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A five -year clipping experiment was conducted to determine maximum 

,sustained utilization levels for three big game browse plant species in 

central Arizona. The three species were mountain -mahogany (Cercocerrus 

breviflorus) end desert ceanothus (Ceanothus Greet-111) in the chaparral 

type, and cliff -rose (Cowsnia mex icene var. Stensburian :e,) in the pinyon - 

juniper type. 7xperimentel treatments were removal of ?, 25, KC, 75, end 

100 percent of current annual twig growth plus a more severe treatment. 

involving removal of all twigs larger than four millimeters in diameter. 

Treatments were applied each October to ten replications, Dote recorded 

were green and oven -dry weight per plot, total number of current twigs per 

plot, end. mean twig length. Other data obtained were monthly precipita- 

tion, weekly maximum -minimum ter±peratures, monthly twig elongation, and 

phenological observations. Soil moisture trends were traced by electrical 

resistance methods during 1961 and 1962. Soil samples were subjected to 

mechanical analyses and bulk density determinations. Soil moisture content 

at permanent wilting point and field capacity were estimated from field 
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trend curves, from 'sample evaporation curves, and from pressure membrane 

tests et one -third and 15 atmospheres pressure. 

The five -year duration of the experiment wes not sufficient to estab- 

lish a definitive response to clipping. All species were stimulated 

initially by heavy clipping. This growth stimulation persisted throughout 

the study in cliff -rose and, to a lesser extent, in mountain -rn hogeny. 

Ceanothus four -millimeter plots were rapidly dying off at the close of the 

study and lOn percent plots were showing loss of vigor. It was tentatively 

concluded that 75 percent use was permissible for cliff -rose and probably 

also for mountain- e+shogany. Use on caanothus probably should not exceed 

Kn percent. Throughout the study, production under moderate use was higher 

than under no uSe. 

The chaparral site was located on deer granitic soils and was cherec- 

Wired' by operate and independent spring And summer growth seasons. 

Annual, browse production was correlated best with annual or summer rein- 

fell. The pinyon- lunirer site was located on a limestone outcrop, and 

growth was strongly dependent upon winter preci¡itat.ion. After a good 

winter, browse growth continued uninterrupted throughout the summer. The 

difference in growth regimes at the two sites appeared to be the result of 

highly efficient retention of moisture in the limestone substrate. 

Soil moisture depletion in the spring proceeded from the surface 

downward. The depletion curves were very steep, es would be expected in 

sandy loam sells. The range of available moisture was about ten percent. 

Spring browse growth began in late March when soil temperatures 

reached bKo to 50° F. Growth cessation occurred about October 1 each year 

and appeared to be the result of early frost. The maximum annual growth 
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season ran about 19^ days, but high soil moisture stress reduced this 

season drastically when either winter- spring or summer precipitation was 

inadequate. Soil moisture data were reported in terms of ohms resistance 

since calibration data were insufficient for conversion to percent moisture 

content.. 

This investigation was a contribution of Arizona Federal. Aid to 

Wildlife Restoration Project eMR, Arizona Gene and Fish Department, 

Phoenix, 
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THE EFFECTS OF CLIPPING ON THE VIGOR OF BIG GAME BROWSE PLANTS 

AND RELATED STUDIES IN THE ARIZONA CHAPARRAL 

Chapter I 

INTRODUCTION 

Until very recent times the great expanse of brush country 

comprising the Arizona chaparral has been a terra incognita. The 

great pioneer research impetus which in California has made the chap- 

arral a center of range and watershed management and research for 50 

years was channeled in Arizona into the desert shrub and desert grass- 

land types in the vicinity of Tucson, and into the ponderosa pine at 

Flagstaff. 

Through many years of more or less empirical management of deer 

and livestock in the chaparral, numerous questions have arisen. Among 

the uncertainties confronting the Arizona Game and Fish Department and 

the U. S. Forest Service with respect to deer in this area were 

population densities, reproduction and survival rates, population 

limiting factors, key forage plants, and many others. In 1953 an 

attack on these problems was organized under the title of Arizona 

Federal Aid Project W -71 -R, Arizona Chaparral Deer Study, under the 

leadership of Dr. 'Wendell G. Swank. Two study areas were chosen and 

intensively investigated for a three -year period. A badly misused 

cattle allotment, the Three Bar, in the Tonto National Forest on the 
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shore of Roosevelt Lake, was put on non -use status and leased to the 

Arizona Game and Fish Department for game research. Clay Y. McCulloch 

took charge of the Three Bar, while William R. Hanson, and later Steve 

Gallizioli, established another study area in the Prescott National 

Forest. 15 miles west of Prescott. The findings of these three years 

of work were summarized by Swank (56) and by Hanson and McCulloch 

(25). 

