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orthic profile developed under 
grassland, chroma generally in- 
creases toward the lower horizons. 
In our study, chroma became 
brighter as grazing intensity in- 
creased, probably reflecting in- 
creased use of vegetation and loss 
of organic matter due to increased 
grazing pressure, and possibly re- 
flecting increased erosion. 

Seventeen years of continuous 
summer grazing at a very heavy 
rate changed the soil of the study 
location. There were indications 
that the character elf soil of the 
very heavily grazed field was being 
transformed to that of a drier 
microclimate. These indications 
were: a change in color of the Ah 
from black to dark brown; a change 
in pH from 5.7 to 6.2; lower per- 
cent OM; lower percent soil mois- 
ture; and higher soil temperature. 
Previous studies showed that heavy 
grazing resulted in lower yield of 
forage, less mulch on the surface, 
and reduced weight of roots (Johns- 
ton, 196 1; Jo,hnston, 1962). 

land results in the creation of an 
artificial ‘droughty’ condition in 
the fields being overgrazed. 

The results of our study demon- 
strate a tenet of range management, 
that overg-razing of native range- 

Literature Cited 

ATKINSON, H. J., G. R. GILES, A. J. 
MACLEAN, AND J. R. WRIGHT. 1958. 
Chemical methods of soil analysis. 
Contrib. 169. Can. Dep. Agr., Chem. 
Div., Ottawa. 90 p. 

BEKE, G. J. 1969. Soils of three ex- 
perimental watersheds in Alberta 
and their hydrologic significance. 
Ph.D. thesis. Univ. Alta., Edmonton. 
456 p. 

BUNTLEY, G. J., AND F. C. WESTIN. 
1965. A comparative study of de- 
velopmental color in a Chestnut- 
Chernozem-Brunizem soil climose- 
quence. Soil Sci. Sot. Amer. Proc. 
29: 579-582. 

COUPLAND, R. T., AND F. C. BRAY- 
SHAW. 1953. The fescue grassland 
of Saskatchewan. Ecology 34: 386- 
405. 

DORMAAR,\ J. F., AND L. E. LUTWICK. 
1966. A biosequence of soils of the 
rough fescue prairie-poplar transi- 
tion in southwestern Alberta. Can. 
J. Earth Sci. 3:457-471. 

41:615-622. 
JOHNSTON, A. 1962. Effects of grazing 

intensity and cover on the water- 

DYKSTERHUIS, E. J. 1949. Condition 
and management of range land based 
on quantitative ecology. J. Range 
Manage. 2: 104-l 15. 

JOHNSTON, A. 1961. Comparison of 
lightly grazed and ungrazed range 
in the fescue grassland of south- 
western Alberta. Can. 1. Plant Sci. 

8 

l- . 

Evaluation of Pinyon- J uniper 
to Grassland’ 
RICHARD S. AR02 

Conversion 

Botanist, Water Resources Division, 
U.S. Geological Survey, Denver, Colorado. 

Highlight basis for an evaluation of several 

Conversion techniques applied to 
methods. Burning was the most effec- 

public lands in Colorado, Utah, Ari- 
tive and the least expensive method 

zona, and New Mexico provided the 
studied. Dozing of trees into win- 
drows, followed by seeding of grasses _ _ 

lPublication authorized by the Di- in the cleared areas, was the best 

rector, U.S. Geological Survey. Re- mechanical approach examined, but 
ceived October 22, 1968; accepted for requires careful site selection and eco- 
nublication Tanuarv 11, 1971. nomic evaluation. Chaining was the 

2bresent ad&ess ii Department of most widely used, but the least effec- 
Range Science, Colorado State Uni- tive technique for converting pinyon- 
versity, Fort Collins, Colorado 8052 1. juniper woodland ‘to grassland. 

intake rate of fescue grassland. J. 
Range Manage. 15:79-82. 

KLEMMEDSON, J. 0. 1970. Needs for 
soil information in the management 
of range resources. J. Range Manage. 
23: 139-143. 

LUTWICK, L. E., AND J. F. DORMAAR. 
1968. Productivity of a soil bio- 
sequence of the fescue prairie-aspen 
transition. J. Range Manage. 21: 
24-27. 

LUTWICK, L. E., AND A. JOHNSTON. 
1969. Cumulic soils of the rough 
fescue prairie-poplar transition 
region. Can. J. Soil Sci. 49:199-203. 

Moss, E. H., AND J. A. CAMPBELL. 1947. 
The fescue grassland of Alberta. Can. 
J. Res., C 25:209-227. 

MUNSELL SOIL COLOR CHARTS. 1954. 
Munsell Color Co., Inc., Baltimore, 
Md. 

NEAL, J. L., JR. 1969. Inhibition of 
nitrifying bacteria by grass and forb 
root extracts. Can. J. Microbial. 15: 
633-635. 

PEECH, M. 1965. Hydrogen-ion ac- 
tivity, p. 914-926. In Black, C. A. 
(Ed.). Methods of soil analysis. Amer. 
Sot. Agron. Monogr. No. 9. 

SHANTZ, B. 1967. Rodent-watershed 
relationships. Project Progr. Rep. 
82-5-5-132. Mimeo. Can. Wildlife 
Serv., Edmonton. 79 p. 

