activity is defined as the 42 in a plant fraction expressed as a percentage of the total 14C recovered. 
2Values within a plant fraction not followed by a similar letter differ significantly at the 10% level. 

Relative Total Activity 
Within Harvest Dates 

Relative total activity measured the status of fixed 14C02 1 week 
after exposure on eight treatment dates during 1975 (Table 2). 
During the light green leaf to green flower spike stage, over 90% of 
the recovered 14C-labeled TNC was extracted from the tagged 
tissue. Pod development (June 25 to August 19) reduced retention 
of W-labeled TNC by the leaves to an average of 22.5% as a 
greater proportion of the label was being translocated to other 
TNC sinks, especially to the pods. The pods were a stronger sink 
for V-labeled TNC than the basal buds or stems except during 
initial pod development (June 25) when all plant parts examined 
contained equal concentrations indicating bidirectional transloca- 
tion. The radioactive label was equally distributed between the 
basal buds and stems on all sampling dates. 

Across Harvest Dates 
The RTA values within a plant fraction and across harvest dates 

are illustrated in Table 3. Only those plant fractions common to all 
trees on all harvest dates are included. Pods are excluded from 
Table 3 because they were not present on the mesquite trees on 
May 28, June 10, and September 15. 

Twig RTA increased during the growing season while leaf RTA 
decreased (Table 3). Initial pod formation on June 25 contributed 
to decreased leaf RTA while basal bud and stem RTA values 
increased concomitantly. During pod elongation (June 25 to July 
7) basal bud and stem RTA decreased (Table 3) as most of the 
‘%-labeled TNC was recovered in the leaves and pods (Table 2). 
Increased twig RTA between August 19 and September 15 (Table 
3) may suggest that TNC storage organs closest to the photosyn- 
thetic source are replenished first. 

RTA/TNC Ratio 
A ratio between the relative amount of V-labeled TNC in a 

plant fraction (RTA) and the TNC concentration of the fraction is 

proposed as providing a useful understanding of source-sink rela- 
tionships and direction of carbohydrate translocation in plants. An 
increase in the RTA/TNC ratio would indicate an active sink that 
was importing TNC for use in growth and maintenance of cells. A 
decrease in the RTA/TNC ratio would indicate decreased sink 
strength and minimal growth. The RTA/TNC ratio may either 
substantiate or reject conclusions based on either TNC or RTA 
data used alone. 

The leaf RTA/ TNC ratio decreased between June 10 and June 
25 (Table 4) while the ratio for basal buds and stems increased. 
Substantial translocation of TNC occurred to the basal buds 
between flowering (June 10) and pod formation (June 25) even 
though basal bud TNC did not significantly increase (Fig. 1). 
During pod elongation (June 25 to July 7) RTA/TNC ratios 
decreased in the basal buds and stems while they increased in twigs, 
leaves and pods. Decreased RTA/TNC ratios in the twigs and 
leaves between pod elongation (July 7) and the elongated green 
pod stage (July 22) indicated TNC was translocated to the pods. 
Since pod TNC (Fig. 1) and the RTA/TNC ratio (Table 4) 
remained unchanged, conversion of TNC to structural carbohy- 
drates in the pods probably occurred. The RTA/ TNC ratio in the 
pods decreased with pod maturity after July 22 (Table 4). During 
the final 2 weeks of pod maturation (August 4 to August 19), basal 
bud, stem, and pod TNC increased (Fig. 1). However, RTA did not 
change in these three plant parts so the RTA/TNC ratios remained 
unchanged or declined. The increased TNC levels in the basal buds, 
stems, and pods during pod maturation may not be due to 
increased TNC importation but to decreased cell expansion and 
growth. Another plausible explanation for increased basal bud 
TNC during pod maturation may be increased root growth result- 
ing in increased translocation of TNC through the basal buds. Soil 
moisture (20% w/w) and temperature (25.8OC) were sufficient on 
August 4 to enhance root growth (Fick 1978). After pod drop, the 
leaf RTA/TNC ratio dropped, indicating outward translocation of 
TNC (Table 4). The twigs were the TNC sink between August 19 to 

Table 4. Relative total activity/total nonstructuml carbohydrate (RTA/TNC) ratios in the plant fractions of honey mesquite 1 week after exposure to 
WOZ on eight treatment dates.’ 

W-labeled tissue 
Plant fraction 

Harvest date Leaves Twig Basal buds Stem Pods Phenological stage 

May 28 13.63 ab2 
June 10 14.96 a 
June 25 4.60 d 
July 7 16.44 a 
July 22 10.02 bc 
August 4 8.98 c 
August 19 8.84 c 
September 15 4.66 d 

1.55 d 
4.26 c 
3.36 cd 
7.10 a 
4.78 bc 
6.41 ab 
4.73 bc 
4.88 bc 

0.09 b 
0.08 b 
1.39 a 
0.18 b 
0.48 b 
0.54 b 
0.50 b 
0.27 b 

0.22 d 
0.86 cd 
3.80 a 
1.63 bed 
1.14 bed 
2.87 ab 
2.45 abc 
1.07 bed 

6.50 b 
13.46 a 
12.65 a 
6.61 b 
2.23 c 

light green leaves 
green flower spikes 
small pods 
pod elongation 
green pods 
red pods 
mature pods 
no pods 

‘Relative total activity is defined as the 14C in a plant fraction expressed as a percentage of the total 14C recovered. 
*Values within a plant fraction not followed by a similar letter differ significantly at the 10% level. 
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September 15 as indicated by increased TNC (Table 1) and RTA 
(Table 3) levels. 

Management Implications 

Maximum root kills of honey mesquite using foliar-applied 
herbicides are normally obtained and are expected during accumu- 
lation of nonstructural carbohydrates in the basal buds. Down- 
ward translocation of I%-labeled TNC to the basal buds occurred 
between the phenological stages of green flower spikes (June 10) 
and initial pod formation (June 25). Fewer honey mesquite trees 
will be killed if sprayed during pod elongation (June 25 to July 7) 
because the pods are a strong aerial sink which greatly reduce 
translocation to the basal buds. Trees with a heavy fruiting load do 
not translocate much TNC below ground until pod maturation 
(August 4 to August 19) when basal bud TNC increases. However, 
few trees may be killed if sprayed during this time because leaf 
maturity and cuticle development prevent good uptake of the 
herbicide. Stems are a strong carbohydrate sink in honey mesquite 
and greatly influence response to herbicidal control practices by 
reducing the amount of herbicide that reaches the basal buds. 
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Preliminary Observations on the Performance 
of Some Exotic Species of Atriplex in Saudi 
Arabia 
S.Z. HYDER 

Abstract 

Seeds of seven different Atriplex species (four from the United 
States and three from Australia) were germinated in the green- 
house and then transplanted to field plots at the Regional Agricul- 
ture and Water Research Center (RAWRC), located at Riyadh, 
Saudi Arabia. Data were obtained on vegetative growth, flower- 
ing, seed production, seed germination, and chemical composition 
of the plants. There were marked differences between species in 
vegetative growth. All flowered.normally, but seed production and 
seed germination percentages differed among the species. All spe- 
cies were high in protein and ash content. Further field studies are 
underway at different sites within the Kingdom to test the potential 
value of A triplex for the improvement of Saudi Arabian 
rangeland. 

In most arid regions of the world, extreme conditions of high 
temperature and soil salinity restrict plant growth and develop- 
ment. Such conditions occur widely in Saudi Arabia, where vast 
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expanses of land are only sparsely vegetated and have very low 
carrying capacity. The genus Atriplex includes species which might 
be adapted to such marginal land. Satisfactory forage production 
by Atriplex species under similarly harsh environmental condi- 
tions has been reported for Australia, United States, and Africa 
(McKell et al. 1968). The present study investigated the growth and 
chemical composition of seven exotic species of Atriplex growth in 
field plots at the Regional Agriculture and Water Research Center 
located near Riyadh, in central Saudi Arabia. 

Material and Methods 

Seeds of the seven Atriplex species were imported for experi- 
mentation. Atriplexpolycarpa, A. muelleri, A. canescens, and A. 
halimus were obtained from Dr. L.R. Green, range scientist, 
Forest Fire Laboratory, Riverside, California, and A. rhago- 
dioides, A. nummularia, and A. injlata from Mr. C.V. Malcolm, 
research officer, Department of Agriculture, Perth, Western 
Australia. 

Seeds of each species were sown in the greenhouse in November, 
1976, in earthern pots (30 cm in diameter and 12 cm deep) contain- 
ing 1:l mixture of sand and peat. Pots were watered regularly to 
keep the surface moist. All species had completed germination 
within 1 month. 
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When large enough to be handled conveniently, individual seed- 
lings were transferred to separate containers ( 12 cm diameter and 6 
cm deep) having the same mixture of sand and peat. After 3 weeks 
in the greenhouse, these plants were transplanted to the field plots 
beginning in January, 1977. 

Seed Germination 

Seedlings ranged from 12 to 16 cm in height at this time. The 
transplants were placed 1.75 meters apart, in rows which were 2 
meters apart, and irrigated immediately after transplanting. There- 
after, plants were irrigated regularly to maintain their growth and 
development. From 7 to 15 plants of each species were thus 
transplanted. 

Germination was studied in seeds of all species except A. canes- 
tens and A. nummularia. First, the effects of temperature on 
germination were determined; the optimum temperature for ger- 
mination of all species was between 15” C and 20°C. When bracts 
were removed from seeds of A. inflata prior to germination, germi- 
nation increased from 60% to 95a/o (Table 1). 

Growth was measured in terms of the height and diameter of the 
plants. Observations on flowering and fruit setting were recorded. 
Seed germination studies were carried out. Leaves were collected 
and analysed for ash and crude protein by standard methods. 

The highest germination percentage was found in A. injlata 
(with bracts removed), followed by A. mulleri and A. halimus 
(without bracts removed). Post-harvest dormancy occurred in A. 
polycarpa and A. rhagodioides. 

Results 

In A. polycarpa, the seeds did not germinate despite the many 
techniques tried (hot and cold treatment, leaching, acid treatment 
or scarification). On dissecting the seeds, it was noted that the 
embryos were weakly developed. Perhaps the climatic conditions 
in Saudi Arabia induced sterility, because in its native California 
A. polycarpa seeds germinate readily, immediately after harvest 
(Chatterton and McKell 1969). 

Vegetative Growth Chemical Composition 
The best criterion of growth would have been the total yield of 

forage produced by each species. In the present experiment, how- 
ever, the objective was to collect seeds for future use, and so the 
plants were permitted to grow undisturbed to encourage seed 
production. Mean heights and diameters of the plants were 
recorded and used as measures of vegetative growth (Table 1). 
Atriplex nummularia had the greatest average plant heights and 
diameters. Next was A. rhagodioides, followed by A. halimus and 
other species. The growth parameters used in the present study do 
not provide an entirely satisfactory basis for ranking the perfor- 
mance of individual species. However, it was satisfying to note that 
the statures of some plants after 1 year’s growth were not greatly 
different from those reported in their native place (Beadle 1952). 

(a) Ash: Ash contents ranged from 17% to 27% (Table 1). These 
levels are within the ranges reported for Australian salt bushes 
(Beadle 1952) and Atriplex canescens in the United States (Welch 
1978). Ash contents of plants on different sites would be expected 
to vary if the soils differ in salinity. In this study, though, the soil 
was relatively uniform; therefore, the differences in ash contents 
probably reflected genetic differences between species as well as 
differences in degree of succulence of harvested materials. 

(b) Protein: Protein ranged from a low of Il. 1% in A. inji’ata to a 
high of 18.8% in A. polycarpa (Table 1): It is known that protein 
levels in Atriplex vary seasonally e.g., in A. canescens crude pro- 
tein has been reported to range from 7.8% to 24.2% (National 
Academy of Science 1958). 

Flowering 
Dates of flowering of all species are shown in Table 1. Earliest 

flowering occurred in A. inflata. Actually, this species flowered in 
April, 2 l/2 months after transplanting, then flowered and pro- 
duced fruits again in October of the same year. This response may 
be an important one, increasing its chance for survival and 
propagation. 

Seed Set 
The intensity of seed set was judged visually and in arbitrary 

terms (Table 1). Atriplex infZata, A. mulleri, and A. rhagodioides 
were the most prolific seed producers. Atriplex canescens showed 
least seed set, whereas A. nummularia and A. polycarpa were 
intermediate. Surprisingly, no insect damage to seed was noted in 
any of the species. Polymorphism was noted in A. rhagodiodes and 
A. nummularia: In both species clusters of male and female flowers 
were produced separately, either on the same or on different plants. 
Also, some fruits in these two species lacked fully developed seeds, 
probably due to lack of fertilization. 

The logic for investigating Atriplex species as potential intro- 
ductions to improve Saudi Arabian rangeland lies in their peren- 
nial habits, deep root systems, salt and drought tolerance, high 
nutritive value, and persistence. Cultivation of some of these spe- 
cies in the United States (Goodin and McKell 1970) and in Austra- 
lia (Malcolm 1969), gave results suggesting that some of these 
species may be useful on marginal lands in Saudi Arabia where 
prolonged drought and excessive salinity are common. 

It is encouraging that seven exotic species in this study grew 
normally and produced flowers and viable seeds (except for A. 
polycarpa). These results warrent further studies to test species 
performance under a variety of stresses common to different 
regions of the Arabian Peninsula. The next stage in the program 
was initiated in January, 1979, when nine species of Atriplex were 
planted under nonirrigated conditions at Oatif in Eastern province 
of the Kingdom. They are being observed for potential use as 

Discussion 

Table 1. Data showing growth, germination and chemical composition of Atriplex species in RAWRC field plots on January 15, 1978. 

Name of species 

Atriplex polycarpa 
A. muelleri 
A. canescens 
A. halimus 
A. rhagodioides 
A. nummularia 
A. injlata 

Trans- 
planting 

date 

29.1.77 
8.1.77 

24.1.77 
1.3.77 

29, I .77 
7.2.77 

29.1.77 

No. of 
plants 

12 
15 
15 
13 
3 

15 
7 

Mean Mean 
height diameter 
(cm) (cm) 

80 75 
35 130 
90 120 

100 120 
70 250 

180 200 
40 180 

Flowering’ Seed 
date set 

8.11.77 Medium 
11. 5.77 Prolific 
7. 8.77 Poor 

10.11.77 Low 
13. .2.78 Prolific 
12.12.77 Medium 
18. 4.77 Prolific 

Germi- 
ation Ash Protein 
(%) (%) (%) 

17.0 18.8 
90 21.0 12.0 

18.8 13.0 
40 26.7 17.3 
Dormant 22.8 14.6 

27.2 16.3 
95(without 23.5 11.1 
bracts) 
60 (with 

bracts) 

‘Dates when plants had shown 50% of the total flowering. 
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forage resources of the Eastern province. 
In addition to the field experiments, we are also using laboratory 

and greenhouse facilities to study the physiological responses of 
Atriplex species to specific factors related to salinity, drought, and 
high temperature. 
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Comparison of Herbage Production 
erately Grazed and -- _ Ungrazed 
Rang& 
JOHN R. LACEY AND H. WALT VAN POOLLEN 

Abstract 

The hypothesis that there is no difference in the total amount of 
herbage produced on moderately grazed and ungrszed Western 
ranges was proposed and rejected. It was rejected because pub- 
lished literature shows that annual berbage production averaged 
68 + 46% higher when plots were protected from a moderate level 
of livestock grazing. Likewise, herbage production of individual 
plants averaged 59 f SO% higher whenthey were protected,nther 
than clipped at a moderate level of use. 

Comparison areas (Fig. 1) occur throughout our Western range- 
lands. They clearly illustrate that there is more herbage remaining 
on the protected, rather than on the grazed site. But, because of 
herbage utilization, the actual affect of livestock grazing on total 
herbage production is not obvious. For example, Stoddart et al. 
(1975) conclude that heavy livestock grazing is generally detrimen- 
tal to herbage production, although they and others (Pearson 1965; 
Duvall and Linnartz 1967; Marquiss and Lang 1969; and Reardon 
and Merrill 1976) believe that moderate grazing is beneficial. 

The purpose of this paper is to test the hypothesis that there is no 
difference in herbage production on grazed and ungrazed Western 
rangelands. 

Methods 

Herbage production is a good measure ofplant vigor (Vogeland 
Van Dyne 1966; and Willard and McKell 1973) and is the most 
reliable measure of grazing management procedures (Klipple 
1964). Consequently. studies were reviewed to find those which 
compared herbage production under moderately grazed and 

on Mod- 
Western 

ungrazed conditions. Although herbage production is related to 
range condition class and successional stages, we were unable to 
quantify these variables. Thus, the review describes only herbage 
production per se. 

We summarized results from 12 studies which reporta moderate 
level of use (40 to 60% of the current year’s growth). Our analysis 



also includes production data which Johnson (1956) and Smith 
(1967) measured under their heavy grazing treatments. Their data 
were included because utilization of the important forage plants 
averaged about 50%. Most studies that involved livestock used 
cages to insure that the herbage was not grazed during the year the 
measurements were made. Utilization was estimated in one study 
(Smith 1967) in order to adjust production to ungrazed conditions. 
Another study (Evanko and Peterson 1955) selected ungrazed 
plants from their study areas which were being grazed. 

The restricted number of studies made it impractical to use only 
relict area data to analyze ungrazed conditions. Therefore, we have 
included data from studies where herbage had been protected from 
livestock grazing for varying lengths of time. Three studies used a 
clipping technique to simulate moderate grazing on “individual 
plants.” These data were analyzed separately in this review because 
the response of an individual plant may differ from the total 
herbage response observed on a clipped plot. It is believed that 
clipping individual plants enabled the investigator to control a 
variable (degree of utilization) that is normally difficult to mea- 
sure. In addition, each of the plant species studied does occur in 
monotypic stands. 

Table 1. Herbage production under no grazing and moderate grazing, and 
mean difference in production for 20 observations. 

Production (kg/ ha) 
Author and study information Moderate use No grazing 

Percentage 
difference 

Albertson et al. (1953) 
Kansas (5 years protection) 

Evanko et al. (1955) 
Montana (18 years 
protection) 

Festuca idahoensis 
Agropyron spicatum 

Johnson (1956) 
Colorado (10 years pro- 
tection) 

Larson et al. (1942) 
South Dakota (described as 
a relict) 

Pieper ( 1968) 
New Mexico (12 years pro- 

tection) 
Stony hills 
Loamy upland 
Loamy bottomland 

Reardon et al. (1976) 
Texas (20 years protection) 

Riegel et al. (1963) 
Kansas (20 years protection) 

Andropogon spp. (mixture) 
Bouteloua gracilis 
Agropyron 

spp.-Bouteloua spp. 
Schwan et al. (1949) 

Colorado (7 years protection) 
Sims et al. (1978) 

Montana (relatively 
undisturbed) 
Kansas (60 years protection) 
Oklahoma (15 years 
protection) 
Colorado (31 years 
protection) 

Smith, (1967) 
Colorado (17 years 
protection) 

Open grass 
Open timber 

Vogel, et al. (1966) 
Montana (4 years protection) 

Average for Western ranges 

12 

x=68. S=99, 
(Based on 20 comparisons reported from 7 states)Sx=22 Average based on 8 comparisons 

1232 2016 64 

329 778 136 
46 65 41 

1052 2218 111 

1838 2650 44 

526 
616 
330 

1331 

2432 
2374 

3358 

1318 

899 
I 109 

2399 

899 

336 1810 438 
224 371 66 

661 739 

627 19 
728 18 
683 107 

1166 -12 

6188 154 
2475 4 

3852 15 

1817 38 

1519 69 
1159 5 

2698 13 

1049 17 

We used a paired-plot analysis to test the null hypothesis that 
there was no difference between treatments (Snedecor and Coch- 
ran 1973). The first analysis includes 20comparisons reported in 11 
studies which compared herbage production under moderate use 
to protected conditions. We determined the difference between 
treatment at each site and calculated an average difference. The 
second analysis includes eight comparisons reported in three stu- 
dies which compared herbage production on “clipped” and pro- 
tected plants. The difference between treatment for each plant was 
determined and an average difference calculated. 

Results and Discussion 

Herbage Response to Protection 
Herbage production averaged 68 k-46% higher on sites pro- 

tected from livestock grazing, compared to similar areas which 
were moderately grazed (Table 1). This increase is significant at the 
99% level. Individual plants show a similar response when they are 
clipped at a moderate degree of use (Table 2). The average differ- 
ence between treatments is 59 f 50%. The difference is significant 
at the 95% level. Therefore, both approaches indicate that the 
hypothesis must be rejected. In other words, Western ranges pro- 
duce more herbage under protection than they do under moderate 
livestock grazing. 

Table 1 shows that the grazed plots produced more herbage than 
the protected plots in only one study area, the Edwards Plateau 
(Reardon and Merrill 1976). However, two studies (Duvall and 
Linnartz 1967; and Kelting 1954) that found 12% more herbage 
production on the grazed plots rather than on the protected plots 
were omitted from this analysis. The former was treated as an 
outlier (Bonham 1971) because it was conducted in Louisiana 
where annual rainfall averages 147 cm. Kelting’s (1954) study was 
omitted because his report does not contain an utilization estimate 
for the grazed plots, even though they were not protected from 
livestock grazing during the year the study was conducted. His 
study was conducted in the tall grass prairie near Norman, 
Oklahoma. 

Weaver and Rowland (1952) and Albertson et al. (1953) sus- 
pected that livestock grazing may be beneficial on productive sites 
because it prevents a detrimental accumulation of mulch. Mulch 
may have detrimentally influenced Kelting’s (1954) protected plots 
because they contained 9,121 kg of dead material in addition to 
3,217 kg of live herbage per ha when they were measured during the 
summer. However, a more recent study (Sims et al. 1978) in the tall 
grass prairie measured 13% more herbage production on the pro- 

Table 2. Herbage production of individual plants under clipping and pro- 
tection, and mean difference in production for eight observations. 

Production (gm/ plant) Percentage 
Author and study information Moderate use No grazing difference 

Julander ( 1968) 
Utah (10 years protection) 

Geranium richardsoni 
Ligusticum porteri 
Valeriana edulis 

Pond (1957) 
Wyoming (5 years protection) 

Festuca idahoensis 
Granitic soil 
Sedimentary soil 

Willard et al. (1973) 
Utah (more than 10 years 
protection, but only 5 years 
of clipping treatment) 

Geranium fremontii 
Chrysothamnus viscidzjlorus 

Symphoricarpos 
vaccinioides 

20 43 115 
33 52 58 
21 28 33 

.74 2.07 180 
1.48 2.09 41 

13.9 
6.3 

13.0 

14.5 4 
8.1 29 

14.4 11 

--59, S=60, 
sx=21 
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tected rather than on the grazed plots. This latter study measured a 
less productive site, 8533 kg of above-ground standing crop and 
litter per acre. 

Reardon and Merrill’s study area on the Edwards Plateau 
receives 58 cm of annual rainfall, and the protected plot produced 
1,166 kg of herbage per ha. These conditions should not result in a 
detrimental level of mulch because mulch does not appear detri- 
mental in other study areas (Albertson et al. 1953; and Riegel et al. 
1963) that receive as much rainfall and produce more herbage 
under protection (Table 1). Although plots studied by Albertson et 
al. had been protected for only 5 years, the protected plots in the 
other two studies had been protected for 20 years. 

Ellison (1960) concluded that although moderate livestock graz- 
ing seems to retard production of herbaceous species, grazing may 
stimulate production of shrubs. This suggests that grazing may 
affect herbage production on a shrub community differently than it 
does on a grass community. Differences between plant communi- 
ties may account for some of the variability in Table 1. Grazing 
systems, or other management practices, are another factor that 
cannot be quantified in published literature at this time. These 
practices do influence herbage production under moderate 
grazing. 

Studies by Schwan et al. (1949) Albertson et al. (1953), Pond 
(1957), and Vogel and Van Dyne (1966) measured the effects of 
nonuse treatments that varied from 4 to 7 years in length (Tables 1 
and 2). The increase on the protected plots in these studies is similar 
to the increases measured on plots protected for eight or more 
years. This suggests that herbage production does not increase 
indefinitely when it is protected from moderate livestock grazing. 
On the other hand, Larson and Whitman’s (1942) relict area data 
show that herbage does not necessarily enter a nonproductive state 
if it is not grazed by livestock. 

It is not known how much old herbage material was included as 
current year’s growth in the cited studies. It is expected that the 
material would be easier to separate when individual plants are 
clipped. From this standpoint, it is interesting to note that the 
difference between treatments was nearly as large when individual 
plants were clipped. Additional insight may be gained from Sims et 
al. (1978) study because they stressed the importance of separating 
current year growth from older residue. Herbage production aver- 
aged 26% higher on the protected plots at their four study sites. 

Management Implications 
Data in Table 1 indicate that herbage production on Western 

ranges would increase 68 f 46% if livestock grazing was discon- 
tinued. It is recognized that this average response will differ by 
range site (Pieper 1968), by vegetative !ife form (Ellison 1960), and 
by plant species (Table 2). But, it is an average response that Land 
Management Agencies can expect if they implement a no-grazing 
policy on Western ranges. 

Published data suggest that herbage production will not con- 
tinue to increase if nonuse periods of 4 to 7 years are extended. 
Thus, from a herbage production standpoint, there is little justifi- 
cation for advocating long periods of nonuse. 

The additional herbage produced from a no-grazing policy 
would not be economically attained. A nonuse policy would be 
three to many times more costly for livestock operators (Klipple 
and Bement 1961). Their fixed costs would remain, whereas 
income would be eliminated. Thus, a no-grazing policy would 
adversely affect the Western livestock industry. This would be felt 
at the national level because the importance of livestock produc- 
tion on Western ranges cannot be overlooked (Workman 1975; 
Box 1978; and Cook 1978). 

Conclusions 

Published data show that ranges protected from livestock graz- 
ing produce 68 f 46% more herbage than do similar areas which 
are moderately grazed. Likewise, when individual plants are 
clipped at a moderate level of use, herbage production (when 
compared to unclipped plants) decreases by 59 f 50%. These 

significant responses caused us to reject the hypothesis that there is 
no difference in the amount of herbage produced on grazed and 
ungrazed Western ranges. 
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’ Response of Bobwhites to Cover Changes 
within Three Grazing Systems 
MARCIA M. HAMMERQUIST-WILSON AND JOHN A. CRAWFORD 

Abstract 

In south Texas bobwhites responded to short-term changes in 
the amount of vegetative cover within three grazing systems, two 
rotational and one continuous. Use by quail apparently was related 
to increases in amounts of bare ground and forb cover and 
decreases in grass cover. 

Throughout much of the range of the bobwhite (Colinus virgini- 
anus), grazing by cattle is a common land-use practice, yet the 
understanding of the effects of grazing on bobwhite populations is 
incomplete. Grazing possibly was responsible for the westward 
extension of the distribution of bobwhites in early post-settlement 
times because of the invasion of weeds and brush into grasslands 
(Edminster 1954). Nevertheless, Murray (1958) reported that over- 
grazing diminished the food supply and reduced escape cover in 
bobwhite habitat. Snyder (1978) observed that during the winter 
heavily grazed river bottoms did not provide adequate cover for 
bobwhites. Klimstra and Scott (1957) found little or no use by 
nesting bobwhites where heavy grazing occurred. Johnsgard 
(1973) noted that bobwhites existed in large numbers in western 
and southern Texas wherever excessive grazing did not occur. 
Jackson (1969) found overgrazing reduced the concealment value 
of escape cover; however, he stated that heavy grazing on small 
areas resulted in increased amounts of food for quail. After 3 years 
of research in the West Texas Rolling Plains, Boyd (1977) sug- 
gested that moderate grazing was more conducive to maintaining 
large quail populations than were light or heavy grazing pressures. 
However, none of these authors investigated alternatives to tradi- 
tional grazing methods. Edminster (1954) proposed rotational 
grazing as a favorable management practice for bobwhites and 
Jackson (1969) suggested that the best management of nesting 
cover was range deferment or pasture rotation, but no data were 
presented. Therefore, this study was developed to determine the 
short-term changes in bobwhite occurrence and habitat among and 
within three grazing systems, two rotational and one continuous, 
in south Texas. 

Methods 

During spring and fall of 1976 and 1977, field research was 
conducted on the Rob and Bessie Welder Wildlife Refuge, located 
approximately 80 km northeast of Corpus Christi, Texas. The 
Refuge has a history of grazing both by cattle and native wildlife. 
In 1975, two types of rotational grazing systems for cattle were 
implemented, high intensity-low frequency (HILF) and four- 
pasture, deferred-rotation (4PDR). The HILF system entailed 
rotation of one herd on seven pastures; a variable 3-week to 7-week 
grazing period was used. Each of the seven pastures was grazed 
twice within a 12-month period and deferred for 6 months between 
each period. Within the 4PDR system, three herds were rotated on 
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four pastures with one pasture deferred. One herd was rotated 
every 4 months to the deferred pasture. In addition, a continuously 
grazed system (CONT) was established with year-round grazing. 
Yearly stocking rates were 5 ha per animal unit on all systems. 

In one pasture of each of the three grazing systems, two 16-ha 
study areas were selected on Victoria clay soils. The vegetation was 
characterized by a mesquite (Prosopis glandulosa)-mixed grass 
plant community (Drawe et al. 1978). On each of the six study 
areas ten locations were selected randomly at which permanent 
30.5-m transects were established. Along each transect herbaceous 
cover was sampled with a point frame (Brown 1954) at three 
equidistant, fixed intervals during each sampling period. The first 
plant or bare ground encountered with each pin of the frame was 
recorded. Plants were categorized by life-form (grass, forb, or dead 
vegetative material) and by height class. Additionally, shrub cover 
was determined along each transect with the line interception 
method (Canfield 1941) during fall 1976 and spring 1977. 

Four methods were used to obtain indices to quail occurrence: 
1) The total numbers of quail observed along a l-km transect (one 
per study area) were recorded, with each transect surveyed 50 times 
throughout each sampling period. 
2) Trapping was conducted with baited traps during alternate 
weeks from mid-April to mid-June and during September and 
October, and the total numbers of different individuals were 
recorded. 
3) Censuses were conducted with a bird dog, and the numbers of 
quail flushed were used to develop indices of abundance. Each 
study area was censused systematically once during spring 1976 
and four times during each subsequent sampling period. 
4) Total numbers of bob-white calls (male vocalizations) in spring 
and of roost calls (vocalizations uttered by both sexes prior to 
leaving the roost) in fall were recorded in each grazing system. 
Counts began at 15 min before sunrise and lasted 75 min. One 
count and six counts per sampling period were conducted in 1976 
and 1977, respectively. 

