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ABSTRACT OF THESIS

EDAFHIC CONDITIONS INFLUENCING VEGETATIVE RESPONSE 
FOLLOWING PINY ON-JUNIPER CONTROL 

IN NORTH-CENTRAL ARIZONA

The existence of 14 million acres of playon-juniper 
woodlands In Arizona and 60 million acres in the western 
United States (U.S. Dept. Agr., 1958) makes this vegetation 
type a potentially important area for increasing forage 
production.

The objectives of this study were to determine the 
soil, precipitation, and vegetative characteristics which 
influence the production and density of the valuable forage 
species following pinyon-juniper control in north-central 
Arizona. In order that these areas might be used to their 
fullest advantage, it is important that the factors causing 
increased forage production on the more productive sites be 
evaluated. Previous work has indicated that the location 
of vegetative types is determined by the interaction of 
climate, soil, soil moisture,and biota (Woodbury, 1947).

Four sites were established across the plnyon- 
juniper belt at increasing elevations. Pinyon-juniper 
over story, shrub and forb basal cover, and grass production 
and grass basal cover were measured at each site, along with 
collection of soil samples. Laboratory determinations 
consisted of analyzing texture, water holding capacity, and 
chemical composition of the soils.
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At the most responsive site there was a greater 

amount of total precipitation received. With the per cent 
of water available between the wilting point and field 
capacity nearly equal for all sites, this resulted in a 
greater amount of water available for plant growth at this 
productive site. The amount of calcium carbonate and the 
soil pH were also low on this site allowing a greater amount 
of the phosphorus present in the soil to be available as 
phosphates. Potassium, total nitrogen,and nitrate nitrogen 
were most abundant at the least productive site and, there
fore, were not considered as limiting factors on this un
responsive site.

When considering potential pinyon-juniper control 
areas, the factors influencing the response on the more 
productive sites should be evaluated and the control opera
tions performed on these sites.



INTRODUCTION

Soils and climate determine the success of most 
range conservation practices. Since large per acre control 
costs may be questionable, especially on sites with below 
average potential, we must first know the soil to dictate 
what kind and how much vegetation it will produce (Eickle- 
berry, 1956; Cotner and Kelso, 1963). Use classifications 
are wholly dependent upon having the basic data which show 
the real differences in land (Retzer, 1953)•

Neither rainfall nor soil type alone limits what 
type of vegetation will be found in any given area (Shantz, 
1911). Likewise Woodbury (1947) has stated that the position 
or location of juniper (Juniperus spp.) is determined not by 
climate alone but by the interaction of all agencies involved: 
climate, soil, soil moisture, and biota.

There are many possibilities of error in judging 
land with only plant covering as an indicator of production 
capabilities. • Therefore, (1) correlations between the 
natural plant cover and the response of land to vegetative 
manipulation in a given area can be satisfactorily deter
mined only after careful study of the different types of 
vegetation of the area in relation to their physical envi
ronments, and (2) such correlations found for some partic
ular region must be modified to a greater or less extent
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before they can be applied in other regions where the 
physical conditions are different. Thus, by clearly 
indicating the environmental conditions which prevail, 
the native vegetation is of great value, not only in the 
classification of land, but also as an indicator of the 
kind of crop and methods of culture that are most likely 
to succeed under the given conditions (Shantz, 1911).

Since the biological balance is very delicately 
adjusted in the pinyon-juniper type; excessive grazing, 
clearing of lands, cutting, and fire, coupled with heavy 
storms, have perhaps a greater effect than in any of the 
other zones in causing serious erosion (Pearson, 1931).
It is, therefore, important to be able to select sites for 
pinyon-juniper control which can be successfully revege
tated to minimize the erosion hazard and provide an eco
nomic return on the control investment.

The objective of this study was to measure soil 
characteristics, precipitation, and vegetation characteris
tics and determine the influence of each of these on the 
production and density of desirable forage species follow
ing pinyon-juniper control by bulldozing and follow-up hand 
clearing.

The dominant perennial grass in the present study 
area is blue grama (Bouteloua gracilis) and is the forage 
species upon which management should be based. Four sites 
were evaluated to determine what site characteristics
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produced the greatest increase in forage when pinyon and 
juniper were controlled. It is of particular importance 
to evaluate the conditions associated with increased for
age production on the more promising sites, compared to 
conditions on the less responsive areas, to serve as a
guide for future management.



LITERATURE REVIEW 

Response to Clearing

In studies conducted by Arnold, Jameson, and Reid 
(1964) of the pinyon-juniper type prior to control, basal 
intercepts of perennial grasses was greatest on the tran
sects with no tree influence; and perennial grasses and 
perennial forbs decreased with increasing canopy of over
story pinyon (Pinus edulls) and juniper (Junlperus mono- 
sperma) and(Junlperus utahenalsl, Though sparse, blue 
grama was the most abundant plant under the denser tree 
canopies. There were few annuals, and their abundance had 
no consistent relationship to the overstory. The canopy 
intercept of half-shrubs was less than one per cent of inter
cepts along transects in protected grassland openings and 
decreased as the overstory of pinyon and juniper increased 
in density.

Transects with no intercept of juniper and pinyon 
produced an average of 620 lb. of air-dried herbage per 
acre. On transects with a 50 per cent canopy Intercept, 
the herbage yield of grasses and forbs was 82 per cent less 
than the yield on transects without tree influence.

Pigmy conifers in Utah and northeastern Arizona are 
more open in the lower part of their altitudinal range show
ing a gradual increase in density with an increase in
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altitude (Woodbury, 1947).

Arnold, Jameson and Reid (1964) found herbage pro
duction increased from 198 lb. per acre before juniper con
trol to about 690 lb. 10 years later. Maximum production 
was 700 lb. per acre occurring 5 to 10 years after control.

Perennial and annual forbs did not respond to control 
treatments. Annual grasses increased during the first two 
growing seasons after control, and they were still abundant 
on the sites representing the fifth season of growth. After 
the fifth season, however, annual grasses declined as they 
were displaced by perennial grasses. Removal of trees re
sulted in a marked increase in half-shrubs, primarily snake
weed (Gutlerrezla sarothrae).

Mid-grasses, particularly three-awns and sldeoats 
grama, generally showed greater basal intercepts as the 
number of growing seasons after control increased. Of the 
short-grasses, blue grama was the most important. It contin
ued to increase in basal intercept through at least the 
fifth year after control.

Jameson (1966) pointed out that, since the influence 
of trees on blue grama is concentrated on the litter-covered 
areas, there is little response of blue grama to tree re
moval to be expected where the litter covers only a small 
part of the area. In the litter-covered areas, the response 
of blue grama may be delayed until the litter at least par
tially decomposes.
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After cabling of Utah juniper (Juniperua utahenais), 

Brown (1965) reported that the average production of peren
nial grass had increased on parts of one watershed; but the 
change was not statistically significant because production 
was spotty and had increased on the untreated watersheds as 
well. Herbage production of forbs and half-shrubs increased 
most following treatment. Since this area was grazed by 
livestock, it could be possible that utilization was greater 
on the controlled areas.

When the vegetation of any of the plant associations 
described by Shantz (1911) was destroyed by breaking and the 
land abandoned, the land was reoccupied (after a weed stage) 
by vegetation that was characteristic both of a lighter 
type of soil and of an earlier stage in the natural succes
sion. These successions are the result of changes in physi
cal conditions of the soil.

Soil Texture
Shantz (1938) stated that the great plant communities 

are relatively independent of such factors as physical compo
sition of the soil, but the smaller or minor communities are 
often directly affected by such factors. According to 
Pearson (1931), deep and moderately sandy or gravelly soils 
are most favorable for all trge species in forest types of 
the Southwest. Clay soils are generally adverse to natural 
reproduction; but unless extremely heavy, they favor good 
development of trees which have passed the seedling stage.
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Physical composition of soils appeared to affect plant 
growth much more than chemical composition.

Shantz (1911) cited Hilgard (1906) as stating that, 
passing from the prairie region westward to the more arid 
region, sand becomes relatively a fetter and better substra
tum for plants as compared with the heavier soil types.