SMOLIAK, S., R. A. WROE, A. JOHNSTON, 
AND L. M. FORBES. 1969. Alberta 
guide to range condition and stock- 
ing rates. Alta. Dep. Lands & Forests, 
Edmonton. 11 p. 

Livestock grazing is the major 
use of the pinyon-juniper vegeta- 
tion type. In many areas it pro- 
vides critical spring and fall range 
for large numbers of cattle and 
sheep. Heavy grazing of pinyon- 
juniper ranges has not oaly caused 
a decline in forage production, but 
has been accompanied by increases 
in density and extent of tree stands. 
Invasion of grasslands by juniper 
trees and the thickening of es- 
tablished pinyon-juniper stands 
have been associated with the re- 
moval of grass co’mpetition by graz- 
ing (Nichol, 1943; Woodbury, 1947; 
Arnold, 1959; Mason, 1963), and 
also with the reduction of wood- 
land fires (Leopold, 1924; Pearson, 
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193 1; Parker, 1945; Arnold and 
Schroeder, 1955; Humphrey, 1962; 
Johnsen, 1962; Cho,ate, 1966). 

Owners and managers’ of pinyon- 
juniper rangelands seek ways to 
control these unwanted trees and 
convert woodlands to grasslands to 
increase forage production. Public 
agencies, in particular, are also in- 
terested in the improvement of 
wildlife habitat, increased water 
yields, and reduction of sediment 
yields in many parts of the pinyon- 
juniper region. 

A number of methods have been 
used to control pinyon and juniper 
trees to improve range production 
and watershed conditions. The ob- 
jectives of this study were: (1) to 
evaluate techniques used to con- 
vert pinyon-juniper woodland to 
grassland, and (2) to define the site 
conditions under which certain con- 
version methods should yield the 
best results. 

The author gratefully acknowl- 
edges the help of Farrel A. Bran- 
son and Lynn M. Shown, Water Re- 
sources Division, U.S. Geological 
Survey, Denver, Colorado; the late 
William L. Schroeder, Bureau of 
Indian Affairs, Valentine, Arizona; 
R. R. Humphrey, Tucson, Arizona; 
and personnel of the Bureau of 
Land Management districts where 
conversion practices were evaluated. 

Description of the 
Pinyon- Juniper Type3 

The pinyon-juniper woodland 
type covers about 65 million acres 
located largely in Arizona, Colo- 
rado, Nevada, New Mexico, and 
Utah (U.S. Dep. Agr., 1958). It 
varies from nearly closed stands of 
single tree species with almost no 
unders tory vegetation to wide- 
open stands of pinyon, juniper, or 
both, scattered among grasses and 
shrubs. A typical pinyon-juniper 
woodland has the aspect of a 
stunted coniferous fo,rest, with its 
many-branched trees often appear- 
ing more like shrubs. Pinyon and 
juniper trees are seldom more than 

3For more detailed descriptions of the 
pinyon-juniper type see Dortignac 
(1960) and Arnold et al. (1964). 

40 feet tall and are usually shorter 
than 20 feet, while trunk diameters 
rarely exceed 24 inches (Preston, 
1940). A pinyon-juniper stand 
usually doles not contain a large 
number of different plant species, 
but because of the wide distribu- 
tion of the type, the total associated 
flora includes a rich variety of 
woody and herbaceous plants. 

Pinyon (Pinus edulis) and either 
Utah juniper (Juniperus osteo- 
sperma) and one-seed juniper (J. 
monosperma) are the only impor- 
tant tree species in the community 
through most of its range. Utah 
juniper is the usual codolminant 
with pinyon in Nevada, Utah, west- 
ern Colorado and northwestern Ari- 
zona. One-seed juniper normally 
occurs with pinyon from north- 
central Ariiona through New Mex- 
ico and into Texas and parts of 
southern Colorado. However, since 
Utah juniper and one-seed juniper 
are so similar, both taxonomically 
and ecologically, the distinctions 
between them will be ignored, and 
hereinafter “juniper” will refer to 
either or both of these species. In 
Nevada, and at some localities in 
western Utah and northwestern 
Arizona, singleleaf pinyon (P. 
monophyltu) is the codominant 
with one of the junipers, and also 
frequently occurs in nearly pure 
stands. Rocky Mountain juniper 
(J. scopulorum) is found over most 
of the range of pinyon-juniper 
woodlands, usually at the upper 
altitudinal levels, but seldom as a 
dominant in the mixed community. 

Shrubs and half-shrubs which are 
commonly present with pinyon- 
juniper stands include: moun- 
tain-mahogany (Cercocarpus sp.), 
antelope bit terbrush (Purshia tri- 
den ta ta), serviceberry (Amelanchier 
sp.), big sagebrush (Artemisia tri- 
dent&a), black sagebrush (A. nova), 
rabbitbrush (Ch ysothamnus sp.), 
cliffrose (Cowania mexicana), 
Apache-plume (FaZlugia paradoxa), 
jointfir (Ephedra sp.), oak (Quer- 
cus sp.), yucca (Yucca sp.), prickly- 
pear (Opuntia sp.), snakeweed (Gu- 
tierrexia sarothrae), and eriogonum 
(Eriogonum sp.). 