Within a grazing system paired r-tests were used to compare each 
life-form category of herbaceous cover and shrub cover between 
sampling periods. To determine differences in vegetative cover 
among the grazing systems during a sampling period, one-way 
analysis of variance was used. Duncan’s new multiple-range test 
was used for separation of means (Steel and Torrie 1960). Each 
index of quail occurrence was compared between sampling periods 
with a signed rank test if the two sample sizes were equal; a rank 
sum test was used if the sample sizes were unequal (Hollander and 
Wolfe 1973). To determine differences in quail occurrence among 
the three grazing systems, each of the indices was compared separ- 
ately during each period by use of simultaneous comparison of 
rank sum test (D. Thomas, personal communication). Fiducial 
limits for all statistical analyses were established at the 95% confi- 
dence level. 

Results 

Analysis of vegetative data indicated significantly more forb 
cover on the CONT pasture than on the HILF or the 4PDR 
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Table 1. Comparison of relative composition of cover and bare ground on Table 2. Indices to bobwhite occurrence on three grazing systems,1 Welder 
three grazing systems,l Welder Wildlife Refuge, Texas, 1976-1977. Wildlife Refuge, Texas, 1976-1977. 

Relative composition* Occurrence indices 

Spring Fall Spring Fall Spring Fall Spring Fall 
Life-form category Treatment 1976 1976 1977 1977 Treatment Method 1976 1976 1977 1977 

Grasses HILF 6083 $4 36a4 2684 HILF Observations 264 48 45 92 
4PDR 82b 57b4 47b4 Trapping 34 13 9 35 
CONT 66” 58” 56b 54b Flush census2 11 29 18 685 

Forbs HILF 14” 14b 3ob4 I?4 
Vocalization+ 631 197 2424 1039 

4PDR 8” 5”4 21a4 4*4 4PDR Observations 11 16 375 19 
CONT 22b 22” 24” 14b4 Trapping 2 6 9 IO 

22b 21* 26b 494 
Flush census* 4 

Dead 
18 

plants HILF 
11 05 

Vocalizations3 85 
4PDR lo” 23”4 17”4 4784 

135 2327 1013 

CONT 128 18”4 16” 30”4 CONT Observations 53 37 18 47 

Bare ground HILF 4b 8b4 8” 8b 
Trapping 16 18 6 6 

4PDR 0” 
;4 

5” Y4 
Flush census2 11 42 4’ 25 

CONT 0” 4” 2” 
Vocalizations3 194 101 1558 521 

IHILF = high intensity-low frequency; 4PDR = four-pasture, deferred-rotation; 
IHILF = high intensity-low frequency; 4PDR = four-pasture, deferred-rotation; 

CONT = continuous. 
CONT = continuous. 

*Average of two study areas. 
*Values indicate total number of quail flushed once during spring 1976and four times 

‘Within each life-form category column values followed by different superscripts are 
during subsequent sampling periods. 

significantly different. 
)Values indicate total number of vocalizations recorded once during each sampling 

Significant change from preceding sample period. 
period in 1976 and six times during each sampling period in 1977. 
4Data were collected only during latter one-half of sampling period. 
YSignificant (EO.05) change from preceding sample pe;iod. _ 

pastures during spring and fall of 1976 (Table 1). From fall 1976 to 
spring 1977, a significant increase in forb cover was observed on among the three grazing systems, several general, albeit statisti- 

both rotational grazing systems (Table 1). By spring 1977, the tally nonsignificant, trends developed. Use by quail was greatest 

HILF system had significantly more forb cover than either of the on the HILF system throughout 1976-1977, whereas, the least 

other systems (Table 1). Dry conditions during the second summer amount of use occurred on 4PDR (Table 2). One exception 

probably caused the significant decline in forb cover on all the occurred during spring 1977, when the fewest numbers of quail 

pastures (Table 1). Furthermore, in fall 1977, 80% of the forbs in were observed on the CQNT pasture (Table 2). 

HILF were in the tall height category (>40 cm), the greatest Greater use of HILF study areas probably occurred in response 

amount during any period. Significantly more grass cover existed to the presence of the greatest amount of bare ground, the least 

on the 4PDR pasture than on either of the other two pastures amount of grass cover and, during fall 1977, the large amount of 

during 1976 (Table 1). From fall 1976 to fall 1977, a significant tall forbs. Scott and Klimstra (1954) found that bare ground was an 

decline occurred in the amount of grass cover on both rotational important component of bobwhite habitat in providing a desirable 

grazing systems (Table 1). Throughout the 1977 sampling periods, surface for movement and feeding. Klimstra and Ziccardi (1963) 

HILF system had significantly less grass cover than the other also noted a strong preference of bobwhites for bare or nearly bare 

systems (Table 1). The amount of bare ground was significantly ground as roosting substrate with low, sparse herbaceous plants as 

greatest on the HILF system during the study except for spring the roosting cover. Stoddard (1931) found few quail in areas of 

1977 (Table 1). dense grass; dense stands of grass supported few preferred food 

No significant difference in the shrub cover occurred among the items (Kiel 1976) and made seeds unavailable to quail (Jackson 

three pastures during fall 1976 (HILF lo%, 4PDR 6%, and CONT 1969). Tall forbs provided overhead concealment for feeding and 

10%) or during spring 1977 (HILF 13%, 4PDR 1 l%, and CONT moving and probably were an important source of food since forbs 

12%). However, brush cover increased significantly on all three represent approximately 60% of the bobwhite diet during fall 

systems from fall to spring. (Jackson 1969). 

During spring 1976, significantly more bob-white calls were Fluctuations in use by quail on the 4PDR system apparently 

recorded in the HILF pasture than in the CONT pasture and coincided with the amount of forb cover. Use was high when the 

significantly more calls were recorded in the CONT pasture than in forb cover was highest (2 1% during spring 1977) and low when the 

the 4PDR (Table 2). During the other three sampling periods, none forb cover was below 8%. When use by quail was high on 4PDR, 

of the four population indices yielded significant differences use was low on the CONT, despite nearly comparable vegetative 

among the grazing systenis. composition of the two systems (Tables 1 and 2). A possible 

However, within each grazing system some changes in the occur- explanation for the apparent discrepancy was that the presence of 

rence of bobwhites were noted from one sampling period to standing water in one study area in the CONT pasture may have led 

another. From fall 1976 to spring 1977, numbers of quail observed to reduced use by quail. 

increased significantly on the 4PDR system and numbers of quail Controlled grazing treatments on the Welder Refuge had few 

flushed declined significantly on the CONT system (Table 2). effects on the vegetation during the 2 years of this study; however, 

Likewise, when indices from spring 1976 were compared to spring above-average rainfall in 1976 may have affected the response of 

1977, a significant increase occurred in the number of bob-white the vegetation to the treatments. Correspondingly, few definitive 

calls on the 4PDR area and significantly fewer quail were trapped relationships between grazing systems and use by quail were found. 

on the CONT area. In addition, the numbers of quail flushed Nevertheless, changes in use by quail through time within a system 

declined significantly on 4PDR between spring and fall 1977 seemingly were related to certain habitat factors which were influ- 

(Table 2). During this time the numbers of quail flushed increased enced by the grazing system and the climate. Long-term changes in 

significantly on the HILF pasture (Table 2). habitat resulting from the grazing systems are unknown and merit 
investigation. 
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Diameter-Length,- Weight Relations for 
Blackbrush [ Coleogyne ramosissima] 
Branches 
FREDERICK D. PROVENZA AND PHILIP J. URNESS 

Abstract 

Regression was used to relate branch diameter to branch length 
(r = 0.85) and weight (# = 0.94) for blackbrush plants in south- 
western Utah. These regression equations were subsequently used 
to estimate blackbrush utilization by domestic goats in a browsing 
study. The diameter-length equation compared favorably with 
before-and-after measurements for accuracy and greatly reduced 
man-hour costs in determining utilization. Estimates of utilization 
based on the diameter-weight equation were less than estimates 
based on the before-and-after approach or the diameter-length 
equation; the diameter-weight equation accounted for leaves and 
thus provided a more accurate estimate of utilization. 

Blackbrush (Coleogyne ramosissima) is a shrub occurring in 
nearly monospecific stands on millions of hectares of rangeland in 
the southwestern United States. The terminal twigs of blackbrush 
branches tend to die back for several centimeters from the tip 
resulting in a spinescent growth form. Death of terminal buds 
suppresses apical dominance and allows lateral twig development, 
which has a pronounced effect on compacting the plants. As a 
result of the compacted, spinescent growth form, the accessibility 
and palatability of blackbrush forage is low for cattle. 

Domestic goats were used to modify the growth form of black- 
brush in southwestern Utah (Provenza 1977). Winter goat brows- 
ing removed spinescent material from blackbrush plants, which 

Authors are research technican, Range Science Department, UMC 52, Utah State 
University, Logan 84322; and Federal Aid Project Leader, Utah Division of Wildlife 
Resources and associate professor, Range Science Department, UMC 52, Utah State 
University, Logan 84322. 

Manuscript received September 24, 1979. 

stimulated spring sprouting from basal and axillary buds. Heavily 
browsed plants produced large quantities of current season’s 
growth, which was more nutritious and digestible than material on 
unbrowsed plants. 

Determining goat utilization of blackbrush was an essential part 
of this study and required a method which was fast and accurate. 
Initially, percent utilization was determined by two methods: (1) 
length measurements of branches before and after goat browsing 
(Dasmann 1948; Smith and Urness 1962) and (2) a regression 
approach relating branch diameter to length and weight (Basile 
and Hutchings 1966; Telfer 1969; Lyon 1970; Ferguson and 
Marsden 1977). Regression approaches generally relate twig 
diameter to twig length or weight; this paper, however, presents 
regression equations relating branch diameter to branch length 
and weight (a branch included several twigs and each twig con- 
sisted of material produced during several growing seasons, Fig. 1). 

Methods 

The experiment was conducted on Bureau of Land Management 
administered land in the extreme southwestern corner of Utah near 
Gunlock. The study area was at an elevation of 1280 m and 
consisted floristically of blackbrush associated with juniper 
(Juniperus osteosperma). The soil series of the site was a Pastura 
Loam with an A-C horizon sequence underlaid by a petrocalcic 
(caliche) horizon. 

The physical design of the experiment consisted of two blocks of 
7 ha each. Within each block the heavily stocked pasture was 1 ha, 
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u= CPB(lO0) 
PT 

U = percent utilization 
where PT = prediced branch length or weight before browsing 

CPB = sum of the predicted browse branch lengths or 
weights 

UNBROWSED 

-MARKED POINT 

v 
BROWSED 

Fig. 1. Sketch of a blackbrush branch in browsed and unbrowsed condi- 
tion. Branch material distal to the dashed lines is current season S gro wth. 
Caliper measurements were taken at the marked point and at each 
browsed tip (BT) distal to that point to determine utilization. 

the moderately stocked pasture was 2 ha, and the lightly stocked 
pasture was 4 ha. Patures were sampled at an intensity of 50 plants 
per hectare (one branch per plant) to determine utilization. 

Percent utilization was quantified by length measurements of 
marked branches before and after goat browsing. The before mea- 
surement was made in December and included approximately 100 
cm of browse material that was one-half or more years old; a point 
on each branch was marked with a dot of red ink and all browse 
from the marked point to the end of the branch was measured (Fig. 
1). The after-browsing measurement was made in March. Utiliza- 
tion was computed as follows: 

U = [l - ($)I 100 

U = percent utilization 
where B = length before browsing 

A = length after browsing 

Equations relating air-dry branch diameter to branch length and 
oven-dry weight were established by sampling approximately 40 
branches in each pasture. Branches selected for measurement cor- 
responded in size and growth form to those browsed by goats. 
Basal diameters for sample branches ranged from 1 to 5 mm, and 
approximately 10 branches were sampled in each of four basal 
diameter classes (1.0-I .9 mm, 2.0-2.9 mm, 3.0-3.9 mm, 4.0-5.0 
mm) in each pasture. Basal diameter, as used in this paper, refers to 
the diameter at the end of the remaining branch from which a 
sample was removed. The end of the remaining branch was clipped 
3 cm below the point from which the sample was taken, and 
air-dried for 2 weeks before the diameter was measured with 
calipers to the nearest 0.05 mm; samples were allowed to air-dry 
before measurement because branches were observed to shrink 
slightly at the browsing point upon air-drying. Samples were oven- 
dried for 24 hours at 100” C, weighed to the nearest 0.01 gm, and 
measured to the nearest 1.0 mm. 

Regression equations relating air-dry branch diameter to branch 
length and oven-dry weight were established for each pasture. 
Intercepts and slopes of regression lines were compared to deter- 
mine if the data from all pastures could be pooled. 

After goat browsing in March, caliper measurements were made 
on each branch marked for the before-and-after approach. A 
measurement was made at the marked point (red ink dot) to predict 
twig material originally available for goat browsing, and at each 
browsed tip distal to that point to predict the amount of material 
browsed by goats (Fig. 1). Utilization was computed as follows: 

Results and Discussion 

Regression equations providing the best description of the data 
in the sample were of the general form: (1) natural logarithm length 
= Bo i- Br (natural logarithm diameter); (2) natural logarithm 
weight = B, -I- Bi (natural logarithm diameter). “B,,“and “B1”are 
constants for blackbrush. Diameters must be converted to natural 
logarithmic values before use in these equations. The values 
obtained are also natural logarithms; the antilog will provide the 
length or oven-dry weight corresponding to the diameter used in 
the equation. 

A regression line for each of the six pastures was obtained by 
using indicator varaibles as explained by Neter and Wasserman 
(1974, p. 297-338). Fitting a model with indicator variables pro- 
duced the same results as fitting separate equations for each pas- 
ture. An advantage of using indicator variables was that one run on 
the computer yielded all six equations. Also, tests for comparing 
slopes and intercepts of the regression lines were seen as tests of 
regression coefficients in a general linear model. For a detailed 
description of the method applied to blackbrush see Provenza 
(1977). 

Intercept and slope variation among the six pastures for the 
diameter-length and diameter-weight lines was considered within 
the bounds of “chance” or error variation; therefore, all six lines 
were pooled to better estimate the regression parameters. Figures 2 
and 3 present the diameter-length and diameter-weight relation- 
ships, respectively. The lack of variation in the diameter-length, 
-weight relationships among pastures with varying blackbrush 
plant sizes and growth forms suggests that these equations might 

a 
!j 26 

4 

I 

*fpd - 44217 
scE@, - a6674 
dl)l)-QM 

1 
1 . . 

0 6.6 1.0 1.6 
NATURAL LOGARITHM AIR-DFtY BRANCH DIAMETER (mm) 

Fig. 2. Relationship 
brush. 

of branch length to air-dry branch diameter for black- 
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of oven-dry branch weight to air-dry branch diameter 

apply to other geographical locations where blackbrush occurs. 
Anyone interested in using these equations should analyze a small 
sample of blackbrush branches from the four basal diameter 
classes used in this study to determine whether the equations will 
provide accurate predictions. 

Regression was selected as an alternative method to before-and- 
after measurements because it reduced man-hour costs. Of interest, 
however, was how the approaches compared (Table I). Diameter- 
length estimates were within 3% of the before-and-after values. The 

Table 1. Percent blackbrush utilization (mean 
goat browsing at three stocking rates. 

f 95% confidence by 

Stocking Before-and-after Regression estimates 
Pasture’ rate2 estimates Diameter-length Diameter-weight 

1H 649 30f 10 31f II 24f 10 
2H 649 31 f 12 34f 12 26f 11 
IM 325 13f 6 15f 6 13f 6 
2M 325 19f 7 21f 7 17f 6 
1L 162 8f 3 8f 3 6f 3 
2L 162 4f 2 4f 2 3f 2 

lH,M, and L designate heavy, moderate, and light stocking intensities, respectively. 
Numbers denote replicates. 
*Goat-days per hectare. 

Table 2. Comparison of the before-and-after and regression approaches at 
six levels of utilization (mean 31 95 percent confidence limits). Black- 
brush branches were placed in utilization classes based on the before- 
and-after approach. 

Percent Sample Before-and-after Regression estimates 
utilization size estimates Diameter-length Diameter-weight 

0 546 0 0 0 
l-25 46 15+ 2 22 + 3 II f 2 

26-50 27 37f 3 43 f 7 26f 6 
51-75 21 63 f 3 70 f 9 45 f 9 
76-99 34 90f 2 89 f 6 73f 8 

100 26 100 100 100 

diameter-weight utilization estimates were less than the before- 
and-after or the diameter-length estimates because the browsed 
twigs comprised a smaller percentage of the branch on a weight 
basis. The diameter-weight equation also accounted for leaves and 
thus provided a more accurate estimate of utilization than the 
before-and-after approach or diameter-length equation which only 
accounted for branch lengths; goats did not selectively remove 
blackbrush leaves, but consumed the leaves with the branches 
when browsing. 

Table 2 presents a comparison of the before-and-after and 
regression approaches at various utilization levels. With equal 
sample sizes, confidence intervals were larger for regression than 
for before-and-after estimates; however, regression allowed an 
increase in sample size. In 1977, 28 man-days were required for 
before-and-after measures on 700 branches. In subsequent years, 
only 7 man-days were required for regression measures on 1,400 
branches; 4 man-days were needed to select, mark (red ink dot), 
and measure the branches before goat browsing, while 3 man-days 
were needed for the after-browsing measures. Increased sample 
size allowed better estimates of utilization with reduced variability. 
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Application of Remote Sensing to Prairie Dog 
Management 

K.J. DALSTED, S. SATHER-BLAIR, B.K. WORCESTER, AND R. KLUKAS 

Abstract 

The area1 extent of prairie dog towns in Wind Cave National 
Park (WCNP) has increased at an alarming rate in the past 20 
years. An inventory method was needed to replace the time and 
labor intensive ground survey method, i.e. rod and transit. Color 
infrared (CIR) aerial photography (1,370 m above ground) pro- 
vided a useful product for rapidly and accurately delineating 
prairie dog towns. Extent was determined by measurements on the 
CIR film to be 608 ha or 5.3% of the total WCNP area. Ground 
measurements, taken near the time of the aircraft overflight, 
included general vegetation description of each prairie dog town 
and a vegetation sampling from 0.25 m* plot on a stratified, ran- 
dom basis. The ground data helped explain and identify the varia- 
tions recorded on the CIR film. Soil and topographic information 
were used with the CIR film to determine likely expansion poten- 
tial and probable direction of growth of the 11 major prairie dog 
towns in WCNP. The prairie dog town inventory and expansion 
potential of each town has probable usefulness in the development 
of management plans. 

Accurate and current census data are needed for wildlife man- 
agement programs. In an area of limited dimension, such as a 
national park, the maintenance of adequate habitat for indigenous 
wildlife species is essential and requires monitoring of the various 
wildlife populations. The black-tailed prairie dog (Cynomys ludo- 
vicianus) is an example of a wildlife species that can rapidly change 
vegetative composition of the habitat to the extent that other 
wildlife species are significantly affected. 

Historically, prairie dog town surveys in Wind Cave National 
Park (WCNP) have been done on foot using a compass and 
measuring wheel or a rod and transit (Lovaas 1972). The recent, 
rapid growth of several towns within the park has made these 
conventional methods inadequate because of the time and labor 
requirements. A method of inventorying prairie dog towns that 
would be both time- and cost-effective was desirable for the WCNP 
wildlife management program. 

In order to apply remote sensing to prairie dog town mapping, 
noticeable differences have to be apparent between the vegetation 
in the prairie dog town and in the “non-disturbed” area. Koford 
(1958) noted that significant variations in vegetation characteris- 
tics and composition exist between prairie dog towns and the 
surrounding range. Vegetation in prairie dog towns generally con- 
sisted of an abundance of short perennial grasses, a variety of 
forbs, and a scarcity of shrubs. Several investigators (Osborn and 
Allen 1949, Bonham and Lerwick 1976, Hanson and Gold 1976) 
reported that in prairie dog towns the proportion of mid and tall 
grasses decreased while the proportion of annual forbs and short 
grasses increased. 
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ant, and research soil scientist, Remote Sensing Institute, SDSU, Brookings; and 
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Cheatheam (1973) found that black and white aerial photo- 
graphy (1:20,000) provided a very useful tool to census prairie dog 
towns in Texas, although, he had difficulty identifying prairie dog 
towns less than 4 ha in extent. Lovaas (1972) reported a successful 
correlation in WCMP between the delineation of one prairie dog 
town on black-and-white conventional aerial photography and the 
corresponding ground measurement. However, color infrared 
(CIR) and color aerial photography have been shown to be much 
more useful and easier to interpret than black and white photo- 
graphy for rangeland investigations or surveys. Additionally, dis- 
crimination and identification of vegetation is often better 
accomplished using CIR photography rather than color photo- 
graphy. Aerial CIR photography combined with ground data can 
provide an interpretative medium which can yield the following 
rangeland information: plant communities and their associated 
soils, species composition and foliage densities, and forage utiliza- 
tion (Poulton 1975). 

The objectives of this investigation were: (1) locate and delineate 
prairie dog towns in WCNP using CIR photography; (2) compare 
costs of the remote sensing technique to the ground survey method; 
and (3) categorize the expansion potential of each prairie dog town 
according to interpretation of CIR film in concert with vegetation 
and soil data. 

Study Area 

The WCNP is located in southwestern South Dakota (Fig. 1) 
and encompasses I 1,364 ha of range and forest land and associated 
ecotones. Almost all of the WCNP is situated in the Black Hills 
footslopes; the northwest corner is considered part of the Black 
Hills. Elevation ranges from 1,090 m to 1,520 m. Annual precipita- 
tion averages 45 cm with most occurring during the spring and 
summer months (Soil Conservation Service 1969). 

Soils in the WCNP have formed in four discrete parent mate- 
rials. The parent material regions from east to west are: sandstone 
hogback, red valley, limestone plateau, and granite-schist moun- 
tain area (SCS 1969). Forest vegetation in WCNP is predomi- 
nantly ponderosa pine (Pinus ponderosa) while the grasslands are 
composed largely of climax plant cover consisting of short and mid 
grasses (e.g. Stipa sp., Andropogon sp., Bouteloua sp.) with the 
associated tall grasses, sedges, forbs, and shrubs. 

Methods and Materials 

Vertical aerial photography of WCNP was collected on July 19, 
1978, from an above-ground altitude of 1,370 m. A Beechcraft 
D-18 aircraft with Hasselblad cameras (50-mm focal length) 
acquired three 70-mm film products. While four cameras were 
available for simultaneous exposure, only three cameras were used 
with the following film and Wratten filter’ combinations: (1) CIR, 
Kodak 2443 with 15-30M; (2) color, Kodak 2448 with Hf3; and (3) 
black-and-white, red band, Kodak 2402 with 25A. A forward, or 
end, lap of 60% and a sidelap of 30% was maintained in acquiring 
full photographic coverage of WCNP; this produced approxi- 
mately 150 frames of coverage. 

IInclusion in this report of registered tradenames or trademarks does not constitute an 
endorsement by the author or the Remote Sensing Institute. 
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Fig. 1. Eleven established prairie dog towns are located and identified in Wind Cave National Park, South Dakota. 

Ground data supporting the aerial photography were collected 
July 9 to 15, 1978, at nine of the eleven major dog towns. The 
emphasis of ground data was to provide quantitative and qualita- 
tive information for characterizing the vegetation in each prairie 
dog town. Sampling selection was a random process in representa- 
tive areas of established prairie dog towns, border areas, and 
non-disturbed areas. 

Vegetative parameters were measured at 32 sampling stations. 
These stations, which were 0.25 m2, were located on a base map 
(1975 NASA high altitude photography) for eventual registration 
to the altitude photography. The number of stations per town 
varied with the size of the town and the heterogeneity of the town’s 
vegetative communities. Vegetation composition was visually 
recorded by plant species, in order of predominance. Live vegeta- 
tion was clipped at ground level to obtain further general composi- 
tion information. A l-meter, vertical color slide was taken at each 
station. Other general notes were taken at each prairie dog town to 
aid in later identification of features on the photography. 

Clipped vegetation samples were divided into grasses and forbs 
and dried at 70° C for 48 hr. These data were stratified by station 
location, i.e. inside (20 samples), border (5 samples), and outside (7 
samples) of the town. Statistical means and variances were deter- 
mined by station position. A t-test statistic (unequal variances) was 
used to determine significance of the data groupings and their 
distributions (Nie et al. 1975). Percentage of bare soil was deter- 
mined using a random dot grid (2.2 dots/ cm2); three measurements 
were made on each 10 X 13 cm print. 

The eleven major prairie dog towns were outlined on the CIR 
positive film transparencies. Prairie dog town boundaries were 
defined as the visible limit of vegetation alteration conterminous to 
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an existing town. The CIR film products were viewed at a 6.7x 
enlargement on an International Imaging System (12S) color addi- 
tive viewer, and the prairie dog town boundaries were drawn on 
mylar overlays. Film scale of each prairie dog town was determined 
by relating film distance measurements to a known reference, 
United States Geological Survey 7% minute quadrangles (USGS 
7% min. quad.). Prairie dog town boundaries were then measured 
three times with an electronic digital planimeter and mean acreage 
values determined. Prairie dog town area data, derived from the 
CIR photography, were compared with historical data to obtain 
growth rate estimates. 

Qualitative estimations were made of each prairie dog town’s 
growth potential on an individual basis using CIR photography 
and available topographic, soils, and vegetative information. Each 
prairie dog town was assigned a potential expansion rating (ad 
hoc) defined as: (1) adequate, contiguous habitat for the town to 
increase in size more than 50% (2) adequate contiguous habitat for 
town to increase in size from 25 to 50%; and (3) little available 
habitat for town growth or less than 25% expansion potential. 

Results and Discussion 
Comparisons among the CIR, black-and-white, and color film 

products were made, and CIR was chosen as the best overall 
product for our purposes. Although the black-and-white or color 
films were probably adequate for prairie dog town delineation, 
CIR film had additional discriminating capability in the vegetation 
areas and thus ease of interpretation was greatly enhanced with the 
CIR film. The sensitivity of CIR film to vegetation types was 
especially useful in determing exact boundary location. 
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Fig. 2. Shirttailprairie dog town isshown in a black and white reproduction of a color infraredphotograph. 
The prairie dog town at (A) is outlined; not the vegetative heterogeneity. A patch of Japanese brome is 
shown at (B). At (C) reinvasion is taking place. Even reproduction in black and white reveals the 
differences between CIR and black and white photography (see Fig. 3). 

The clipping data collected indicated a dramatic increase in the 
percent of forbs within the prairie dog towns when compared to the 
surrounding range (Table 1). This agrees with the findings of other 
authors (Osborn and Allen 1949, Bonham and Lerwick 1976, 
Hanson and Gold 1976). As percent of forbs increased from out- 
side to inside the town a corresponding decrease in percent of 
grasses was observed (Table 2). No significant differences was 
determined between % by weight of vegetation at the border and 
oustide the town; however, composition of species is generally 
noticeable at the interface of the border and outside the prairie dog 
town. It is these vegetation composition changes along with the 
bare soil around each burrow that made the possible photointer- 
pretation of prairie dog towns from the photography. Percentage 
of bare ground in the prairie dog towns averaged lo%, while the 
border and outside readings averaged 1%. 

Koford (1958) in the late summer of 1955 reported 12 species of 
grasses and sedges, 23 species of forbs, and one each of shrub and 
cactus at Shirttail Canyon on WCNP. He described the town as “. . 
. a green piece of jigsaw puzzle fitted into a pale tan background.” 
Shirttail Canyon is shown (Fig. 2 and 3) as it was recorded by black 
and white and CIR photography (reproduced on black and white); 
its present day vegetative heterogeneity is very apparent. Japanese 
brome (Bromus japonicus) is a dominant species on the edge of this 
town. 

Cheatheam (1973) had difficulty identifying dog towns that were 
0.4 to 4.0 ha in size on Agricultural Stabilization and Conservation 
Service (ASCS) black-and-white photography (1:20,000). During 
this study, interpreters using CIR imagery (1:24,000) had no prob- 
lem locating and delineating the boundaries of Rankin Ridge 
Town, which is 4.2 ha in size. Detection of towns much smaller 

Table 1. T-test analysis (two-tailed, pooled variance) of percent forbs by Table 2. T-test analysis (two tailed, pooled variance) of percent grasses by 

weight among the three sampling locations-outside the prairie dog weight among the three sampling locations-outside the prairie dog 
town, at the border, and inside the town. town, at the border, and inside the town. 

Location 

Outside 
Border 

Inside 
Border 

220 

X 

5.6 
3.7 

17.0 
5.6 

Standard 
deviation df 

6.4 I1 
2.7 

17.5 26 
6.4 

t-value Significance 

0.69 0.50 

2.56 0.02 

Location 

Outside 
Border 

Inside 
Border 

Standard 
X deviation df t-value Significance 

49.5 35.2 11 1.69 0.12 
23.3 14.9 

11.4 14.5 26 1.78 0.09 
23.3 14.9 
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than this would have been possible provided they were established 
towns where prairie dog activity had significantly altered the vege- 
tation composition. Three prairie dog towns in WCNP were not 
visible on the ClR film because of their small size, relative youth, 
and lack of vegetative alteration. The largest of the three towns 
measured 0.4 ha in size while the smallest was 0.1 ha. 

Soils 
The investigation of prairie dog towns identified the following 

site characteristics as important to a town’s establishment and 
growth in WCNP: (I) deep soils free from excessive stoniness; (2) 
minimal flooding hazard; (3) moderate or better productivity of 
soils; and (4) slopes less than 9%. In thestudyareathereweresome 
exceptions to these criteria but they were rare. For example, a 
factor that appears to mollify the effects of steep slopes is the length 
of slope, i.e. the longer slopes often have dog mounds on lower 
extremities. 

The soils, terrain, and vegetation differences between the south- 
east prairie dog town (Fig. 4) and the western part of WCNP (Fig. 
3) are apparent. The persistance of soil and vegetative alterations 
due to the cultivation of soils in this area in the early 1900’s is also 
apparent. Historical information indicated that many of the 
WCNP prairie dog towns had started either on such fields or where 
corrals and ranch buildings were previously located. 