Climate, of course, is a primary factor in determin
ing the type of vegetation; but within a climatic zone, 
soils exert the strongest influence on range plants (Gardner 
and Retzer, 1949). In eastern Colorado, under conditions of 
practically uniform rainfall, evaporation, etc., there was 
a close correlation between the vegetation and the soil type 
(Shantz, 1911). However, in those cases where the lower 
limits of pinyon-juniper occur within a given soil type, 
the soil cannot be considered as the critical factor in 
determining the edge of the distribution at that point 
(Woodbury, 1947).

Comparatively little woek has been done in correl
ating soil texture with production on blue grama and plnyon- 
juniper associations. Most authors have merely mentioned it 
in passing when considering this association. Hollowell 
(1957)> stated that blue grama is adapted to sandy and hard 
lands but, in contrast to this, added that gramagrasses 
generally require silt loam to well drained clay. Consider
ing reseeding, Flory and Marshall (1942) stated that blue 
grama commonly does not do well on raw, eroded soils or on
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the subsoil of fresh outs and fills. It is found on all 
soil types but is most abundant on the heavier rolling up
land soils (Hoover, et al., 1948). Park-like areas de
scribed by Miller (1921) had a dense, compact soil and were 
covered by a grama sod always deficient in juniper repro
duction. Blue grama at higher elevations in Arizona occurs, 
for the most part, on alluvial soils (Thornber, 1910). 
However, within soil areas of similar origin, growth is 
usually best in the more sandy or gravelly soils (Pearson, 
193D.

In Shantz's (1911) classification of blue grama 
associations, he described the texture of the soil Indicated 
by short-grass vegetation in the grama-buffalo grass associa
tion as a loam. His wire grass society of the grama-buffalo 
grass association was mainly an indicator of a coarser soil 
into which water penetrated more readily, and he indicated 
this area offered a more favorable moisture condition'than 
the harder soils. In 1938, Shantz found that the soils, as 
a rule, were heavy in the blue grama and ring muhly type.
In its region of best growth, according to Crafts and d e a 
dening (1942), blue grama is found mainly on loamy soils or 
the so-called tight lands, but it Is also found elsewhere 
on ooarse-textured soils. The same was found by Wheeler 
(1950), and he added that it grows typically in pinyon-Juni
per woodlands and on the heavier soils of the short-grass 
plains.
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Savage (1937) found that blue grama was most abund

ant on medium-heavy soils under moderate grazing, but it was 
of more importance on sandy soils where grazing and drought 
had practically eliminated the taller species. He stated 
that it was an important species on all soil textures in all 
localities studied in the central and southern Great Plains.

Pearson (1931) stated that between the desert and 
alpine areas there is a high difference in percentage of 
fine particles, clay and silt in size. The maximum content 
of clay develops in.a zone of seven to eight thousand feet 
in elevation. Below the ponderosa pine zone, soils tend to 
be coarse and shallow because drought restricts the chemical 
processes of weathering; but parent material also influences 
soil texture. The soils in the pinyon-juniper type are de
rived from sandstones, limestones, and basalt (Pearson, 1920). 
The sandstones form a light, sandy soil; and the limestones 
usually form a fairly light surface soil, but a subsoil of 
clayey texture. The soils of basaltic origin are heavier 
than the limestone soils. Hanson (1924) found most of the 
soil of the San Francisco plateau to be clay-loam or adobe 
with rocks and boulders intermixed. Sandy soils are not 
common. The "parks" usually have fine, stiff, alluvial 
soil, with few or no rocks or boulders.

Daubenmire (1943a) placed the lower limits of juniper 
altitudinal distributions as confined to thin, stony soil or 
rock outcrops. Since the alluvial and loessal soils of the
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basal plains are commonly finer-textured than the residual 
covering of the mountain slopes which have lost much of 
their finer material through natural erosion, ttie lower 
limits of the ligneous associations often terminate abruptly 
at the lower edge of mountain slopes where the erosional and 
depositional surfaces are in contact. Emerson (1932) found 
juniper associations occasionally thriving in fine, compact 
adobe soils but usually occurring in rocky places.

One-seed juniper (Juniperus monosperma) grows on 
residual and transported soils derived from sedimentary and 
igneous rocks (Johnson, 1962). These soils are shallow and 
rocky, and textures range from sand to clay. The juniper, 
with deep roots, are favored on coarse textured soils; and 
on the fine-textured soils, the shallow rooted grasses are 
favored (Johnson, 1962). In Arizona, Utah juniper grows on 
dry, rocky to sandy desert foothill and mountain slopes 
(Herman, 1953)• Phillips (1909) found the best stands of 
plhyon pine on coarse gravel, gravelly loam, coarse sand, 
and often on rocky areas. Pigmy trees occupy the rough 
rocky or coarse soil areas and the finer soils of the 
bottoms bear other types of vegetation. But Johnson (1962) 
also stated that the spread of junipers does not seem to be 
selective as to soils.

Soil Moisture
One of the most successful vegetation and soil 

correlations yet attempted is that between plant associations
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and water content of the soil (Shantz, 1911). Pearson 
(193D and Hanson (1924) agree with Shantz (1911) that soil 
texture is chiefly important to the plant through its in
fluence upon available moisture. Pearson (1920) stated 
that all the information at hand points to available moist
ure, as determined mainly by physical composition of the 
soil, as the dominant soil factor; and that all soil types 
are productive when supplied with sufficient moisture.
There is a direct relationship between the moisture equiva
lent and the percentages of sand, silt, and clay in the 
soil; but the presence of considerable amounts of organic 
matter in the soil tends to increase the moisture equivalent 
and to disturb the relation between the moisture equivalent 
and the mechanical analysis (Middleton, 1920).

Pearson (1931) has pointed out that there appears to 
be but little difference in the ability of species to extract 
moisture from dry soil; that is, they all reduce it to the 
wilting point, which in a given soil is about the same for 
all species. This is a very controversial issue, since liaise, 
et al. (1955) have found that wheat plants absorbed water 
at tensions exceeding 26 atm pressure at soil depths where 
roots were well -distributed. Similar results have been found 
by many other workers.

One of the greatest difficulties in the local appli
cation of the correlation between plant associations and 
soil types has been the fact that the water relations of the
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different soil types have been defined only in a very general 
way. Because of this, very little of the water-content work 
that has been published is of practical value. Determina
tions are almost worthless unless checked carefully by some 
such standard as "non-avallable moisture" or "moisture equiv
alent" . A mere statement of percent of water means almost 
nothing (Shantz, 1911). Even laboratory determinations of 
moisture equivalents and permanent wilting percentages must 
be used with caution. The field capacities and minimum 
soil-moisture contents found under field conditions did not 
agree with laboratory determination of these moisture levels 
carried out by Veihmeyer and Hendrickson (1946). They found 
that it was difficult to obtain reliable information of soil 
moisture conditions in compact soils. They also pointed out 
that if a plant cannot remove the moisture because of com
pactness and the small size of pores the values obtained 
are meaningless from an agricultural viewpoint.

In studies by Emerson (1932), slight differences in 
rainfall did not account for differences in vegetation on 
grasslands and pinyon-juniper sites. The question remained 
as to whether or not there might be a significant difference 
in the water supplying power of the soils in the two associa
tions. Woodbury (1947) studied two types of cover (sagebrush 
and juniper) side by side where no differences existed in 
precipitation, insolation, air pressure, wind, relative 
humidity, evaporation, or air temperature. He explained the
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difference in vegetation by the moisture supplying conditions 
of the two soil types. The coarse soil provided more avail
able water. The extra moisture yield of the sand seemed to 
be approximately equivalent to the extra precipitation 
yielded by adiabatic effects in five hundred feet of alti
tude (Woodbury, 1947). Wilson and Loomis (1962) stated 
that heavier soils, from silt loams to silty clay loams, 
have a greater ability to store moisture for crop use. The 
apparent disagreement between the above statements is ex
plained because water penetrates more readily into the 
coarser soil and infiltrates to depths where it is not read
ily lost by evaporation. In the Southwest, the soils of 
intermediate water-holding capacity and wilting coefficient 
usually provide the best moisture conditions (Pearson, 1931)•

There is a close correlation between plant cover and 
penetration of water into the soil. All parts of the grass
plant, roots, stems, and leaves, play an important part in

■\

soil and water conservation; but forage production can be 
expected only where precipitation penetrates the soil and 
is protected from surface evaporation (Flory and Marshall, 
1942).