Grasses common to the pinyon- 
juniper type are: Indian ricegrass 
(Oryxopsis hymenoides), needleand- 
thread (Stipu corn&a), squirreltail 
(Sitanion hystrix), junegrass (Koe- 
leria cristata), galleta (Hilaria 
jamesii), blue grama (Bouteloua 
gracilis), side-oats grama (B. curti- 
penduta), ringgrass (Muhlenbergia 
torreyi), western wheatgrass (Agro- 
pyron smithii), bluebunch wheat- 
grass (A. sfkatum), slender wheat- 
grass (A. trachycaulum), downy 
chess (Bromus tectorum), and three- 
awn (Aristida sp.). 

Most of the pinyon-juniper wood- 
land lies between 5,000 and 7,000 
feet altitude and receives 10 to 14 
inches of precipitation annually. 
Pinyon-juniper woodlands occur on 
a wide variety of underlying rocks 
including sandstone, limestone, ba- 
salt, and the soils derived from 
them. According to Woodbury 
(1947), the upper limits of the zone 
in Utah and northeastern Arizona 
vary from 6,500 feet o’n north-facing 
slopes o,n the Kaibab Plateau to 
about 8,400 feet on south-facing 
slopes of the Book Cliffs in east- 
central Utah. He gave 5,200 feet as 
the typical lo8wer limit for pinyon- 
juniper in the Great Basin and 
Colorado Basin, with a possible ex- 
treme low for the type in that 
region at 3,200 feet near St. George, 
Utah. Johnsen (1962) reported that 
one-seed juniper “may be found 
growing from about 3,000 feet in 
the upper parts of the deserts to 
above 7,500 feet in the ponderosa 
pine fo’rests.” Outliers of one-seed 
juniper occur down to 3,000 feet 
along the southeastern limits of 
the coniferous woodland in Texas. 
Pinyon pine is found up to an alti- 
tude of about 9,090 feet on the 
west side of Trout Creek Pass in 
Collorado. 

Evaluation of Conversion 
Practices 

The evaluation of conversion 
methods was aimed at the two main 
objectives of such treatments, kill 
of trees and production of grass 
forage. Techniques for killing pin- 
yon or juniper trees fit under 
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three general headings: mechanical 
means, chemical means, and fire. 
Mechanical methods and fire ef- 
fects were included in the present 
study. Chemical controls are rela- 
tively new in pinyon-juniper man- 
agement and were not evaluated. 

Mechanical treatments that were 
studied included single chaining, 
double chaining, and chaining fol- 
lowed by windrowing. Chaining, 
the most widely used method, in- 
volves attaching the ends of heavy 
anchor chain to a pair of crawler 
tractors, which then drag the loop 
of chain through the trees. Weight 
of the chain varies from about 45 
to 90 pounds per link, and lengths 
range from about 250 to 600 feet. 
Double chaining is the same proc- 
ess, repeated in the opposite direc- 
tion. The purpose of chaining is 
to knock down or rip out the trees 
and provide some scratching of the 
soil surface for coverage of grass 
seed. Windrowing is the scraping 
of downed trees, with some soil, 
into long ridges, or windrows, 
which leaves cleared ground over 
most of the treatment area. This 
method normally includes drilling 
of adapted grass species. 

Fire can be placed in two techni- 
cal roles in pinyon-juniper con- 
version. First, there are the so- 
called wild, or accidental fires 
which are a natural phenomenon of 
pinyon-juniper woodlands. The 
other kind of fire has similar ef- 
fects, but is directly and intention- 
ally caused by man in an effort to 
eliminate trees. Either type may 
fizzle in short time and burn very 
little or may sweep over a large 
area. The size depends on a num- 
ber of factors such as weather, 
vegetation, fire breaks, and the 
wishes of watchers. 

All of these techniques kill trees. 
How they differ in application, 
effectiveness and cost is what in- 
terests land managers and provides 
the framework for this evaluation. 

Bureau of Land Management 
district offices in Colorado, Utah, 
Arizona and New Mexico were 
asked to submit completed land- 
treatment reports for any pinyon- 
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FIG. 1. Variations in tree kill for differ- 
ent conversion practices. Percent change 
in number of trees per acre due to 
treatment is the ratio of the number 
of live trees per acre on a treated site 
to the number of live trees on an ad- 
jacent untreated site. Height and posi- 
tion of bar indicates range and degree 
of success for control method. 

juniper projects that were com- 
pleted prior to June 1963. Out of 
the 113 land-treatment reports re- 
ceived, about 50 sites were selected 
for examination during the summer 
and fall of 1964. Those selected 
gave a wide geographical range to 
the study and were representative 
of the group od projects reported by 
the Bureau of Land Management 
districts. 

Tree species, numbers, and height 
classes were sampled in one-fifth 
acre plots oa treated and adjacent 
untreated sites. Surface soil to 30 
centimeters was sampled and ana- 
lyzed for physical and chemical 
properties that might affect grass 
production. Yields of forage grasses 
on treated and untreated areas were 
estimated on a dry weight basis in 
pounds per acre. 

Results and Discussion 

Most of the sampling sites had 
received single chaining; next in 
number were double chaining 
areas; the third group represented 
the intensive chaining and wind- 
rowing technique. The study in- 
cluded three sites where fire had 
removed the tree colmpetition. 