Potential Expansion of Prairie Dog Towns 
The arealdata indicated that in the last 17years. theareal extent 

of dog towns has increased at a rapid rate (Table 3). In 1978 the 
eleven major prairie dog towns in WCNP occupied a total of 608 
ha, as measured on CIR data, representing 5.3% of the WCNP’s 

total area. This paper assumed that prairie dog populations, in 
general, will continue to grow as long as suitable, uncolonized 
habitat is available. With increasing populationsprairiedog towns 
must expand to accommodate the additional numbers. The availa- 
bility of suitable, expansion habitat around each town was deter- 
mined according to resource criteria, i.e. soil, topography, and 
vegetation data. Each prairie dog town was categorized according 
to potential expansion ratings (Table 4). 

Shirttail Canyon prairie dog town (Fig. 2). for example, had a 
high expansion rating. Combining soils and topographic informa- 
tion with the amount of detail available from the CIR film, the 
interpreter had little difficulty in discerning that prime expansion 
direction was west. Other smaller expansion areas exist to the 
northeast and downstream on small terraces. In this example, 
habitat next to the stream is not suitable for prairie dog town 
expansion because of its flooding hazard. In other prairie dog 
towns similar alluvial soils are occupied by prairie dogs because of 
a less severe flooding hazard. 

Cost Comparisons 
During 1977 three prairie dog towns were surveyed by WCNP 

ground crews. Cost per hectare varied inversely with sire, ranging 
from Bison Flats (225 ha) at $6.20/ha to Northeast (15.8) at 
$22,79/ha. The remote sensing-CIR approach, on the other hand, 
resulted in an average per hectare cost of $3.70. In reality, the 
whole of WCNP was flown and the total coverage resulted in 
considerably lower cost per hectare. Included in the remote sensing 
costs were: (I) 1,062 km round trip for aircraft; (2) flight time 
during photography collection (only over prairie dog towns); (3) 
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Table 4. Potential expansion of the eleven prairie dog towns in WCNP. 
Ratings are: l-excellent; 2-good, and 3-poor potential. 

Prairie dog town Expansion rating 

1. Shirttail 1 
2. Bison Flats 2 
3. Norbeck 3 
4. Research Reserve 2 
5. Pringle 1 
6. Rankin Ridge 3 
7. Sanctuary 3 
8. Highland 2 
9. Southeast 1 

10. Northeast 1 
11. North 1 

film (Kodak 2443), film processing, and one set of CIR prints at 
1: 15840 scale; (4) one day of photointerpretation by a professional; 
and (5) three days in the field by a professional (includes commer- 
cial flight, transportation, per diem, and salary). Three days of 
ground observation for this type of interpretation is conservative, 
since the photointerpretation will have indicated the specific areas 
to investigate. Vegetation sampling is not required for interpreta- 
tion of the photography. The accuracy of the film interpretation 
can be made by ground measurements from reference points to the 
prairie dog town boundary and compared to film-derived 
distances. 

It should also be noted that application of remote sensing tech- 
niques can yield other valuable information. The photography 
serves as permanent record of vegetative conditions of WCNP at a 
given time and will no doubt be important to future reseachers. 
Such photographic records of the entire WCNP area are of consid- 
erable value in general vegetation inventories and in planning for 
current management and research projects. 

Conclusions 

The present study has shown that low altitude, color infrared 

photography is a valuable aid in conducting inventories of rapidly 
expanding prairie dog towns in a relatively large area. The inven- 
tory was accomplished in a very time effective manner and the data 
was acceptably accurate to WCNP personnel. 

Combining the color infrared imagery with other available data 
such as soil maps and topographic maps permitted interpretation 
of not only the growth potential of the prairie dog towns but also 
the possible direction of growth. Information of this nature is 
important if realistic prairie dog management plans are to be 
formulated. Collection of similar information by standard ground 
survey methods is very expensive and time consuming. Color 
infrared aerial photography, therefore, seems to offer the best 
means of measuring and monitoring the growth of prairie dog 
towns onto rangeland in areas such as Wind Cave National Park. 
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Estimating Twig and Foliage Biomass of 
Sagebrush, Bitterbrush, and Rabbitbrush in 
the Great Basin 
SHEILA DEAN, J. WAYNE BURKHARDT, AND RICHARD 0. MEEUWIG 

Abstract 

Shrub crown characteristics useful in regression equations for 
predicting two biomass components (annual production and fine 
fuels) were identified for six shrubs common to the Great Basin. 
Shrub characteristics most useful in these equations were maxi- 
mum and minimum crown diameter, and crown denseness and 
depth. Prediction equations were developed for each species or 
subspecies included in this study. Additionally, biomass equations 
were developed for combined species or subspecies of morphologi- 
cal similarity within the Artemisiu genus. 

As early as 1958, Evans and Jones addressed the practical impor- 
tance of a method for determining forage production in which 
clipping or mowing was not necessary. Since then, much attention 
has been directed toward developing methods for predicting shrub 
production from easily measured crown dimensions. Volumetric 
or crown area relationships based on crown height and diameters 
have been described for serviceberry (Amelanchier alnifolia) by 
Lyon (1968), for eight Chihuahuan desert shrubs by Ludwig et al. 
(1973, and for big sagebrush (Artemisia tridentata wyomingensis) 
by Rittenhouse and Sneva (1977). Brown and Marsden (1976) and 
Alexander (1978) developed equations for predicting fuel loadings 
from height and percent crown cover measurements. Various stem 
diameter measurements were used as biomass predictors by 
Ohmann et al. (1976), Brown (1976), and Grigal and Ohmann 
(1977). Davis et al. (1972) related forage production to ring widths 
for several salt desert shrub species. Thus, the value and practical- 
ity of such methods has been well documented. 

The sagebrush taxon, Artemisia, constitutes the most abundant 
and widespread shrub component of ecosystems in the Great Basin 
and provides a source of food and cover for livestock and wildlife. 
Taxonomic difficulties exist within this genus at the species, sub- 
species, and variety levels. Although ecological differences have 
been described (Winward and Tisdale 1977), field identification of 
sagebrush species is often difficuh to determine. This is especially 
true between low and black sagebrush (A. arbuscula and A. nova) 
and the subspecies differentiations for big sagebrush (A. tridentata 
ssp. tridentata, A. tridentata spp. vaseyana, and A. tridentata spp. 
wyomingensis). A reliable dimension analysis technique for deter- 
mining canopy biomass components in which species differences 
were not necessary would expedite field data collection and data 
analysis procedures. 

The primary objective of this study was to identify shrub crown 
characteristics which could be used to predict two shrub biomass 
components (annual production and fine fuels) and to formulate 
reliable prediction equations from these characteristics. The secon- 
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ces Division, University of Nevada Reno, 1000 Valley Road, Reno, Nevada 8951% 
and research forester, Intermountain Forest and Range Experiment Station, Renewa- 
ble Natural Resources Center, 920 Valley Road, Rena, Nevada 89512. 

This research represents the contributions of the Nevada Agricultural Experiment 
Station Journal Series Number 446. Financial support from the IntermOUntain Forest 
and Range Experiment Station is acknowledged. 

dary objective was to evaluate the reliability of the prediction 
equations when shrub species of similar form were grouped 
together. 

Methods and Procedures 

Fifty-nine study sites were selected to represent the major shrub 
communities associated with the pinyon-juniper vegetation in the 
Great Basin. The study included the following taxa and number of 
sample shrubs: 

Artemisia tridentata tridentata (n=lO) ARTRTR Basin big sage- 
brush 

Artemisia tridentata vaseyana (n=54) ARTRVA Mountain big 
sagebrush 

Artemisia tridentata wyomingensis (n=50) ARTRWY Wyoming big 
sagebrush 

I 

4 Winnemucca 

*Elk0 

lsl Study area 

Fig. 1. Study areas. 
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Artemisia arbuscula (n=50) ARAR 
Artemisia nova (n=50) ARNO 

Purshia tridentata (n=49) PUTR 
Chrysothamnus viscidiflorus (n=50) CHVI 

Low sagebrush 
Black sage- 

brush 
Bitterbrush 
Green rabbit- 

brush 

Basin big sagebrush occurs within the pinyon-juniper types in the 
Great Basin but only as a minor component. For this reason it was 
not intensively sampled (n= 10). All study sites are located in 
Nevada and represent variations in elevation, aspect, and topoeda- 
phic conditions. General locations of these study sites are shown in 
Figure 1. 

Sampling occurred from June through October of 1978. Sample 
shrubs were randomly selected so as to represent size and form 
variations at each site by means of line intersection. With this 
method, every second or third shrub intersecting a lOO-foot steel 
tape became a sample unit. An average of five shrubs were sampled 
per study site. For each shrub sampled, the following 
measurements were recorded: 

Shrub height (H) - The vertical distance (cm) from ground level to the 
highest perennial portion of the shrub. 

Crown depth (CD) - The vertical measurement (cm) of the foliated 
portion of the shrub crown. 

Maximum diameter (MX) - The horizontal distance (cm) along the 
widest axis of the shrub crown. 

Minimum diameter (MN) - The horizontal distance (cm) along the 
narrowest axis of the shrub crown. 

Crown denseness (D) - The ocular estimated percent of foliage within 
the shrub crown. 

Number of basal stems (NS) -The number of supportive, live stems at 
ground level. 

Basal stem diameter (SD)- The root crown diameter (cm) at ground 
level. 

The ocular estimates of crown denseness were compared to 
crown denseness ratings obtained by point sampling within a shrub 
crown. Forty percent of the sample shrubs in this study (two out of 
five at each site) were point sampled after the ocular estimate of 
crown denseness had been made. For the purpose of point 
sampling, crown denseness was defined as the percent of points 
within the crown which intercepted foliage. Sampling occurred 
along the maximum and minimum diameter of the shrub crown 
using a frame with points 2.5 cm apart. Sampling intensity varied 
with shrub size and averaged 40 points per shrub crown. The crown 
denseness estimates from point sampling were compared to the 
ocular estimates by means of a T-test. 

The shrubs were then cut down at ground level and the number 
of growth rings were recorded when determinable. At this point, all 
twigs, live and dead, were clipped at a 6mm diameter and placed in 
paper bags for return to the laboratory. 

The samples were oven-dried at 100” C for a 24-hour period. 
Following drying, the twigs and leaves in each sample were 
separated into two biomass components. The first consisted of all 
twigs 6mm or less in diameter plus all leaves. This component 
represented the fine fuel biomass of the sample shrub as used by the 
U.S. Forest Service (Demming et al. 1978). Secondly, live twigs 
3mm or less in diameter and all leaves were separated from the 
sample and weighed. This size fraction was used as an objective 
approximation of the annual production of the sample shrub. 

The O-6mm and O-3mm oven-dried weights (g) became the 
dependent variables in forward step-wise regression analyses to 
identify those independent crown measurements that are helpful in 
predicting the fine fuel and annual biomass components, 
respectively. All analyses were conducted at the = = .05 
significance level. The inclusion of variables into a model was 
terminated at the point where the beta coefficient became 
insignificant in the equation. The following four general models 
were evaluated: 

Model I 

X,Y 

Model II 

WO, Y 

Model III Model IV 

x9 WY) in(x), In (Y) 

where x represents the independent variables and y represents the 
dependent variables. Scatter diagrams for all independent/de- 
pendent variable combinations were initially constructed to ana- 
lyze their linear relationships and to aid in the construction of an 
appropriate regression model. 

Results and Discussion 

The criteria for evaluation of the various regression models were 
the coefficient of determination (I?), which measures the linear 
strength of a function, and the standard error of the estimate 
(Sy.x)t which in log-log models very closely approximates the 
coefficient of variation. In all cases, model IV (In(x), In(y)) per- 
formed the best on the basis of our selection criterion. Prediction 
equations with their associated I?2 and standard error terms are 
given in Table 1. Reliable equations resulted from the log-log 
model with Z’s ranging from .81 for the fine fuel equation for 
green rabbitbrush to .95 for the fine fuel equation for low sage- 
brush. Except for rabbitbrush, the fuel component equations were 
consistently better than the annual production equations with 
higher R2 values and lower Sy.x. 

Excluding the fine fuel equation for rabbitbrush (S_Y.X= .45), the 
standard errors were reasonably low, ranging from .22 for the fine 
fuel equation for low sagebrush to .38 for the annual production 
equation for black sagebrush and Wyoming big sagebrush. 
Maximum and minimum diameters and crown depth and 
denseness were the variables most often used in the equations. 

Due to similarities in growth form within the sagebrush complex 
it is often difficult to distinguish between different sagebrush 
species and varieties on the basis of morphology alone. These 
distinctions become even more difficult in ecotones where the 
transition of one Artemisia species or variety to another occurs. 
Dissension even occurs among taxonomists in regard to the 
number of subdivisions and taxonomic ranks for the Artemisia 
taxon (Winward and Tisdale 1977). For these reasons, it would be 
desirable to formulate prediction equations for which these species 
distinctions would not be necessary. Based on the assumption that 
standing biomass is a function of crown size and denseness rather 
than shrub species, which is a function of site characteristics, this 
should be possible. When the data for the various species and 
subspecies of sagebrush were combined and analyzed (Arar i- 
Arno; Artrva i- Artrwy + Artrtr; total Artemisiu spp.), the new 
equations resulted in negligible losses in prediction reliability with 
regard to the R2 and Sy.x. These equations and their associated R2 
and Sy.x are given in Table 2 for comparison with individual 
species equations (Table 1). Essentially, the same variables 
(maximum and minimum diameters, crown depth and denseness) 
were important. R2’s range from .85 for the annual production 
component for the big sage complex and the combination of all 
sagebrush to .94 for the fine fuel component for the low sage-black 
sage combination. 

The ecological differences between sagebrush vegetation types 
are important to recognize in terms of analyzing site potentials and 
conditions. For these reasons sagebrush species and sub-species 
differentiations should be made as accurately as possible. 
However, in cases where biomass determination is desired, the 
combination equations would be useful. Shrub identification to 
genus alone expedites this kind of data collection and eliminates 
identification error by inexperienced field crews. This, in turn, 
results in easier analysis and more accurate results. 

The comparison of the crown estimate data with the point 
sampled density data revealed that the means of the two data sets 
were not significantly different (a = .Ol). This indicates that the 
point sampling procedure served as a successful technique for 
calibrating ocular estimates and resulted in consistent estimation 
of the crown denseness. The calibration of ocular estimates is 
important to minimize inconsistencies of density estimates made 
by an individual over a period of time or between different estima- 
tors. Consistency of density estimates is more important than 
accuracy. The point sampling technique serves this calibration 
function. 
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Table 1. Fine fuel and annual production prediction equations for five shrub species. 

Species equations 

Artemisia arbuscula (50 observations) 

R2 sy.x 

In (FUEL) = -4.04 -I- 1.07 (ln(MX)) -I- .82 (ln(MN)) -I- .30 (In(D)) i- .24 (ln(SD))I 
Ln (BIOM) = -4.22 + .94 (ln(MN)) + .60 (ln(MX)) + .47 (In(D)) + .29 (ln(SD)) 

Artemisia nova (50 observations) 

.95 .22 

.93 .27 

In (FUEL) = -3.77 -I- .68 (ln(MX)) + .53 (ln(MN)) -I- .69 (ln(CD)) + .41 (ln(SD)) -I- .23 (In(D)) 
In (BIOM) = -5.75 + .21 (ln(MX)) + .86 (In(D)) + .58 (ln(MN)) + .72 (ln(SD)) -I- .55 (ln(CD)) 

Artemisia tridentata vaseyana (54 observations) 

.93 .24 
.83 .38 

ln(FUEL)= -4.94+ .63(ln(MX))+ .59(ln(MN))i- .39(ln(CD))+ .42(ln(SD))i- .41 (ln(D))+.33(ln(H)) 
In (BIOM) = -6.34 + .82 (ln(MN)) -I- .76 (ln(MX)) i- .70 (In(D)) -I- .42 (ln(CD)) 

Artemisia tridentata wyomingensis (50 observations) 

.92 .25 

.85 .32 

In (FUEL) = -4.45 + 1.25 (ln(MX)) i- .59 (ln(MN)) •i- .35 (In(H)) -l- .22 (In(D)) 
In (BIOM) = -8.79 i- 1.16 (ln(MX)) -I- 1.05 (In(D)) i- .65 (ln(CD)) -I- .39 (ln(MN)) 

Purshia tridentata (49 observations) 

.89 .28 

.86 .38 

In (FUEL) = -6.12 i- 1.24 (ln(MX)) + .30 (ln(SD)) + .47, (In(D)) -I- .53 (ln(CD)) i- .41 (ln(MN)) 
In (BIOM) = -7.40 + 1.49 (ln(MX) i- .74 (In(D)) + 1.28 (ln(CD)) -t- .64 (In(H)) 

Chrysothamnus viscidiflorus (50 observations) 
In (FUEL) = -4.47 i- .99 (ln(MN)) -i- .87 (ln(MX)) i- .60 (In(D)) 
In (BIOM) = -6.45 i- .79 (ln(MN)) -I- .83 (ln(MX)) + .69 (In(D)) -t- .41 (ln(CD)) 

.91 .34 

.84 .37 

.81 .45 

.86 .33 

‘Equation abbreviations: MX - maximum diameter (cm) D crown denseness (%) 
MN - minimum diameter (cm) SD - basal stem diameter (cm) 

H shrub height (cm) FUEL - up to 6mm diameter twigs (weight - g) 
NS - number of basal stems BOOM up to 3mm diameter twigs (weight - g) 
CD - crown depth (cm) 

The concept of an objective, definitive point for separating 
annual production has practical implications in terms of consis- 
tency in sampling. Annual twig production is not easily recognized 
for all species, especially as the growing season progresses. The 
3mm twig diameter component used in this study was an objective 
approximation of the average annual biomass produced by the 
sample shrubs. It was apparent that this size class did in fact closely 
approximate the 1978 twig and foliage production for bitterbrush 
and sagebrush. However, this is an area which deserves further 
research. 

In contrast to sagebrush and bitterbrush, the 3mm twig diameter 
did not appear to be a meaningful separation point for the current 
production of rabbitbrush. In the study area, green rabbitbrush 
produces a multitude of stems, most of which are less than 3 mm in 
diameter at the root crown. Over-winter observation of rabbit- 
brush reveals that these stems are perennial and are not the result of 
one-year’s growth. Because the majority of the sample twigs fell 
into the O-3mm size class, there was little difference in the weights 

of the two biomass components. This accounts for the similarity of 
the prediction equations for the two biomass classes of rabbit- 
brush. The twig diameter increment for annual production is not 
known and is probably less consistent than that for bitterbrush and 
sagebrush. 

There are certain inherent problems with sampling for shrub 
biomass over a 3 to 4 month period. However, such a duration is 
sometimes unavoidable and necessary to obtain adequate sample 
sizes. Problems arise with plant phenology and desiccation. Sam- 
pling early within the growing season may produceunderestimates 
of the annual production increment in that production is still 
incomplete. On the other hand, sampling late in the field season 
can also result in underestimates of the annual production due to 
desiccation and leaf losses from summer drought. The sampling in 
this study was first conducted at the lower elevations and on the 
earlier vegetation types (Artrwy, Arno). With later sampling it 
became more important to catch leaves that fell off during the 
sampling procedure. Although sampling at both times resulted in 

Table 2. Fine fuel and annual production prediction equations for various combinations of sagebrush species. 

Species equations RJ sy.x 

Artemisia arbuscula and A. nova (100 observations) 
In (FUEL) = -3.96 i- .95 (ln(MX)) •t .62 (ln(MN)) -I- .37 (ln(CD)) + .26 (lnl(SD)) -I- .26 [In(D)]’ .94 
In (BIOM) = -5.14 i- .72 (ln(MN)) i- .51 (ln(SD)) i- .77 (In(D)) + .60 (ln(MX)) .86 

Artemisia tridentata tridentata, vaseyana, and wyomingensis (114 observations) 
In (FUEL) = -4.11 -I- .84 (ln(MX)) i- .61 (ln(MN)) •t .50 (ln(CD)) + .28 (ln(SD)) .90 
In (BIOM) = -8.24 -I- .92 (ln(MX)) i- 1.0 (In(D)) -l- .65 (ln(MN)) + .58 (ln(CD)) .85 

Total Artemisia’s (2 14 observations) 
In (FUEL) = -3.86 + .88 (ln(MX)) + .64 (ln(MN) -I- .37 (ln(CD)) -t .27 (In(D)) •t .28 (ln(SD)) .92 
In (BIOM) = -6.70+ .66 (ln(MN)) i- -69 (ln(MX)) i- .87 (In(D)) -t .47 (In(CD)) -t . 11 (Ln(NS))-l-. lS(In(SD)) .85 

.24 

.35 

.29 

.36 

.27 
.37 

‘Equation abbreviations: MX - maximum diameter (cm) 
MN - minimum diameter (cm) 

H - shrub height (cm) 
NS - number of basal stems 
CD - crown depth (cm) 

D - crown denseness (%) 
SD - basal stem diameter (cm) 

FUEL - up to 6mm diameter twigs (weight - 
BIOM - up to 3mm diameter twigs (weight - 

g) 
g) 
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underestimates, hopefully the sampling error was consistent. Fore- 
sight into sampling error can result in more accurate and reliable 
data. 

Conclusions 

Based on the R2 and Sy.x values for the prediction equations, it 
appears that fine fuel and annual biomass can indeed be predicted 
from shrub crown measurements. Maximum and minimum 
diameters and crown depth and denseness were the shrub charac- 
teristics most useful in biomass prediction. These are also easily 
measured variables and are generally well defined. However, it is 
necessary to calibrate ocular density estimates with some form of 
point sampling. 

Species differentiation within the Artemisiu taxon in the Great 
Basin is not necessary for biomass prediction purposes. Shrub 
biomass apparently is more a function of crown size and denseness 
than species differences. Depending upon the objective of biomass 
sampling and the capabilities of survey crews, sagebrush biomass 
can be adequately predicted either on the basis of individual species 
equations or with the appropriate combination equation. 

The 3mm diameter increment is a feasible, definitive break for 
separating the annual production biomass component for all sage- 
brush and bitterbrush in the Great Basin. This determination point 
for rabbitbrush is less consistent and probably smaller than 3mm. 
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Sediment Production as Influenced by Live- 
stock Grazing in the Texas Rolling Plains 

M. KARL WOOD AND WILBERT H. BLACKBURN 

Abstract 

The influence of livestock on sediment production was evaluated 
on a Clay Flat range site with shrub canopy areas, and midgrass 
and sbortgrass interspace areas in the Rolling Plains near Throck- 
morton, Texas. Sediment production in the shrub canopy areas 
was similar across grazing treatments of heavy and moderate 
stocking, continuous grazing; rested and grazed deferred-rotation; 
rested and grazed high intensity, low frequency (HILF); and two 
livestock exclosures which had not been grazed for 20 years. Sedi- 
ment production from the shortgrass interspace area was similar 
for all grazing treatments except from the heavily stocked, continu- 
ously grazed pasture, where sediment production exceeded that of 
the rested HILF treatment. The midgrass interspace sediment 
production for the heavily stocked, continuously grazed treatment 
exceeded that of the deferred-rotation treatments and the exclo- 
sures. Likewise, sediment production for the grazed HILF treat- 
ment was greater than that for the rested deferred-rotation 
treatment and exclosure. Soil and vegetation variables which sig- 
nificantly influenced sediment production included aggregate sta- 
bility, organic matter content, mulch, standing crop, bulk density, 
and ground cover. 

Some of the earliest erosion problems in the West developed on 
rangelands. Many of these problems resulted from the combined 
influence of improper stocking rate, poor distribution of animals, 
the wrong kind or class of livestock, and improper season of use. 
Unfortunately, accelerated erosion still occurs on many rangelands 
because of mismanagement of grazing animals. 

Sediment resulting from geologic erosion is a natural compo- 
nent of rangelands and their fresh water streams, and high sedi- 
ment concentrations may occur naturally from phenomena such as 
wildfires. Blackburn et al. (1978) stated that sediment is not neces- 
sarily a pollutant and only becomes one when it exceeds natural 
levels and is interfering with the beneficial use of water. A certain 
amount of sediment and attached nutrients are needed in many 
waters to maintain their productivity. However, the Federal Water 
Pollution Control Act Amendments of 1972 (Public Law No. 
92-500 Sec. 208) establish a need for control of nonpoint sources of 
pollution, which includes sediment production from all public and 
private rangelands in the United States. Range managers are 
required to implement “Best Management Practices,“which elimi- 
nate the discharge of pollutants into navigable waters by 1985. This 
requirement places range managers in a difficult position because 
the relative effects on water quality from most management practi- 
ces, including grazing on rangelands, are not well known. 

Some researchers have measured erosion and sediment produc- 
tion resulting from grazing at different stocking rates with several 
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kinds and classes of livestock on a continuous or seasonal basis. 
Very few studies have investigated sediment production from graz- 
ing systems with some sequence of grazing and resting periods. 
Renner (1936) found that the degree of erosion on the Boise River 
watershed was correlated with grazing intensity, with low intensity 
having some effect on erosion. Dunford (1949) concluded that 
erosion from a pine (Pinus spp.)-bunchgrass region of Colorado 
was not significantly changed by moderate grazing, but heavy 
grazing doubled the normal amount of erosion, compared to that 
from no grazing. On fescue (Fesfuca spp.) rangeland in Saskatche- 
wan, Johnston (1962) found soil losses were not serious under 
light, moderate, or heavy rates of grazing. 

Aldon and Garcia (1973) indicated that the Rio Puerto drainage 
in New Mexico was infamous for contributing only 8% of the water 
yield of the upper Rio Grande Basin, but almost half of the 
sediment load. After years of continuous yearlong grazing, the 
watersheds were fenced to obtain 55% utilization with summer- 
deferred grazing. Under this grazing treatment, sediment produc- 
tion decreased from 1.72 to 0.54 metric tons/ha. Buckhouse and 
Gifford (1976) found that grazing chained pinyon (Pinm edulis 
Engelm.)-juniper (Juniperus spp. L.) sites in southeastern Utah 
caused no changes in sediment production. 

McGinty et al. (1979) measured sediment losses of 211, 134, and 
160 kg/ ha from a heavily stocked, continuously grazed treatment; 
a four-pasture, three-herd deferred-rotation treatment; and a 30- 
year-old livestock exclosure, respectively. Sediment production 
increased with decreasing standing phytomass and soil depth of 
range sites. 

Objectives of this study were to determine: (1) sediment produc- 
tion from a Clay Flat range site under deferred-rotation; high 
intensity, low frequency (HILF); and continuous grazing; and 
grazing exclusion, and (2) the impact of grazing on variables which 
influence sediment production. 

Study Area 

Field research was conducted on the Texas Experimental 
Ranch, between Throckmorton and Seymour, Texas. The ranch is 
part of the Rolling Plains land resource area which comprises 
approximately 6.32 million ha of rolling topography in northwest 
Texas. Soils on the Texas Experimental Ranch are mostly clays 
and clay loams. Limestone parent materials are of the Admiral 
formation. Annual precipitation for Throckmorton County has 
average 62.4 cm over the past 40 years. The average frost-free 
period is 200 days. Peak periods for forage production are April, 
May, June, and September; however, if adequate rainfall occurs 
during July and August, forage production will continue at a high 
level throughout the summer. 

Climax vegetation of the Rolling Plains included tall and mid- 
grasses (Kothmann et al. 1970) but continuous heavy utilization by 
livestock and exclusion of natural wildfires has reduced the vegeta- 
tion to primarily short and midgrasses with varying densities of 
woody plants. When this study was conducted in 1977, over 70% of 
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the ranch’s herbaceous vegetation was comprised of Texas winter- 
grass (Stipa leucotricha Trin. & Rupr.), sideoats grama (Bouteloua 
curtipenduZa (Michx.) Torr.), and buffalograss (Buchloe dacty- 
loides (Nutt.) Engelm.). Honey mesquite (Prosopis glandulosa 
Torr.) and lotebush (Ziziphus obtuszjiolia (T. & G.) Gray) were the 
dominant woody species. 

The ranch was established in 1957 for the purpose of investigat- 
ing methods of improving the efficiency of cow-calf operations on 
native rangeland. Initially, three grazing systems were employed; 
(1) the two-pasture, one-herd South African switchback [2-l, 3:3, 
6:3, 3:6 mo] (nomenclature and notation follow Kothmann 1974); 
(2) a four-pasture, three-herd deferred-rotation grazing system 
[4-3; 12:4 mo]; and (3) a continuous grazing system with heavily 
stocked, moderately stocked, and lightly stocked pastures. Several 
pastures were designated as exclosures and have not been grazed 
by livestock since 1957. Comparisons of these grazing systems 
indicated that livestock production was greatest from the deferred- 
rotation system (Kothmann et al. 1970). In the fall of 1973, an 
eight-pasture, one-herd high intensity, low frequency (HILF) graz- 
ing system was employed [8-l; 17: 119 da]. It was compared with 
the deferred-rotation system and the continuous system with 
stocking at moderate and heavy rates. 

During this study, stocking rates for the deferred-rotation sys- 
tem; HILF system; moderately stocked, continuously grazed sys- 
tems; and heavily stocked, continuously grazed system were 6.2, 
6.5, 6.5, and 4.6 ha/au, respectively. The pasture which was evalu- 
ated in the HILF system was in a lightly stocked, continuously 
grazed system prior to 1973. 

The soil series studied was a Leeray clay. This series is in the fine, 
montmorillonitic, thermic family of Typic Chromusterts. Leeray 
clay is a soil series of the Clay Flat range site. This series was chosen 
because it occurs in all the grazing treatments, and accounted for 
60.4% of the Clay Flat range site and 23.3% of the ranch’s total 
area. The Leeray clay series and Clay Flat site occur extensively 
throughout the Rolling Plains. 

The mean percentage cover of shrub canopy, midgrass and 
shortgrass interspace areas on the Leeray clay series for the various 
grazing treatments is shown in Table 1 (Wood 1979). The largest 
occurrence of midgrass interspace was in the exclosures followed in 
decreasing order by the deferred-rotation; moderately stocked, 
continuously grazed; HILF; and heavily stocked, continuously 
grazed pastures. The shortgrass interspace was found most often in 
the heavily stocked, continuously grazed pastures and least in the 
exclosures. This seral stage of the exclosures was high enough that 
shortgrass interspace was not present. The differences observed in 
shrub canopy between grazing treatments were probably the result 
of original brush control efficiency. 