The wire-grass society (Shantz, 1911) is an indicator 
of a soil into which water penetrates more readily. The con
ditions indicated by this vegetative cover are intermediate 
between those of a pure short-grass (grama-buffalo grass) 
vegetation and the typical wire-grass association. The .
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lighter soil of the wire-grass society absorbs practically 
all the rain that falls upon it and permits the moisture to 
penetrate to greater depths. Consequently,.there is a bed 
of moist soil extending to a depth of several feet. The 
presence in the native vegetation of many deep rooted plants 
indicates this condition. The presence of short grasses, 
however, indicates a condition unfavorable to the greatest 
development of the taller, deep-rooted plants (Shantz, 1911).

Since water is distributed to considerable depths 
in this type of soil, the exhaustion of the water supply 
in the immediate vicinity of the roots is not necessarily 
fatal to the plant. There is a large area of moist soil 
into which roots can penetrate or from which water can move 
slowly to where it is within reach of the root systems, and 
this moisture serves as a reserve in time of drought.

Hanson (1924) found more water available in the ’ 
woodland as compared with two lower associations (Artemisia- 
Atrlplex and Aristlda-Bouteloua) and a greater continuity of 
available moisture, though still subject to wide fluctuations, 
especially in the surface layer. He concluded that the 
lower limits of the woodland association must be delimited 
largely on the amount and duration of soil moisture. Pearson 
(1931) also stated this limit and also found that within 
the woodland type there was a consistently lower available 
moisture content at 6 and 12 inch depths in a sparsely 
wooded valley than on a rocky upland during the driest periods.
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A slight variation in the quantity of available 
soil moisture would probably have less effect on the charac
ter of the vegetation than would a difference in the season 
of the year or in the length of time during which available 
water is present (Shantz, 1911)•

Soil Nutrients
Pearson (1931) determined nutrients in all types 

above the pinyon-juniper zone in his study of the forest 
types of the Southwest. He pointed out that chemical compo
sition is but one of the several factors involved in the 
productive capacity of soils. Not only are other factors 
important, but they may react upon the chemical condition.
In 1920 he-, stated that as far as could be determined the 
chemical composition of soils is not an important factor in 
determining the distribution of species within the same 
climatic belt or vegetative zone. Browne (1938) clearly 
stated that a chemical analysis, while informative as to 
the relative amounts of mineral nutrients present in a soil, 
does not supply information as to the availability of these 
nutrients to the plant.

Total Soluble Salts
Precipitation directly affects the soluble salts in 

the soil by leaching them out of the surface layers and 
either carrying them away or depositing them in lower soil 
horizons. In semiarid climates, these salts are usually
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abundant; but they may be deposited in excess in layers a 
few inches below the surface. In undrained flats or basins 
receiving the drainage from semiarid lands, salts or alkali 
often accumulates to such an extent as to be harmful to 
vegetation (Pearson, 1931).

Nitrogen
Nitrogen content of the soil increases with eleva

tion. This is usually correlated with an approach toward 
cool, moist climates (Hockensmith and Tucker, 1933)•
Pearson (1931) explained that temperature and precipitation 
determine both the kind and amount of vegetation in the 
Southwest, which in turn influence the amount of organic 
matter produced. In addition to influencing texture, organic 
matter is the main source of nitrogen. Soil structure is 
influenced more than is texture. Texture would be changed 
only after a long period of time. The gramagrasses, which 
are the dominant species in the pinyon-juniper type, were 
benefited slightly by the application of nitrogen (Hollowell, 
1957). According to Fuller and Ray (1965), Arizona soils are 
characteristically low in organic matter and, therefore, in 
reserve nitrogen. Nitrogen remains the most deficient plant 
nutrient for maximum crop production in the arid and semi
arid soils of the Southwest.

Phosphorus
Phosphorus, although abundant, is poorly available 

in many soils and probably ranks as the second most deficient
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nutrient. The quantity of native phosphorus contained in 
calcareous Arizona soils is adequate to supply crops for 
many centuries under the present cropping system if it were 
all available to plants. However, there are strong forces 
involved in the chemical binding of phosphates by the soil 
constituents. Not only is the amount of water-soluble phos
phorus in calcareous soils very low, but the rate at which 
it becomes soluble is extremely slow (Fuller and Ray, 1965).

Potassium
Arizona soils contain high reserves of potassium. 

There is a wide variation in the amount of replaceable or 
less firmly held potassium, but even in the poorest soils 
there is no evidence of an immediate need for potassium.
On the other hand, there is some evidence that potassium 
may be sufficiently low in certain noncalcareous, sandy 
soils of low cation exchange capacity to be a factor in 
crop production (Fuller and Ray, 1965).

In a discussion of potassium and fertility, Reite- 
meier (1957) said U.S.soils, except acid, sandy soils and 
organic soils, such as peat and muck, usually have high 
contents of potassium, often two to three per cent in the 
surface foot. Exchangeable potassium generally represents 
only a small part of the total potassium (one percent).
In turn, the soluble potassium that is free to move with 
the soil water amounts to a small fraction of the exchange
able quantity, about one to five per cent.
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The exchangeable form is never depleted completely 

by cropping, but it often reaches a minimum level character
istic of the soil and the cropping situation. The supply of 
potassium to plants often affects and is affected by the 
level of other nutrients. Under the condition of very high 
soluble or exchangeable calcium and very low exchangeable 
potassium, the calcium may depress the immediate supply of 
potassium to plants. That appears typical also of some 
calcareous soils. But normally within a wide range of 
saturation of the cation-exchange capacity with calcium, 
the calcium has only a minor effect on the uptake of ex
changeable potassium (Reitemeir, 1957).

If the supply of nitrogen and phosphorus is high 
relative to that of potassium, growth may be rapid at first, 
but the potassium concentration in the plant may become re
duced to a deficiency level. In situations of high avail
able potassium level and low nitrogen or phosphorus supply, 
luxury consumption of potassium is to be expected (Reitemeir, 
1957).

Calcium Carbonate
In speaking of vegetational zonation in the Rocky 

Mountains, Daubenmire (1943a) described che upper altitud
inal limits of juniper as sometimes being extended by the 
lime content of the soil. As a result of the amount and 
intensity of rainfall, the soils upon which the woodlands 
are found are for the most part calcareous (Howell, 1941
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and Johnson, 1962). The soils are moderately high in lime 
and mineral plant food from the surface downward. However, 
the content of calcium carbonate and other alkaline salts 
is highest in the belt of least precipitation and highest 
evaporation, with a gradual decrease in the percentage up 
to altitudes of seven to eight thousand feet in the forest 
types of the Southwest (Pearson, 1931).

Soil Reaction
Hollowell (1957) and Hoover, et al. (1948) have men

tioned that blue grama grows in neutral to alkaline soils 
but are not tolerant of salinity. Flory and Marshall (1942) 
have said that the'gramas are not alkali-resistant. Pinyon 
pine is found in areas of smaller alkali content than the 
grasslands (Phillips, 1909), and the pinyon-juniper wood
lands of the Southwest are found on somewhat alkaline soils 
(Howell, 1941 and Johnson, 1962). Pearson (1931) found a 
drop in pH value with increasing elevation in the forest 
types of the Southwest. Soil samples taken on pinyon-juniper 
sites showed slight alkalinity. The alkalinity of these 
soils derived from limestone and basaltic rocks should not 
be attributed to excessive alkaline characteristics of the 
rocks but rather to low precipitation which may cause an 
accumulation of soluble salts near the surface instead of 
washing them away or carrying them into the deeper strata.
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Precipitation

Moisture promotes plant growth only to the extent 
that it is available in adequate quantities when needed.
Along with precipitation, it is necessary to consider run
off, evaporation, and moisture content of the soil (Pearson, 
1931)• Shantz (1938) stated that climate does not effect 
any two plants in exactly the same way or does it affect 
sand and clay in exactly the same degree. In studies on 
the effect of clipping many factors, such as soil and 
biota, had considerable influence on the behavior of the 
vegetation during the period of study, but the amount and 
distribution of precipitation were of outstanding importance.