Tree density on untreated sites 
ranged from 85 to 7 10 trees per acre 
for pinyon and juniper combined, 
with an average of 340 trees per 
acre. Untreated sites had an aver- 
age of 180 pinyon trees and 160 
juniper trees per acre. 

Figure 1 compares tree control 
efficacy of conversion practices. 
Average kill for single chaining was 
38 percent and for double chaining, 
60 percent. Estimates of kill for 
windrowing and burning ranged 
from 95 percent to 100 percent. 
Dashed lines are used on the graph 
bars for windrowing and burning to 
indicate that some windrowing 
treatments may not have killed 100 
percent of the trees, and that tree 
kill may not have been so low as 
95 percent for any of the burns. 
Two of the single chaining sites had 
more trees per acre on the treated 
area than on the untreated area, 
which accounts for the single chain- 
ing bar extending below zero kill. 

Forage production was consist- 
ently low in untreated woodlands, 
but varied greatly on treated sites. 
Some of the single-chaining areas 
showed little or no change in forage 
yield, but the average increase for 
the group was about 100 percent. 
However, the actual amounts of 
forage involved on chaining proj- 
ects were generally so low that the 
poor tree kills overshadowed any 
gains in grass production. One 
notable exception was a single- 
chaining project in northwestern 
Colo,rado which had a tree kill of 
about 95 percent and a boost in 
grass forage from about 100 pounds 
per acre before treatment to 500 
pounds per acre after treatment. 
Yields of grass from windrowed sites 
ranged from 500 to over 1,000 
pounds per acre. 

Recovery of grasses on the 
burned sites was dramatic. Forage 
production of desirable native 
grasses was 1,300 pounds per acre 
on one wildfire site and only about 
100 pounds per acre in the adjacent 
unburned woodland. At the other 
two fire sites examined, the pounds 
of forage per acre increased from 
an estimated 200 to1 over 600, at one 
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site, and from 25 to almost 500 
pounds per acre at the other. 

Conversion of woodland to grass- 
land must accomplish two func- 
tions almost simultaneously to be 
complete and successful. These are 
(1) removal or drastic reduction of 
tree growth and (2) replacement of 
trees by grass as the dominant vege- 
tation of the site. A complete kill 
of trees without establishment or 
equivalent release of a grass cover is 
not conversion of woodland to 
grassland; nor is an increase in grass 
production through means that kill 
some trees but leave most of them 
alive and reproductive. Arbitrary, 
quantitative levels for “success” and 
“failure” of pinyon-juniper con- 
version treatments suffer both from 
the vagaries of management goals 
and the fallibility of ecologic cri- 
teria. Vegetation manipulation is 
more an art than a science and 
appraisal of its results must neces- 
sarily be rather subjective. None- 
theless, pinyon-juniper conversion 
practices should be compared in 
terms of tree kill and grass estab- 
lishment, since ostensibly these are 
the main objectives of such treat- 
ments. Other results of pinyon- 
juniper control which may be de- 
sirable, such as the release of 
browse plants for wildlife, will re- 
quire different evaluation criteria 
(Plummer et al., 1968). 

Chaining 

Based on the criteria of killing 
trees and producing forage, there 
was only one successful chaining 
site among the many examined. 
Another project in Utah achieved a 
successful conversion with double 
chaining augmented by burning. 
The almost universal failure of 
chaining, without windrowing, to 
kill a high enough percentage of 
trees is the single most discourag- 
ing aspect of pinyon-juniper con- 
version efforts. 

Chaining often kills a majority 
of the older, larger trees in a stand, 
but usually leaves most of the 
young trees without damaging them 
seriously or preventing them from 
producing seed. 

Cotner (1963) found cabling to 
be “particularly adapted for even- 
aged stands” of pinyon-juniper, but 
also noted that, “in a mixed-age 
stand, the cable is lifted off the 
ground while the larger trees are 
pulled, thus missing smaller trees 
which bend and are passed.” He 
reported that, “cabling pulled 94 
percent of the trees in an even-age 
stand o,f trees, 15 to) 25 feet in 
height, on a shallow limestone site. 
In contrast, on a clay site, the count 
of dead trees was only 43 percent 
in a mixed-age stand on which 
originally better than half of the 
trees were seedling size to six feet.” 
Arnold et al. (1964) concluded that, 
“Cabling or chaining is probably 
the best method for uprooting 
dense stands of old pinyon-juniper 
trees,” but olbserved that “the cable 
slips over small trees (10 feet high 
and smaller) and merely tips over 
many intermediate-sized trees.” 
This normally killed the larger 
trees and left the smaller ones alive. 
According to Chilson, the smaller 
trees that survived had a post-treat- 
ment acceleration in grolwth, which 
meant that he was faced with 
“much the same problem of over 
supply of pinyon-juniper that was 
present before the initial cabling.” 
Plummer et al. (1968) observed that 
cabling was “less effective than 
chaining for eliminating young, 
flexible juniper and pinyon trees.” 

Data from the present study also 
show a relationship between size 
of trees and effectiveness of chain- 
ing. Among a group of five sam- 
pling sites, where the percentage of 
trees greater than 10 feet in height 
made up 50 percent or more of the 
stand, single chaining killed from 
46 to 84 percent of all trees. The 
kill average 61 percent in these 
older stands, or approlximately the 
degree of control obtained with 
double chaining. By comparison, 
single chaining killed an average of 
only 30 percent of all trees on proj- 
ects where over one-half of the trees 
on the untreated sites were less than 
10 feet in height. These results 
suggest that the probability of suc- 
cessful pinyon-juniper kills from 

chaining will increase in direct re- 
lationship to the percentage of trees 
10 feet tall and taller that are 
present in the untreated woodland. 