Where the range was in good to excellent condition, shrub 
canopy areas occurred in a midgrass interspace matrix. Shrub 
canopy areas and patches of shortgrass interspace were located in a 
midgrass matrix where the range was in good to fair condition. 
Where the range was in fair to poor condition, shrub canopy areas 

Table 1. Mean percentage cover of shrub canopy area, midgrass interspace, 
and shortgrass interspace for various exclosures and grazing treatments. 

Vegetation area 
Shrub Midgrass Shortgrass 

Grazing treatment canopy interspace interspace 

Exclosure 1 
(southern) 16.8 83.2 I 

Exclosure 2 
(northern) 8.4 91.6 I 

Deferred-rotation 10.2 60.4 29.4 

HILF system 7.6 48.0 44.4 

Moderately stocked, continuous system 8.9 60.2 30.9 

Heavilv stocked, continuous system 9.8 23.2 67.0 

‘No shortgrass interspace was found in the exclosures. 

and midgrass interspaces patches occurred in a shortgrass matrix 
(Wood 1979). 

Methods 

Sediment Production 

Simulated rainfall was applied to 0.5 m* plots with an infil- 
trometer similar to the one described by Blackburn et al. (1974). 
Ten samples were randomly located within each vegetation area in 
the different grazing treatments. Water was applied at a rate of 17.7 
cm/ hr for 0.5 hr on soil initially dry and then on the same area 24 
hours later when the soil was at or near field capacity. Only the 
results with the soil at field capacity are reported. The simulated 
rainfall rate of 17.7 cm/hr has a natural storm return period of 
more than 100 years and was chosen to ensure runoff from all sites. 
Immediately after the first wetting, the plots were covered with a 
clear polyethylene plastic to reduce evaporation and maintain a 
uniform soil surface water content. Simulated rainfall was used for 
convenience. Young and Burwell (1972) found no significant dif- 
ference in runoff and erosion between simulated rainfall and natu- 
ral rainfall on loamy soils in Wisconsin. 

The area of accumulation of mulch and soil under woody plants 
was defined as the shrub canopy area, and interspace as the area 
between shrub canopy areas (Blackburn and Skau 1974). 

Runoff from each plot was collected and, upon termination of 
the simulated rainfall application, was thoroughly agitated and a 
l-liter subsample was taken. The sediment of each subsample was 
filtered off, dried at 105” C for 24 hours, weighed, converted to 
sediment yield in kg/ha, and used as an index of sheet erosion. 

Vegetation Cover and Standing Crop 
The percentage foliage cover of shrubs, grasses, forbs and 

ground cover were determined by ocular estimate on each plot 
from gridded sampling quadrats. Grasses, forbs, and standing 
dead material were harvested to a 2-cm stubble height, and mulch 
was collected from each plot. The material was dried at 60” C for I 
week and weighed. 

Soils 
Soil moisture by the gravimetric method (Gardner 1965) and 

bulk density by the core method (Blake 1965) were determined for 
areas adjacent to each runoff plot at depths of 0 to 3 and 5 to 8 cm 
before each simulated rainfall application. 

Soil was collected to 3 cm deep within each plot after the final 
simulated rainfall event. Particle size distribution of the soil was 
measured by the hydrometer method (Bouyoucos 1962), aggregate 
stability by the wet sieve method (Kemper 1965), and organic- 
matter content by the Walkley-Black method (Allison 1965). 
Microrelief within each plot was measured along three different 
lines with a relief meter consisting of 10 pins spaced 6 cm apart 
(Kincaid and Williams 1966). 

Analysis 
Skewness and kurtosis tests were applied to each variable to 

determine the normality of data (Snedecor and Cochran 1971). If 
the data were not normally distributed, the common logarithmic 
transformation was applied before conducting analysis of var- 
iance. Mean separation between grazing treatments and between 
vegetation areas was accomplished with Duncan’s multiple range 
test (Steel and Torrie 1960). Simple linear correlation and stepwise 
multiple regression and correlation analysis (0.1 level of probabil- 
ity) determined the amount of variation in production attributable 
to selected parameters (Table 2) (Draper and Smith 1966). 

Results and Discussion 

Sediment Production 
Sediment production averaged across all grazing treatments 

was significantly higher on shortgrass interspaces (94.7 kg/ha) 
than shrub canopy zones (14.4 kg/ ha) but similar to the midgrass 
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Table 2. Dependent and independent variables used in regression and cor- 
relation analysis. 

Table 3. Mean sediment production (kg/ha) for each vegetation area in 
each grazing treatment on the Rolling Plains, Texas. 

Number Variable 

P Sediment production 
Xl Ground cover 
x2 Perennial grass cover 
x3 Total grass cover 
x4 Standing crop 
X5 Mulch 
X6 Bulk density, O-3 cm depth 
x7 Organic matter content 
X8 Aggregate stability 

Units 

kg/ha 
% 
% 
% 

g/O.5 m* 
g/O.5 m2 

g/cm3 
% 
% 

interspace (31.9 kg/ ha). On this range site, brush control or con- 
version from a shrub area to a midgrass interspace would not 
significantly increase sediment production unless the soil was 
mechanically disturbed. 

In the shrub canopy areas, sediment production was similar 
among all grazing treatments. However, there was a trend for 
higher losses from the continuously grazed treatments and lower 
sediment losses from the exclosures (Table 3). 

Shrub Midgrass Shorgrass 
Grazing treatment canopy area interspace interspace 

Heavily stocked, 
continuously grazed 22.3 a (y)l 114.6 a (z) 192.6 a (z) 

Moderately stocked, 
continuously grazed 22.6 a (y) 27.9 abc (y) 143.6 ab (z) 

Rested deferred-rotation 13.4 a (z) 9.5 c (z) 56.1 ab (z) 

Grazed deferred-rotation 9.7 a (z) 14.4 bc (z) 62.9 ab (z) 

Rested HILF 17.7 a (z) 27.8 abc (z) 35.6 b (z) 

Grazed HILF 19.4 a (z) 39.2 ab (z) 77.7 ab (z) 

Exclosure 1 2.3 a (z) 4.4 c (z) - 

Exclosure 2 7.5 a (z) 17.1 bc (z) - 

‘Means followed by the same letter within each column or in parentheses within each 
row are not significantly different at the 95% level. 

duction from the deferred-rotation treatments was closely related 
to the exclosure values. 

Sediment production in the shortgrass interspaces was highest 
from the heavily stocked, continuously grazed treatment, and 
lowest from the rested HILF treatment. The heavily stocked, 
continuously grazed treatment was similar to all other treatments 
except the rested HILF treatment which was significantly lower. 
Although sediment production is similar in the deferred-rotation 
and HILF treatments, the HILF grazed range site had a greater 
proportion of shortgrass interspace area than the deferred- 
rotation. Consequently, more sediment production would be 
expected from the HILF treatments than from the deferred- 
rotation. 

Variability within each grazing treatment was so large that the 
standard deviations almost equalled the mean values. Sediment 
production among these grazing treatments was extremely small 
when the values were compared to annual tolerance levels or to 
sediment produced from croplands as measured by other authors. 
The grazing treatment with the highest sediment production, the 
heavily stocked, continuously grazed, would have a value of about 
400 kg/ ha on an annual basis. The annual soil loss tolerance for the 
Leeray clay series has been set at 11,000 kg/ ha (USDA 1978), 
which is far greater than losses from the heavily stocked, continu- 
ously grazed treatment. Wischmeier and Smith (1978) consider 
sediment production values between 4,500 and 11,000 kg/ ha/ yr to 
be within the environmentally acceptable range from cropland. An 
annual cropland sediment production value of 6,000 to 9,000 
kg/ha was often considered acceptable, with some cropland soil 
losses exceeding 90,000 kg/ ha (Wischmeier 1976). 

Factors Influencing Sediment Production 
The predictive equation for each of the dependent variables 

resulting from selecting and weighing independent variables, is of 
the general form: 

In the midgrass interspace, sediment production was greatest 
from the heavily stocked, continuously grazed treatment (114.6 
kg/ ha) which was nearly three times greater than the second high- 
est sediment production value of 39.2 kg/ ha from the grazed HILF 
treatment. Sediment production from the heavily stocked, contin- 
uously grazed treatment was significantly greater than that for the 
rested and grazed deferred-rotation treatments and the exclosures. 
The grazed HILF treatment produced more sediment than the 
rested deferred-rotation treatment and exclosure 1. Sediment pro- 

Table 4. Sediment production predictive equations for each grazing treatment within each vegetation area. 

Vegetation area 

Shrub canopy area 

Midgrass interspace 

Shortgrass interspace 

Grazing treatment 

Heavily stock, continuously grazed 
Moderately stocked, continuously grazed 
Rested deferred-rotation 
Grazed deferred-rotation 
Rested HILF 
Grazed HILF 
Exclosure 1 
Exclosure 2 

Heavily stocked, continuously grazed 

Moderately stocked, continuously grazed 
Rested deferred-rotation 
Grazed deferred-rotation 
Rested HILF 
Grazed HILF 
Exclosure I 
Exclosure 2 

Heavily stocked, continuously grazed 
Moderately stocked, continuously grazed 
Rested deferred-rotation 
Grazed deferred-rotation 
Rested HILF 
Grazed HILF 

Coefficient of determination 
Predictive equations RJ 

$’ = 131.051 - 1.624(X8) - 14.005(X7) 0.443 
? = 166.632 - 2.570(X8) - 0.013(X5) 0.610 
9 = 116.526 - 0.562(X2) - 1.370(X8) 0.404 
? = 25.547 - 0.016(X5) 0.323 
P = 182.343 - 1.660(X3) - 0.276(X8) 0.866 
9 = 56.587 - 6.661(X7) - 0.076(X4) 0.728 
9 = 22.944 - 0.664(X8) + 17.715(X6) 0.547 
P = 38.795 - 5.743 (X7) -0.010(X5) -0.063(X8) 0.745 

9 = 682.120 - 5.878(X8) - 37.65(X2) 
- 34.280(X7) 0.767 

t = 216.886 - 30.756(X7) - 1.632(X8) 0.790 
9 = 108.496 - 12.348 (X7) - 0.618(X8) 0.768 
9 = 215.904 - 2.327(X3) 0.813 
9 = 56.012 - 0.760(X8) + 0.526(X1) 0.532 
9 = 128.778 - 0.883(X2) - 9.191(X7) 0.941 
%’ = 20.617 - 0.257(X8) - 0.004(X5) 0.871 
9 = 61.450 - 0.296(X8) - 14.561(X7) 0.412 

P = 343.272 - 2.770(X4) 0.347 
fr = 125.908 - 2.885(X8) + 222.753(X6) 0.840 
$’ = 194.431 - 55.535(X7) + 98.141(X6) 0.745 
P = 337.174 - 49.715(X7) - 2.177(X8) 0.566 
9 = 47.066 + 1.639(X 1) - 0.770(X8) 0.863 
P = 273.805 - 35.392(X7) - 1.850(X8) 0.509 
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where $’ is the predicted dependent variable sediment production, 
a is the Y-intercept, 6 is a weighting factor, and X represents the 
independent variables. These equations can be used to give insight 
into probable causative and important relationships, and to pre- 
dict sediment production on this range site under similar circum- 
stances. The independent variables are listed in order of correlation 
with the highest correlated variable being listed first. 

Specific sediment production equations for each vegetation area 
and treatment indicate that aggregate stability (X8) was the most 
important influential variable in 36% of the equations, while 
organic matter content (X7) was the most important in 32% of the 
equations (Table 4). More importantly, aggregate stability (X8) 
was a subdominant factor in 36% additional equations and organic 
matter content (X7) was subdominant in 18% additional equa- 
tions. Perennial grass cover (X2) and total grass cover (X3) were 
each the most important variables in 9% of the equations. Ground 
cover (Xl), standing crop (X4), and mulch (X5) were each the 
paramount variable in 4.5% of the equations. Organic matter 
influences the soil plasticity by increasing the cohesion of clay 
particles (Baver et al. 1972). The increased cohesive properties 
render the soil as being less erosive. This occurrence of organic 
matter content (X7) and aggregate stability (X8) was equal among 
plant communities. The equations for the continuously grazed 
treatments contained a larger variety of influencing variables than 
the equations for other treatments. This condition shows the domi- 
nance some factors receive from some or total rest from grazing. 

Coefficient of determination values (R2) ranged from 0.323 to 
0.941. A majority of the values (53%) were between 0.600 and 
1.000. Other researchers found similar relationships for R2 
between infiltration rates (a closely related hydrologic variable) 
and sediment production (Blackburn 1975; Roundy et al. 1978). 

Conclusions 
Sediment production from the grazing treatments was extremely 

small when compared to sediment production from croplands. 
Sediment production averaged across all treatments was signifi- 
cantly higher from the shortgrass interspace communities than 
from the shrub canopy area, and was slightly lower than from the 
midgrass interspace. 

Sediment production from shrub canopy areas was similar, 
regardless of grazing treatment. Sediment production from the 
deferred-rotation grazing treatments was most closely related to 
that from the exclosures. Sediment production from the HILF 
treatments was intermediate compared to the moderately stocked, 
continuously grazed treatment and the heavily stocked, continu- 
ously grazed treatment. 

Sediment production from the shortgrass interspace was similar 
among grazing treatments except for a higher value from the 
heavily stocked, continuously grazed treatment and a lower value 
from the rested HILF treatment. Although not statistically differ- 
ent, all deferred-rotation and HILF sediment production values 
were lower than those from the moderately stocked continuously 
grazed treatment. 

Midgrass interspace sediment production was significantly 
lower in the exclosures and deferred-rotation treatments than the 
heavily stocked continuously grazed treatment. 

Components of this range site which were important influencing 
factors upon sediment production included: aggregate stability, 
organic matter content, mulch, standing crop, bulk density, initial 
soil moisture content (O-3 cm depth), ground cover, perennial 
grass cover, and total grass cover. The most important variable was 
aggregate stability followed closely by organic matter content. 
However, these two variables are influenced by the other independ- 
ent variables. Decreased sediment production can be expected in 
ecosystems where more favorable vegetation and soil conditions 
can be obtained by implementing a grazing system. The deferred- 
rotation grazing system in this instance would be a better method 
to use in reaching that goal. In this ecosystem, the deferred- 

rotation grazing system would be an effective “Best Management 
Practice” to control nonpoint source pollution from rangelands. 
For this range site, a properly applied deferred-rotation grazing 
system could be expected to improve hydrologic conditions as well 
as exclusion from grazing. 
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Esophageal, Fecal and Exclosure Estimates 
of Cattle Diets on a Longleaf Pine-Bluestem 
Range 
MARK K. JOHNSON AND HENRY A. PEARSON 

Abstract 

Microhistological analysis of esophageal or fecal materials pro- 
vides an accurate and efficient method for evaluating botanical 
compositions of cattle diets on native longleaf pine-bluestem 
range. For practical purposes fecal analysis is the preferred 
method. Plant species that were most important to cattle during 
the present study were the bluestems and panicums. 

Southern pine ecosystems serve as range for livestock and wild- 
life. These forest ranges have potential for high production of red 
meat with minimum inputs (Pearson and Whitaker 1974; Pearson 
1975; Sternitzke and Pearson 1975). Cattle impact on ecosystems is 
related to the animal’s dietary needs, preferences, and available 
forage. 

The purpose of this study was to estimate cattle diets on longleaf 
pine-bluestem range. Specific objectives were to contrast cattle 
diets estimated from esophageal and fecal samples with estimates 
obtained from exclosures. 

Study Areas 

This study was conducted from April 1971 through March 1974 
on the Palustris Experimental Forest in central Louisiana. A stand 
of second growth longleaf pine (Pinus palustris) (= 15-years-old) 
existed on the area. Predominant herbaceous vegetation was pine- 
hill bluestem (Andropogon scoparius). Other bluestem grasses 
were prominent, as were the panicums (Panicum spp.) and paspa- 
lums (Paspalum spp.). Principal browse included southern wax- 
myrtle (Myrica ceriferu), oaks (Quercus spp.), blackberries (Rubus 
spp.), and blueberries (Vuccinium spp.). 

Methods and Procedures 

Range utilization and production were determined by a paired 
plot technique similar to the plucked quadrat method (Grelen 
1967). Sixty pairs of quadrats (2: lm2, one in an exclosure, one 
grazed) were randomly established throughout the range. Quad- 
rats were paired on the basis of herbage composition. Herbage in 
each exclosure was plucked to the height of plants in quadrats that 
were grazed and was oven-dried to a constant weight. The clippings 
from each plant species were weighed and clippings from all species 
were mixed together to simulate a cattle diet. Since the actual dry 
weight compositions of these mixtures were known, they were used 
as quality control samples to test technician accuracy during 
microscopic analysis. 

In March 1971, esophageal and rumen fistulas were installed in 
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crossbreed Brahman heifers. Samples of forage were collected 
from esophageal fistula on three consecutive days at monthly to 
bimonthly intervals for the grazing seasons of 1971-1973. Due to 
fistula problems one of the animals was omitted from the study 
after the first collected period and only two esophageal fistulated 
cattle were used for the remainder of the study. The fistulated cattle 
were allowed to graze freely for about 1 hr or until 3-4 liters of 
forage had collected in fistula bags; grazing began about 7 a.m. on 
each collection day. Fecal samples were taken by rectal palpations 
from six intact animals during the first year; only three of the 
animals were used in subsequent years, and sampling was done to 
coincide with esophageal collections. Esophageal and fecal sam- 
ples were oven-dried and ground through a l-mm screen. Individ- 
ual samples were analyzed to study variation among cows and 
days. Each collection period, subsamples were composited to make 
one sample for all cows and all days. 

Diet and quality control samples were analyzed by a microscope 
method (Sparks and Malechek 1968). Five slides were prepared 
and 20 fields were quantified for each slide so that a total of 100 
fields were quantified for each sample. About 6 months training 
and development of reference plant materials were necessary prior 
to diet sample evaluations. Known mixtures prepared from exclo- 
sure clipping were used as quality control samples. Data were 
compared using Kulczynski’s similarity index and correlation 
procedures (Johnson 1979). Similarity indices were treated as nor- 
mally distributed, independent variables. Results reported here as 
means f SE. 

Results and Discussion 

Cattle consumed large amounts of grasses and more than 50% of 
all diets were bluestems (Table 1). It was not possible to distinguish 
different bluestems from each other by microscope analysis. 
Because we usually observed cattle taking pinehill bluestem and 
since it is very abundant in comparison to other bluestems, we 
believe that pinehill bluestem makes up most of this category. 
Panicums were the second most important diet category, making 
up about 10% of the dry matter ingested. A large variety of browse 
and forbs were taken in small amounts. 

Pine needles constituted more than 8% of fecal materials but 
were probably over-estimated. The coarse textured, highly suber- 
ized needles are readily recognized in fecal samples compared to 
fragments from most plants. 

There were certain other differences in esophageal compared to 
fecal samples. Esophageal samples were cleaner and less digested 
so that plant fragments were easier to identify. A few forbs that 
were in the esophageal samples were not detected in fecal samples 
but fragments of plants that made up as little as 1% of esophageal 
contents were recognizable after digestion. 

Compositions of test mixtures were estimated within 5% for 
individual plants and the total difference between plants in any test 
mixture and a technician’s estimate of the percentages for all the 
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Table 1. Average (X f SE) estimates of a cattle dietary composition (70) 
examination of exclosures, and esophageal and fecal samples. 

on longleaf pine-bluestem range in central Louisiana. Estimates were obtained by 

Diet estimates 

Foods’ Exclosure method Esophageal samples Fecal samples 

Bluestems (Andropogon spp.) 57.3 f 3.0 57.1 f 2.3 54.0 f 2.1 
Arrowfeather threeawn (Aristida purpurascens) 2.8 f 0.5 2.4f 0.3 5.6 + 0.6 
Common carpet grass (Axonopus affinis) 
Purple lovegrass (Eragrostis spectabilis) 2.7 f 0.5 4.0t; 0.7 2.9t; 0.4 
Bearded skeletongrass (Gymnopogon ambiguus) 1.8 f 0.4 1.2 f 0.2 2.0 f 0.4 
Cutover muhly (Muhlenbergia expansa) 4.4 f 0.8 1.0 f 0.2 l.Of 0.9 
Carolina jointtail (Manisuris cylindrica) 1.5 f 0.8 1.0 f 0.9 
Panicums (Panicum spp) 13.7 f 1.4 10.5 f 1.3 10.6f 1.3 
Paspalums (Paspalum spp) 1.9 f 0.3 1.6f 1.3 1.1 f 0.4 
Knotroot bristlegrass (Setaria geniculata) 1.6f 1.3 1.7 f 0.4 
Yellow indiangrass (Sorghastrum nutans) tr 
Prairie wedgescale (Sphenopholis obtusata) tr 1.2’; 0.4 1.7 f 0.3 
Uniolas (Uniola laxa) tr tr 1.0 f 0.5 
Sedges and rushes (Carex spp and Juncus spp) tr 1.2 f 0.3 2.8 f 0.8 
Swamp sunflower (Helianthus angustifolius) 1.3 f 0.3 tr tr 
Hymenopappus (Hymenopappus artemisiaefolius) 3.4f 1.1 4.8 f 1.2 1.9 f 0.5 
Unidentified legumes (Leguminoseae) 2.7 f 1.0 
Unidentified composites (Compositae) 5.2f 1.2 3.4t: 1.2 l.7t: 0.6 
Flowering dogwood (Cornusflorida) 1.5 f 0.5 tr 
Southern waxmyrtle (Myrica cerifera) 2.4f 1.2 1.6f 0.5 
Longleaf pine (Pinus palustris) 2.8 f 0.7 4.7f 1.0 8.5 f 1.7 

‘Other plants identified in trace (< 1%) amounts were: pineywoods dropseed (Sporobolusjunceus), purpletop tridens (Tridensjkvus), showy partridgepea(cussjafascjcujatu), 
littleleaf tickclover (Desmodium ciliure), daisy fleabane (Erigeron strigosus), white eupatorium (Euputorium album). southern brackenfern (Pteridium aquilinum), slender 
rosinweek (Silphium grucile), pencilflower (Stylosanthes bifloru), Virginia tephrosia (Tephrosiu virginiana), American beautyberry (Cullicarpu americana), Japanese 
honeysuckle (Lonicera juponica), oaks (Quercus spp.), poison-ivy (Rhus rudicuns), blackberry (Rubus spp.), sassafras (Sassafras albidum), greenbriers (Smjjax spp.), 
huckleberry (Vaccinium spp.), summer grape (VW uestivulis), and unidentified grasses and browse. 

species in any mixture was never greater than 10%. Microscopic 
estimates from quality control samples were highly (87 + 1%) 
similar to the actual exclosure clippings and estimates of botanical 
composition were significantly correlated @ < 0.05) with actual 
dry weight compositions (Table 2). This supports the hypothesis 
that all plants eaten by cattle were detected in esophageal or fecal 
samples; and the proportions of plants were accurately estimated. 
Diets were 72 f 4% similar among cows and 68 f 2% similar 
among days. The high similarities observed in these comparisons 
suggests that the number of days and/or cows used in the study 
were sufficient for extrapolating results to a larger population. 

Estimates from esophageal and fecal samples were about 90% 
similar but each of these diet estimates was less than 80% similar to 
data obtained from exclosures. Regardless of the technique, all 
three diet estimates were highly correlated (r = 0.99). Exclosures 
provide data on plants removed by ail herbivores in an ecosystem 
so that data are not representative of cattle diets alone. Utilization 
is difficult to detect when it is light (Smith and Shandruk 1979). 
Data obtained here were reasonable estimates of cattle diets 
because utilization was heavy. 

Reasons for doubting the accuracy of diet estimates obtained 
from fecal analysis have been recently, adequately stated (Smith 
and Shandruk 1979). Smith and Shandruk (1979:279) said that 
more work was needed before fecal analysis could be evaluated as a 

technique for quantifying ruminant diets even though their pooled 
estimates of rumen and fecal contents were more than 85% similar. 
There is considerable controversy over the accuracy of fecal analy- 
sis to the point that persons on both sides of the issue hold on to 
their prejudices regardless of the body of data available, even if it is 
their own. However, reliable data can be obtained from fecal 
analysis in spite of these criticisms when technicians are carefully 
trained (Johnson 1979). 

Microscope analysis of botanical compositions is as much an art 
as it is a science. Technicians must be trained in a program designed 
to build their confidence and skills for accurately quantifying 
compositions of mixtures. We know of no investigators with care- 
fully trained technicians who reported an inability to find plants in 
feces that made up significant proportions of an animal’s diet, and 
results have been within reasonable limits (Free et al. 1979; Voth 
and Black 1973; Anthony and Smith 1974; Dearden et al. 1975). In 
addition, our results demonstrate the technicians can be trained to 
accurately estimate compositions of plant mixtures when grasses 
and different forbs (which may fragment in different ways) are 
found in the same mixtures. 

For the practical purposes of sampling without killing animals 
and avoiding the problems associated with utilization techniques, 
fecal analysis is the superior method for estimating diets of 
herbivores. 
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Table 2. Botanical compositions (%) of quality control mixtures (A) compared to estimated compositions obtained by microhistological analysis. (B). 

Plant taxa 

June 197 I July 1971 Sept 1971 Dee 1971 Jan 1972 

A B A B A B A B A B 

Bluestems 
Panicums 
Paspalums 
Cutover muhly 
Other grasses 
Grasslikes 
Composites 
Legumes 
Other forbs 
Pine 

Bluestems 
Panicums 
Paspalums 
Cutover muhly 
Other grasses 
Grasslikes 
Composites 
Legumes 
Other forbs 
Pine 

Bluestems 
Panicums 
Paspalums 
Cutover muhly 
Other grasses 
Grasslikes 
Composites 
Legumes 
Other forbs 
Pine 

Bluestems 
Panicums 
Paspalums 
Cutover muhly 
Other grasses 
Grasslikes 
Composites 
Legumes 
Other forbs 
Pine 

79 74 67 61 44 44 62 60 46 50 
tr 4 8 8 8 7 16 17 11 15 

2 2 3 3 2 1 2 7 6 1 3 1 6 6 ;‘3 :‘o 
2 4 9 12 31 22 11 7 22 19 

tr tr 1 
4 5 6 12 8 20 3 5 7 9 
4 5 2 1 1 tr 1 2 
2 4 6 2 

5 2 3 

Mar 1972 May 1972 June 1972 Aug 1972 Sept 1972 

25 24 68 52 71 64 49 44 47 48 
30 20 6 12 5 9 6 11 7 6 

0 3 2 3 2 1 1 1 tr 4 
16 14 2 4 2 3 2 3 4 1 
4 8 9 10 7 11 15 19 23 27 
5 1 1 3 tr 1 tr 

20 25 7 10 11 15 21 14 14 
1 5 3 0 12 1 5 tr 

4 

Nov 1972 Dee 1972 Feb 1973 May 1973 July 1973 

54 
10 

4 
17 

14 
1 

Sept 1973 

42 
15 

6 
18 

14 
3 

2 

42 39 52 46 45 46 50 35 
21 20 19 25 16 16 12 17 

2 1 1 5 3 1 2 
2 2 2 2 3 5 1 3 

24 16 13 17 12 15 15 21 
1 2 1 1 

11 18 10 2 10 11 :‘I 15 
3 5 6 3 10 6 

1 
5 

Dee 1973 

37 
12 
3 
2 

20 

18 
8 

33 
19 
2 
3 

24 
tr 
17 
2 

38 44 
22 23 
tr 1 
4 7 

18 8 

14 8 
4 4 

5 
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Low-energy Grubbing for Control of 
Junipers 
H.T. WIEDEMANN AND B.T. CROSS 

Abstract 

Low-energy grubbing was effective and economical in control- 
ling sparse to moderate stands of junipers infesting rangeland. A 
small, 48.5kW (65hp), shift-on-the-go crawler tractor, as com- 
pared to tractors larger than 74SkW (lOO-hp) normally used, was 
adapted for grubbing by attaching a U-shape blade to the front 
mounted C-frame for root cutting at depths of 15 to 30 cm. A 98% 
plant kill was achieved because uprooting of trees below the bud- 
zone prevented sprouting. The newly designed hydraulic attach- 
ment significantly improved tree uprooting. Grubbing rate was a 
curvilinear function of juniper density and varied approximately 
from 4.0 to 0.5 ha/hr (10 to 1.25 ac/hr) to remove 80 to 500 
trees/ha (30 to 200 trees/acre). Cost varied from $6.00 to 
%50.00/ha ($2.40 to $20.00/acre). 

Mixed stands of redberry and ashe juniper (Juniperuspinchoti 
Sudw. and Juniperus ashei Buchholz) infest approximately 7.6 
million ha of Texas grassland (Soil Conservation Service 1973). 
Control of these invaders is a major concern of ranchmen in the 
Rolling Plains, Edwards Plateau, and Cross Timbers and Prairies 
vegetational areas. The rapid spread of juniper, 1.4 million ha 
increase between 1948 and 1963 (Smith and Rechenthin 1964), has 
been attributed mainly to birds and rodents (Phillips 1910). 
Juniper stands rapidly increase in density and soon reduce grass 
cover and hamper livestock operations (Smith and Rechenthin 
1964). Robison and Cross (1970) determined that control of dense 
stands of junipers increased oven-dried forage production from 
410 to 1,547 kg/ha in the Edwards Plateau. 

Grubbing and chaining are the principal methods of control; 
however, hand cutting was widely used in the 1930’s for control of 
ashe juniper. Chaining is very economical but results vary from fair 
to good control. Chaining is most effective on large trees in loose, 
shallow, or moist soils where trees are easily uprooted, or in stands 
of ashe juniper (Rechenthin et al. 1964). Control of ashe juniper is 
relatively easy since there are no buds on the trunk and regrowth 
does not occur when all green limbs are removed. Redberry 
juniper, however, will resprout unless the entire stump is severed 
below the bud-zone, which occurs near groundline (Wolff 1948). 