Since the most variable conditions in the environ
ment of plants is the amount of available soil moisture, 
(Jameson,1965) one would expect that the amount of grass 
growth is highly correlated with rainfall. lie found that 
the growth of warm-season grasses is determined almost 
entirely from summer precipitation during a month or two 
before the period of most active growth. 7/hen little or no 
rain fell during the usual growing season, blue grama re
mained practically dormant. The gramas arc summer growers, 
and the amount of forage they produce depends upon the 
moisture available during the growing season. Sampson (1924) 
stated that blue grama is extremely drought resistant, but 
McGinn!es and Arnold (1939) found blue grama had a high

I



21

capacity for water consumption and was only efficient because 
it made a rapid and often luxuriant growth. Slight growth 
is made from winter moisture (Crafts and Glendening, 1942). 
Hoover, et al. (1948) have added that blue grama growth be
gins fairly late in the season and depends on how much moist
ure is available. Growth ceases during long droughts but 
begins again upon the return of favorable moisture and tem
perature. According to Shantz (1911), the water supply avail
able for plants in grama-buffalo grass land is greatest in 
June and rapidly decreases in July, August, and September,
The seasonal distribution of rainfall or the monthly rain
fall is of far greater importance than annual rainfall. 
Precipitation is a much more important factor than altitude 
(Griffiths, 1912).

Both Hollowell (1957) and Fults (1936) described the 
distribution of blue grama as being adapted from relatively 
moist to dry conditions, but Crafts and Glendening (1942) 
found the best growth with average moisture. In years of 
extreme drought, gramas make little or no top growth (Hoover, 
et al., 1948). The amount of seed produced depends on whether 
moisture is plentiful and temperatures are cool during the 
period of blossoming and seed formation. Shantz (1911) 
indicated that during years of more favorable water supply 
an increased growth of annuals takes place.

In emphasizing the importance of precipitation and site 
on productivity, Holscher (1945) said height growth may vary 
considerably with current weather conditions. V.'ith the same
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weather on all sites, however, differences in height probably 
reflect a difference in vigor and potential productivity at 
the site.

Rainfall in the pinyon-juniper woodlands of the 
Southwest ranges from 10 to 20 inches per year. The greater 
part of the precipitation comes in the summer in the fora of 
violent but brief thunder showers (Howell, 1941). Hanson 
(1924) found an average annual precipitation of 16 inches 
with 7.7 inches falling between June 13 and September 3*
Other studies of juniper show annual precipitation to be

t

12 to 20 inches from the grassland transition to the upper 
edges of the woodland, respectively (Herman, 1953 and 
Pearson, 1931). Additional figures for average annual pre
cipitation range from 12 to 15 inches in Pearson’s Utahan 
zone (193D i 10 to 15 Inches for the pigmy conifers of Utah 
and northeastern Arizona (Woodbury, 1947), and 12 inches 
per year, with an average of about one inch per month, on 
the west front of the Wasatch Plateau in central Utah,
(Price and Evans, 1937). On Utah juniper sites in central ; 
Arizona, Phillips and Mulford (1912) established average 
annual rainfall from 14 to 18 inches with a minimum of from 
9 to 10 inches and a maximum of 25 inches. This precipita
tion increases rapidly and uniformly with altitude (Pearson, 
193D.

Studies by Duley and Kelly (1939) indicated that, 
in terms of the total intake, wide differences in soil



characteristics did not result in any great differences in 
the rate of infiltration of water into the soil. This, 
however, was comparing 1.5 inches per hour against 3 inches 
per hour of assimilated rainfall for only 90 minutes. When 
the first application of 1.5 inches was compared to the 
total intake and infiltration rate of two applications at 
three inches, there was a difference. Intensity and dura
tion of precipitation are important factors to consider.

The volume of forage produced is determined to a 
great extent by climate, particularly the amount and season
al distribution of the precipitation. Climatic fluctuations 
between years of maximum and minimum precipitation are ex
treme on southwestern ranges, and they may require 3 to 5 
years to recover after prolonged periods of drought (Flory 
and Marshall, 1942).



DESCRIPTION OF STUDY AREA

Location

The study area was located on the Heber Ranger 
District of the Sitgreaves National Forest in Coconino 
and Navajo Counties (Figure 1). Four sites were estab
lished in the pinyon-juniper type on the. Arizona Public 
Service Powerline right-of-way on which the overstory 
vegetation had been removed by bulldozing and hand-chop
ping. Aerial photos of the study area are on file with 
Dr. Phil R. Ogden, Department of Watershed Management, 
University of Arizona, Tucson, and with the author.

Elevation differed approximately four hundred 
feet between the highest and lowest sites. Site names 
and elevations are: Chevelon, 6600 ft; Second, 6500 ft;
Ryan, 6300 ft; and Boundary, 6200 ft (U.S.Arny Map Service, 
1954)o

Vegetation
One seed juniper and Utah juniper were the most 

abundant trees. Pinyon pine (P, edulis) was less abund
ant and not as widely distributed as the juniper. Among 
the dominant shrubs were cliff-rose .(Cowania stansburiana), 
snakeweed (Gutlerrezla sarothrae), and senecio (Senecio 
longilobus)o Hoarhound (Marrubium vugare), pigweed

24
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(Amaranthus Kraecizans), and Russian thistle (Salsola kail) 
viere the main forbs found in the type. Of the important 
annual grasses, annual lovegrasses (Eragrostls diffusa 
and Eragrostls mexlcana), six weeks three-awn (Aristida 
adscenslonls) and false buffalo grass (Munroa squarrosa) 
were dominant.

Large areas of grassland occurred within the pin- 
yon- juniper type, and the principle perennial forage 
grasses were blue grama, Texas-timothy (Lycurus phleoldes), 
red three-awn (Aristida longlseta), Arizona three-awn 
(Aristida arlzonica) and squirrel-tail (sitanlon hystrlx).

Soils
In general, the soils belong to the Moll!sol Order, 

although the coarser-textured soils are Aridisols. The 
primary basis for separation of subunits is parent material. 
These soils on limestone parent material are shallow soils 
developed under grass or pinyon-juniper vegetation. The 
topography is generally level, although cliffs and escarp
ments are frequent along drainages. Characteristic series 
in this subunit include the Winona and Boysag (Buol, 1966).

Climate
Winters are cold, and the summers are mild to moder

ately hot. Winds are usually of low velocity and cause very 
little property damage. The two nearest weather stations 
are Winslow, at an elevation of 4851 ft, 30 miles to the
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north, and Heber Ranger Station, at 66l6 ft elevation, 12 
miles to the southeast. The average wind velocity at the 
Vf in slow station is 9.3 miles per hour. The average maximum 
temperatures at Heber and V/inslow are 64.9 F and 71.4 F, 
respectively, and average minimum temperatures are 30,2 F 
and 38.9 F, respectively (USDA, SCS, 1964). The normal 
annual precipitation and normal May-September precipitation 
vary from 14 to 18 inches and 6.5 to 8 inches, respectively 
when the isohyets are interpolated from the lowest elevation 
to the highest elevation of the present study (University of 
Arizona Department of Geology).

Grazing Use
Following control, the area was rested from grazing 

by domestic stock for two growing seasons and then returned 
to grazing use with the start of the 1965 growing season.
All four sites were grazed by sheep from the first week in 
July until mid-August of 1965 and 1966. Use was estimated 
at between 45 and 50 per cent utilization of the current 
seasons growth by the U.S.Forest Service (Earl Ruby, personal 
communication).