The investigators of the Chaparral Deer Study were able to answer 

many questions, but, as is usually the case, they also uncovered a 

host of new questions. One of these was the commonly encountered 

problem of the proper level of use to be allowed on staple browse 

plants. Thus, McCulloch (56, p. 29) estimated that loss of vigor in 

preferred browse species might occur where fall and winter use 

exceeded 30 to 35 percent (excluding spring and summer use). The 

present study was designed to provide a better basis for such esti- 

mates. 

The basic plan of this study and the principal study area were 

chosen in 1956, two years before the writer became associated with it. 

A clipping experiment was planned, similar to those carried out by 

Garrison (21) and Shepherd (h9). The site selected for the experiment 

was at Buckman Flat, on the eastern edge of the Prescott study area of 

Project 1! -71 -R. Here an eight -acre section of e U. S. Forest Service 

administrative study plot was enclosed by on eight -foot barbed -wire 

deer -proof fence (22). At this point changes in personnel assignments 

forced postponement until the summer of 195P when the writer was 

assigned to the iob. 
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The summer and fall of 1958 were devoted to selecting plots, 

assigning treatments, making basic vegetation measurements, building 

a drying oven, and finally applying the first clipping treatments. 

During this period it became clear that an opportunity was at hand to 

obtain much needed information on the response of shrubs to weather 

patterns and soil moisture conditions. Thus, the final plan of the 

study contained three distinct but interacting phases: the response 

of shrubs to various levels of utilization; the response of shrub 

vegetative growth to seasonal precipitation and temperature patterns; 

and the interrelationships of precipitation, soil moisture, and 

plant growth. 



Chapter II 

DESCRIPTION OF STUDY AREAS 

Two major vegetation types were involved in this investigation. 

The majority of the work has been located in the chaparral type, but 

the search for a suitable stand of cliff -rose for clipping experiments 

led to a site in the juniper- pinyon lands north of Paulden, Arizona. 

THE CHAPARRAL TYPE 

The Arizona chaparral is a widespread and diverse vegetation type 

extending from the vicinity of Seligman in northern Arizona, south and 

east into New Mexico and far south into Sonora, Chihuahua, and 

Coahuila. The total extent of the type in Arizona (Figure 1) is about 

eight percent of the area of the state, or about 9100 square miles 

(1i3). The typical chaparral site lies on a mountain slope below the 

ponderosa pine, where the land drops away to zones of higher tempera- 

ture and lower precipitation. Narrow belts of chaparral are found 

encircling all of the major isolated mountain ranges of southern 

Arizona. The broadest extent of the type is to be found in the 

plateau country stretching from Prescott to Globe and Safford. Nichol 

(1)3) gives the general elevational range as 4000 to 5500 feet, al- 

though typical chaparral may be seen as high as 6500 feet on favorable 

exposures. 

The physiography of the chaparral is generally precipitous with 

lt 



i. Paulden Exclosure 
2. Buckman Flat Exclosure 
3. Perkinsville Road 
4. Mescal Gulch 
3. White Spar 
e. Buckhorn 
7. Hands Pass 
e. Paradise 
9. Rucker Canyon 

Figure I. 
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Juniper Vegetation Types in 

Arizona. After Nichol (41) 
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shallow, rocky, undeveloped soils. A wide variety of rock formations 

are to be found supporting chaparral stands, including granite, lime- 

stone, basalt, rhyolite, and recent sediments. 

Precipitation varies widely with elevation but generally ranges 

from 13 to 16 inches annually (hu). Snows occur regularly in winter 

but melting is rapid and there is no snowpack. Summer rainfall comes 

in the form of high intensity thundershowers of erratic distribution. 