According to personnel in one 
Bureau of Land Management dis- 
trict, chaining may work better in 
mid-winter when the soil is frozen. 
Under these conditions a good kill 
was obtained on a mixed age stand 
in northeastern Utah. Recent in- 
novations have increased the effec- 
tiveness of anchor chaining. One 
such development is the “Ely 
Chain,” a 90-pound per link chain 
with 4O-pound railroad iron welded 
across each link. Treatments with 
the “Ely Chain” in eastern Nevada 
have demoastrated its value in con- 
trolling all age classes of pinyon 
and juniper (Cain, 1969). 

Many chained areas enjoy a flush 
of increased grass production soon 
after treatment, but regrowth and 
release of young trees cancels out 
the early forage gains. Small trees 
that are missed by cabling or chain- 
ing “grow two to three times as 
fast after release from the domi- 
nance of larger overstory trees” 
(Arnold et al., 1964). The young 
trees present a formidable challenge 
to follo,w-up control, unless effec- 
tive chemical contro,ls are de- 
veloped, and even if prescribed 
burning were allowed, the nature 
of some post-treatment stands pre- 
cludes anything else but additional 
mechanical treatment. Inexpensive 
chaining, which may kill a rela- 
tively high percentage of old trees 
while leaving most of the young 
ones and releasing seedlings, can 
create an ecologic situation that is 
harder and more expensive to treat 
than the original woodland. Trees 
that remain could be cut down in- 
dividually by hand or perhaps even 
burned, one by one. But these 
methods might be prohibitive in 
cost, depending on the degree of 
original conversion success and the 
forage potential for the site. Figure 
2 illustrates the problem of re- 
establishment of trees on a chained 
area. Six years after treatment the 
site had 275 1’ ive trees per acre, as 
compared with 215 on an adjacent 



untreated area. Ninetyfive percent 
of the trees on both areas were 
juniper. All of the trees sampled 
on the treated site were less than 
10 feet tall, and two-thirds of them 
were less than 5 feet tall. In the 
adjacent untreated stand two-thirds 
of the juniper trees were taller than 
10 feet. 

A major weakness of the chaining 
approach seems to lie with a mis- 
placed emphasis on saving money 
rather than producing benefits. The 

object of a pinyon-juniper con- 
version is, by definition, to get rid 
of trees in a given area and replace 
them with grxs. Any practice 
which does not accomplish these 
aims with ecologic and economic 
ctficiency is a failure as pinyon- 
juniper conversion, no matter how 
inexpensive it may stem to be. If 
different primary objectives for 
pinyon-juniper control are adopted, 
such as improvement of wildlife 
h;tbitat, then the above criteria for 

success and failure may not apply. 
In any case, it is unreasonable to 
assign broader meanings to these 
conversion standards than those in- 
tended in the present context. 

Windrowing 
C:omp;ired to chaining opera- 

tions, the intensive rhaining-wind- 
rowing-drilling technique, though 
more costly, is a far better mechnn- 
ical means of replacin,g trees with 
grass. Clearing the ground com- 
pletely, which is necessary for drill- 
ing, not only provides a clean kill 
of trees and a control on shrubs, 
but the resulting stands of grass 
surrounded by untreated woodland 
probably have as much aesthetic 
value to residents and travelers as 
does the typical pinyon-juniper 
scenery. The method is also eco- 
logically sound. Grass establishment 
is more dependable and tree reins 
w&m is less of a problem where 
clean scraping and drilling are prac- 
ticed. The windrowing site shown 
in Figure 3 typifies the outstanding 
pinyon-juniper conversions acLom- 
plished by Bureau of Land Man- 
ngement lxrsonncl in southwestern 
IJtZIh. 

Since the windrowing technique 
is essentially a form of dryland 
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grass farming, its success largely de- 
pends on soil and climatic factors. 
Choice of location and risk of 
drought are the main problems. Site 
requirements outlined by Cook 
(1966) for seeding of foothill ranges 
in Utah should be applicable to 
much of the pinyon-juniper type. 
He suggested that “annual precipi- 
tation should be at least 11 inches 
and preferably 13 to 14 inches if 
optimum returns are to be ob- 
tained.” Cook’s studies also indi- 
cated that the soil depth on seed- 
ing sites should be about 24 inches 
or more for full development of 
grass roots and to utilize expected 
annual precipitation. Shown et al. 
(1969) presented data from crested 
wheatgrass seedings in the sage- 
brush type which suggested that 
the average limit of rooting depth 
for herbaceous species was about 2 
inches for each inch of average 
annual precipitation in the ll- to 
14-inch precipitation zone. The 
latter study also showed that the 
highest yields of crested wheatgrass 
occurred on sites with sandy loams, 
loams, or silt lo’ams at the surface, 
and finer textured subsoils. These 
soils were reported to give an opti- 
mum balance between the proper- 
ties of moisture infiltration, mois- 
ture-holding capacity, and moisture 
availability to plants. Surface soils 
on the windrowing sites examined 
in the present study classified as 
sandy loam, silt loam, or sandy 
clay loam. 