METHODS

Field Data

Selection of Study Area
Four sites were established along the Arizona 

Public Service powerline right-of-way which had been 
cleared for construction of towers and for malntuinance 
purposes. This control was done in two parts, the first 
of which was accomplished in the spring of 1961 and the 
second in the spring of 1962. In the first year, the 
southeast side of 195 feet was cleared; the remaining 
120 feet on the northwest side was cleared the second 
year. Following control, the upper site was seeded in 
October of 1963 to brome (Brocius spp.). yellow sweet- 
clover (Melllotus officinalis), sand dropseed (Sporobolus 
cryptandrus), weeping lovegrass (Eragrostls curvula), 
sideoats grama (Bouteloua curtlpendula), and Boer lovegrass 
(Eragrostls chloromelas) by a cyclone hand seeder on rough, 
rocky areas and a drill on accessible areas. The U.G. 
Forest Service personnel described success as 25 acres of 
success and 95 acres of failure, possibly due to fifty 
per cent utilization by sheep grazing the third and fourth 
year after seeding (U.S.Forest Service files, unpublished 
data).

28
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Sites were selected to minimize the affects of 
slope and aspect and, therefore, were chosen on level to 
slightly rolling topography. All sites were accessible 
by pickup on unimproved dirt roads from an improved 
secondary road labeled $04 by the U.S.Forest Service.

Collection of Vegetative Data
Within each year of control, at each site, two 

loops of five 100-step transects were established with a 
corresponding number of transects in the adjacent uncon
trolled areas. Figure 2 shows a schematic design of trans
ects on one site. The starting point of each loop was sys
tematically placed and then run for 250 feet in a north
east direction parallel with the right-of-way border. At 
this point, the second half of the loop was run back south
west parallel to the first half of the loop. A control 
loop was then established in the same manner in the adja
cent uncontrolled area. Each loop was replicated immedi
ately to the northeast along the powerline within the 
same year of control.

Within the controlled area, the transects were run 
using the pace transect method of Costello and Schwan (1946). 
The area was sampled as to composition of plant species, 
litter, bare soil, and rock and erosion pavement by a dot 
tally. Basal cover of perennial grasses, annual grasses, 
forbs, shrubs, and composition by individual species were 
determined. At the last pace of each transect, an herbage
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production plot was established. Herbage production was 
determined by the weight-estimate method described by 
Pechanec and Plckford (1937). Herbage production in-grams 
was determined by species for all grasses. Other plants 
were indicated as present within the plot. A circular plot 
of 9.6 square feet was utilized for herbage weight estimates 
to convert grams of herbage production directly to pounds 
per acre by the employment of a factor of 10. At the same 
point as the herbage production plots, pinyon and juniper 
reproduction and pinyon and juniper trees missed in control
ling were counted in a £-acre circle.

The same procedure was followed in the uncontrolled 
area with the exception that plnyon and juniper reinvasion 
and total trees were not counted on 1-acre plots, but pin- 
yon and juniper overstory was recorded after the method de
scribed by Spurr (1952). The overstory was recorded as a 
dot tally on the transect by projection of the point on the 
ground vertically to detect the possibility of overstory of 
these species at that point. Vegetative measurements were 
made between September 27 and October 16, 1966. Species 
were identified and checked with specimens at the University 
of Arizona herbarium.

Soil Sampling
Soil samples were taken in conjunction with vegeta

tion data. On each loop, at the point of starting and at 
the end of the third transect in the loop (Figure 2),
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samples were taken at 6 and 12 Inch depths. These samples 
were placed In plastic bags inside paper sacks and labeled 
as to location. The same means of collection was repeated 
on all eight loops at each site.

Precipitation Data
During the week of June 13-17, 1966, three Tru-Chek 

rain gauges were placed at each site. The placement was 
one at each end of the site and one in the center of the 
site. All three were on the center line of the cleared 
area. They were mounted on steel posts, and a low grade 
motor oil was utilized to prevent evaporation after collec
tion. The guages were then read on five dates from June 26 
to October 25, 1966.

Laboratory Data
Laboratory work consisted of various tests on soil 

collected from the field. Prior to tests, the samples were 
screened through a 2 mm sieve to remove the gravel-sized 
material. The four samples from the two replicated loops 
for each treatment area (Figure 2) were then combined to 
form one sample per treatment year and one sample for each 
uncontrolled side for each depth on each site. Table 1 
shows how these samples were combined and the corresponding 
coding which can be associated with Figure 2.



Table 1. Field soil samples as composited for laboratory 
__________analyses.______ •_________________ ______________

Sample C-E-6" C-W-6" 0-1-12" C-W-12"•
Sub-
samples
composited

1A 7A
IB 7B

3A 5A
3B 5B

2A 8A 4A 6A
2B 8B 4B 6B

Sample U-E-6" U-W-6" U-E-12" U-W-12"

Sub-
samples
composited

9A 11A 
9B 11B

13A 15A
13B 15B

10A 12A 1 U  16A
10B 12B 14B 16B

C: Controlled Area 
U : Uncontrolled Area 
E: East side: 1961 control 
W: West side: 1962 control 
6": 6 inch depth

Texture Determinations
Soil texture determinations were made on all samples, 

following combination of sub-samples, using Day's (1956) 
modification of the Boyoucos hydrometer method of texture 
analysis.

12": 12 inch depth 
Odd numbers: 6" subsamples 
Even no.: 12" subsamples 
A: sample at start of loop 
B: sample after 3rd tran

sect

Moisture Holding Determinations
Field capacity was evaluated using the pressure plate 

membrane extractor apparatus at 1/3 atmospheres tension. An 
additional level of 3 atmospheres was also run using the 1$ 
bar ceramic plate extractor apparatus. Using a pressure of



15 atmospheres, wilting point was also determined using a 
15 bar ceramic plate extractor. The methods essentially 
follow those of Richards (1941, 1948).

Chemical Analysis 7
Soil chemical tests were run by the University of 

Arizona, Department of Agriculture Chemistry and Soils 
Laboratory.

Total Nitrogen was determined by the Regular Macro- 
Kjeldahl method, as described by Black, et al. (1965) which 
is applicable in the usual situation in which the soil 
sample contains only a small quantity of nitrate nitrogen, 
and it is not necessary to,include this nitrogen. The test 
involves the estimation of 'NIT̂  by the breakdown of the 
organic matter. Calcium Carbonate analyses were by the 
Acid Neutralization Method also used in Black et al. (1965) 
with the exception that filtering was not done.

Explanation of procedures involved in soil paste 
and saturation extract for the test for soil pH can be 
found in chapter six of the U .3.Salinity Laboratory Staff's 
methods of diagnosis (1954). From the saturation extract, 
the total soluble salts were also determined utilizing the 
conductivity bridge principle.

Potassium was measured with the use of a Beckraan-DQ 
flame photometer on the C02 extract.

The measurement of nitrate nitrogen and phosphates 
concluded the soil tests.
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Statistical Design
The data from this study were processed for sta

tistical analyses at the Numerical Analysis Laboratory 
at the University of Arizona. Vegetation and juniper 
overstory data were analyzed as factorial experiments 
following the analysis of variance tables as shown in 
Tables 2 and ). Juniper overstory was obtained only from 
uncontrolled areas. Site and area were treated as fixed 
factors and loop and transect as random variables.

Table 2. Analysis of variance of vegetation data includ
ing expected mean squares.

Source
Degrees of 
freedom Expected mean squares

Site 3 cT2 > % / +
Area 3 cf2 + 5a2 + M>k|
Site x Area 9 rf-2 +  Sct2 +  lOK2 ^
Loops/Treatment 16 tf2 + 5<t2
Transects/Loop 128 ✓ 2

Total 159
Table 3. Analysis of variance of 

including expected mean
juniper overstory data 
squares.

Source Degree of 
freedom Expected mean squares

Site
Area

3
1

rf-2 + 5<X + ZOK^g
^2 + 5O'2 4- W>K2A

Site x Area 3 /  + 5<T2 +  10kSA
Loops/Area 8 /  + So2
Transects/Loop

Total __6.4..
79

?
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Soils data followed a split-plot factorial analysis 
(Cochran and Cox, 1957) (Table 4). Individual treatments 
were compared using Duncan’s new multiple range test accord
ing to Li (1964). The combining of soil samples and those 
samples that constitute a replication can be seen in Table 1 
and Figure 2. Depth, site, and treatment were considered 
as fixed factors and year of treatment as random.