Chaparral vegetation is highly variable in floristic composition, 

both with elevation and with geographic location. Two of the most . 

diverse floras are found in the Nazatzal Mountains south of Payson, 

and in the south end of the Bradshaws south of Prescott. Many other 

sites, including Buckman Flat, seem floristically impoverished by 

comparison. According to Cronemiller (17) the term "chaparral" 

originated in the Basque word "chebarra" meaning scrub oak. The 

Spanish equivalent was " chaparro" and in Spanish California "chapar- 

ral" came to mean evergreen brush in general. To the vaquero 

"chemisal" denoted open brush where a horse could be ridden, while 

"chaparral" was brush too thick for riding. Arizona chaparral is 

true to the early meanings of the term since almost all species of 

shrubs in the type are broad- leaved evergreens. The most common 

single species is the shrub live oak (Quercus turbinella), which may 

account for PO percent or more of the shrub species composition. 

Palatable browse species often constitute less than ten percent of the 

shrub composition. Appendix I lists trees, shrubs and half- shrubs 

typically found in the Arizona chaparral. 

The chaparral is commonly considered to be a "fire type." Many 



species of shrubs sprout vigorously from the stump following a fire 

and others seed in just as vigorously. From the standpoint of forage 

production periodic disturbance by fire seems necessary to open up and 

rejuvenate mature stands of brush. Old growth stands on good sites 

become impenetrable jungles which are distinctly undesirable from the 

viewpoint of the hunter, and which produce little available forage for 

deer or livestock. 

The history of the chaparral type is traced by Axelrod (3) back 

to the ancestral species of the late Tertiary. The Arizona -Mexico 

flora and the California flora were separated in the late Cenozoic by 

the hotter summers and colder winters which developed in response to 

major topographic -climatic changes. Major differences have developed 

in the floras of the two regions although many close relationships 

still exist. The closer affinities between the Arizona and Coahuila 

chaparral floras as compared to that of California is chiefly due to 

the absence of summer rainfall in the latter area. 

Cattle grazing has been practiced continuously in the Arizona 

chaparral for nearly a hundred years. Sheep and goats have also been 

grazed there, or trailed through, although virtually none are found 

there at the present time. In the vicinity of Prescott cattle graze 

all year long in the chaparral. According to Swank (56, p. 63) 

browsing by cattle is in direct competition with and detrimental to 

deer herds in many areas. Past heavy use by cattle has removed most 

of the palatable grass and forbs in many chaparral stands, leaving the 

cattle dependent now upon browse through most of the year. Heavy use 

by livestock possibly has contributed to an increase in the density of 
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the brush stand. On the other hand, it appears that much of the 

chaparral near Prescott was thick enough to be a bother to horsemen in 

the early 1860s (15). Brown (13) found no evidence of such an 

increase in density in western Colorado oak -brush stands. 

The deer herd in the Buckman Flat area consists of Rocky Mountain 

mule deer (Odocoileus hemionus hemionus). According to Swank (56, 

p. 97) deer populations in the Prescott study area west of Buckman 

Flat were estimated at nine or ten deer per section in 195h and 1955. 

These deer are yearlong residents with home ranges of one or two miles 

in diameter (56, p. 21). The only noticeable concentrations of deer 

are found around permanent water during long dry spells (25, p. 581). 

Winter and spring rumen contents reported by Swank (56, p. 33) indi- 

cated that desert ceanothus and mountain- mahogany were both preferred 

browse species, although most of the shrub species available were 

browsed to some degree. 

Wildlife utilization also includes browsing by cottontails 

(Sylvilagus sp.), jack rabbits (Lepus californicus), wood rats 

(I?eotoma albiqule), rock squirrels (Citellus variegatus), and occa- 

sional porcupines (Erethizon dorsatum). 

The Buckman Flat exclosure lies on a broad bench at the western 

base of a small range of granite mountains about ten miles west of 

Prescott (Figure 2). The elevation is 51c0C feet with a northwesterly 

exposure. This site is somewhat unusual for the chaparral type in 

that slopes are gentle and the soil is deep and fairly well developed. 

In 1961 a site survey of very limited scope was carried out to 

obtain some measure of relative productivity at Buckman Flat and other 

8 



Figure 2. Buckman Flat Exclosure from the west. 

Figure 3. Paulden Exclosure from the west. Note over- 
hanging deer fence. 
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chaparral sites. Table 1 presents ground cover and shrub crown cover 

characteristics of Buckman Flat and eight other selected sites. 

Table 2 gives physiographic and edaphic data for these same sites. 