Power grubbing involves uprooting of trees with a U-shape 
blade attached to the front mounted C-frame of a crawler tractor. 
The technique is also referred to as “dozing” or “bulldozing”. 
Dozing normally indicates that a small U-shape blade is attached 
to the bulldozer blade for uprooting or the bulldozer alone is used 
to shear the plant at ground line. 

Power grubbing for brush control with a bulldozer was intro- 
duced in 1938 by a North Texas ranchman (Dickson et al. 1940). 
To improve the percentage of trees killed, a “stinger” was deve- 
loped, in cooperation with the Texas Agricultural Experiment 
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Station, which attached to the bulldozer blade and severed the 
stump below ground with less soil disturbance. Refinements have 
resulted in the present day, U-shaped blade attached directly to 
front mounted C-frames on 74.6 kW (100 hp) or larger crawler 
tractors. They operate efficiently in sparse to moderate stands of 
large trees at a rate of 0.4 to 1.2 ha/hr (Fisher et al. 1959, Wiede- 
mann 1971). 

More recently, low-energy grubbing with a 48.5-kW (65-hp) 
crawler tractor has resulted in a highly efficient method for con- 
trolling small mesquite trees (Prosopis glandulosa Torr. var. glan- 
dulosa) Wiedemann et al. 1977). It averaged from 1 to 4 ha/hr in 
densities of 80 to 250 trees/ha and was more economical than a 
89.5-k W (120-hp) unit. A unique, hydraulically controlled blade 
angle adjustment was developed to split stumps or loosen the roots 
which increase tree-size grubbing capacity by at least l/3 (Wiede- 
mann et al. 1977, Wiedemann et al. 1978). Low-energy grubbing 
has also been effective and economical in controlling moderate 
stands of huisache (Acaciafarnesiana (L.) Willd.) (Bontrager et al. 
1979). 

Sparse to moderate stands of juniper appear well suited to 
low-energy grubbing technique of control. The objectives of this 
study were to (1) determine the per-hr grubbing rates and costs for 
various juniper densities, (2) determine plant kill effectiveness, and 
(3) evaluate performance between standard and hydraulic 
grubbers. 

Materials and Equipment 

Research Site 
The study area was located on Tarleton State University’s Hun- 

newel1 Ranch, east of Stephenville, in the Cross Timbers and 
Prairies vegetational area of Texas. Soils were classified as Malo- 
terre or Purves-Dugout complex. These shallow, calcareous, 
gravely, clay to clay loam textured soils were underlain with a 
limestone layer 10 to 30 cm below the surface. Outcropping of the 
limestone layer often gave a distinct benched or stairstep appear- 
ance to the area. Juniper densities range from 50 to 600 plants/ ha 
on these soils with trees ranging from 0.3 to 5 m tall. Sparse stands 
(<250 trees/ ha) of trees 0.3 to 1.8 m tall are more prevalent on the 
shallower Maloterre soil. A moderately deep Windthorst fine 
sandy loam site supporting a sparse stand was also selected to 
represent infestations in improved pastures. Both redberry and 
ashe juniper were present on each soil site. 

Low-Energy Grubber 
A John Deere 450-B, turbocharged, shift-on-the-go, 48.5-kW 

65-hp) crawler tractor with an outside-mounted angle dozer (no. 
6410) and ROPS canopy (Roll-Over Protection Structure) with 
brush protection option was adapted for grubbing (Fig. 1). The 
sharp, U-shape blade was designed for root severing at 15 to 30 cm 
below ground. The special hydraulic attachment utilized two, 8.9- 
cm diameter, 25.4-cm stroke, double-acting cylinders to rotate the 
cutting blade approximately 70 degrees (Fig. 2). The unit was 
labeled “hydraulic”grubber for identification. A second grubber of 
the same size and shape without the hydraulic blade-angle adjust- 
ment was utilized and Iabeled “standard”grubber. Further grubber 
details are outlined by Wiedemann et al. (1977). Tractor cost of 
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were not severed below the bud-zone because large fragments of 
limestone had prevented complete plant uprooting. 

Sparse to moderate infestations averaging 259 junipers/ ha were 
grubbed at a rate 2.0 ha/hr and cost $lZ.SO/ha. The average 
grubbmg rate increased to 3.0 ha/hr in the sparse stands averaging 
143 tree/ ha but decreased to 0.8 ha/ hr in moderate stands averag- 
ins 400 tree/ha. A significant (KO.01) correlation (r=O.96, d.f.9) 
exlste? between plant denslties of 79 to 531 trees/ha (X) and 
grubbmg rate (Y) when data was fitted to the curvilinear equation 
illustrated in Figure 3. 

%25.00/ hr was based on normal charges by reputableconservation 
contractors for small crawlers during 1979. Charges were 
.$15.00/hr in 1974 when this study was conducted. 

Because of the underlying layer of limestone, junipers were all 
shallow rooted, and thus uprooting was simplified. This was espe- 
cially true with large trees since the limestone layer acted as a 
footing for hydraulically activated blade rotation. After the blade 
was initially embedded in the base of the stump near the limestone 
layer, blade rotation effectively raised the stump from the soil. The 
number of trees grubbed/min (Y) by the hydraulic grubber 
remained at a higher level of performance than the standard unit as 
juniper densities (X) increased from 213 trees/ha (Fig. 4) and 
regression-line slopes were significantly different (p<O.O25). Since 
the hydraulic mechanism was not activated while grubbing juni- 
pers less than 1.2 m tall, its value will be more evident when trees 
are consistently larger. Additional analysis of the hydraulically 
assisted grubbing technique is covered by Wiedemann et al. (1978). 

The numerous, small fragments (less than IO-cm long) of lime- 
stone encountered inthetopsoil did notdeterbladepenetrationor 
grubbing action. In isolated cases, fragments were larger than 30 
cm and these hampered uprooting. Fracturing of the limestone 
layer was not necessary for plant uprooting and should beavoided 
to orevent undue mechanical damage to the grubber. Shields on 

Experimental Procedure 
thh grubber frame (Fig. 2) were necessary to prevent tree limbs 

Junipers were grubbed from 20, I- to 5-ha plots during January 
from breaking the hydraulic hose fitting on the cylinders. 

1974. Plot size was varied to assure at least 1 hour of grubbing time , 
per plot. An operator-activated counter was attached to grubber 10 
controls for tree counting, and clock time was recorded beforeand 
after grubbing each plot. The same tractor and operator were 

; 

utilized in all tests. Plant mortalities were determined 20 months 
z 0 

following treatment. Counts of live, dead, and new seedling plants 
z ~ 

were taken in 1.8-m belt transects from each plot. 
: 

Regression analysis was applied to evaluate the relationship 
between grubbing time (dependent variable) and juniper density 

;,: .* 

(independent variable). Highest correlation coefficient(r) wasused 
E , _ 

to determine the best-fit relationship between linear and curvilin- 0 
ear (exponential) regression lines. Difference between grubbers a lLul 1w lw 
was statistically evaluated by contrasting regression line slopes 

Illtx ?tR ..,,A? 
rm &W 

with a z-test. 

Results and Discussion Fig. 4. Treeslmin grubbing ram (Y)for hydroulieondsrandordgrubbers 

Low-energy grubbing was highly effective in controlling juniper 
in various juniper demilies (Xj. Rqression-lims slopes were signt~- 

with plant kills averaging 98%. Those plants which resprouted 
cm/y differem WO.025) ond the hydraulic grubber mobmined r? 
higher level of performance above 213 mes,ho. 



Table 1. Low-energy grubbing of junipers under broad range of conditions 
near Stephenville, Tex. 

Tree 
height (m) Soil condition No. tests Trees/ha Ha/hr $/ha’ 

0.3 to 1.8 5 to 20 cm of soil 11 259 2.0 12.50 
over layer of lime- 
stone 

1.8 to 3.0 10 to 15 cm of soil 
over layer of lime- 
stone 

4 54 1.8 13.88 

1.0 to 1.8 deep sandy loam 1 207 4.0 6.25 

‘Data based on $25.00/ hr contract tractor cost. 

A potpourri of field tests with the hydraulic grubber were con- 
ducted to detect conditions where the prediction equation would 
be invalid. Data are presented in Table 1, and point out the need for 
additional research where trees are usually large or where soil 
conditions are favorable for much faster tractor speeds. 

Predicted grubbing costs varied from $6.00 to $SO.OO/ ha in the 
range of densities grubbed. The exponential cost curve is presented 
in Figure 5 using a contract tractor cost of $25.00/ hr. All per-hour 
grubbing rates represent maximum rates for short periods; there- 
fore, a 75 to 85% field efficiency factor would be anticipated in 
commercial operation. 

The low-energy grubbing technique appears well suited to con- 
trolling junipers l- to 2-m tall in sparse to moderate stands. 
Although percentage kill of original plants was high, an average of 
230 seedling/ha were observed 20 months following treatment. 
The original infestation averaged 254 plants/ ha. Thus, follow-up 
treatment will be necessary in the future. Additional research to 
develop a rubber-tire tractor grubbing technique as a low-cost 
maintenance-type control practice for these small trees (< 1.25 m 
tall) appears feasible. 
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TECHNICAL NOTES 

Sand Dams as a Feasible Water Development for Arid 
Regions 

AbStrPC, 

The development of water resources for livestock and wildlife is 
an important aspect in range management. Particularly in arid 
areas of the southwestern United States where the availability of 
water is a major problem, proper use of rangeland will be more 
easily attained if there are adequately spaced water sources. 

The objective of this paper is to illustrate one technique for 
developing water in an arid environment. A sand dam type of water 
development was constructed in 1973 by the permittee and the 
senior author on the Bartlett allotment south of Bartlett Lake on 
the Tonto National Forest in Central Arizona. Large areas of this 
ranch had little or no forage utilization by livestock because of 
limited water. However, after the installation of two sand dams as 
water sources, these areas were utilized by livestock for the first 

time. 
The sand dam was constructed in an area of small to medium 

rocky canyons. Construction was begun with the loose sand and 
gravel being cleared from a rock bottomed ephemeral stream. A 
masonary dam, anchored in the rock base, and approximately 1 
meter in height was constructed with a 2.5 cm plastic outlet pipe. 
Numerous lengths of 30.5 cm dia aluminum pipe were used to 
construct the holding basin(Fig. I). Thealuminumpipe had l.3cm 
holes drilled in its top third about 2.5 cm apart, down the entire 
length of the pipe. The aluminum pipes were then interconnected 
with drainage capacity into the plastic outlet pipe. 

The aluminum pipe was covered with coarse gravel and small 



Table 1. Storage of water in 
dam water development. 

various size pipes that may be used in a sand 

Pipe size 
Liters per Gallons per 

linear meter linear foot 

15.2 cm (6 in) 36 2.9 
30.5 cm (12 in) 72 5.9 
45.8 cm (18 in) 108 8.8 
61 cm (24 in) 144 11.7 

rocks to a depth of approximately 0.3 m. The water collecting basin 
was subsequently filled with sand for an overall depth of approxi- 
mately 1 meter above the aluminum pipes to reduce evaporation 
from the basin of the level of the aluminum pipe to near zero 
(National Academy of Sciences 1974) (Fig. 2). The plastic outlet 
pipe led to a small trough with a protected float valve (Fig. 2). 

The volume of water a structure of this type can hold is depend- 
ent on the size and length of pipe in the basin and porosity of the 
gravel and sand. A pipe 30.5 cm in diameter will hold approxi- 
mately 72 liters per meter of pipe (Table 1). This volume times the 
total length of the pipe system will give the approximate water 

holding capacity of the water development. However, the above 
calculations are only approximate because of drainage from the 
inlet holes in the pipes. 

Since construction, water has been available except during the 
driest summer periods. Therefore, this development has created a 
fairly dependable water source where previously there was, at best, 
only seasonal water. 

Sand dams are an inexpensive and resourceful way to store 
water where it is needed in arid regions. A main advantage of sand 
dams is their excellent control of evaporation of collected water. 
Sand dams may be an answer to some of the water problems on 
rangeland where poor forage utilization results because of limited 
water sources, as an aid in improving livestock distribution prob- 
lems. Furthermore, by creating a more dependable water source, 
sandbars have potential in wildlife habitat improvement. 
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The Binary Search for Accuracy in Plant Symbols 
R.P. GIBBENS AND THOMAS N. BILAN 

Abstract 
The transfer of data from field sheets to computer files always involves 

the risk of errors being made in plant symbols or other identifying codes. If 
a master list of symbols or codes is incorporated into thesoftware programs 
used for data entry on CRT computer terminals the risk of making errors 
can be substantially reduced. This is done by utilizing the highly time 
efficient binary search to compare each entered symbol or code with the 
master list. Detection of errors before the data are transferred to computer 
files saves much time which would otherwise be spent in retrieving and 
correcting files. 

Interactive CRT (cathode ray tube) terminals and the ability of 
computers to make high-speed binary searches can be combined to 
reduce errors substantially when vegetation data are placed in 
computer files. The use of CRT terminals for data entry to compu- 
ters is becoming increasingly common because this method is more 
time efficient than entry of data via punched cards. 

Plants have long been identified by symbols or codes consisting 
of the first two letters of the generic and the specific scientific 
names. Numerals are added at the end of the codes to distinguish 
among duplicates in the four-character symbols. Accuracy is essen- 
tial in assigning plant symbols and in transferring them to compu- 
ter files. 

We found that data entry errors can be greatly reduced and even 
some field recording errors detected by utilizing binary search 
procedures. The method is simple. First, a plant symbol list is 
compiled containing all of the plants likely to be encountered on 
the study area in question. This list, arranged alphabetically, is 
incorporated into a question-answer data entry software program. 
When entering field data, questions appear on the CRT in the 
following order: Date? Treatment? Quadrat number? Plant spe- 
cies? When we enter a plant symbol in answer to the plant species 
question, the computer checks the entered symbol, via a binary 
search, for a match in the master list. Even on a relatively slow 
minicomputer, with a master list of 320 symbols, the process takes 
but a fraction of a second. If a match is found, the program 
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proceeds to the next question which deals with the attribute of 
interest, e.g., number, cover or weight. 

If a match is not found, various error messages can be used. We 
have found that if the error message displayed on the CRT contains 
about eight symbols from the master list that alphabetically pre- 
cede the entered symbol and eight symbols that alphabetically 
follow it, the correct symbol can often be quickly found and 
reentered. This is where field sheet errors can be detected. Generic 
name symbols are usually correct on field sheets but it is not 
unusual to find incorrect specific name symbols. 

This method of entering data is based on the high efficiency of 
the binary search discussed by Knuth (1973). A binary search 
compares the entered symbol to the middle symbol in the master 
list. This probe tells which haif of the list should be searched next. 
The same procedure compares the entered symbol to the middle 
symbol of the selected half, etc. After a maximum of about logz N 
(N = number of items in list being searched) comparisons, either a 
match for the entered symbol is found or not found. The average 
number of comparisons in a search is about half of log2 N. 

Since it is possible to transpose one plant symbol into another 
legitimate symbol when entering data, there is still a need to 
compare computer listings of entered data with the field sheets. 
With the software programs we have developed, this is done twice. 
After data for a given quadrat or transect have been completely 
entered, they are displayed on the CRT in tabular form so that a 
quick check of entries can be made and corrections entered before 
the data are placed in a file. The data are also printed on paper so 
that another check with the field sheets can be made. The use of this 
type of data entry has greatly reduced the amount of time spent in 
retrieving and correcting files. Any lengthy list of items identified 
with individual codes which must be entered repeatedly, e.g., cattle 
identification numbers, lends itself to this method of error 
reduction. 

Copies of a data entry program incorporating a binary search 
and written in BASIC for a 32K RAM minicomputer are available 
upon request from the authors. 

Literature Cited 

Knuth, Donald E. 1973. The art of computer programming Vol. 3. sorting 
and searching. Addison-Wesley Pub. Co. Inc. Reading, Mass. 722 p. 

239 



Herbage Capacitance Meter: an Evaluation of Its Accuracy 
in Florida Rangelands 

W. STEPHEN TERRY, DENNIS H. HUNTER AND BENEE F. SWINDEL 

Abstract 

This paper reports results of regression analyses of the use of a capacit- 
ance meter to estimate herbage weight. Estimation of dry weights was 
found to be as accurate as estimation of green weights. Analysis of covar- 
iance for three factors, site, season of year, and year of data collection, 
showed only season significantly (PC.01) affected the relationship between 
herbage weight and meter reading. Simple linear regressions were com- 
pared to natural logarithmic regressions. Logarithmic regressions were 
found to be better predictors of herbage weight as determined by Furnival’s 
Index. Winter and spring proved to be the best time to use the capacitance 
meter, probably due to decreased effect of moisture fluctuations on the 
meter’s performance. 

Neal and Neal (1973) reported electronic capacitance meters are 
accurate for estimating weights of standing vegetation under a 
wide variety of conditions. Neal and Neal (1965) and Back et al. 
(1969) concluded that a double sampling procedure (consisting of 
clipping and weighing a subsample of the plots where meter read- 
ings are recorded) can produce rapid, accurate estimates of bio- 
mass. Estimation is improved if standing biomass within a three 
dimensional plot (Currie et al. (1973)) that just encompasses the 
sensors of the meter is clipped-as opposed to the more conven- 
tional clipping of material rooted within a two dimensional plot 
delineated on the ground. Carpenter et al. (1973) showed that 
eliminating woody stems from weight measurements also improves 
herbage estimation. This is in agreement with data of Morris et al. 
(1976), whose study indicated that the capacitance meter mainly 
senses plant parts with the highest moisture content. The capacit- 
ance of plant moisture is several orders of magnitude higher than 
that of free water, due principally to the electrolyte content of the 
former. Consequently, green succulent plants produce considera- 
bly higher meter readings than do standing dead material. They 
both can contribute significantly to variation of regression esti- 
mates (Currie et al. (1973)). 

Herbage capacitance meters have been used in Florida since 
1975 as a nondestructive means of measuring forage production. 
However, simple linear regressions of dry live weight on meter 
readings yielded poor predictors, even when regressions were run 
on a day-to-day basis. Analysis reported here suggests the super- 
iority of separate logarithmic regression models for each of the 
four seasons of the year. 

Study Area and Methods 

Herbage capacitance meters were used in three separate studies 
at two locations within the state, with both sites having the same 
basic vegetation type. Two of the studies were conducted in south 
central Florida flatwoods vegetation type; the third took place in 
the north Florida flatwoods vegetation type at the University of 
Florida’s Beef Research Unit. South Florida flatwoods vegetation 
consists principally of small shrubs, forbs, grasses, and grasslikes 
dominated by Serenoa repens (saw palmetto), Elephantopus 
tomentosus (elephant’s foot), Aristida stricta (pineland threeawn), 
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Schizachyrium stolonifer (creeping bluestem), and Rhynchospora 
spp. (beakrush), respectively. The north Florida flatwoods site 
contained similar understory vegetation with a greater abundance 
of trees, mainly Pinus palustris (longleaf pine), and various Quer- 
cus spp. (oaks). 

Study sites were sampled using the Model 18-2000 herbage 
capacitance meter from Neal Electronics, Burbank, California. At 
each plot several meter readings were taken until they stabilized, 
and then were recorded. The meter was removed, herbage standing 
within the space previously occupied by the meter’s sensors (3 1 cm 
X 61 cm X 51 cm) was clipped, and all standing dead material was 
removed. The live material was oven-dried at 65” C for 48 hours 
and then weighed. In south Florida 210 such plots were measured 
in the spring of 1975, and 290 in the fall. Green weights also were 
recorded on 210 plots to allow comparison of the predictability of 
green versus dry weights. The Beef Research Unit site was sampled 
in 1976 and 1977 where 142plots were measured in winter (Decem- 
ber-February), 233 in spring (March-May), 456 in summer 
(June-August), and 571 in fall (September-November). 

Analysis of covariance, with weight as the response variable and 
meter reading as the covariable, was used to test for site, season, 
and year effects and interactions. Logarithmic regressions and 
linear regressions were compared using Furnival’s Index (Furnival 
I96 I). Data were analyzed using the Statistical Analysis System on 
an Amdahl470 V/6-1 1 with OS/MV Release 3.8 and JES2/NJE 
Release 3. Computing was done using the facilities of the Northeast 
Regional Data Center of the State University System of Florida 
located on the campus of the University of Florida in Gainesville. 

Results and Discussion 

A question addressed early was whether dry weights could be 
predicted as well as green weights based on meter readings. Dry 
weights had simple correlations with meter readings comparable to 
those of green weights. Neal et al. (1976) also found that the 
capacitance meter could accurately predict dry weights of herbage 
biomass. With this assurance only dry weights were used in all 
remaining analyses. 

An analysis of covariance was conducted to determine whether 
any of the factors (site, season, or year of data collection), or their 
interactions, affect dry weights adjusted for meter readings. The 
results indicated that the only significant (K.01) factor was season 
of the year. 

Simple linear regressions of dry weights on meter readings were 
plotted for each of the four seasons. The resulting graphs suggested 
that a logarithmic regression model resulted in a better fit than a 
linear model. The linear regression model fitted was 

w= a, + a1 w +E, (1) 

where W= dry weight, w = meter reading, e is random error, and a, 
and al are regression coefficients estimated from the data. The 
logarithmic regression model was 

P nW=b+bl en w +a, (2) 

where b W= natural log of dry weight & w = natural log of meter 

reading, u is a random error, and bo and bl are regression coeffi- 
cients from the transformed data. 
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where 11 = index for equation (l), and S1 = standard error of 
regression for equation (I). The Index for the logarithmic regres- 
sion of equation (2) is: 

. 12 =S2 - eY (4) 

I 1 
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METER READINGS 

Fig. 1. Simple linear and logarithmic regressions showing the relationship 
of the regressions to the plotted data for summer season (466 obs.). 

where 12 = index for equation (2), S2 = standard error of regression 
for equation (2), eJ = antilog of mean of natural logs of dry 
weights. Computed indices are shown in Table 2. 

Indices are interpretable as standard errors of regressions such 
as those in Figure 1, so lower index numbers indicate better fits 
(Furnival 1961). Thus Furnival’s Index also indicates that the 
logarithmic regressions are better models than the linear ones. 

Table 1 gives various statistics for the fitted linear and logarith- 
mic regression models for individual season and for the full year. 
Clearly individual seasonal regressions fit better (have equal or 
higher r2 values) than the full year model, with the exception of 
summer. The descending order of t-2 values is winter, spring, fall, 
full year, and summer for both regression types. This ranking can 
be partially explained because the herbage meter measures the 
capacitance of standing herbaceous vegetation (Neal Electronics 
1975). Any variable that affects this capacitance (e.g., water or 
moisture content), while not affecting the dry weight of the plot, 
reduces the merit of the regression relation. Thus, highest r2 values 
for both regression types were in the winter season when plants are 
mostly dormant with low and stable moisture content. Conversely, 
during the summer, actively growing plants, high and variable 
humidity, and frequent thunderstorms result in high fluctuations 
of moisture levels daily, even hourly.This undoubtedly produced 
greater variability in meter readings and poorer regression 
relations. 

Summary and Conclusions 

When comparing linear and logarithmic models, the logarithmic 
models have higher r2 values than linear ones. Figure 1 shows both 
fitted regression lines plotted against the observations for the 
summer seasonal data. As seen in this graph, the logarithmic 
regression line reflects the curvature of the data and produces an 
apparent better fit. 

Dry weight of forage can be predicted from capacitance meter 
readings, although not without error. Comparisons based on scat- 
ter graphs, coefficents of determination, and Furnival’s indices all 
suggest that predictability is improved if both dry weights and 
meter readings are expressed on logarithmic rather than linear 
scales. And predictability is improved if the data are partitioned 
according to the season in which they are collected. 

Predictability is poorest in summer when various meterological 
and micro-climatological factors can perturb capacitance meter 
readings. Predictability is best in winter and spring when these 
perturbations are less severe in Florida. These latter seasons (espe- 
cially winter) are the most critical times for determining cattle 
grazing capacity because forage production and nutrition are at 
their lowest annual levels for Florida rangelands. 

Sites with more homogeneous vegetation and less moisture vari- 
ation than those sampled in Florida should produce better predic- 

tions of herbage biomass from meter readings. 
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Table 2. Furnival’s Index for comparison of linear and logarithmic re- 
gression equations by season and full year. 

Season of the year Linear Logarithmic 

All 21.42 15.48 
Winter 12.77 8.44 
Spring 17.57 13.13 
Summer 17.67 13.02 
Fall 20.29 17.71 



Diets of Domestic Sheep and Other Large Herbivores in 
Southcentral Colorado 

JAMES G. MacCRACKEN AND RICHARD M. HANSEN 

Abstract 

The botanical composition of herbage consumed by domestic sheep, 
mule deer, domestic cattle and elk from critical big game winter ranges in 
southcentral Colorado was studied using the fecal analysis technique. The 
food habits of domestic sheep grazed during the late spring overlapped 
those of mule deer by 15%, elk 46%, and domestic cattle by 53%. Mule deer 
diets were 10% similar to cattle and 30% to elk. Elk and cattle diets averaged 
39% identical on the study area. The low similarity in diet between domestic 
stock and mule elk suggests that livestock grazing in the study area could be 
made compatible with the winter range needs of mule deer, but the potential 
competition between elk and domestic stock needs additional study. 

Late spring grazing by domestic sheep (&is sires) has been 
reported to alter the amount of several forage categories available 
to mule deer (Odocoileus hemionus) during the subsequent 
autumn and winter (Smith et al. 1979). The grazing of big game 
winter ranges by domestic stock still remains one of the most 
controversial issues concerning rangeland management. Presuma- 
bly domestic sheep use of game winter ranges causes critical winter 
forage to be less available to big game than does the use of the same 
vegetation type by domesticcattle. Although the issue surrounding 
the use by domestic sheep of game winter ranges in Colorado has 
been just as intense as in other western states where mule deer have 
been declining over the past two decades, a literature survey pro- 
duced only one published paper(Doran 1943) on the food habits of 
domestic sheep on rangelands in Colorado. Doran’s (1943) paper 
concerned domestic sheep food habits on big game summer range 
of the aspen vegetation type and included comparisons between the 
selection of plant species by lambs and ewes. 

Domestic sheep food habits have been reported in the literature 
for various habitat types in the western states (Cook 1954; Cook et 
al. 1962; Van Dyne and Meyer 1964; Wilson et al. 1971; and Olsen 
and Hansen 1977). However, perusal of the literature over the past 
three decades clearly indicates that much more is known about the 
food habits of big game animals on Colorado rangelands than is 
known about domestic animal food habits on the same lands. 

The purpose of this paper is to provide information about 
domestic sheep diets in relation to those of mule deer, domestic 
cattle (Bos taurus) and elk (Cervus canadensis) on big game winter 
ranges which may be critical to the successful overwintering of 
mule deer and elk. An objective was to estimate whether the recent 
past use of the study areas was resulting in excessive dietary 
overlaps. 

Study Area and Procedures 

The study area was located on the big game winter range of the 
Alamosa District, Rio Grande National Forest in the San Juan 
mountains of southcentral Colorado. The study area extends 
approximately 8 kilometers west of the forest boundary and the 
mean elevation is 2,833 m ranging from 2,589 m to 3,000 m. 

The vegetation pattern was uniform throughout the area and 
three basic plant communities could be distinguished. On the more 
xeric sites a mixture of shrub steppe and pinyon-juniper vegetation 
types were found. The major plant species of the shrub steppe were 
rubber rabbitbrush (Chrysothamnus nauseosus), big sagebrush 
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(Artemisia tridentata), broom snakeweed (Gutierrezia sarothrae), 
fringed sagewort (Artemisia frigida), blue grama (Bouteloua graci- 
lis), western wheatgrass (Agropyron smithii), bluegrass (Poa spp.), 
Arizona fescue (Festuca arizonica), carices (Carex spp.) and nee- 
dleandthread grass (Stipa comata). The pinyon-juniper type con- 
tained pinyon pine (Pinus eduhs), juniper (Juniperus spp.), true 
mountainmahogany (Cercocarpus montanus), currant (Ribes 
spp.), fringed sagewort, blue grama, and carices. 

The major plant species found on mesic sites were ponderosa 
pine (Pinus ponderosa), douglas fir (Pseudotsuga menziesii), 
quaking aspen (Populus tremuloides), rose (Rosa spp.), currants, 
thurber fescue (Festuca thurberi), Arizona fescue, brome (Bromus 
spp.), prairie junegrass (Koeleria cristata), bluegrass, and carices. 
Plant names follow those recommended by Beetle (1970). 

Domestic sheep were released on the study areas in late spring 
and were herded to higher elevations as the snow melted. Domestic 
cattle use was heaviest in early summer and progressively 
decreased as the summer advanced and by late summer most of the 
cattle had moved to higher elevation ranges. Mule deer and elk 
typically arrived on the study area in late fall and early winter and 
remained until late March. In winters with more than average 
snowfall, they may remain until April or early May. 

The botanical composition of sheep, cattle, deer, and elk feces 
was determined by microhistological examination as described by 
Sparks and Malecheck (1968). Fecal samples were collected from 
two areas on the winter range during the summer after domestic 
stock had used the aeas. Each area was approximately one square 
kilometer in size and was located along the common border of a 
sheep and cattle allotment. Samples for each herbivore species 
were derived from 50 single defecations located at random 
throughout the area. Each subsample was about one cubic cen- 
timeter of fecal material. Five microscope slides were made from 
each sample and 20 fields were examined per microscope slide at 
100X magnification. Diet similarity between species of herbivores 
was calculated using Kulcyznski’s similarity index (Oosting 1956). 

Results and Discussion 

The major components of the diet selected by sheep were grasses 
and sedges (Table 1). Western wheatgrass, blue grama, carices, and 

Table 1. (Mean &SD) percent relative density of plant fragments in fecal 
samples of four ungulates in southcentral Colorado from low elevation 
winter range of big-game. 