Table 4. Analysis of variance of soils data including 
expected mean squares.

Source Degree of freedclorn Expected mean squares
Depth 1 + 16K 2D
Site 3 + 8K §
Site x Depth (Error A) 3 °A

Treatments 1 aB + 16K 2 . T
Treatments x Depth 1 of + 8K 2TD
Treatment x Site 3 4K 2TS
Treatments x Site x Depth 3 + 2K TSD
Year/Treatment (Error B) 16 °B

Total 31



RESULTS AND DISCUSSION

There was a difference in vegetative response to 
pinyon and juniper clearing on the four sites. In order 
ito interpret these differences, the data on physical char
acteristics of the sites are discussed prior to vegetative 
response.

Precipitation
Precipitation data collected from June through 

November of 1966 on the study plots correlated closely 
with records collected at nearby stations at Heber Ranger 
Station and ’Vinslow (Table $). Previous studies (Pearson, 
1931) have shown that precipitation increases with increas
ing elevation as was the case found here, ••inslow, at an 
elevation of 4851 ft, recorded a June to November 1966 rain
fall of 4.57 inches. The lower study site (Boundary), at an 
elevation of 6200 ft, received 5,04 inches as compared to 
9.32 inches at the upper site of 6600 ft (Chevelon). Heber 
Ranger Station, at an elevation of 66l6 ft, reported 10.12 
inches of rainfall during the June to November period in 
1966.

Records indicate that, although there were no severe 
drought years since the pinyon-juniper control on the study 
sites, the June to November precipitation in 1962 and 1965 
at Heber and V;inslow was slightly lower than the other

37
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inclusive years (Table 5). Annual precipitation in 1961 
and 1962 was slightly lower than normal at Heber, but, except 
for 1962, annual precipitation at V:inslow was near normal 
from 1961 to 1966.

Table $. Precipitation in inches at Heber and Y.’irislow,
Arizona from year of control (1961) until 19o6 and 
precipitation on study area from June to November, 1966.

Period reported 1961 1962
Year

1963 1964 1965 1966

Annual ppt. 16.14 16.01
Heber

19.22 17.65 21.77 17.47
June-November

ppt. 11.36 9.15 14.08 10.45 7.51 10.12

Annual ppt. 7.93 6.55
Y.’inslov;
9.80 7.68 9.52 7.30

June-November
ppt. 5.28 3.46 7.18 6.01 3.57 4.57

J une-November 
1966 ppt. Chevelon

Second
Ryan
Boundary

9.32
6.58
5.52
5.04

Since the precipitation received during the growing 
season is more important to forage production than is annual 
precipitation, only the slight decrease in June to November 
moisture in 1962 and 1965 should have been of consequence.
The decrease in 1962 may possibly have hindered the establish
ment of forage species immediately following control. The
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low rainfall in 1965 may have affected production In the 1966 
growing season and, thus, would have made measurements of 
forage species lower than normal during the time the study 
was conducted.

Using Duncan’s New Multiple Range Test, a significant 
difference in June to November, 1966, precipitation was found 
only between the upper (Chevelon) and lower (Boundary) sites. 
The means for sites are shown in Table $. One gu&ge on the 
Ryan site was lost during the study,; and the loss, for pur
poses of analysis, was handled by substituting the average 
of the other two guages at this site to represent this 
missing observation.

Soils

Soil Texture
Per cent clay and silt were significantly greater 

at the 12 inch depth; sand was more abundant in the surface 
6 inches (Figure 2). This is to be expected, since leach
ing moves the smaller particles to the lower depth. This 
gives a soil with good infiltration and good moisture 
storage. Percent clay was not significantly different be
tween sites but was slightly greater at the lower site than 
at the other sites. Sand and silt did, however, vary with 
site (Figure 4). The proportion of silt was much greater 
at the lower site than the other sites. This might be 
expected, since there is less moisture received at the
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Figure 4. Percent sand and silt in surface 12 inches of soil on four pinyon-  
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lowest site and less leaching takes place. This does not 
hold true for the other sites, however, because silt in
creased with increased elevation above the Ryan site. There 
is likely a difference in parent material among sites. Also, 
as the elevation and precipitation increased, the pinyon- 
junlper overstory Increased, therefore, preventing this 
additional moisture from reaching the ground to move the 
silt out of the upper foot of the soil.

A two-way interaction existed between treatment 
and site on clay content of soil (Figure 5). The signifi
cantly greater amount of clay on the lowest and uppermost 
sites on the controlled areas as compared to the uncon
trolled areas indicate that removal of the overstory caused 
the clay to be brought up from the'lower levels into the 
upper foot of soil on these two sites. This apparently was 
due to the stirring action involved in the physical removal 
of the pinyon and juniper trees by the tracks and blade of 
the crawler tractors. The number of trees removed, the 
depth of layers high in clay content, and the number of 
samples taken near disturbed areas likely account for the 
interaction.

Soil Moisture
Soil moisture values were correlated with soil 

texture. A greater per cent water was retained in the 
soil at both field capacity (1/3 atmospheres) and the wilt
ing point (15 atmospheres) at the 12 inch depth than at the
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6 inch depth. The 12 inch samples shov/ed 18.4 and 10.8% 
water at 1/3 and 15 atmospheres, respectively. The 6 inch 
sample contained 14.7 and 8.9% water at the same pressures. 
The mean per cent moisture retained in the surface foot of 
soil at field capacity and the wilting point was signifi
cantly different among sites (Figure 6). A greater amount 
of water was held at the wilting point at the lowest site 
(Boundary) and was less for the upper sites. This can be 
explained because there was a greater per cent silt and 
clay at this lower site. The remaining sites were found to 
hold about equal moisture at 15 atmospheres pressure. The 
greater amount of silt at the Chevelon site as compared to 
the Ryan site offset the effect of the small difference in 
per cent clay between the two sites and, therefore, equal
ized water held at the wilting point.

The per cent water which could be stored in the 
soil and available for plant use between the 1/3 and 15 
atmosphere levels at each site are as follows: Boundary,
8.1%; Ryan, 7.6%; Second, 5.4%; and Chevelon, 6.9%. Although 
the per cent water available is greater at the lower site, 
there is a great deal less total moisture received here.
Also, the greater amount of clay found at this site would 
decrease the infiltration capacity of the soil and provide 
more runoff with a further decrease in the amount of water 
available to the plant.
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Figure 6. Per cent water at 1/3 and 15 atmospheres pressures for soil of 
the surface foot on four pinyon - juniper sites.
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There was no significant difference in the amount 
of water held at all pressure levels tested between the 
controlled and uncontrolled areas.

Soil Nutrients and Reaction
Calcium Carbonate. As with percent clay and soil 

moisture, the amount of calcium carbonate was significantly 
greater at the 12 inch depth than at 6 inches. The per cent 
calcium carbonate was 6.05% at the 6 inch depth, and at 12 
inches it was 12.39%. This is to be expected due to leach
ing to lower levels. Likewise, there was a difference in 
the amount of calcium carbonate among sites (Figure 7).
The lower sltes/were higher in calcium carbonate due to 
less leaching, and the upper two sites were lower in calcium 
carbonate due to greater leaching. The Chevelon site con
tained a slightly greater amount than the Second site. The 
greater pinyon-juniper overstory at the Chevelon site likely 
utilized more moisture and, thus, a slightly smaller amount 
of leaching occurred. More stirring action due to control 
operations nay also have brought the calcium carbonate up 
from the lower soil levels.

7Although not significant, the surface foot of soil 
on the controlled areas was slightly higher in calcium car
bonate than on uncontrolled areas. This may also have been 
due to the soil disturbance Involved in the removal of the 
pinyon and juniper trees;
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Figure 7. Calcium carbonate in percent and phosphates in parts per million in *
surface foot of soil on four pinyon - juniper sites.
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Phosphates. The available phosphates varied from 
3.75 parts per million to $.00 parts per million on the 
four sites studied (Figure 7)• This level of available 
phosphates indicates this nutrient could have been limit
ing at all sites. The higher calcium carbonate and pH 
values of the two lower sites account for the slightly 
lower available phosphates on these sites compared to the 
upper two sites.