These sites are also located on the map in Figure 1. Current- annual- 

growth data from selected shrubs at each site were extended on the 

basis of crown cover to obtain the estimates of per -acre production 

listed in Table 3. Even allowing for the inadequacies of the sampling 

procedure it is obvious that Buckman Flat is not a highly productive 

site. 

THE PINYON-JUNIPER. TYPE 

The pinyon -juniper type covers about 17 percent of the area of 

the state, almost all of it lying in the northern half (Figure 1). 

The type is found in the 50(r- to 7000 -foot elevational range and 

receives 12 to 15 inches annual precipitation (L3). 

This type, like the chaparral, lies below the ponderosa pine 

country. The environmental factors which cause the pinyon -juniper to 

border the pine in some areas, while the chaparral borders the pine in 

other areas, are not well defined. Nichol (43, p. 198) states that, 

in general, the juniper occurs on the colder, drier north slopes lying 

north of the main pine belt, along the Mogollon Rim, while the chap- 

arral occupies the southern border of the pine belt. This rule has 

many exceptions in the broken country along the Verde River and around 

Prescott. In the Santa Maria and Juniper Mountains 50 miles northwest 

of Prescott, where the two types are somewhat intermingled, soil may 

be the determining factor. Hanson (2)) concluded on the basis of 



TABLE 1. Ground Cover and Shrub Crown Coved/ of Various Chaparral Sites. 1961. 

Prescott Vicinity Three Bar Chiricai.ua Ans. 

Buckman Perkins- Mescal White Buckhorn Buckhorn Paradise Rucker Hands 
Flat ville Rd. Gulch Spar South North Excl. Canyon Pass 

Ground Cover (Percent): 

Bare Ground 38.75 34. 00 18.75 6.00 34.75 33.25 ;2.5U 10.00 24.75 
Rock 5.25 22.50 30.50 21.25 17.25 13.75 29.25 29.00 26.50 
Litter 47.75 32.50 42.25 67.25 46.00 47.25 34.75 54.25 42.00 
Vegetation 12.00 11.00 8.25 5.50 2.50 5.75 3.50 6.75 6.50 

Shrub Crown Cover (Percent): 

Desert 
Ceanothus 

Mountain- 
Mahogany?! 

Garr 

Shrub Live 
Oak 

2.1 
(2.6) 

1.7 

(0.3) 

(Dead crown in parenthesis) 

4.6 11.4 
(0.5) (T) 

-- 2.8 -- 
-- (0.3) -- 

Other Species 7.5 
(0.3) 

Total Crown Cover 
Live 41.7 
Dead (6.0) 

2.7 6.6 

(0.5) (0.1) 

6.0 8.8 

_171_ (0) 

16.1 26.8 

(6.0) (1.-1 

2.4 
(0.2) 

22.9 

(1.5) 

0.8 

(0) 

22.3 

(1.5) 

0.5 3.5 3.7 
(0) (10.2) (0) 

12.9 7.1 1.8 
(1.8) (10.7) (0) .1111111 

0.6 8.6 1.8 0.9 

(0) (3.4) (0) (0) 

M -- Oa ant. 2.4 

(0) 
20.0 17.0 fi.c/ 31.8 

(0.7) (T) (0) (1.9) 

33.5 33.2 32.1 55.8 
(2.5) (14.1) (12.2) (2.8) 

1/ Parker loop and crown intercept data from 400 feet of line transect at each site. 
Cercocarrus hetuloides at Buckhorn North and South, C. breviflorus at all other sites. 

2/ Garrya flavescens at Buckhorn North and South, G. Wrightii at all other sites. 

2.5 
(0) 
ON OM 

__ 

8.4 

(0.3) 

23.0 

9.9 

0 

M 

30.h 
(2.8) 

1.4 
(0.2) 

49.8 

(3.4) 

-- 

(1.4) 

51.1 
(1.9) 

MINIM 

MOONS 

-- -- -- 

- 
-- -- 



TABLE 2. Physiographic and Edaphic Characteristics of Selected Chaparral Sites. 1961. 

Prescott Vicinity Three Bar Chiricahua Mtns. 

Buckman 
Flat 

Perkins- 
ville Rd. 

Mescal 
Gulch 

White 
Spar 

Buckhorn 
South 

Buckhorn 
North 

Paradise 
Excl. 