Plant species* Sheep Cattle Deer Elk 

Agropyron smithii 36 f 5 29 f 27 If 1 14fll 
Bouteloua gracilis 18f 2 5f 6 If 1 
Carex spp. 15f7 4Of35 3f 1 17f 2 
Koeleria cristata 9f3 9f 1 2f 2 8f 1 
Festuca spp. If1 6f 2 2f 1 14f 17 
Artemisia spp. 7f3 1 f 1 16f 2 23f 12 
Cercocarpus montanus 12f 2 If 1 
Juniperus spp. 10f 6 
Pinus edulis 28 f 14 
Psuedotsuga menziesii 13f 9 6f 3 

*Other taxa in the diets were Aristida, Blepharoneuron, Muhlenbergia. Oryropsis, 
Pea. Sitanion. Stipa, Ceratoides, Berberis. Chrysothamnus, Descurainia, Eriogo- 
num. Fragaria, Lupinus. Penstemon, Picea. Purshia, Ribes, Rosa, Sheperdia. Sphaer- 
alcea, Symphoricarpos. Yucca and Potentilla in small (<50/o) amounts. 
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Table 2. (Mean &SD) percent dietary overlap of four ungulates in south- 
central Colorado when feeding on low elevation winter range of big 
game. 

Relationship % Dietary overlap 

Domestic sheep vs. cattle 53 f 27 
Domestic sheep vs. elk 46f 11 
Domestic sheep vs. mule deer 15f 7 
Cattle vs. elk 39f 0 
Cattle vs. mule deer 10f 1 
Mule deer vs. elk 30+ 3 

prairie junegrass were found in the highest proportions. Sagebrush 
(Artemisia spp.) was also an important forage species. The percen- 
tages of grasses and grasslike plants in cattle and elk diets were 
similar in sheep, but the ranking in importance was different 
among all three herbivores. Mule deer consumed primarily browse 
species such as true mountainmahogany, juniper, pinyon pine, and 
douglas fir (Table 1). 

Diet similarity was greatest among sheep, cattle, and elk (Table 
2). Olsen and Hansen (1977) reported diet similarity between cattle 
and elk to be as high as 89% during spring on the Red Desert, 
Wyoming. This same study showed elk diets to overlap with sheep 
by 3070, and cattle and sheep diets were 35% similar. In northwest- 
ern Colorado Hansen and Clark (1977) found that cattle and elk 
diets overlapped by 46%. Hansen and Reid (1975) found cattle and 
elk to have diets that were 50% similar in late summer, but only 
20% similar in early spring in southern Colorado. 

Deer and elk diet overlap was much higher in this study than that 
reported by Hansen and Clark (1977). In southern Colorado deer 
and elk diet similarity was found to be as high as 40% in August, 
but only 3% in January (Hansen and Reid 1975). Cattle and deer 
diets and sheep and deer diets overlapped very little in this study in 
southcentral Colorado (Table 2). Other studies (Hansen and Reid 
1975, Hansen and Clark 1977) also have reported low dietary 
overlap among cattle and deer during the fall and winter seasons. 

The diets of domestic sheep in southcentral Colorado contained 
a higher percentage of grasses and grasslikes than was reported by 
Doran (1943) for western Colorado. Doran found that sheep pre- 
ferred forbs in the area he studied. Forbs are very abundant in the 
aspen type studied by Doran and were relatively scarce in our study 

areas in southcentral Colorado. 
Since the elk population in the study area has been increasing we 

assume that forage was not lacking for either elk or domestic stock 
even though there is a high degree of dietary overlap. The low diet 
similarity between deer and domestic stock suggests that there is 
practically no competition for food between deer and livestock on 
the study area. The unusually high diet overlap among deer and elk 
may indicate that competition for forage may be occurring 
between them. This high degree of dietary overlap may have been a 
contributing factor to the recent decline in mule deer on the study 
area. Elk consumed large amounts of sagebrush, as did sheep, 
which may have an effect on the amount of this forage species 
available to deer by midwinter. 
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Table 2. (Mean *SD) percent dietary overlap of four ungulates in soutb- 
central Colorado when feeding on low elevation winter range of big- 
game. 

Relationship % Dietary overlap 

Domestic sheep vs. cattle 53 + 27 
Domestic sheep vs. elk 46+ I1 
Domestic sheep vs. mule deer 15i 7 
Cattle vs. elk 39* 0 
Cattle vs. mule deer lo* I 
Mule deer vs. elk 30f 3 

prairie junegrass were found in the highest proportions. Sagebrush 
(htemisia spp.) was also an important forage species. The percen- 
tages of grasses and grasslike plants in cattle and elk diets were 
similar in sheep, but the ranking in importance was different 
among all three herbivores. Mule deer consumed primarily browse 
species such as true mountainmahogany, juniper, pinyon pine, and 
douglas fir (Table 1). 

Diet similarity was greatest among sheep, cattle, and elk (Table 
2). Olsen and Hansen (1977) reported diet similarity between cattle 
and elk to be as high as 89% during spring on the Red Desert, 
Wyoming. This same study showed elk diets to overlap with sheep 
by 30%, and cattle and sheep diets were 35% similar. In northwest- 
ern Colorado Hansen and Clark (1977) found that cattle and elk 
diets overlapped by 46%. Hansen and Reid (1975) found cattle and 
elk to have diets that were 50% similar in late summer, but only 
20% similar in early spring in southern Colorado. 

Deer and elk diet overlap was much higher in this study than that 
reported by Hansen and Clark (1977). In southern Colorado deer 
and elk diet similarity was found to be as high as 40% in August, 
but only 3% in January (Hansen and Reid 1975). Cattle and deer 
diets and sheep and deer diets overlapped very little in this study in 
southcentral Colorado (Table 2). Other studies (Hansen and Reid 
1975, Hansen and Clark 1977) also have reported low dietary 
overlap among cattle and deer during the fall and winter seasons. 

The diets of domestic sheep in southcentral Colorado contained 
a higher percentage of grasses and grasslikes than was reported by 
Doran (1943) for western Colorado. Doran found that sheep pre- 
ferred forbs in the area he studied. Forbs are very abundant in the 
aspen type studied by Doran and were relatively scarce in our study 

areas in southcentral Colorado. 
Since the elk population in the study area has been increasing we 

assume that forage was not lacking for either elk or domestic stock 
even though there is a high degree of dietary overlap. The low diet 
similarity between deer and domestic stock suggests that there is 
practically no competition for food between deer and livestock on 
the study area. The unusually high diet overlap among deer and elk 
may indicate that competition for forage may be occurring 
between them. This high degree of dietary overlap may have been a 
contributing factor to the recent decline in mule deer on the study 
area. Elk consumed large amounts of sagebrush, as did sheep, 
which may have an effect on the amount of this forage species 
available to deer by midwinter. 
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Diet selection of Hereford, Angus X Hereford and Charolais 
X Hereford Cows and Calves 
JOHN W. WALKER, R.M. HANSEN, AND LARRY R. 
RITTENHOUSE 

Abstract 

Botanical composition of cattle diets of Hereford, Angus X Hereford and 
Charolais X Hereford cows and calves were compared to determine the 
effect of cattle age and/or breed on species selection. Multivariate analysis 
of varinnce showed small but significant differences between cow and calf 
diets and no differences among breeds. Similarity indices and Spearman’s 
rank correlation coefficient showed a high degree ofoverlap and significant 
correbttion between ages and among breeds. Differences between cow and 
calves among breeds were minor and of little value in range management. 

Knowledge of the factors affecting diet selection by livestock are 
important for proper forage allocation and utilization of range- 
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lands. A review of the literature suggests that intraspecific varia- 
tions in diet selectivity by domestic livestock may occur. Age has 
been shown to affect the nitrogen content of the diet of cattle and 
sheep. Holmes et al. (1969) found that (except when on abundant 
forage) calves had a higher concentration of fecal nitrogen than 
either cows or heifers, indicating that younger animals were more 
selective. Langlands (1969) using esophageally fistulated sheep 
found that younger animals tended to select diets higher in nitro- 
gen than older animals; however, these results were not consistent 
across all experiments. Diet selection and grazing behavior of 
domestic animals may also be affected by breed. Herbel and Nel- 
son (1966) using the bite count technique found that there was no 
apparent difference in the percentage of “coarse”plants grazed by 
Santa Gertrudis and Hereford cows. Although the Santa Gertrudis 
consumed more of the coarse grasses, the Herefords ate more 
Russian thistle (Salsola kali) and soaptree yucca (Yucca elara.) 
Time spent grazing by cattle has been shown to be affected by breed 
(Kropp et al. 1973, Stricklin et al. 1976). The digestibility and 
nitrogen content of diets selected by sheep was also affected by 
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breed (Langlands 1968, 1969). The purpose of this study was to 
determine the effect of age and breed on botanical composition of 
diets selected by beef cattle. 

Study Area 

Research was conducted at the Eastern Colorado Research 
Center located 27 km north of Akron in the sandhills of northeast- 
ern Colorado. The elevation averages 1,300 m above sea level with 
the topography varying from nearly level to slightly rolling dunes. 
The vegetation is heterogeneous consisting of short, mid, and tall 
grasses as well as both cool-season and warm-season species. The 
major graminoids are blue grama (Bouteloua grucilis), prairie 
sandreed (Calamovilfa longifolia), needle-and-thread (Stipa 
comata), sand bluestem (Andropogon hallii), western wheatgrass 
(Agropyron smithii), and sand dropseed (Sporobolus cryptan- 
drus). Sand sagebrush (Artemisiu filifolia) is the principal shrub. 
Forbs common to the area include perennial ragweed (Ambrosia 
coronopifolia), cudweed sage (Artemisia ludoviciana), wild alfalfa 
(Psoralea tenuiflora) and bush morning glory (Ipomea lepto- 
phylla). The climate in this area is characterized by hot, often dry 
summers; mild, usually dry, autumns; cold winters; and moist, cool 
springs. The mean annual precipitation is 38 cm. Most of this 
comes as rain during the frost-free period, about May 20 to 
October 20 (Sims et al. 1976). 

Procedures 

Diets were determined by microhistological analysis of fecal 
material from 18 cow-calf pairs. The experimental animals con- 
sisted of six Hereford, six Angus X Hereford and six Charolais X 
Hereford cows and their calves. All calves were the progeny of the 
same Angus sire. The animals grazed a common 60-ha pasture. 
Fecal material was collected daily from each animal over a five-day 
period at 28-day intervals between May and August of 1976 for a 
total of four sample periods. Feces were composited within each 
sample period for all animals of the same breed and age. This 
resulted in a total of six composited fecal samples for each of the 
four sample periods. 

Microscope slides for each fecal sample were prepared as des- 
cribed by Sparks and Malechek (1968). Five microscope slides 
were prepared per sample. Twenty fields per slide were systemati- 
cally located and magnified 100x for identification of plant frag- 
ments, for a total of 100 fields per sample. The percentage of the 
classified fragments appears to approximate the percentage rela- 
tive dry weights of food categories in the diet (Hansen et al. 1973, 
Dearden et al. 1975). 

The vector of the percentage of major plants species in the diet 
was analyzed by multivariate analysis of variance (Morrison 1967) 
to determine the effect of age and breed or their interaction. The 
effect of animal age and breed on the percentage of individual 

Table 1. Average botanical composition (%) of diets selected by cattle of 
various age and breed groups between May 26, 1976, and August 21, 
1976, on sandhill range of northeastern Colorado. 

Major food 
categories* cow 

Mean diets (% f SD) 
Angus X Charolais 

Calf Hereford Hereford XHereford 

Western wheatgrass 3f 1 3f 2 2f 1 4f 3 3f 2 
Sand bluestem 2f 1 6f 3 3f 3 4f 4 4f 4 
Sideoats grama If 2 If 2 2f 3 If 1 If 1 
Blue grama 9f 4 llf 5 8f 6 12f 3 10f 5 
Brome If 1 If 1 If I If 1 If 1 
Prairie sandreed 55f 14 53f 14 6Of 16 50f 11 53f 13 
Sun sedge If 1 If 1 If 1 If 1 If 1 
Sand dropseed 9f 5 10f 7 8f 5 9f 5 12f 8 
Needle-and-thread 14f 8 Ilf 8 llf 8 155 10 llf 6 
Scarlet globemallow 2f 2 2f 1 If 2 2f 1 2f 1 

‘Major 
diet. 

feed categories include species which composed 2% or more of an individual 

Table 2. Mean diversity for foods 
in northeastern Colorado. 

the diet of beef cattle range 

Age or breed Mean diversity index ( + SD) 

cow 
Calf 
Hereford 
Angus X Hereford 
Charolais X Hereford 

1.38 f .27 
1.42 f .24 
1.28 + .34 
1.48+ .18 
1.43+ .19 

species in the diet and on the diversity of plants in the diet as 
calculated by Shannon’s formula (Hurtubia 1973) was tested by 
analysis of variance (Snedecor and Cochran 1973). Dietary sim- 
ilarity indices (Gauch 1973) and Spearman’s rank-order correla- 
tion coefficients (Snedecor and Cochran 1973) were used to 
compare food habits between ages and among breeds. 

Results 

The botanical components of the cattle diets were classified into 
30 different plant taxa. Ten species composed 2% or more of at 
least one of the diets and were used for further analysis of the diets 
(Table I). These species included western wheatgrass, sand blue- 
stem, blue grama, sideoats grama (Bouteloua curtipendula), 
bromes (Bromus spp.), prairie sandreed, sun sedge (Carex helio- 
phia), sand dropseed, needle-and-thread and scarlet globemallow 
(Sphaeralcea coccineu), and they comprised 97% or more of the 
diets. The diets for all groups of cattle were composed almost 
exclusively of grasses and were dominated by prairie sandreed 
which made up 50% or more of all diets. 

Multivariate analysis of variance indicated that the age X breed 
interaction and the main effect of breed were not significant when 
the 10 major plant species were considered simultaneously. The 
effect of age (cows vs calves) was significant (K.05) and was due 
primarily to the greater abundance of sand bluestem in the diet of 
calves (6%) as compared to cows (2%). Analysis of variance of the 
individual species confirmed that the effect of age on percent sand 
bluestem in the diet was the only significant (K.05) difference in 
the diets. Sand bluestem is a very minor component of the vegeta- 
tion on the study area and composed a relatively small proportion 
of the diet. Diet diversity was similar between cows and calves and 
among the three breed groups (Table 2). Shannon’s diversity index 
is a measure of the variety and distribution of the species in the diet. 
This index increases as the number and uniformity of distribution 
of species in the diet increases. Smaller animals with greater energy 
requirements per unit of body size should be more selective, and 
diversity should decrease (Schoener 1971). 

The rank-order correlation coefficients for plants eaten by cows 
and calves as well as for Herefords, Angus X Hereford and Charo- 
lais X Hereford cattle were significantly correlated (Table 3). The 
diets showed a high degree of similarity between the age groups and 
among the breed groups. High dietary overlaps and significant 
positive correlation coefficients between the cattle groups indi- 
cated that differences in the diets were small. 

Table 3. Average dietary overlap and Spearman’s rank correlation co- 
effrcients with the corresponding confidence values for foods of cattle of 
different ages or breeds on sandhill range of northeastern Colorado. 

Relationship 
Percentage Spearman’s 
similarity RHO values P values 

Cow vs calf 84 .97 .Ol 
Hereford vs Angus X Hereford 
Hereford vs Charolais X 

Hereford 
Angus X Hereford vs Charolais 

X Hereford 

84 .92 .Ol 

85 .91 .Ol 

85 .97 .Ol 
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Discussion 

The results of this study suggest that differences in the nutrient 
content of the diets of livestock varying either in age or breed 
reported by other authors (Holmes et al. 1969, Langlands 1968, 
1969) are probably due to differences in the portion of the plant 
that was selected rather than the botanical composition of the diet. 
Arnold (1975) found that the rate of forage consumption varied 
among breeds of free grazing sheep. These differences in rate of 
consumption may have been due to differing degrees of selectivity 
for the portion of a plant consumed. Observation of grazing cattle 
during this study indicated that cows may select different plant 
parts than calves. Lucich (1977) found diet overlap between doe 
and fawn mule deer similar to the one reported in this study for 
cows and calves. 

Although multivariate analysis of variance showed that when 
the major plant species are considered simultaneously there is a 
significant difference in the diets selected by cows and calves, other 
measures of cattle diet selection indicated only small differences. 
Variations in the botanical composition of the diets because of age 
and breed effects are probably not large enough to be of value in 
understanding the dietary habits of cattle. 
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Root Biomass Calculation Using a Modified Counting 
Technique 
WILLIAM M. SCHAFER AND G.A. NIELSEN 

Abstract 

Data on root weight, length, and surface area are useful in soil characteri- 
zation, ecosystem description, and studies of plant-soil interaction. Charac- 
terization of root systems is often thought to be so laborious and inaccurate 
that little data are collected. Root counts are used in soilsurveys to evaluate 
root abundance; but these counts are not useful in most applications where 
data on roots are needed. An improved counting method provided root 
count data which correlated with measured root weight (AW = 0.97 PW, r2 
= .85) where AW = actual weight and PW = predicted weight. Counts were 
made in a dm2 plexiglass frame parallel to the soil surface under short- and 
mid-grass prairie vegetation. As many as 30 samples were necessary to 
estimate root biomass within 25% (K.10) with either root weighing or 
counting methods. Total root biomass calculated from root counts in the 
upper 100 cm of 15 southeastern Montana soils and in mine spoils ranged 
from 310 to 1,610 g/m2 which is similar to published data on root biomass 
in other grassland communities. 

In a study of 76 Hawaiian and Indian soils, Pandky (1969) found 
that estimates of root abundance were highly correlated with pre- 
cipitation, bulk density, organic carbon content, and other soil 
properties, and are therefore important in the prediction of many 
key soil properties. Hillel et al. (1976) and others used root length 
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in models to predict water use from field soils (Newman 1966). 
Other workers have suggested root surface area should correlate 
with water and nutrient uptake. Changes in root biomass are 
sometimes measured as a component of ecosystem productivity 
(Bartos and Sims 1974). If root counting techniques (Soil Survey 
Staff 1975) could be correlated with other measures of root abun- 
dance, extensive data on root weight, length, and area could be 
obtained quickly through soil survey programs. 

Characterization of the root systems of plants has long been a 
problem of agronomists, plant ecologists, and range scientists. 
Methods commonly used to investigate roots are laborious and 
often inaccurate. In a study of Montana soils, Decker (1972) found 
that root observations were often omitted from pedon descrip- 
tions. Lack of data on roots may indicate that estimation of root 
abundance is regarded as unimportant or difficult. In this paper we 
present a simple field method for rapidly collecting data on roots. 
A geometric model to calculate root weight from root counts is 
proposed. 

Materials and Methods 

Fifteen soils were selected for study in the Colstrip, Montana, 
area. Five pedons consisted of old strip-mined spoil, from 30- to 
50-years old, five pedons were newer spoils less than 10 years old, 
and five were undisturbed native range. Native soils were classified 
as Borollic Camborthids or Aridic Haploborolls and were sandy 

245 



loam in texture (Schafer et al. 1977). Dominant vegetative types 
included mixed mid- and short-grass prairie, half-shrub communi- 
ties, and mixed shrub-grasslands. 

Backhoe pits were excavated and roots were counted in dm2 
plexiglass frames at fiverandomly selected locationsat the IO-, SO-, 
and 100. cm depths (Fig. I). Roots in five different size classes were 
counted separately. Root diameter was visually estimated (Soil 
Survey Staff 1975). 

Symbol Class Diameter (mm) 

MF microfine visible-O.5 
“F very tine 0.5~1.0 

F fine I-Z 
M medium 2-5 
C coarse >5 

Roots were counted in a horizontal plane which was perpendicular 
to the primary orientation of roots. After a count, a cube of soil I 
dm on each side was collected from the counting location for 
separation and weighing of roots. Roots were washed free of soil 
on a I-mm sieve and were weighed after oven-drying at 600 C for48 
hours and again after ignition at 6000 C overnight. Root weights 
are reported on an ash-free basis (Table I). 

A geometric model was used to calculate root weight from root 
counts. Melhuish and Lang(l969)derivedanequationtocalculate 
root length density within the volume of a soil cube based on the 
number of roots intersecting a single face. 

L = 2N (1) 

where N is the number of roots crossing the cube face and L is the 
root length density in the cube in centimeters. Assuming that roots 
resemble cylinders in shape, then root volume in a cubic decimeter 
of soil can be calculated: 

V = 2N (rr’H) = 20N(,+). (2) 

where V is root volume in cmJ, r is the mean diameter in cm, and H 
is the root height, which in the case of a cubic decimeter of soil 
would be IO cm. Root biomass for a single root size class can be 
calculated by multiplying root volume by root density. Finally root 
biomass from all sire classes (microfine to coarse) can be summed 
to obtain total root biomass: 

5 
W = 20D 2 N,lrQ 

(3) 

y=l 
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Where W is the root weight in a cubicdecimeter of soil and D is the 
root density in g/cm’, N, is the number of roots counted on they” 
size class, and r, is the mean diameter of roots in the yth size class 
(i.e. .03, .08, .lS, .3, .5 cm). 

Results and Discussion 

Predicted and Measured Root Weight 
Measured root weights were divided by root volumes calculated 

by equation (2) to find a value for D, root density (.I2 g/cm’). 
When a density of 0.12 g/cm’ was substituted in equation (3), the 
fallowing relationship was found using a least squares linear 
regression for the data in Table 1. 

AW = 0.97 PW r’ = 0.85 (4) 

where AW was actual root weight and PW was predicted weight 
using equation (3). It is apparent that root weights predicted from 
root counts are highly correlated with weights obtained by the 
more time-consuming root separation technique. This suggests 
that root counting would be of value as a quick field test of root 
biomass. 

Number of Counts Needed to Estimate Root Abundance 
The number of counts(n) needed to predict a mean within given 

confidence limits (Snedecor and Cochran 1974) was used as a 
measure of the variability of the root weighing and root counting 
techniques (Table 2): 

(n = 402/L’) (5) 

Where n is the number of samples needed to estimate mean root 
biomass within specified confidence limits, L, at P = .90, and o is 
the population standard deviation. Both root weighing and 
counting methods require extensive replication to give accurate 
root biomass estimates. The extreme variability of data on root 
abundance has also been reported by Schuurman and 
Goedewaagen (1965). The root weighing method is the most 
accurate near the soil surface while the counting method is more 
accurate below IO cm. For characterizing roots in a soil profile, an 
equal number of samples are needed with root counts as with the 
more laborious root weighing method. 

Counts of the same soil area obtained by two different observers 
generally varied less than 10%. Good lighting and careful 
observation were necessary for consistent recognition of the finest 
roots. Root counts obtained with the plexiglass frame and 



Table 1. Measured and predicted root weights (g/dmJ) are shown by depth (10, 50, and 100 cm) in natural soils, 30-50-year-old minesoils, and l- to 
lo-year- old minesoils. Total root biomass is expressed in g/mz. 

Depth Site’ 
(cm) No. 

Natural soils 
Measured Predicted 

root wt. root wt. 
Site 
No. 

Old minesoils 
Measured Predicted 

root wt. root wt. 
Site 
No. 

New minesoils 
Measured Predicted 

root wt. root wt. 

10 
50 

100 

Total 

10 
50 

100 
Total 

10 
50 

100 

Total 

10 
50 

100 

Total 

10 
50 

100 

Total 

Chinook 

Boxwell 
2 

Ethridge 
4 

3.592 2.04 
.56 .51 
.04 .16 

1,198 845 

1.57 

.oo 
393 

2.01 
.29 
.17 

Reidel 
6 

733 

4.29 
.06 
.oo 

Chinook 
8 

1,103 

3.35 
.48 
.I9 

1,173 

1.94 
.16 
.06 

595 

1.12 
.ll 
.04 

355 

3.41 
.ll 
.oo 

908 

3.04 
.32 
.20 

1,020 

1928-3 

1928-5 

1928-7 

1928-9 

1929-10 

3.30 1.31 
.27 .ll 
.13 .08 

1,025 423 

3.36 2.66 
.74 1.01 
.63 .77 

1,525 1,555 

2.18 
.09 
.04 

610 

1.68 
.12 
.05 

505 

3.89 
.29 
.04 

1,120 

1.73 
.I9 
.23 
613 

2.94 3.58 
.61 .85 
.17 .58 

1,125 1,610 

1975-l 1 

1973-12 

1972-13 

1969-14 

1970-15 

1.23 1.12 
.Ol .07 
.oo .oo 
313 315 

1.45 1.89 
.06 .lO 
.04 .02 

413 533 

2.23 3.56 
.lO .79 
.02 .OO 

564 

1.66 
.38 
.lO 

1,285 

1.16 
.20 
.22 

655 500 

1.74 1.28 
.ll .lO 
.I3 .14 
555 440 

‘Site names represent either the soil series name for the natural soils or date of last disturbance of the minesoils. 
*Data presented represent the mean of five root weights (g/ dm)) at 10.50, and 100 cm. Total profile root weight, expressed in Kg/ ha are a weighted average of root biomass at the 
above depths. 

Table 2. Number of counts needed to estimate mean root weight within 25% 
with 95% probability. 

Depth (cm) Root weight method Rooi count method 

10 7 15 
50 30 30 

100 44 28 

modified counting technique proposed were compared to root 
estimates made by experienced soil scientists using the standard 
SCS method (Soil Survey Staff 1975). The standard method 
underestimated root abundance by a full class (few, common, or 
many) in 22% of the observations. 

Field Application 
Roots were counted as previously described at lo-, 50-, and lOO- 

cm in 15 soils near Colstrip, Montana. Only 15 minutes were 
required to characterize the roots in each pedon. 

Root biomass was calculated using equation (3) based on root 
numbers in horizontal plane (root/dm*). Total profile root 
biomass (upper 100 cm) obtained by this method (Table 1) ranged 
from 310-1,610 g/m*. Most root weights were (l,OOO-1,500 g/m*) 
similar to published data for the Colorado short-grass prairie: 
1,600-1,800 g/m* (Bartos and Sims 1974; Singh and Coleman 
1974), Missouri tall-grass prairie: 1,400- 1,900 g/ m* (Dahlman and 
Kucera 1965), and Utah cool desert communities: 1,600-1,800 
g/m*, (Caldwell and Camp 1974). Average root biomass in the 
upper 10 cm (340 g/m*) found in this study was similar to that 
found during late summer by Lauenroth et al. (1976) in the Colstrip 
area. 
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Viewpoint 

Forest Grazing: Past and Future 

BARBARA H. KOSCO AND JAMES W. BARTOLOME 

Abstract 

Livestock have grazed western forests since the 1850’s. Policy changes 
with the inception of government regulation and the end of the free open 
range brought profound changes in the livestock industry. With increasing 
demands for timber, recreation and wildlife, grazing began to decline in 
importance as a use of National Forest ranges. Yet, livestock grazing on 
forest range is critical to yearlong operations of the ranchers who use them. 
With proper management livestock can be increasingly important not only 
as meat and fiber producers, but as part of all land management on national 
ranges. 

Livestock have been an integral as well as controversial part of 
forest range use for over 100 years. Current controversy over 
grazing on forest lands is best understood in the context of histori- 
cal use. Using California as an example, problems with overstock- 
ing, range deterioration, animal distribution, and public attitudes 
toward grazing can be traced from the gold rush days of the 1850’s, 
through inception of the National Forests and Forest Service in the 
early 1900’s, to today’s grazing policy as affected by increasing 
timber, recreation and wildlife demands. Grazing has beena major 
past use of the National Forests, and despite current controversies 
will continue to be a use in the foreseeable future. 

Early Grazing Use 

Cattle ranching was the first industry in California (Burcham 
1956). The tranquil, pastoral activity characteristic of Spanish and 
Mexican ranching in California was transformed with discovery of 
gold on the American River on January 24, 1848. While livestock 
had previously been valued almost entirely for their hides, tallow 
and wool, suddenly a m ket for meat was created. Livestock 

9 production expanded from oastal regions south of San Francisco 
to the Central Valley closer to the source of demand. Cattle poured 
into central California from Mexico, Texas, the Midwest, and 
southern California in attempt to meet the booming demand for 
beef (Table 1). Burcham (1956) noted that despite the high demand 
for slaughter cattle and problems with drought, cattle numbers 
grew phenomenally between 1850 and 1860 leading to heavily 
overstocked ranges. 

The decade 1850-1860 saw a shift from open range livestock 
production in the Central Valley to concentration of operations 
around stable water supplies. Homestead laws of the 1860’s 
encouraged settlement of arable areas of the West. Many ambi- 
tious stockmen took advantage of the law to acquire as many 
waterholes as possible, realizing they could control and graze large 
areas that would otherwise be unusable due to lack of water (Voigt 

Authors are of the Department of Forestry and Resource Management, University 
of California, Berkeley, CA 94720. 

1976). In California, much of the arable land in the Central Valley 
was put into agriculture. With increased settlement and introduc- 
tion of barbed wire, fence laws placing responsibility for restrain- 
ing animals on the livestock owner put an end to free open range in 
the Central Valley. Stockmen began to drive cattle to the moun- 
tains to take advantage of green summer forage and good water 
supplies not available at lower elevations (Talbot and Cronemiller 
1961). 

The sheep industry in California, like the cattle industry, began 
with the Spanish missions and enjoyed a tremendous boom with 
the gold rush in the 1850-60’s. Great flocks of sheep were driven 
into California via overland trails (Table 1). Migratory sheep 
grazed the western Sierra Nevada as part of a yearly pattern from 
1865 to 1905, when the travel routes were limited by regulations 
following the establishment of the National Forests. 

Conflicts between stockmen developed during the 1860’s as 
competition for the public commons at all elevations increased 
(Heady and Vaux, 1969). Sheepmen were first to take advantage of 
range forage on high Sierran meadows and meadow composition 
still reflects the effects of overuse (Burcham 1956). Conflicts over 
use of the range continued through the 1880’s and 1890’s. As the 
choicest ranges dwindled with increased numbers of settlers and 
declining productivity, a “bigger is better” philosophy, which pre- 
vails so broadly today, developed among stockmen on remaining 
rangelands (Voigt 1976). The phenomenal growth of cattle 
numbers carried with it a weakness that was to prove fatal, how- 
ever (U.S.F.S 1936). Cattle ranching was based on a transplanted 

Table 1. Livestock populations in California, 1850-1977. 