Drilling of seed is preferred to 
broadcast seeding for establishment 
of grass in dry regions (Cook, 1966; 
Hull et al., 1952; Shown et al., 1969; 
Stoddart and Smith, 1955), but drill- 
ing requires sites that are relatively 
free of rocks and woody vegetation. 
Wilson et al. (1970), reported that 
seeds of crested wheatgrass planted 
at a depth of 1 inch germinated 
well because of relatively constant 
and favorable moisture conditions 
whereas seeds on the soil surface 
failed to germinate because of gen- 
erally unfavorable and rapidly fluc- 
tuating moisture conditions. Soil- 
moisture conditions were shown to 
have a critical effect on certain 
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metabolic processes essential to ger- 
mination. 

Thus, drilling can reduce the 
risk of a seeding failure by miti- 
gating climatic stress during ger- 
mination and establishment, but 
soil requirements limit the wind- 
rowing technique toI certain areas. 
The following criteria are sug- 
gested for selection of windrowing 
sites: 

(1) Soil Depth-Minimum soil depth 
should be 24 inches. 

(2) Soil Texture-Surface soil should 
be a sandy loam, silt loam, or silt. 

(3) Stoniness-Soil should be suffi- 
ciently free of rocks to allow 
drilling of grass seed. 

(4) Slope-Slopes should not exceed 
15 percent. 

There is an interesting and im- 
portant connection between wind- 
rowing conversions! and wildlife 
habitat. First, in order to use the 
windrowing technique intelligently 
and successfully, the land manager 
must make a thorough survey of 
site conditions in the proposed 
treatment locality. Selection of sites 
to treat should recognize certain 
basic ecologic criteria such as slope 
and stoniness o,f soil, as discussed 
earlier. By careful delineation of 
treatment areas, leaving out those 
woodlands that are too steep or too 
rocky for conversion to grassland, 
the manager will, in effect, be classi- 
fying the land resources into 
“natural” and “modified” areas. 
The untreated woodland sites will 
continue to provide the kind of 
habitat conditions that wildlife 
conservationists desire, whereas the 
adjacent converted areas will pro- 
duce needed forage, primarily for 
livestock, but not entirely avoided 
by deer. 

In a report on game habitat use 
in southern New Mexico, Reynolds 
(1964) stated that livestock range 
improvement can be coordinated 
with deer and elk habitat preser- 
vation by confining clearing of 
pinyon-juniper to slopes of less than 
15 percent, and leaving existing 
cover on northeastern exposures. 
Reynolds felt that elk and deer 

habitat might be improved by 
thinning trees, which overtop 
shrubs, where they exceed about 
150 trees per acre. 

A windrowing conversion pro- 
gram is essentially self-classifying, 
from a land-use standpoint, since 
ecologic criteria restrict the prac- 
tice to certain sites which will 
usually produce greater benefits 
when converted to grassland than 
if left untreated. Stony, wooded 
ridges and canyon slopes scattered 
among grass-covered valleys and 
mesa tops is the sort of vegetation 
pattern that will normally result 
from this conversion technique. 
Soils that are better suited to tree 
and browse production generally 
are not included with windrowing 
and drilling sites. Whenever large 
areas selected for windrowing do 
not contain enough stony, steep, or 
otherwise naturally unsuitable con- 
version sites to satisfy a legitimate 
need fo,r wildlife food and cover, 
the necessary islands of untreated 
woodland can easily be left any- 
where in the project. It is simply 
a matterof the land manager being 
sensitive to the desires for a bal- 
anced vegetation modification pro- 
gram and his being willing to re- 
fine the planning and execution of 
the conversion to accomodate a 
companion resource. 

The same reasoning could apply 
to the coordination of any con- 
version practice with other land 
values in the pinyon-juniper type, 
such as camping and picnicing 
needs, historical and archeological 
sites, areas of particular scenic or 
scientific interest, or any other fea- 
ture of a woodland that should re- 
ceive special attention. 

Burning 
Fire can be an effective tool in 

the conversion of pinyon-juniper 
woodlands to grasslands. Clean kills 
of trees and certain understory 
shrub species, notably big sage- 
brush, can be achieved with fire on 
a large part of the woodland type. 
Although only a few burned sites 
were reported by Bureau of Land 
Management district offices for in- 
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elusion in this study, the rather ob- , 
vious success of those examined per- i 
mits some latitude in attributing 
general usefulness to1 fire. Burning 
does not allow the high degree of 
site selection and treatment control 
that windrolwing does, but may 
have greater merit for improving 
combined livestock-wildlife range 
than would be imagined. For ex- 
ample, Arnolld et al. (1964) o’bserved 
from aerial views of pinyon-juniper 
burns that while tree kill often was 
“clean on flat to gently rolling ter- 
rain . . . in rough terrain, islands 
of unburned trees were left on hills 
and ridges.” Preferred deer browse 
species that resprout after a fire, 
such as birchleaf mountainmahog- 
any (Cercocarpus betuloides) and 
Wright silktassel (Garrya wrightii), 
may provide additional incentive in 
some areas to remove tree competi- 
tion with a controlled burning pro- 
gram (U.S. Dep. Agr., 1963). Other 
valuable browse species that toler- 
ate fire include: antelope bitter- 
brush, desert bitterbrush (Purshia 
glandulosa), Apache-plume, Saska- 
toon serviceberry (Amelanchier al- 
nifolia), blueberry elder (Sambacus 
cerulea), black chokecherry (Prunus 
virginiana) and Rocky Mountain 
smooth sumac (R hus gla bra cismon- 
tuna) (Plummer et al., 1968). 