Rucker 
Canyon 

Hands 
Pass 

Estimated 1961 
Precipitation 

(inches) 
12.55 20.10 22.10 18.00 19.20 19.20 2h.00 22.77 22.90 

Slope 80 10° 20° 18° 22-32° 28° 24° 26° 
28o 

Aspect NNE N SE SW WSW NW S NNW SSW 
Elevation (ft.) 5400 5450 6400 5600 4500 4500 6800 6080 6400 

Soil Parent Granite Lime- Lime- Metam. Granite Granite Sand- Lime- Lime- 
Material stone stone Granite, 

Schist 
stone stone stone 

Surface Soil Gr SCL Gr L Gr L LS Gr LS Gr LS Gr LS Gr LS Gr LS 
Texture 

Soil pH 6.4 7.8 7.4 6.6 7.0 7.0 6.0 7.6 8.0 



TABLE 3. Estimated Browse Production, Various Chaparral Sites. 1961. 

Species and Site 
Number of 
Shrubs on 

0.1 A. Plot 

Mean 
Crown 
Diem. 
(in.) 

Mean 
Percent 
Crown 
Dead 

Total Area 
Live Crown 
(ft2 /0.1 P.) 

Sample Browse 
Production 
(grams /ft2) 

Estimated 
Browse 

Production 
(lbs. /A.) 

Mountain -Mahogany 

Buckman Flat 43 25 18 119.88 1.00 2.64 
Perkinsville Rd. 26 38 29 145.46 1.63 5.23 
Mescal Gulch 85 44 13 780.91 3.95 68.00 
White Spar 142 40 22 966.93 0.64 13.64 

Buckhorn South 41 71 0 1127.09 0.32 7.95 
Buckhorn North 21 69 0 545.37 2.32 27.89 
Paradise Excl. 51 55 28 605.88 2.20 29.39 
Rucker Canyon 79 9h 49 466.96 2.72 28.00 
Hands Pass 69 53 34 697.67 8.35 128.00 

Desert Ceanothus 

Buckman Flat 31 37 h9 111.12 1.31 3.21 
Perkinsville Rd. 0 -- -- 0 -- 0 
Mescal Gulch 0 -- -- 0 -- 0 
White Spar 15 37 30 78.43 2.85 4.93 
Buckhorn South 65 25 2 216.58 6.92 33.04 
Buchhorn North 30 27 2 119.40 8.79 22.67 

Paradise Excl. 0 -- -- 0 -- 0 
Rucker Canyon 0 -- -- 0 -- 0 
Hands Pass 122 30 2R 431.29 5.70 54.20 

1/ Cercocarpus hetuloices at Buckhorn sites, C. breviflorus at all other sites. 

' 

_ 

w 
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brief reconnaissance of that area that the Utah juniper and cliff -rose 

were mainly associated with the more fertile and finer -textured soils 

on limestone parent material. However, in the vicinity of Prescott 

thriving young stands of cliff -rose are to be seen on granite and 

basalt soils. Dayton (19, p. 50) stated that cliff -rose is most char- 

acteristic of limestone, but is also to be found on granitic, vol- 
t 

canic, and other igneous formations. 

The Utah juniper (J unireris osteosnerma) and one -seed juniper (J. 

monosperma) are the most abundant species in the northern juniper 

type. The alligator juniper (J. Deppeena) is found as a common com- 

ponent of the chaparral, including some very picturesque old giants. 

Nichol (hl, p. 199) notes that there is some evidence for the 

opinion that Utah juniper stands have developed from open scattered 

stands with grass understory into dense stands of trees with practi- 

cally no forage production. The apparent causes include overgrazing 

by livestock and control of the fires which once destroyed the tree 

seedlings. One of the largest areas to suffer this transformation is 

the Black Mesa, north of Chino Valley. The Paulden exclosure lies on 

the south rim of this mesa. Much of the mesa has now been cleared of 

juniper by various mechanical means and planted to grass. 