Year Beef cattle Sheep 
Animal units of 

range stock 

1850 253,599 17,574 257,114 
1860 999,836 1,099,002 1,217,436 
1870 497,349 2,768,187 I ,050,986 
1880 451,941 4,152,349 1,282,411 
1890 1,048,795 2,475,140 1,543,823 
1900 659,660 2,563,353 1,194,081 
1910 1,609,693 2,4 17,477 2,120,871 
1920 1,229,086 2,400,15 1 1,732,268 
1930 825,224 4,083,728 1,658,448 
1940 965,239 1,707,422 1,3 18,972 
1950 1,107,646 2,056,663 1,528,642 
1960 1,800,OOO 1,500,000 2,100,000 
1970 2,200,000 1,200,000 2,500,OOO 
1977 3,636,OOO 1,113,000 3,800,OOO 

Source: U.S. Census reports. Agricultural Statistics. 1978. USDA. 
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Mexican culture that included no fences, corrals, or supplemental 
feed. With no gauge of how forages could stand up, speculation ran 
wild. Grazing lands were stocked far beyond their sustainable 
capacity and as numbers continued to increase, bad weather and 
human errors worked to bring disaster (Voigt 1976). The bust came 
when weakened forage combined with overstocking, blizzards, and 
drought. Cattle died in great numbers. The boom/ bust phenomena 
of the 1880’s and 1890’s characterized the cattle industry, though 
the situation was aggravated by increased numbers of sheep and 
the new practice of fencing the range. When disaster struck the 
cattle couldn’t freely roam to avoid storms and search for food. 
Cattle instead of grass had come to be regarded as the raw resource 
(U.S. Forest Service 1936). By 1900 stockmen began to realize that 
control of the range was the only answer. Early vigilante efforts to 
control the range eventually gave way to government control. 

Regulation by the Forest Service 

1860 to 1900 was a time of exploitation of the nation’s natural 
resources. The public was slow to become aware that these resour- 
ces were not inexhaustible. Timber and water were the first resour- 
ces to arouse the largely Eastern public’s attention. “Cut and get 
out” timber barons were stripping the forests of the East. Timber 
cutting was visually obvious, unlike the insidious loss of forage 
production. Eventually a public cry to stop abuses to the forests 
resulted in passage of the Forest Reserve Act of 189 1. Whatever 
benefits came to forage through these conservation efforts did so 
largely as a by-product of action intended to prevent forest destruc- 
tion (Voigt 1976). 

The Forest Reserve Act was a threat to both the livestock and 
timber industry because the Act prohibited use of the Reserves. 
Yet, without an administrative organization to prevent trespass, 
unrestricted use continued. In 1897, Congress acted to provide for 
administration of the Forest Reserves. The Forest Service was 
charged to both protect the forests and waters of the nation and 
allow reasonable use (Roth 1901). Great pains were taken to 
harmonize grazing with these primary purposes (Jardine and And- 
erson 1919). Grazing regulations were established to protect, 
develop and improve the forage resource while encouraging 
dependent range operations. 

The infant Forest Service faced conflicting demands for conser- 
vation and production. Local economies were highly dependent on 
livestock grazing forest forage, yet many of the ranges were over- 
stocked, in poor condition, and declining in productivity. Albert F. 
Potter, an Arizona stockman, and first Chief of Grazing in the 
Forest Service, played a critical role in developing early Forest 
Service grazing policy. In 19 13, he stated the problem. 

One of the most complex problems connected with the administation 
of the national forests was that of devising a plan of management by 
which the forest cover and the watersheds could be adequately pro- 
tected and all of the lands restored to a normal condition of forage 
productivity without large permanent reductions in the number of 
stock grazed or irreparable hardship upon settlers and stockgrowers 
who were dependent upon forest ranges for the maintenance of their 
homes (Potter 1913). 

Potter understood that the damage to forest ranges from livestock 
grazing was due to overstocking, grazing too early, or the manner 
in which the stock were handled-all related to systems of manage- 
ment, not the stock themselves. Initial efforts by the Forest Service 
were directed at restoration of the range through improved tech- 
niques. The task was not easy and is not yet completed. 

By mid-1904, however, under Potter’s direction a grazing policy 
emerged. Essentially, management of grazing on National Forests 
would (1) recognize priority of use, (2) changes in numbers or 
methods of handling stock would be made gradually, (3) small 
owners would be given preference in permits, (4) the forage 
resource would be used to the extent consistent with good forest 
management, and (5) stockmen would be given a voice in making 
of rules for management of their stock on the range through 

Advisory Boards. The National Forests for the first time, through 
statutory public land administration, provided local livestock 
users an assurance of continued use of their ranges. 

By 19 19, California had approximately 5 million acres in crops, 
20 million acres in National Forests, 21 million acres of private 
deeded lands primarily used for grazing, and 54 million acres of 
unappropriated lands (Kennedy 19 19). Grazing was very impor- 
tant, with even much of the area in crops being utilized by grazing 
animals at some stage of their growth. Large areas of the National 
Forests were as important for grazing as timber production 
(Kennedy 19 19) and a large portion of the 54 million acres of 
unappropriated lands consisted of the “free” range, controlled by 
owning of water supplies. 

Mountain ranges provided lush summer forage, better water 
supplies than the foothill ranges, moderate temperatures, and 
relative freedom from insects and disease forming a vital link to 
livestock producers. The forage resource consisted primarily of 
glades, stringer meadows and brush scattered throughout the com- 
mercial forest zone. The mountain meadows and stringers were 
often 10 to 15 times as productive as the open forest, while occupy- 
ing only a fraction of the grazeable range in forest lands. The 
Forest Service, from the beginning, had to deal with the difficult 
problem of determining grazing capacities on this varied but 
important range type. Grazing capacities often ranged from I 
acre/AUM on good condition ranges (Cronemiller 1953), to as 
much as 15 to 30 acres/AUM when areas inaccessible to stock 
such as rocks, dense brush and high elevation were considered 
(Kennedy 1919; Jardine and Anderson 1919). 

At the beginning, not all the National Forest ranges were over- 
stocked (Voigt 1976). The Forest Service was consistently high in 
its estimates of grazing capacity, however. Steady annual increases 
in AUM’s with a huge increase during World War I reflect the 
political pressure and optimistic estimates (Table 11). By 1918, the 
rising AUM’s,long season of use and huge increases during the war 
caused most of the forest range to decline in productivity rather 
than improve. 

Collection of grazing fees, instituted in 1906, brought an eco- 
nomic return greater than or equal to timber sales on the National 
Forests until about 1930 (Forest Service Annual Reports) (Table 
11). Low fees resulted in a tendency of the market to capitalize the 
free benefits into the value of the dependent private property 
(Hooper 1967). The grazing privilege became tied to the home 
base, as the high permit value gave the home base a higher value. 
After 19 10, numerous battles over grazing fees developed between 
administrative agencies and western livestock interests. Political 
opposition was strong enough, however, to prevent changes in the 
fee structure for many years (Heady and Vaux 1969). The founda- 
tion of the western economy was mining and livestock grazing on 
public lands, and practical men of the early Forest Service realized 
the economic importance of livestock grazing (Roberts 1963; 
Peffer 1951). This realization helped shape Forest Service range 
policy. Forest Service personnel recognized the practice of forestry 
on public lands of the West could not become economically impor- 
tant until more easily accessible private timber had been harvested, 
and new, closer markets opened up. 

One of the biggest problems in utilizing forest range was timing 
of forage and water supplies. In many areas of the Western Sierra 
Nevada, for example, water supplies of lower elevation range dried 
up in the spring before the forage was ready to graze in the forest. 
Ranchers were often forced to graze on ranges that were critical for 
winter feed while waiting for the summer range to open up (Smith 
1920). Thus stockmen were forced out of business, or to cut down 
herd size to maintain yearlong feed supplies. The feed situation was 
further aggravated in the forest range as tree reproduction reduced 
understory forage supply. Prior to the Forest Service policy insti- 
tuted in about 1900, ranchers had used fire to keep the forests open. 
The ranchers felt they were being forced out business and felt that 
fire and assured water supplies were the only thing that could save 
them. 
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Table 2. Grazing fees, animal numbers, and grazing and timber receipts for 
the National Forest System (Forest Service Annual Reports of the Chief, 
1905-1977). 

Grazing Fees 
National Forest 

Animal numbers receipts 
(dollars/AUM) (millions) (millions of dollars) 

Date Cattle Cattle Sheep Grazing Timber 

1905 .05 .Ol 1.0 5.7 0.51 0.24 
1915 .lO .045 1.72 7.2 1.15 1.18 
1925 .13 .045 1.54 6.15 1.72 2.9 
1935 .08 .027 1.3 5.65 1.15 1.7 
1945 .25 .06 1 1.28 3.85 2.1 Il.0 
1955 .37 .09 1.14 2.8 2.9 72.0 
1965 .46 .I025 1.17 2.1 3.0 130.0 
1975 1.10 1.10 1.38 I .45 7.7 340.0 
1977 1.60 1.60 1.38 1.28 11.0 723.5 

The fire policy evolved because Gifford Pinchot, First Chief of 
the Forest Service, believed control of wildfires was needed to 
protect and preserve the forests as required by law. Wildfires had 
turned thousands of productive acres of forest into brush fields and 
destroyed stands of valuable timber. Yet, wildfires had also opened 
up forests, enabling growth of grasses and shrubby species provid- 
ing livestock forage. Periodic burning had been used by livestock 
men in the central Sierra Nevada to keep the understory open and 
encourage livestock feed from the early 1870’s (Bacchi, personal 
communication). Promiscuous burning by stockmen undermined 
the Forest Service policy of fire control. 

Burning soon became a point of argument. In California, as 
elsewhere, two camps developed over the fire issue. One side, 
primarily stockmen, miners and farmers, believed periodic con- 
trolled use of fire helped prevent large conflagrations by keeping 
fuel levels low, while also providing feed for livestock and wildlife. 
Even a few foresters agreed that the only way to keep fires out of 
the forest was to use fire and use it often. They felt fire, as a natural 
process, was entirely consistent with the growth of timber 
(Ostrander 1902). 

Government agencies, both the California State Board of Fore- 
stry and the Forest Service, held the opposite view. Fire was 
identified as the major cause for the existing brushfields in much of 
the Sierra (Hodge 1904). A fire exclusion policy was instituted and 
a legal system established to prosecute people who illegally burned 
on their lands. Fire patrols were established. Forest scientists saw 
controlled burning as an erroneous practice and a threat to govern- 
ment authority. Marsden Manson, for example, claimed the Sier- 
ran Forests were present in spite of burning, not because of it 
(Manson 1902). Public sentiment was actively enlisted to prevent 
fires, eventually culminating in Smokey Bear as a national symbol. 
Large amounts of money went into fire protection, fuelbreaks, fire 
patrols, and public campaigns to prevent fire. 

Though early anti-fire policy was largely politically motivated, 
the Forest Service also recognized they couldn’t allow stockmen 
and miners to burn as they had in the past and still provide all the 
multiple uses demanded by the public. The use of prescribed 
burning is returning to favor as a management tool. 

Conflicts over Forest Use 

From the beginning the Forest Service has had to juggle conflict- 
ing demands for use of the National Forests. Policy has always 
been to protect the forests and waters and provide products con- 
sistent with conservation goals that provide the greatest good for 
the greatest number of people in the long run (Jardine and Ander- 
son 1919). 

In the 1930’s, timber production on the National Forests became 
increasingly economically desirable. Government policy had 
evolved toward improving tree species and timber harvesting 
methods in order to increase timber supply. As income from range 
forage remained static, support in terms of range conservationists, 

range research, and money for range improvements began to 
erode. Many of the early appropriations for range improvements 
went to regenerate forests rather than rehabilitate range (Voigt 
1976). The 1940’s brought a policy shifting to place the burden of 
payment for range rehabilitation from the permittee to the tax- 
payer. The permittee had always borne the responsibility and cost 
of range improvements, which furthered the idea of grazing as a 
“right.” Many conservation groups such as the Isaak Walton 
League stressed the need for government to bear the costs, since 
grazing was a privilege and only one use of the public’s land (Voigt 
1976). Foresters, always important, now fully dominated research 
and management, riding an economic wave of high lumber prices 
and increased timber cut on the National Forests. In conjunction 
with this shift, policy also began to emphasize recreation and 
environmental amenities. Grazing declined in importance, while 
recreational demand exploded. 

Timber, water, and grazing formed a central thread in forest 
policy for more than a century, yet by the 1970’s livestock grazers 
were left with little political support. Other special interests press 
demands through their lobbyists for more recreation, wilderness, 
and wildlife. Dominance in the 11 western states by rural popula- 
tions, and thus stockmen, in state legislatures and Congress has 
waned with shifts in population. Yet cattle numbers and beef 
consumption are at an all-time high. Increased costs of alternative 
feeds has increased demand for range forage, a reversal of trends 
started in the 1950’s. Unfortunately, such demand now faces strong 
competition from other newly powerful resource interests. 
Watershed continues to be an important value, while timber inter- 
ests hold their own with strong Forest Service support, despite a 
dwindling land base. 

Former broad-based support for the livestock industry has evap- 
orated because of profound changes in our culture and is not likely 
to return. Stockmen cannot expect unqualified support from 
government agencies. Yet, the Forest Service still supports live- 
stock grazing as a subordinate use on National Forests as shown by 
continued requests for more money for range improvements and 
higher forage productivity through more intensive forest-range 
management. 

The Forest Service wants livestock grazing where minimal con- 
flicts will arise. Forest Service leaders recognize forest grazing is 
critical to maintenance of year-round operations. Personnel super- 
vising range allotments are still faced pith ranchers of the “largest 
numbers possible” philosophy, however. On the other hand, many 
stockmen have been, and continue to be, avidly interested in good 
management and stewardship of the land they have the privilege to 
graze. The Forest Service is trying to develop a policy to help these 
“stewards” of the land by providing funds for specific range 
improvements designated by the permittee. 

The future of livestock on Federal lands, forested or not, will 
likely hinge on detailed inventories of land use capabilities and 
better management to minimize harmful interactions with conflict- 
ing uses. Demands for timber, recreation, secondary homes, and 
wildlife continue to increase, while at the same time the land base 
for cattle grazing dwindles and costs of production rise. Anti- 
grazing sentiment is growing among environmental preservation- 
ists who want no cattle grazing on public lands. Substantive 
support for the old adage that good range livestock management 
can benefit other species including wildlife and people must be 
provided. Livestock should increasingly provide a service, not just 
as meat and fiber producers but as a part of overall land manage- 
ment. Grazing has been an integral part of the forests of California 
since statehood, and now with most ranchers and Forest Service 
personnel alike using good management to improve range condi- 
tion, livestock grazing on the forest range should continue to be an 
integral part of our Western heritage. 
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Livestock Grazing Impacts on Public Lands: A Viewpoint 

JERRY L. HOLECHEK 

In recent years, livestock grazing on public lands has been a 
subject of considerable controversey. Groups advocating or 
opposing grazing on public lands have often based their arguments 
on emotion rather than fact. A discussion of grazing impacts on 
public lands based on available literature is overdue. It is my intent 
to emphasize the benefits of controlled livestock grazing to vegeta- 
tion, water, wildlife and economic resources. It is recognized that 
uncontrolled livestock grazing leads to resource destruction. How- 
ever, this also applies to mining, logging, farming, wildlife grazing, 
recreation, and practically any other land use when unregulated. 

Demand and Production 

The demand for red meat is rapidly rising both in the United 
States and abroad (Council for Agricultural Science and Technol- 
ogy 1974). It is expected the world’s population will increase 63% in 
the next 25 years (Bommer 1978). Several million acres of grass- 
land are converted to cropland every year in the United States 
alone (Long 1974). Presently, consumption of red meat per capita 
in this country and overseas is also rapidly increasing (Bommer 
1978). This three-way crunch suggests that demand will dictate that 
we drastically increase red meat production from federal lands 
rather than eliminate this area from our grazing resources. 

The argument that livestock on public lands presently account 
for only a small part of total meat production is not true. Public 
rangelands provide about 12% of the forage consumed annually by 
domestic livestock (Council for Agricultural Science and Technol- 
ogy 1974). However, it was also reported that this information 
underestimates the importance of federal land because of the 
following: 

1) The annual feeding cycle requires use of forage from federal 
rangeland, private rangeland and cropland. 

2) Published statistics usually combine beef and dairy and do 
not distinguish betwen grazing and feedlot operations. 

3) Values for specific products such as feeder calves and year- 
lings or sheep and lambs are not separated. 

Therefore, federal lands are much more important than the availa- 
ble data indicate. 

Red meat can be produced much more efficiently on rangeland 
than on cropland. This is because energy inputs in the form of 

Author is assistant professor of range ecology, Department of Animal and Range 
Sciences, New Mexico State University, Las Cruces, New Mexico 88003. 
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seeding, fertilization, irrigation, and harvesting are not required 
annually on rangeland (Cook 1974, Long 1974, Sisson and Box 
1974, Council for Agricultural Science and Technology 1974, 
Workman 1975, Bommer 1978, Cook 1979). Long (1974) reported 
elimination or large scale reduction of livestock grazing on public 
lands would be wasteful of natural resoures and could have serious 
effects on food prices and supplies. 

Grazing Effects 

Vegetation is the common denominator regarding grazing 
impacts on rangeland ecosystems. The grazing animal affects vege- 
tation directly by defoliation. The primary indirect effects of graz- 
ing on vegetation are the compacting or loosening of the soil profile 
and reduction of mulch and standing dead material. 

Early range research was largely involved with studying the 
impacts of livestock grazing on rangeland vegetation when rela- 
tively little control was applied. However during the past 30 years 
there has been a tremendous increase in the knowledge available 
concerning livestock grazing impacts on vegetation when sophisti- 
cated management programs are applied which carefully control 
frequency, intensity and timing of grazing. Although this informa- 
tion has not been fully applied, it has resulted in great improvement 
of both public and private ranges. The Council for Agricultural 
Science and Technology (I 974) reported most rangelands are bet- 
ter suited to all types of use today than they were before 1950. 
Criticism concerning negative impacts of uncontrolled livestock 
grazing on public lands has generally disregarded the benefits of 
controlled grazing. Positive influences of domestic animals on 
rangelands include the following: 

Loosening of the soil surface during drying periods (Davies 
1938, Campbell 1966, Savory 1978). 

Removal of excess vegetation that may negatively affect net 
carbohydrate fixation and increase water transpiration 
losses (Daubenmire and Colwell 1942, May 1960, Baker 
and Hunt 1961, Williams 1966, Gifford and Marshall 1973, 
Thorn and Koller 1974). 

Incorporating mulch into the soil profile which speeds 
development of humus (Dyksterhuis and Schmutz 1947). 

Recycling nutrients in the ecosystem and making some 
nutrients more available (Petersen et al. 1956, Williams 
1964, Lotero et al. 1966, Barrow 1967, Weeda 1967). 
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5) Maintaining optimal leaf area index (May 1960, Jameson 
1963b, Williams 1966, Brown and Blaser 1968, Ludlow and 
Wilson 197 1, Vickery et al. 1971, Langer 1972, Robson 
1973). 

6) Trampling seed into the ground (Davies 1938, Tanganyika 
Agricultural Corporation 1961). 

increased in the last 60 years (Council for Agricultural Science and 
Technology 1974, Wildlife Management Institute Staff 1978). 
Some of this increase can be attributed to controlled grazing and 
range improvement projects which have resulted in the landscape 
supporting many stages of ecosystem development (Council for 
Agricultural Science and Technology 1974, Wolfe 1978). 

7) Reducing excess accumulations of standing dead vegeta- 
tion and mulch that may chemically and physically inhibit 
new growth (Hopkins et al. 1948, Curtis and Partch 1950, 
Goodman 1953, Conrad 1954, Hopkins 1954, Hopkins 
1956, Glendening and Pase 1964, Young and Hulett 1968). 

8) Inoculating plant parts with saliva, which may stimulate 
plant regrowth (Vittoria and Rendina 1960, Reardon et al. 
1974). 

9) Reducing fire, insect, and rodent problems resulting from 
vegetation accumulation (Launchbaugh 1964, Smith and 
Doe11 1968, Todd and Kamm 1974). 

Several studies are available showing that controlled grazing has 
resulted in vegetation enhancement. Some of the more recent 
studies include Hanson et al. (1970), Currie and Smith (1970), 
Valentine (1970) Kothmann et al. (1975), Martin and Ward 
(1976), Reardon and Merrill (1976), and Skovlin et al. (1976), 
Considerable research is also available showing that lightly or 
moderately grazed plants are more productive than those left 
ungrazed (Nelson 1934, Weaver and Rowland 1952, Garrison 
1953, Trumble and Woodroffe 1954, Jameson 1963a, Lay 1965, 
Laude et al. 1968, Willard and McKell 1973, Tueller and Tower 
1979, McNaughton 1979). These studies suggest that elimination 
of grazing on federal lands would be wasteful and detrimental to 
the vegetation resource. 

Livestock grazing impact on big game animals depends primar- 
ily upon the degree of overlap in diets between a given big game 
species and domestic herbivores. Moderate or light livestock graz- 
ing on rangelands has usually resulted in little competition with big 
game animals (Skovlin et al. 1963, McKean and Bartman 1971, 
Hansen and Reid 1975, Yoakum 1975, Miller and Krueger 1976, 
Currie et al. 1977, Stuth and Winward 1977). Livestock can be used 
as a tool to manipulate vegetation for big game animals. Jensen et 
al. (1972) reported that spring grazing of sheep on deer winter 
range was effective in providing more browse by retarding compe- 
tition from herbaceous growth. Anderson and Scherzinger (1975) 
reported that light cattle grazing actually improved the palatability 
of forage for elk on winter ranges. Moderate cattle grazing in 
British Columbia made spring forage more attractive to deer by 
removing mature forage (Wilms et al. 1979). 

Watershed Effects 

Uncontrolled livestock grazing has resulted in watershed des- 
truction in certain areas. However, controlled grazing is not detri- 
mental to water quality and may increase water quantity. Skovlin 
et al. ( 1976) reported that 15 years of moderate cattle grazing under 
a deferred rotation grazing system at the Starkey Experimental 
Range and Forest in northeastern Oregon resulted in improved 
watershed mulch and vegetation cover. Buckhouse et al. (1977) 
found no difference in surface erosion between properly grazed 
and ungrazed areas. Dunford (1949) and Aldon (1963) reported 
that controlled grazing resulted in watershed improvement rather 
than deterioration. 

Ground nesting birds are probably more severely affected by 
overgrazing than any other group of wildlife. It is well known and 
accepted that gallinaceous gamebirds are intolerant of heavy graz- 
ing during the nesting season. However, many of these same birds 
are dependent on shrubs, annual grasses and forbs associated with 
early successional stages for food (Yocum 1943, Edminster 1954, 
Schemnitz 1961, Hungerford 1962, Christensen 1970, Davis et al. 
1975). Therefore controlled grazing has considerable value as a 
tool to provide a variety of habitats in different successional stages. 
In New Mexico, Campbell et al. (1973) believed that moderate 
grazing could be beneficial to scaled quail by providing more food 
choices of forbs and shrubs than ungrazed grasslands. In Texas the 
endangered Attwater prairie chicken concentrated on grazed pas- 
tures and avoided ungrazed pastures (Kessler and Dodd 1978). It 
was reported that livestock grazing maintains the structural char- 
acteristics of grasslands needed by the Attwater prairie chicken for 
escape, nesting and feeding. These findings were consistent with 
other investigators: who reported prairie chickens avoided thick, 
matted, ungrazed cover (Lehman 1941, Grange 1948). Evidence is 
available that moderate grazing of prairie potholes provides more 
suitable habitat for nesting ducks (Bennet 1938, Kaiser et al. 1979). 
At the Ladd Marsh and Summer Lake waterfowl management 
areas in Oregon, livestock grazing is being used to control vegeta- 
tion and provide a mixture of plant communities needed by 
waterfowl. 

In recent years, studies have been conducted investigating live- 
stock influences on coliform bacteria numbers in water derived 
from rangelands. Buckhouse et al. (1977) and Buckhouse and 
Gifford (1976) found cattle grazing had no influence on water 
coliform counts. Other investigations are available showing lives- 
tock grazing did not cause harmful levels of coliform bacteria 
(Kunkle 1970; Kunkle and Mieman 1967,1968: Stuart et al. 1971). 

Economic Impacts 

Controlled livestock grazing may be an effective tool for increas- 
ing water yields from public lands in certain locations. Studies are 
available showing greater water yields on grazed compared to 
ungrazed areas (Liacos 1962, Hanson et al. 1970, Lusby 1970). 
Data from these investigations showed that light or moderate 
grazing could be used to increased water yield without damage to 
soil or vegetation. 

Two arguments used by those opposed to livestock grazing on 
public lands are that livestock producers are subsidized by low 
grazing fees and that tax payers and other ranchers not using 
public land subsidize those ranchers using public lands by provid- 
ing roads, fences, seedings, water systems, and other benefits. The 
first argument, that livestock producers are subsidized by low 
grazing fees, is only partially correct. Grazing fees on public lands 
are much lower than those on private lands. However, there are 
problems associated with grazing public land that are often over- 
looked. Most of these problems relate to management. On public 
lands the government agency dictates livestock management rather 
than the rancher. Grazing periods and stocking rates are based on 
the average time of range readiness and forage production rather 
than on forage availability and nutritive value during individual 
years. This often results in poor efficiency in the use of the forage 
resource. The rancher on public ranges has little flexibility in the 
type and class of animal that he may graze on a given range. 

Wildlife Impacts 

In recent years there has been a growing interest in the impact of 
controlled livestock grazing on wildlife. The response of wildlife to 
livestock grazing has varied with the species in question and how * Further livestock management programs by government agencies 
the grazing was conducted. It does appear that grazing is not often place indirect restrictions on how the rancher will use his 
detrimental and may actually be beneficial to many important labor resources during critical periods of the year. Most ranchers in 
wildlife species when carefully controlled. the Northwest and some ranchers in the Southwest share the same 

Big game numbers on public rangelands have substantially allotments with other ranchers. This makes it difficult for a rancher 
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to upgrade his herd with superior bulls. Supplementation and early 
weaning programs are virtually impossible on common allotments. 
The rancher grazing on a common allotment must depend on 
cooperation from other ranchers using the allotment in order to 
move cattle at the right time and insure fence maintenance. When 
these disadvantages are all added, grazing on public lands is not as 
lucrative as it may appear. 

In regard to the tax payers’ subsidization of range improvement 
projects, this is only partially correct. Fences, water developments, 
trails and other improvements on public rangeland often come out 
of the rancher’s pocketbook. Range reseeding projects, in many 
cases, involve monetary and labor inputs by ranchers as well as 
government agencies. These improvements all indirectly increase 
the price of an animal unit month to the rancher using public land. 
Improvements such as water development often enhance wildlife 
habitat and sometimes aesthetic values. 

The Council for Agricultural Science and Technology (1974) 
reported that in many areas of the West local ranchers are highly 
dependent on public rangeland in order to stay in business, because 
government agencies own practically all the land except for the 
rancher’s base property. This is particularly true in the states of 
Oregon, Idaho, Nevada, Wyoming, Utah, Arizona, and New Mex- 
ico, where over 50% of the land is in public ownership. Many local 
economies in these states would be severely damaged if grazing was 
terminated on public lands. Taxes derived from ranchers using 
public lands have provided for needed roads, dams, schools, and 
other public works. These ranchers generate many jobs and much 
income for their activities in other segments of society. Also, they 
contribute a way of life and type of person that is important to 
American culture. 

Conclusion 
In conclusion, it must be emphasized that forage is the primary 

crop produced by public rangelands in the western United States. 
Range forage is high in cellulosic material that cannot be used 
directly by humans. However, forage consuming animals such as 
cattle, sheep, and goats can be used to convert the large supplies of 
cellulosic material produced by rangelands into red meat, which 
can be used by man. Livestock grazing controlled by the use of 
scientific principles is compatible with other public rangeland 
resources, such as water and wildlife, and may be used for the 
enhancement of these resources. In the future, it is expected that 
grain for livestock feed and fossil fuels will be in short supply. This 
is coupled with the fact that the world’s population is expected to 
double in the next 75 years while at the same time the land base for 
producing food is shrinking. Under these circumstances it seems 
essential that we rapidly develop our public lands so they will 
support larger numbers of livestock instead of eliminating lives- 
tock grazing from these lands. 

Literature Cited 
Aldon, Earl F. 1963. Sediment production is affected by changes in ground 

cover under semiarid conditions on the Rio Puerto drainage in west 
central New Mexico. Trans. Amer. Geophys. Union. 44:872-873. 

Anderson, E.W., and R.J. Scherzinger. 1975. Improving quality of winter 
forage for elk by cattle grazing. J. Range Manage. 28:2-7. 

Baker, J.N., and O.J. Hunt. 1961. Effects of clipping treatments and clonal 
differences on water requirements of grasses. J. Range Manage. 14:214- 
219. 

Barrow, N.J. 1967. Some aspects of the effects of grazing on the nutrition of 
pastures. J. Aust. Inst. Sci. 33:254-262. 

Bennet, Logan J. 1938. The Blue-winged Teal. Collegiate Press, Ames, 
Iowa. 160 p. 

Bommer, Dieter. 1978. Rangeland resources and world food needs. Sot. 
Range Manage. Proc. 1st Internat. Rangeland Congr. 1:4-8. 

Branson, F.A. 1953. Two new factors affecting resistance of grasses to 
grazing. J. Range Manage. 6:165-171. 

Brown, R.H., and R.E. Blaser. 1968. Leaf area index in pasture growth. 
Herb. Astr. 38:1-9. 

Buckhouse, John R., and Gerald F. Gifford. 1976. Water quality implica- 
tions of cattle grazing on a semiarid watershed in southeastern Utah. J. 
Range Manage. 29:109-l 13. 

Buckhouse, J.C., R.W. Knight, and J.M. Skovlin. 1977. Some erosional 
and water quality responses to selected animal grazing in northeastern 
Oregon. Proc. Oreg. Acad. Sci. 1513-22. 

Campbell, A.G. 1966. Effects of treading by dairy cows on pasture produc- 
tion and botanical structure, on a Te Kowhai soil. N.Z. J. Agr. Res. 
9:1009-1024. 

Campbell, Howard, D.K. Martin, and P.E. Ferkovich. 1973. Effects of 
hunting and some other environmental factors on scaled quail in New 
Mexico. Wildlife Manage. No. 34. 

Christensen, D.C. 1970. The chukar partridge: Its introduction, life, his- 
tory, and management. Nevada Dep. Fish and Game Biologic Bull. 4. 

Clawson, M. 1967. The Federal Lands since 1956: Recent Trends in Use 
and Management. Johns Hopkins Press, Baltimore, Md. 113 p. 