In contrast to the amount of calcium carbonate, 
the parts per million of available phosphates were signifi
cantly lower at the 12 inch depth than at 6 inches. The 
12 inch depth contained 2.75 parts per million of phosphates 
as compared to a value of 6.2$ at the 6 inch level. These 
results are in agreement with the findings of Fuller, et al. 
(1965) and Tisdale and Nelson (1966). They found that there 
is a greater amount of phosphate fixation in soils contain
ing appreciable amounts of calcium-saturated clays. Not 
only is the amount of water soluble phosphorus in calcar
eous soils very low, but the rate at which it becomes sol
uble is extremely slow.

Soil Reaction. Just as the amount of calcium 
carbonate was greater at 12 inch depths so was the pH value 
higher at this depth. Again, this follows the expected pH 
for soils high in calcium carbonate.

As stated earlier, calcium carbonate was slightly 
higher on the controlled areas. The pH values were
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significantly greater on the controlled areas for the three 
lower sites (Figure 8). It is evident that the mechanical 
mixing of the soil during control operations caused the 
calcium carbonates to be brought up and the pH to be in
creased. With the amount of calcium carbonate lowest in 
the surface soil at the second site, the mechanical disturb
ance caused the most marked Increase in pH at this site.

At the Chevelon site, the pH was higher on uncon
trolled areas. This is difficult to explain, since the 
per .'Cent slay and calcium carbonate were higher on controlled 
areas. Since calcium carbonate was low at the Chevelon site 
and perhaps deposition was at depths not greatly Influenced by 
mechanical disturbance, some other factor, such as the stage 
of decay of litter, may have Influenced the pH.

Potassium. Although not significant, the amount of 
potassium was found to be higher at 6 inch levels than at 
12 inches. This agrees with previous workers when it has 
been stated that leaching losses of potassium are probably 
of consequence only in coarse-textured soils in areas of 
high rainfall. (Tisdale and Nelson, 1966). Figure 9 shows 
the potassium levels on the four sites. The low value found 
on the Chevelon site does not appear to be of importance, 
since grass and tree production was greatest here. This is 
in accord with the literature of Fuller and Ray (1965) in 
which they state that Arizona soils contain high reserves of 
potassium. There is a wide variation in the amount of
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Figure 9. Potassium in parts per million in surface 12 inches of soil on four
pinyon-juniper sites.
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replaceable or less firmly held potassium, but even In the 
poorest soils there is no evidence of an immediate need for 
potassium.

Nitrogen. Nitrate nitrogen, which is water soluble 
and easily leached and is a portion of the mineral nitrogen 
in the soil (Robertson et al., i960) followed results 
obtained from percentages of clay and amount of rainfall on 
the four sites0 At the lower site, where there was greater 
overall grass density to use the nitrates and where the 
per cent of clay was higher, there were less nitrates.
But, because there was an increased formation of nitrate 
nitrogen with the removal of the trees and because there 
was little other plant growth to use it, as the elevation 
increased to the Ryan site and clay percentage decreased, 
the amount of nitrate nitrogen increased (Figure 10).
However, as the precipitation also increased so did the 
action of leaching and, thus, a reduction in nitrate nitro
gen from the Ryan site to the Chevelon site.

The per cent total nitrogen other than nitrate nitro
gen as shown by Kjeldahl analysis was mostly organic nitrogen 
and was influenced by the amount of organic matter produced 
at the site. As will be seen under vegetation, the basal 
cover of understory vegetation was greatest at the lowest 
site; therefore, the greatest amount of organic matter was 
produced here. As the overstory increased with elevation, 
the grass density decreased with a corresponding decrease
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Figure 10. Nitrates in parts per million of surface 12 inches of soil on four pinyon-
juniper sites.
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in organic matter produced; therefore, a reduction in total 
nitrogen (Figure 11). Although not significant, there also 
appeared to be more nitrogen on uncontrolled areas as com
pared to controlled areas. This was due to faster decay of 
litter when the pinyon-juniper canopy was removed. The 
higher temperatures in the controlled areas have broken 
down the total nitrogen making it slightly less than in 
the uncontrolled areas and also making the amount of ni
trates greater in the controlled areas.

Although there was slightly more nitrate nitrogen at 
the 6 inch depths, the additional nitrate nitrogen brought 
up from the lower levels by the stirring action of the con
trol operations showed a greater amount of the nutrient in 
the controlled areas (Figure 12).

Total Soluble Salts. Soluble salts are higher in 
the surface 6 inches than in the 6 to 12 inch depth because 
the soluble salts have been moved toward the surface with 
evaporating moisture. Also, with control, more moisture is 
received at the soil surface and with less protection from 
evaporation more soluble salts are brought up. Also, these 
slightly greater values of total soluble salts on controlled 
areas indicate again that the removal of overstory vegeta
tion with the mechanical disturbance involved in control 
operations tends to bring up those nutrients in the lower 
depths of the soil.

A significant three-way interaction among

t
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Figure II. Percent nitrogen from Kjeldohl analysis of surface 12 inches of
soil on four pinyon-juniper sites.
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treatment, site, and depth showed no definite trends and , 
cannot be explained.

Vegetation

Juniper Overstory
The results obtained from pinyon-Juniper overstory 

substantiate the findings of other researchers. As the 
per sent clay decreased in the lowest site up to the Ryan 
site and elevation and total moisture received increased 
from the lowest site up to the upper site, the per cent of 
pinyon-juniper overstory increased (Figure 1)). V.'oodbury 
(1947) and Phillips (1909) found that pinyon-Juniper trees 
occupy the rough rocky or coarse soil areas and the finer 
soils of the bottoms and lower areas bear other types of • 
vegetation.

Shrub Basal Cover
Shrub basal cover measurements followed results of 

tree overstory in an inverse fashion (Figure 14). As the 
overstory increased on the sites and the competition for 
space and moisture became more severe, the per cent shrub 
cover decreased. Per cent cover was 2.1% at the Boundary 
site compared to 0.25% at the Chevelon site. A slightly 
greater but nonsignificant shrub basal cover occurred in 
controlled areas compared to uncontrolled areas. This was 
due mainly to an increase in snakeweed with removal of the 
overstory vegetation. Visual observations prior to
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Figure 13. Per cent of pinyon -  juniper crown cover on four sites with 
increasing elevation.
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Figure 14. Shrub bosal cover on four pinyon-juniper sites.
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collection of data indicated a greater cover of shrubs on 
the controlled areas, but the results do not show this. 
Overstory trees tended to conceal the shrubs.

Perennial Grass Basal Cover
Perennial grass basal cover was found to be signifi

cantly greater on controlled areas than on uncontrolled 
areas. The mean cover on controlled areas, was 20.2^ com
pared to 15.5% on areas where pinyon-juniper overstofy was 
not removed. There was also a significant difference among 
the four sites, but this did not decrease directly as over
story increased as found by Arnold, et al. (I96A). The 
Boundary site was highest in perennial grass cover (21e4%). 
At the Ryan site, grass cover was 14.4^ which was below 
both the Second and Chevelon sites. Blue grama, being the 
prominent perennial grass, followed the same trends. Control 
of pinyon and juniper did not, however, result in Increased 
perennial grass cover on all sites. The area (treatment) by 
site interaction was significant. Since the pinyon-juniper 
overstory was so sparse at the Boundary site, the control 
of the overstory vegetation did not increase the density of 
perennial grasses or of blue grama (Figure 15). A slight 
decrease in grasses was found to occur with control on the 
Ryan site. This might be explained because overstory vegeta
tion was high on this site (Figure 13) with a very little 
more total precipitation received. This area was high in 
sand and low in silt making the amount of available water
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held in the surface soil lower than for the Boundary site.
Low available phosphates nay have been a limiting factor 
on this site, but the low grass cover on a site of coarser 
soil which has favored pinyon-juniper overstory development

i
on very low precipitation areas probably accounts for the 
poor response of grass cover to pinyon-juniper control. . The 
high nitrate content in the soil on this site (Figure 10) 
probably reflects the lack of vegetative growth at this site 
rather than being ia limiting factor.