A program of planned burning 
on the Hualapai Indian Reserva- 
tion in northern Arizona has dem- 
onstrated the effectiveness of this 
technique in pinyon-juniper con- 
version. Schroeder (1964) reported 
on a wildfire that burned off 16,000 
acres of pinyon-juniper woodland 
on the reservation in 1953. The 
burn was seeded to the following 
mixture in 1954: crested wheat- 
grass, 1 pound per acre; western 
wheatgrass, 3 pounds per acre; 
weeping lovegrass, l/2 pound per 
acre; and yellow sweet clover, 1 
pound per acre. Grazing was de- 
ferred for 3 years following seed- 
ing to allow the grasses to become 
fully established. Cost of the proj- 
ect was $3.60 per acre. Dry weight 
of forage in adjacent unburned 
areas averaged about 60 pounds per 
acre, while production on the 

seeded burn was 1,660 pounds per 
acre. 

Encouraged by the beneficial re- 
sults from an accidental fire and 
folllowup seeding, and aided by 
their government advisors and tech- 
nicians, the Hualapai Indians 
launched a controlled burning pro- 
gram to convert pinyon-juniper 
woodland to prolductive grassland. 
In the perio’d from 1955 through 
1963 they burned and seeded about 
17,000 acres of pinyon-juniper type 
at an average cost of about $4.50 
per acre. Forage production was in- 
creased an average of approximately 
500 lbs. per acre for the 33,000 acres 
of burned woodland and, accord- 
ing to Schroeder (1964), pinyon and 
juniper had shown little or no 
tendency to return on the con- 
trolled areas. The average increase 
in livestock carrying capacity was 
45 cow units, grazed yearlong, per 
1,000 acres treated. Steers grazed 
on burned and reseeded areas 
weighed, on the average, 78 pounds 
more than steers grazed on adjacent 
untreated native grass ranges, and 
brought their olwners an average of 
$21.75 more per steer at market 
time. 

The Hualapai Indians wanted 
to increase livestock production. 
Burning pinyon and juniper trees, 
then seeding adapted grasses, pro- 
vided the answer. However, on pub- 
lic lands where multiple-use goals 
are a policy requirement, managers 
may not be able to use fire to solve 
pinyon-juniper control problems. 
Nevertheless, the results of con- 
trolled burning programs should be 
studied objectively by those re- 
sponsible for management of pin- 
yon-juniper rangelands. 

No evidence was found to 
support a common notion that 
hot, tree-killing pinyon-juniper fires 
sterilize the soil, making it unfit 
for grass establishment. In fact, 
soil samples from “spots covered 
with ashes where a heavy accumu- 
lation of slash and debris had 
burned” were tested in a greenhouse 
and reported to have shown “some 
increased fertility due to burning” 
(Arnold et al., 1964). 

It is hard to reconcile the claims 
of soil sterilization from fires with 
reports that pinyon-juniper wood- 
lands are hard to burn; yet both 
opinions have been offered as par- 
tial arguments against prescribed 
burning in the pinyon-juniper type. 

Those who wish to discour- 
age pinyon-juniper burning, lean 
heavily on the argument that they 
have trouble getting a fire to carry 
through a typical woodland. More 
likely than not they are referring to 
a carefully controlled burning pro- 
gram attempted when atmospheric 
and vegetation moisture conditions 
are such that escape of the fire to 
adjacent areas would not readily 
occur. Even those who are experi- 
enced and sincere in their efforts 
to apply fire in pinyon-juniper con- 
version may have difficulty burn- 
ing trees when weather conditions 
are not favorable. For example, 
Schroeder (1964) reported that a 
1955 burn of 700 acres and a 
1958 burn of 300 acres, both on 
the Hualapai Indian Reservation, 
“were attempts that did not burn 
the acreage desired. Late wet 
springs and high moisture content 
in the shrubs are detrimental to a 
successful summer burn.” Arnold 
et al. (1964) reported that broad- 
cast burning of live stands of pin- 
yon-juniper at several locations in 
Arizona was difficult and required 
“special conditions.” They found 
that, even in stands having over 400 
trees per acre “fire will carry only 
during the hot, dry, windy weather 
when any burning is hazardous.” 
Dwyer and Pieper (1967) reported 
that only 24 percent of the juniper 
trees and 13.5 percent of the pin- 
yons were killed by a wildfire that 
covered 935 acres of dry grama 
grassland and open woodland in 
New Mexico. Humphrey (1962) 
pointed out that fire in an open 
pinyon-juniper stand “with even a 
scattered understory of perennial 
grasses” can increase forage produc- 
tion, but grazing can so reduce the 
potential fuel supply that it is diffi- 
cult to get fires hot enough to kill 
a large percentage of the trees. 