Conrad, E.C. 1954. Effect of time of cutting on yield and botanical compo- 
sition of prairie hay in southeastern Nebraska. J. Range Manage. 7: 18 l- 
182. 

Cook, C. Wayne 1971. Why not say it the way it is? J. Range Manage. 
24:320-321. 

Cook, C. Wayne. 1979. Meat production potential on rangelands. J. Soil 
and Water Conserv. 34: 168-l 7 1. 

Council for Agricultural Science and Technology. 1974. Livestock grazing 
on federal lands in the 11 western states. J. Range Manage. 27: 174-181. 

Currie, Pat O., and Dwight R. Smith. 1970. Response of seeded ranges to 
different grazing intensities. U.S. Dep. Agr. Prod. Res. Dep. 112. 41 p. 

Curtis, John T., and Max L. Partch. 1950. Some factors affecting flower 
production in Andropogon gerardi. Ecology 31:488-489. 

Daubenmire, R.F., and W.B. Colwell. 1942. Some edaphic changes due to 
overgrazing in the Agropyron-Poa prairie of Southeastern Washington. 
Biology 23:32-40. 

Davies, W. 1938. Vegetation of grass verges and other exclusively trodden 
habitats. J. Ecol. 26:38-49. 

Davis, Charles A., Robert C. Barkley, and Walter Hausament. 1975. 
Scaled quail foods in southeastern New Mexico. J. Wildl. Manage. 
39:496-592. 

Dunford, E.G. 1949. Relation of grazing to runoff and erosion on bunch- 
grass ranges. U.S. Forest Forest Serv. Rocky Mtn. Forest and Range 
Exp. Sta. Res. Note 7. 2p. 

Dyksterhuis, E.J., and E.M. Schmutz. 1947. Natural mulches of “1itter”of 
grasslands: with kinds and amounts on a southern prairie. Ecology 
28: 163-179. 

Edminster, F.C. 1954. American Game Birds of Field and Forest. Charles 
Scribner’s and Sons Publ. New York. 320 p. 

Garrison, George A. 1953. Effects of clipping on some shrubs. J. Range 
Manage. 6:309-3 17. 

Gifford, R.M., and C. Marshall. 1973. Photosynthesis and assimilate distri- 
bution in Lolium mulriflorum Lam following differential tiller defolia- 
tion. Aust. J. Biol. Sci. 26:517-526. 

Glendening, George E., and C.P. Pase. 1964. Effect of litter treatment on 
germination of species found under manzanita (Arctostaphylos). J. 
Range Manage. 17:265-266. 

Goodman, Robert N. 1953. Influence of organic mulches on reaction and 
exchangeable calcium content of soil. Soil Sci. 75:459-466. 

Grange, W.B. 1948. Wisconsin grouse problems. Wisconsin Conserv. Dep. 
and Pub. No. 338. 318 p. 

Hanson, C.L., A.R. Kuhlmon, C.J. Erickson, and J.K. Lewis. 1970. Graz- 
ing effects on runoff and vegetation on western South Dakota rangeland. 
J. Range Manage. 23:418-420. 

Hopkins, Harold, F.W. Alhertson, and Andrew Riegel. 1948. Some effects 
of burning upon a prairie in west-central Kansas. Kansas Acad. Sci. 
Trans. 51:131-141. 

Hopkins, Harold. 1956. Effects of mulch on yield and cover in mixed 
prairie. Kansas Acad. Sci. Trans. 59:71-75. 

Hopkins, Harold. 1954. Effects of mulch upon certain factors of the grass- 
land environment. J. Range Manage. 7:255-258. 

Hunger-ford, C.R. 1962. Adaptations shown in selection of food by Gambel 
quail. Condor 64:213-219. 

Hyder, D.N. 1972. Defoliation in relation to vegetative growth, p. 304-3 17. 
In: V.B. Younger, and C.M. McKell (ed.), Biology and Utilization of 
Grasses. Academic Press, New York. 

Jameson, D.A. 1963a. Evaluation of responses of individual plants to 
grazing. U.S. Dep. Agr. Misc. Pub. 940: 109-l 16. 

Jameson, D.A. 1963b. Responses of individual plants to harvesting. Bot. 
Rev. 29:532-594. 

Jensen, C.H., A.D. Smith, and G.W. Scatter. 1972. Guidelines for grazing 
sheep on rangelands used by big game in winter. J. Range Manage. 
25:346-352. 

JOURNAL OF RANGE MANAGEMENT 34(3), May 1981 253 



Kaiser, Patrick H., Stephan S. Beriinger, and Leigh H. Fredrickson. 1979. 
Response of blue-winged teal to range management on waterfowl pro- 
duction areas of southeastern South Dakota. J. Range Manage. 32:295- 
299. 

Kessler, Winifred B., and J.D. Dodd. 1978. Responses of coastal prairie 
vegetation and Attwater prairie chickens to range management practices. 
p. 473-476. In: D.N. Hyder (Ed.) Proc. 1st Internat. Rangeland Cong., 
Sot. Range Manage. 

Kothman, M.M., W.S. Rawlins, and Jim Bluntzer. 1975. Vegetation and 
livestock responses to grazing management on the Texas Experimental 
Ranch. Texas Agr. Exp. %a., PR-3310. 4 p. 

Kunkle, S.H. 1970. Sources and transport of bacterial indicator in rural 
streams. Presented at a symposium on the Inter-disciplinary Aspects of 
Watershed Management, Montana State Univ., Bozeman,. Aug. 3-6, 
1970. 31 p. 

Kunkle, S.H., and J.R. Meiman. 1967. Water quality of mountain 
watersheds. Hydrology Papers. No. 1, Colorado State Univ., Fort Col- 
lins. 53 p. 

Kunkle, S.H., and J.R. Meiman. 1968. Sampling bacteria in a mountain 
stream. Hydrology Papers. No 28. Colorado State Univ., Fort Collins. 
27 p. 

Langer, R.H.M. 1972. How Grasses Grow. Arnold, London. 100 p. 
Launchbaugh, J.L. 1964. Effects of yearlings spring burning on yields of 

native vegetation. J. Range Manage. 17:5-6. 
Lay, D.W. 1965. Effects of periodic clipping on yield of some common 

browse species. J. Range Manage. 18:181-184. 
Laude, Horton M., Tuillermo Riveros, Alfred M. Murphy, and Robert E. 

Fox. 1968. Tillering at the reproductive stages in Hardinggrass. J. Range 
Manage. 21:148-151. 

Lehman, V.W. 1941. Attwater’s prairie chicken: Its life history and man- 
agement. U.S. Fish and Wildlife Serv. North America Fauna 57. 62 p. 

Leopold, Aldo. 1933. Game Management. Charles Scribner’s Sons, New 
York. 481 p. 

Liacos, Leonidas G. 1962. Water yield as influenced by degree of grazing in 
the California winter grasslands. J. Range Manage. 15:34-42. 

Long, Robert W. 1974. Future of rangelands in the United States. J. Range 
Manage. 27:253-255. 

Lotero, J., W.W. Woodhouse, and R.G. Petersen. 1966. Local effect on 
fertility of urine voided by grazing cattle. Agron. J. 58:262-265. 

Ludlow, M.M., and G.L. Wilson. 1971. Photosynthesis of tropical pasture 
plants. III. Leaf age. Aust. J. Biol. Sci. 24:1077-1087. 

Lusby, G.C. 1970. Hydrologic and biotic effects of grazing vs. non-grazing 
near Grand Junction, Colorado. J. Range Manage. 23:256-260. 

Martin, S. Clark, and Donald E. Ward. 1976. Perennial grasses responded 
inconsistently to alternate year seasonal rest. J. Range Manage. 29:346. 

May, L.H. 1960. The utilization of carbohydrate reserves in pasture plants 
after defoliation. Herb. Abstr. 30:239-245. 

McNaughton, S.J. 1979. Grazing as an optimization process: Grass- 
ungulate relationships in the Serengeti. The Amer. Natur. 113:691-703. 

Nelson. E.W. 1934. The influence of precipitation and grazing upon black 
grass range. U.S. Dep. Agr. Tech. Bull. 409. 55 p. 

Peterson, R.G. 1962. Factors affecting resistance to heavy grazing in 
needle-and-thread grass. J. Range Manage. 15: 183- 189. 

Peterson, R.G., H.L. Lucas, and W.W. Woodhouse. 1956. The distribution 
of excreta by freely grazing cattle and its effect on pasture fertility. I. 
Excreta distribution. Agron. J. 58:440-444. II. Effects of returned excreta 
on the residual concentrations of some fertilizer elements. Agron. J. 
581444-449. 

Reardon, P.O., C.L. Leinweber, and L.B. Merrill. 1974. Response of 
sideoats grama to animal saliva and thiamine. J. Range Manage. 27:400- 
401. 

Reardon, Patrick O., and Leo B. Merrill. 1976. Vegetative response under 
various grazing management systems in the Edwards Plateau of Texas. J. 
Range Manage. 29: I95- 198. 

Rechenthin, C.A. 1956. Elementary morphology of grass growth and how 
it affects utilization. J. Range Manage. 9: 167-170. 

Robson, M.J. 1973. The growth and development of simulated swards of 
perennial rye grass. I. Leaf growth and dry weight changes as related to 
the ceiling yield of a seedling sward. Ann. Bot. (Land.) 37:487-500. 

Savory, Allan. 1978. A holistic approach to range management using short 
duration grazing. p. 555-557. In: D.N. Hyder, (ed.), Proc. 1st Internat. 
Rangeland Cong. Sot. Range Manage., Denver, Colo. 

Schemnitz, S.D. 1961. Ecology of the scaled quail in Oklahoma panhandle. 
Wildl. Monogr. 8: l-47. 

Sisson, W.B., and T.W. Box. 1974. Range research: an expanding role in 
meeting demands from the rangelands of the United States. Rangeman’s 
J. 1:36-40. 

Skovlin, J.M., R.W. Harris, G.S. Strickler, and G.A. Garrison. 1976. 
Effects of cattle grazing methods on ponderosa pine-bunchgrass range in 
the Pacific Northwest. U.S. Dep. Agr. Forest Serv., Pac. N.W. Forest 
and Range Exp. Sta. Res. Bull. No. 1531. 61 p. 

Smith, A.D., and Dean D. Doell. 1968. Guides to allocating forage between 
cattle and big game on big game winter range. Utah State Div. of Fish 
and Game Pub. No. 68-l 1. 65 p. 

Stuart, D.G., G.K. Bissonnette, T.D. Goodrich, and W.G. Walter. 1971. 
Effects of multiple use on water quality of high mountain watersheds. 
Bacteriological investigations of mountain streams. Applied Microbio. 
22:1048-1054. 

Tanganyika Agriculture Corporation. 1961. The influence of cattle tram- 
pling on the establishment of perennial grasses. Herb. Abst. 3 1:265, Abst. 
No. 1500. 

Thorne, J.H., and R.H. Koller. 1974. Influence of assimilate demand on 
photosynthesis, diffusive resistances, translocation and carbohydrate 
levels of soybean leaves. Plant Physiol. 54:201-207. 

Todd, J.G., and K.A. Kamm. 1974. Biology and impact of a grass bug 
(Labops hesperunce) Uhler in Oregon rangeland. J. Range Manage. 
27:453-458. 

Trumble, H.H., and K. Woodroffe. 1954. The influence of climatic factors 
on the reaction of desert shrubs to grazing by sheep, p. 129-147. In: J.L. 
Cloudsley-Thompson (ed.), Biology of deserts. Inst. Biol. London. 

Tueller, Paul T., and Jerald D. Tower. 1979. Vegetation stagnation in three 
phase big game enclosures. J. Range Manage. 32:258-264. 

Valentine, K.A. 1970. Influence of grazing intensity on improvement of 
deteriorated black grama range. New Mexico Agr. Exp. Sta. Bull. 553.2 1 
P* 

Vickery, P.J., V.C. Brink, and D.P. Ormond. 1971. Net photosynthesis and 
leaf area index relationships in swards of Dactylis glomerata under 
contrasting defoliation regimes. J. Br. Grassland Sot. 26:85-90. 

Vittoria, A., and N. Rendina. 1960. Fattori condizionanti la funzionalita 
triaminica in piante superiori e cenni sugli effetti dell bocca dei ruminanti 
sull erbe pascolative. Acta Med. Vet. (Naples) 6:379-405. 

Weaver, J.E., and N.W. Rowland. 1952. Effects ofexcessive natural mulch 
on development, yield, and structure of native grassland. Bot. Gaz. 
114:1-19. 

Weeda, W.C. 1967. The effect of cattle dung patches on pasture growth, 
botanical composition and pasture utilization. N.Z. J. Agr. Res. 10: 150- 
159. 

Wildlife Management Institute Staff. 1978. The future. p. 417425. In: 
Schmidt, John L., and Douglas Gilbert (ed.). Big Game of North Amer- 
ica. Stakpole Books, Harrisburg, Pa. 494 p. 

Willard, E.E., and Cyrus M. McKell. 1973. Simulated grazing management 
systems in relation to shrub responses. J. Range Manage. 26: 171-174. 

Williams, O.B. 1964. Energy flow and nutrient cycling in ecosystems. Proc. 
Aust. Sot. Anim. Prod. 5:291-300. 

Williams, W.A. 1966. Range improvement as related to net productivity, 
energy flow and foliage configuration. J. Range Manage. 19:29-34. 

Wilms, W.A., A. McLean, R. Tucker, and R. Ritchey. 1979. Interactions 
between mule deer and cattle on big sagebrush range in British Colum- 
bia. J. Range Manage. 321299-304. 

Wolf, Michael L. 1978. Habitat changes and management. p. 349-369. In: 
Schmidt, John L., and Douglas Gilbert (Ed.). Big Game of North Amer- 
ica. Stackpole Books. Harrisburg, Pa. 494 p. 

Workman, John P. 1975. Speculation of future beef production on range- 
land. Rangeman’s Journal. 2: 113-I 14. 

Yocum, C.F. 1943. The Hungarian partridge, Perdix perdix (L), in the 
Palouse region, Washington. Ecol. Mongr. 13: 167-201. 

Young, S.E., and G.K. Hulett. 1968. Emergence and growth of six mixed 
prairie grasses under the influence of Yucca gluuca extract. Kansas 
Acad. Sci. Trans. 71:136-144. 

JOURNAL OF RANGE MANAGEMENT 34(3), May 1981 



BOOK REVIEWS 

Tropical Pasture Science. By P.C. Whiteman. 1980. Oxford 
University Press, 200 Madison Avenue, New York, New 
York 10016. 392 p. $58.00, paper $28.50. 

Over the years, several books have appeared dealing with tropi- 
cal pasture science and yet there is little overlap between them. The 
reason for this is that pasture science comprises and emphasizes 
many other sciences; such as, plant ecology, botany of pasture 
species, or animal production. The field is too large to encompass 
all aspects in one volume. 

The present book represents the Australian school, with empha- 
sis on legumes, plant nutrition, grazing management, and animal 
production. Of the six chapters, three deal with the major resources 
of pastures (climate, soils, and species) and three with their use 
(management, animal production, and applications). I would have 
preferred a different lay-out with shorter chapters and topics dealt 
with under their main headings. For example, plant physiological 
aspects are treated under climate (Cs versus C4 plants, photoperi- 
odism, thermal adaptation) and also under species (adaptation to 
photoperiod, temperature stress, water stress). There is a similar 
decentralisation on mineral nutrition of pastures. 

In describing the characteristics of tropical climates and tropical 
pasture development, it is unfortunate that Koppen’s (1936) mean 
limit of 18’ C for the coldest month was chosen. This excludes 
regions with cool dry winters and warm humid summers where 
only (sub-) tropical pasture plants are adapted, such as southern 
Queensland. Temperature is the main limiting factor for tropical 
pasture-plant adaptation. Where summer rainfall predominates, 
winter temperatures are less important because lack of moisture 
limits winter growth. 

The chapter on soils describes the main process of soil formation 
and basic soil chemistry. Soil classification receives too much 
attention. The lack of emphasis in many tropical countries on 
pasture-plant nutrition makes the 46 pages on soil fertility a most 
welcome part of the book. The section on soil fertility assessment 
and correction does not describe even a broad outline of any 
technique. However, there are many publication references which 
describe techniques in detail. There is a useful table on the compo- 
sition of various fertilizers, but a useless table on the pH preferen- 
ces of 46 plants, two of which are pasture legumes and three are 
grasses. 

The techniques of plant introduction and evaluation are de- 
scribed in a logical sequence: nursery, small sward plot, and graz- 
ing trail. The latter could have received more attention with at least 
some reference to techniques. The various pasture grasses and 
legumes used in Australia are listed with their main adaptations to 
frost, drought, water logging, soil preferences, and minimum rain- 
fall requirements. This list will be helpful to inexperienced research 
workers for initially testing a suite of species. 

A chapter on the management of pastures deals with pasture 
establishment, the role of legumes, factors affecting N-fixation, 
and integration of pasture in cropping systems. There is a good 
discussion on mineral nutrition in relation to N-fixation and the 
effect of fertilizers on legume content. 

The chapter on animal production treats nutritive value, 
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methods of its measurement, and factors influencing it. Stocking 
rate is the main factor determining productivity and is discussed in 
detail, particularly the various mathematical models that have 
been developed over the last 20 years. Tropical pasture utilization 
and grazing behaviour receive adequate attention, Some of the 
numerous grazing systems are described and compared. However, 
I must point out an error on page 3 15 where “creep grazing” is 
described as a system allowing the highest producing animals first 
access followed by less demanding classes of stock. My under- 
standing of creep grazing is that lambs are allowed to graze a 
separate area from mature stock via a small opening in the fence. 
This method is thought to help control parasites. I am in agreement 
with the conclusion that fancy grazing systems are by no means 
proven techniques for increased pasture stability of animal produc- 
tion. The nutritional limitations of tropical pastures are clearly 
pointed out, particularly for dairy production. I agree wholeheart- 
edly with the opinion that there is no great benefit in increasing the 
genetic production potential of livestock as long as the nutritional 
requirements of the existing animals are not met. 

The final chapter gives an overview of the requirements for a 
pasture research program, a description of the main pasture and 
animal production systems, and the options for pasture 
improvement. 

It would not be difficult to point out omissions because tropical 
pasture science is such a large field. However, a book aimed at 
students should contain a chapter on techniques of pasture man- 
agement, particularly botanical composition. Generally, the book 
is well produced with few typographical errors and is up-to-date. 

Despite the criticisms pointed out in this review, students and 
research workers in developing countries will greatly benefit from 
the book. It describes the typical Australian approach to pasture 
development which considers pastures in the light of animal 
production.-L. ‘Z Munnezje, Brisbane, Queensland, Australia. 

Heathlands and Related Shrublands. . . Part A: Descriptive 
Studies. (Ecosystems of the World 9A). Edited by R.L. 
Specht. 1979. Elsevier Scientific Publishing Co., 335 Jan 
van Galenstraat, P.O. Box 211, 1000 AE Amsterdam, The 
Netherlands (or, 52 Vanderbilt Ave., New York, NY 
10017). 497 p. $83.00. 

Heathlands may be found in all parts of the world on oligotro- 
phic soils that are deficient in phosphorus and nitrogen. A distinct 
scleropyllous flora, adapted to fire, has evolved to occupy these 
nutrient-poor habitats which are principally in southern Australia, 
Africa, South America, Western Europe, the East Indies, arctic 
areas, and many highlands throughout the world. Heathland com- 
munities are often boggy and dominated by Diapensiaceae, Empe- 
traceae, Epacridaceae, Ericaceae, Grubbiaceae, Prionotaceae, and 
Vacciniaceae. 

The twenty-three chapters of this book are authored by regional 
specialists. Each chapter provides information on the nature of the 
climate and soils, plant community structure, vegetation succes- 
sion, and plant-animal relationships of a given heathland type. 
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Four heathland types of the lower United States are described: 
Appalacian Balds, southeastern shrublands, pine barrens, and 
California coastal forest. Alaskan heathlands are included in a 
comprehensive coverage of circumboreal Arctic heathlands. 

Specht’s introductory chapter hypothesizes that present distri- 
bution patterns and ecological similarities have their origin in early 
geological association of the major continents, thus providing for 
common origin of plant sclerophylly and acid tolerance. Continen- 
tal drift helps to account for parallel plant types being located in 
their present diverse locations. 

For the rangeland manager and scientist, this book provides 
some new insights to a type of shrubland not commonly encoun- 
tered in their arid land experience. Whittaker’s chapter points out 
that North American heathlands have unique characteristics: (1) 
They are primarily communities with evergreen broad-sclerophyll 
shrubs, (2) Numerous European families are lacking, but the 
holarctic Rhododendnon and Arctostaphylos, the nearctic Kalmia 
and Gaylussacia, and the widespread Vaccinium are major North 
American heathland constituents, (3) Heathlands bracket the Uni- 
ted States with a thin line along the east coast, the Pacific North- 
west, the arctic region of Alaska, and in mountainous forests, (4) 
Heathlands form only a small part of the North American vegeta- 
tion that occurs mostly on acid soils of humid and subhumid 
locations, (5) Heathlands are marginal to forests in unique loca- 
tions such as bogs, timberline, windswept coasts, and some serpen- 
tine soils, and (6) the North American heathland communities are 
floristically poor which suggests they are young in contrast to those 
of Australia and South Africa. 

As a reference for floristics and basic ecological information 
there is a wealth of information in Heathlands and Related Shrub- 
lands. However, there is precious little information on manage- 
ment and responses of vegetation to use and disturbance.-Cyrus 
M. McKell, Logan, Utah. 

Brush Management: Principles and Practices for Texas and 
the Southwest. By Charles J. Scifres. 1980. Texas A&M 
University Press, Drawer C, College Station, Texas 
77843. 360 p. $17.50. 
This book has an accurate title. It gives excellent coverage of 

Texas and portions of adjoining states for brush management on 
pastures and rangelands. The book is well based on research 
findings and should serve as a fine text for range management 
students and as an excellent reference for range managers and 
those in action agencies in policies in policy making positions. 

The author has drawn heavily on his own research and teaching 
experience to produce a volume that is extremely usable. The 
preface and first chapter present a brief analysis of the origin of the 
brush problem, some of the ecological relationships, and the 
author’s philosophy about various terms as to what can be done 
about the problems. His next step is to describe major land 
resource areas in Texas and to relate the delineations to the woody 
plant cover. 

Chapter three consists of the description of 68 species of woody 
plants from Agarito to Yaupon, a paragraph on distribution and 
ecology, and either a statement or discussion on control measures. 
A few species have some promising treatments listed that relate to 
recent research findings. I found this chapter interesting and feel it 
will be of utmost value to the user. It also ties each species to the 
land resource areas and adds detailed value to that concept. 

The next section consists of five chapters discussing the major 
methods of managing brush cover: (1) mechanical, (2) chemical, (3) 
burning, and (4) biological. Two chapters are devoted to herbicides 

and contain basic information on the major families of herbicides 
and herbicide application. The third, “Herbicides and the Range- 
land Environment,” would be good reading for all persons inter- 
ested in the environment. Although the material is designed to help 
in the management of various forms of vegetation, it can be readily 
understood by any interested reader and help in understanding 
some of the soil-plant interactions. If there is a shortage in this 
area, it may be the limited or lack of references to paraquat and 
glyphosate and their possible uses. 

Chapter 9 covers wildlife habitat management which has 
received a relatively small amount of attention. As the author 
points out, “the simultaneous use of rangeland for quality wildlife 
habitat and livestock production has never been in conflict, if 
common sense is exercised in the development of sound resource 
management plans.” 

The final chapter is of special importance to the student and the 
professional manager by pointing out the value of a complete 
systems approach. The author brings together various range 
improvement techniques, examples of grazing systems, and types 
of economic analysis needed to make appropriate decisions in 
development of a plan. 

The book is well written and easily read. The author intersperses 
first person writing to give the reader a much closer relationship to 
the material. An appendix of selected plant and animal scientific 
names and an excellent glossary of terms is provided. The index is 
detailed enough to make access readily available to all readers. An 
extensive bibliography provides the reader with adequate oppor- 
tunity to dig more deeply in many topics.-M.K. McCarty, Lin- 
coln, Nebraska. 

NEW PUBLICATIONS 

Survey Methods for Ecosystem Management. By Wayne L. 
Myers and Ronald L. Shelton. 1980. John Wiley & Sons, 
Inc., One Wiley Drive, Somerset, New Jersey 08873.403 
p. $29.50. 
The authors state “. . . that an ecological approach is the best way 

to ensure an orderly development and effective use of environmen- 
tal data systems. For this reason the ecological role of each ecosys- 
tem component is discussed briefly in the process of presenting 
methods by which it may be surveyed.” This text presents an 
integrated view of ecosystem management and provides an under- 
standing of how information can be obtained for each component 
of an ecosystem. 

The book is divided into an introductory chapter which is fol- 
lowed by two parts, “Fundamentals of Survey Systems” and “Sur- 
veying Ecosystem Components.” Part 1 consists of two chapters: 
“Information Systems and Survey Planning”and “Basic Measure- 
ments”. Four chapters constitute Part 2: “The Foundations of 
Ecosystems: Topography, Soils, and Geology”, “The Environmen- 
tal Utilities: Radiant Energy, Air, Water, and Weather*‘, “Vegeta- 
tion: A Renewable Resource,“and “Human Influences”. An eleven 
part appendix, “Descriptive Statistics and Sampling”, and an 
index conclude the text; each chapter is followed by a biblio- 
graphy. Survey methods for animal populations and mineral 
exploration are excluded. 

The authors have attempted to provide a text that will meet the 
needs of single- and multi-discipline courses, and broaden the 
perspective of those involved in environmental resource 
management.--Ed. 

256 JOURNAL OF RANGE MANAGEMENT 34(3), May 1961 




	TABLE OF CONTENTS: Vol. 34, No. 3, May 1981
	ARTICLES
	Mulching, Furrowing, and Fallowing of Forage Plantings on Arizona Pinyon-Juniper  Ranges
	Nodulation and Acetylene Reduction by Certain Rangeland Legume Species under Field Conditions
	Toxicity and Control of Kelsey Milkvetch
	Effects of Range Improvement on Roosevelt Elk Winter Nutrition
	Response of Western Prairie to Intensive Clipping and Five Stages of Developmenu
	White-tailed Deer Diets from Pastures in Excellent and Poor Range Condition
	Deer and Elk Use on Foothill Rangelands in Northeastern Oregon
	Translocation and Storage of 14C-labled Total Nonstructural Carbohydrates in Honey Mesquite
	Preliminary Observations on the Performance of Some Exotic Species of Atriplex in Saudi  Arabia
	Comparison of Herbage Production erately Grazed and Ungrazed Rang&
	Response of Bobwhites to Cover Changes within Three Grazing Systems
	Diameter Length, Weight Relations for Blackbrush [ Coleogyne ramosissima] Branches
	Application of Remote Sensing to Prairie Dog Application of Remote Sensing to Prairie Dog Management
	Estimating Twig and Foliage Biomass of  Sagebrush, Bitterbrush, and Rabbitbrush in the Great Basin
	Sediment Production as Influenced by Livestock Grazing in the Texas Rolling Plains
	Esophageal, Fecal and Exclosure Estimates of Cattle Diets on a Longleaf Pine-Bluestem  Range 
	Low-energy Grubbing for Control of  Junipers 

	TECHNICAL NOTES
	Sand Dams as a Feasible Water Development for Arid Regions
	The Binary Search for Accuracy in Plant Symbols
	Herbage Capacitance Meter: an Evaluation of Its Accuracy in Florida Rangelands
	Diets of Domestic Sheep and Other Large Herbivores in Southcentral Colorado
	Diet selection of Hereford, Angus X Hereford and Charolais X Hereford Cows and Calves
	Root Biomass Calculation Using a Modified Counting Technique

	VIEWPOINT
	Forest Grazing: Past and Future
	Livestock Grazing Impacts on Public Lands: A Viewpoint

	BOOK REVIEWS
	Tropical Pasture Science
	Heathlands and Related Shrublands. . . Part A: Descriptive Studies
	Brush Management: Principles and Practices for Texas and the Southwest
	Survey Methods for Ecosystem Management.


	AUTHORS
	BARTOLOME, JAMES W.
	BLACKBURN, WILBERT H.
	BRYANT, F.C.
	BURKHARDT, WAYNE J.
	BROCK JOHN H.
	BILAN, THOMAS N.
	CRAWFORD, JOHN A.
	CROSS, B.T.
	CRONIN, E.H.
	DALSTED, K.J.
	DEAN, SHEILA
	FICK, WALTER H.
	GIBBENS, R.P.
	GOMM, F.B.
	GOETZ, HAROLD
	HAMMERQUIST-WILSON, MARCIA M.
	HANSEN, R.M.
	HANSEN, RICHARD M.
	HOLDERMAN,  CHARLES A.
	HOLECHEK, JERRY L.
	HUNTER, DENNIS H.
	HYDER, S.Z.
	JOHNSON, D.A.
	JOHNSEN,  JR., T.N. 
	JOHNSON, MARK K.
	KLUKAS, R.
	KOSCO, BARBARA H.
	KRUEGER, WILLIAM C.
	KRUEGER, WILLIAM C.
	LACEY, JOHN R.
	LAVIN, FRED
	MacCRACKEN, JAMES G.
	Mannetje, L.
	McCarty, M. K.
	McKell, Cyrus M.
	MEEUWIG, RICHARD 0.
	MERRILL, L.B.
	MERESZCZAK, IHOR M.
	MILLER, RICHARD F.
	NIELSEN, G.A.
	OLSEN, JOHN D.
	PEARSON, HENRY A.
	PROVENZA, FREDERICK D.
	RITTENHOUSE, LARRY R.
	RUMBAUGH, M.D.
	SATHER-BLAIR, S.
	SCHAFER, WILLIAM M.
	SIVILS, BILLIE E.
	SOSEBEE, RONALD E.
	SWINDEL, BENEE F.
	TAYLOR, C.A.
	TERRY, STEPHEN W.
	URNESS, PHILIP J.
	VAVRA, MARTIN
	VAVRA, MARTIN
	VAN POOLLEN, WALT  H.
	WALKER, JOHN W.
	WILLIAMS, COBURN M.
	WIEDEMANN,  H.T.
	WOOD, KARL M.
	WORCESTER, B.K.