The Second site showed a greater increase in total . 
perennial grasses and blue grama with control on'the 1962 
treatment than with the 1961 control (Figure 15). This 
might be explained by the burning of the overstory removed 
during the 1962 control on the area already cleared the 
previous year.

The most significant increase in grass cover due to 
control was found on the Chevelon site. Soil at both this 
site and the Second site contained approximately two parts 
of sand to one part of silt. The upper site receives 
slightly more total^precipitation, therefore, making more 
water available to the plant. Phosphates were relatively 
high at the upper (Chevelon) site. The pH and the calcium 
carbonate were lowest at the Chevelon site which made phos
phates most available at this site. Since potassium was 
higher on the lower sites than at Chevelon, this nutrient 
was probably not limiting on these lower sites, when comparing



it to the growth at the Chevelon site. Nitrates and total 
nitrogen were lowest at the Chevelon site. Even though 
nitrogen might have been limiting on this site, this nutrient 
apparently was not limiting on the lower sites because peren
nial grass cover did not improve with juniper control on the 
lower sites with much higher nitrogen levels than at the 
Chevelon site.

Perennial Grass Production
Control of overstory trees increased grass production 

only slightly at the lower site (Figure 16). At the Ryan 
site, perennial grass herbage production was decreased by 
piny on-juniper control'. As will be seen later, there was a

tgreat increase in forbs at this site. The discussion listed 
under perennial grass cover applies to herbage yield at the 
Ryan site. Calcium carbonate appeared to influence grass 
production, through its affect on the availability of phos
phorus, as compared to the apparent small affect on grass 
cover.

Figures 17**22 illustrate the variable vegetative 
production from the lower to upper sites and changes with 
pinyon-juniper control. Even though not significant, pro
duction of total perennial grasses and blue grama was 
slightly greater on controlled pinyon-juniper areas. This 
was due mainly to the increased production on the Chevelon 
site on which production was nearly four times as great on 
controlled areas as compared to uncontrolled areas (Figure 16).
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Figure 17. Uncontrolled area at Boundary site



Figure 18. Controlled area at Boundary site



Figure 20. Controlled area at Second site



Figure 21. Uncontrolled area at Chevelon site



Figure 22. Controlled area at Chevelon site.
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This non-significance in grass production is obviously due 
to inadequate sampling. The coefficient of variation among 
the 160 production plots taken on the study area was 90 per 
cent. This high variation among plots indicates that a 
9.6 square foot plot is not adequate for sampling grass pro
duction on these areas.

Annual Grass Basal Cover
Annual grasses responded much the same as did 

perennial grasses. Cover of annual grasses was highly 
significantly greater on controlled areas as compared to 
uncontrolled areas,(Figure 23). The significant difference 
between sites was due mainly to the great increase on the 
upper two sites following control. Arnold, et al. (1964) 
found that annuals were still abundant on controlled areas 
the fifth season of growth. However, after this time they 
began to decrease as they were replaced by perennials. The 
great increase in annual grasses with pinyon-juniper control 
on the upper two sites was the result of a great deal of soil 
disturbance with the removal of the trees and adequate moist
ure for growth of annuals until the perennial plants reach 
equilibrium with the available moisture.

Annual Grass Production
Production of annual grasses followed nearly the 

same trends as perennial grasses following control. A slight 
increase was found on controlled sites as compared to
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Figure 23. Annual grass basal cover on controlled and uncontrolled areas within four pinyon-juniper sites.
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uncontrolled areas, especially on the upper two sites. A 
large increase in annual grasses was found on the 1961 con
trolled area on the Second site (Figure 2K). This substan
tiates the results of slightly less perennial grass density 
and production on this area and, as stated previously, this 
may very well have been due to the burning of slash from 
the 1962 control on the 1961 cleared area, allowing a less 
suitable bed for the establishment of perennial grasses and 
a chance for the annual to become established. Very few 
annual grasses were found on the Ryan site because of the 
sandy soils providing very little available water in the 
upper few inches for annual grass growth. This soil was 
more adapted to deeper rooted species which could use the 
available water in the lower depths.

Forb Basal Cover
In contrast to the results of Arnold, et al. (1964) 

reporting that forbs showed no marked response to control 
treatments, the present study showed a high degree of signi
ficant difference between controlled and uncontrolled areas. 
All sites contained a greater per cent cover of forbs on 
the controlled areas (Figure 25). All sites except the 
Ryan site also showed a greater amount of forbs on the 1961 
controlled areas than the areas controlled in 1962. This 
again indicates the affect of burning slash on the previously 
cleared area. This permitted the establishment of the easier 
established annual grasses and forbs.
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The lower cover of forbs at the upper site (Figure 25) 
is due to the greater cover of perennial grasses (Figure 15) 
which have successfully competed for the available space, 
nutrients, and moisture.
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CONCLUSIONS

V.’ith the objectives in mind of determining the soil, 
precipitation, and vegetative characteristics which influence 
the production and cover of valuable forage species following 
pinyon-juniper control in north-central Arizona, several valu
able conclusions can be made with regard to the practicality 
and the additional forage gained by such an operation.

Previous work (Arnold, et al.,1964) showed that as 
pinyon-juniper overstory increased the grass cover decreased. 
Since this was not shown in this study, there is reason to 
believe that other factors, such as soils and precipitation, . 
also are Important. Shrub density did, however, decrease 
with increasing tree overstory.

The Boundary and Ryan sites were undesirable for 
pinyon-juniper control. The reason for the low grass pro
duction, even after control, on the Ryan site can be ex
plained by three interacting factors. (1) V.'ith a pinyon- 
juniper overstory of 26%, there was but a small increase in 
precipitation compared to the Boundary site with 14% overstory. 
(2) A high pH and high per cent calcium carbonate made the 
phosphates relatively less available at this site compared 
to the other sites. (3) With nearly equal amounts of clay 
at all sites, this site was high in sand and low in silt 
making the amount of available water stored in the surface
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soil low.
Results have shown that there was no Increased 

forage production on the Boundary site with plnyon-Juniper 
control. This Is to be expected, since this site had a 
sparse overstory cover under which little gain In forage 
species can be obtained by controlling. Although the soil 
at this site had the greatest capacity for storing available 
water of any site. It received less total precipitation with 
the possibility of higher runoff and, thus, a smaller amount 
of total moisture was available to the plants at this site.
The heavy soil at this site provided for good cover of blue 
grama but very poor production.

The Chevelon site, which was desirable for plnyon- 
junlper control, showed the greatest response to clearing of 
the sites studied. This was duo to the greater availability 
of moisture to the plant because of the greater total precipi
tation received even though the range between field capacity 
and the wilting point was smaller than at the Boundary site. 
The amount of calcium carbonate and the pH were both low 
here allowing greater availability of the phosphates, but 
the phosphate level of 5.00 ppm at the Chevelon site might 
be limiting to plant growth at this site. Potassium, 
nitrate nitrogen,and total nitrogen were lowest at the 
Chevelon site and these could be limiting factors on this 
site but apparently were not limiting on the lower sites.

Although forbs increased with plnyon-juniper control, 
annual grasses Increased on all sites except the Ryan site.



Here, due to the sandy soil, water was more available to 
the deeper rooted shrubs, as compared to annual grasses.

From the standpoint of practical application of 
pinyon-juniper control in this area, it seems only reason
able that action would be taken on those areas from which 
the greatest gain in forage cover and production could be 
derived. Application of large sums of money is unreason
able on areas which will show no increase in gain of forage 
species, which in turn affect the monetary gain to the 
rancher through increased livestock gains.

It must also be kept in mind that great care must 
be taken in selection of potential control sites. All of 
the various factors must be evaluated and caution must be 
taken in extrapolating the data and results from one area 
to those of another area.
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