The Arizona Watershed Program 
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report of 1956, Recovering Rainfall, burning to be effective it must be 
stated that “Where fire can be done when weather conditions will 
used, it is the most effective method 
of juniper control,” The report 

encourage the spread of fire. This 

cxntioncd that “Human habita- 
usually means burning in June 

tions, intensively used recreational 
when temperatures are high and 
humidity is low, and when the risk 

areas, and the like should be rigor- 
ously protected.” However, it con- 

of escape is greatest. Adequate pre- 

tinued, “\Virh these exceptions, in 
cautions must be taken to prevent 

any place where juniper is dense 
the escape of planned fires and to 

enough to carry a fire, there are 
minimize the damages that might 
result. When this is done, the cal- 

no land values that require ex- 
clusion of this control agent.” The 

culated risks of n burning program 

Arizona 
are justified by the potential bene- 

researchers said “For fits.” l’hc same investigators esti 

mated that in the Salt River water- 
shed perhaps less than 10 percent 
of the pinyon-juniper type could be 
effectively burned. This somewhat 
discouraging note agrees with 
several comments heard by the 
writer during the present study with 
regard to the difficulty of burning 
pinyon-juniper woodlands, but does 
not square with observations of 
typical pinyon-juniper stands in 
Utah, Nevada, Colorado and many 
parts 01 Arizona and New Mexico. 
It is fair, if somewhat idle, to spec- 
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ulate that burning could have been 
used successfully on many of the 
chaining sites that were examined 
for the present evaluation. Sites 
with similar characteristics have 
had productive burns. Figure 4 
illustrates how an accidental burn 
in northwestern Colorado gave a 
clean kill on a relatively open 
stand of pinyon with an understory 
ol sagebrush and some grass. Nat- 
urally, where trees are closer to- 
gether, or where a heavy understory 
can help carry the fire, the chances 
of a successful burn will be better. 
Figure 5 shows the conditions 
before and after a wildfire had 
burned a dense stand of pinyon and 
juniper in Utah. No artificial seed- 
ing was applied. Natural recovery 
of grasses has produced valuable 
forage and in so doing has made 
more efficient use of the available 
water resource. Figure 6 shows the 
improved appearance obtained by 
chaining after a successful burn. 
One chaining site in Utah provided 
a vivid contrast between the merits 
of chaining and burning for re- 
moving trees and improving range. 

An accidental fire cleaned the trash 
off part of the chained area, pro- 
viding ideal conditions for aerial 
seeding of grass. This was done, and 
now a lush stand of crested wheat- 
grass grow along side the tangled 
debris and scant forage on the part 
of the treatment area that received 
only double chaining and aerial 
seeding. 

Land administrators will probe 
ably give more favorable considera- 
tion to conversion of pinyon-juni- 
per woodlands by fire whenever 
it is demonstrated that burning 
can be used safely and effec- 
tively without detrimental effects 
to environmental quality. These 
important aspects of burning are 
often closely interrelated, and may 
require new applications of fire 
that will satisfy all needs. Fire as a 
tool in pinyon-juniper conversion 
has sufficient ecologic and eco- 
nomic merit to warrant increased 
use of present burning techniques 
now, while further study of new 
methods may allow more general 
application of burning in the 
future. 

Summary and Conclusions 

Single chaining projects had the 
greatest variation in conversion re- 
sults and averaged only about 40 
percent kill on trees, lowest for all 
methods examined. Double chain- 
ing was less variable, but also was 
less than twice as effective in kill- 
ing trees. Windrowing and burning 
gave consistently high tree kills ot 
95 percent or better, and offer the 
best chances for pinyon-juniper 
conversion success. 

Controlled burning should be the 
primary pinyon-juniper conversion 
technique where vegetation is dense 
enough to carry an effective fire. 
Range managers and policy-makers 
should develop and maintain a bal- 
anced perspective on fire as a natu- 
ral and beneficial instrument in 
vegetation change. 

The windrowing technique is an 
excellent mechanical method for 
complete conversion, but should be 
used only where fire is legitimately 
prohibitive and where topography 
and soil properties allow intensive 
“grass farming” operations. 

Single or double chaining should 
be used only where other means are 
precluded for good reason, or where 
only partial tree control is accept- 
able, such as in some wildlife 
habitat improvement projects. In 
neither case would conversion of 
woodland to grassland be an ex- 
pected result. Chaining should be 
most effective where at least 50 
percent of the trees are over 10 feet 
in height. 

Any proposed conversion project 
should receive an appropriate eco- 
nomic evaluation of its benefits 
versus its costs (Eckstein, 1958; 
Gardner, 1962; Karl and Brannan, 
1967; LeBaron, 1965; Lloyd and 
Cook, 1960). This applies with spe- 
cial emphasis to’ the intensive 
windrowing method. 
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Plaque for A. W. Sampson 

The 60th Anniversary of the Great Basin Experimental Range will be cele- 
brated in conjunction with SRM’s 1972 summer meeting. As a part of the 
planned events, a plaque will be dedicated to Arthur W. Sampson, who was 
the first director of the Experimental Range (originally designated Utah 
Experiment Station). Many of Professor Sampson’s range management con- 
cepts were developed through his research at this station. 

The Utah Section, SRM, is serving as the recipient for funds for the proposed 
plaque. Contributions in any amount are being solicited and may be sent to 
A. T. Fillingim, Secretary-Treasurer, Utah Section, SRM, 850 North 10th East, 
Price, Utah 84501. 