Black Mesa lies entirely within the Drake District, Prescott 

National Forest, and is grazed by cattle in spring and summer. Big 

game use is by Rocky Mountain mule deer and by a few pronghorn ante- 

lope (Antilocatra americana). Browse use by all classes of animals is 

very light at the exclosure site and no sign of previous heavy use was 

visible at the beginning of the experiment. 
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The Paulden exclosure (Figure 3) is a one -acre fenced plot lying 

on the north slope of a low ridge of Mississippian -Devonian limestone, 
at the southeastern edge of Black Mesa at 4700 feet elevation. On 

this ridge the soil is very shallow, occupying pockets in the rough 

surface of the rock. Because of the nature of the substrate, no 

attempt was made to gather soil moisture data at Paulden. However, 

observation of cliff -rose growth at both Buckman Flat and Paulden has 

shown that Paulden is the more productive site because of more effi- 

cient retention of winter moisture and a longer spring growing season. 

Percent ground cover at Paulden was determined in 1958 with e 

Parker loop on 400 feet of randomly located line transects: rock, 

32.5; bare soil, 111.8; litter, 21.7; moss, 0.5; perennial vegetation, 

9.0; and annual vegetation, 11.5. Shrub crown cover was 17.1 percent. 

Percent shrub composition was determined by intercepts along the line 

transects: cliff -rose, 112.2; catclaw (Acacia fireggii), 23.6; indigo- 

hush (Dales sp.), iti.8; algerita (Berberis Fremonti), 7.1; juniper 

(Juniperus sp.), 2.3; and skunkbush (Rhus trilobata), 1.3. 
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Chapter III 

THE EFFECTS OF UTILIZATION ON THE VIGOR OF BIG GAME BROWSE PLANTS 

The purpose of this experiment is to determine the maximum level 

of utilization which may be sustained by staple chaparral browse 

species without loss of productivity. 

METHODS 

Proper use experiments require the carefully controlled removal 

of given percentages of the current twig production of the shrub. 

This is possible only by laborious hand -clipping methods. Protection 

from animals which might make additional removals is necessary. In 

the present case one deer exclosure was already available at Buckman 

Flat, and at this location experiments with mountain- mahogany (Cerco- 

carpus breviflorus Gray) and desert ceanothus (Ceanothus Greagii Gray) 

were planned. The third species to be involved in the experiment was 

cliff -rose (Cowania mexicana var. Stansburiana (Torr.) Jepson). 

Cliff -rose is present at Buckman Flat but not in sufficient numbers 

for the planned experiments. The site chosen for the cliff -rose work, 

in the juniper- pinyon north of Paulden, was fenced with a deer -proof 

fence of the overhanging type described by Jones and Longhurst (33, 

Fig. 2). 

Statistical difficulties reported by Grieb and Shepherd (personal 

communication) in the Colorado Mesa Verde browse clipping studies led 
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to the decision to restrict the present experiment to three species, 

only one site per species, and only one annual clipping treatment in 

order to obtain a greeter number of replications. The final experi- 

mental design consisted of nine treatments: removal of 0, 25, 50, 75, 

and 10^ percent of current -annual- growth (CAG) twigs, plus four sets 

of clip -control plants to provide supplementary control data. Ten 

replications of each treatment were planned. 

Each plot consisted of one shrub. Ninety shrubs of each species 

were chosen and organized into ten uniform strata by ocular estimate 

of crown size and density. All shrub size classes from 15 inches to 

eight feet in height were included in the experiment. Within each 

stratum the nine treatments were assigned at random. Plots were then 

tagged with a number and the proper treatment symbol. All plots were 

photographed against a grid -board background in September, 1958, again 

in 1959, and a third time in September, 1962. 

The technique of clipping may consist of removal either of a 

percentage of the length of each twig, or of the entire length of a 

certain percentage of the twigs present. The latter technique was 

chosen to avoid problems of estimating length- weight distribution in 

different twigs. In California bitterbrush (Purshia tridentate) 60 

percent use by length was found to correspond to )1.9 percent use by 

weight (30), while in rabbitbrush (Chrysothamnus nauseosus) in Oregon 

50 percent by length was equal to 1i2 percent by weight (23). Esti- 

mating removal would be difficult due not only to species and site 

growth differences but also due to the effects of response to heavy 

clipping on shrub growth form. A third technique has been applied, 
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that of clipping all twigs to a predetermined "stubble- height" (32). 

But this method is not applicable where a given percentage of growth 

is to be removed, since percent removal varies with mean twig length 

for the year. 

No twigs with less then one centimeter of current growth were 

clipped, and none were clipped above a 60 -inch browse line. Procedure 

followed was to start at the base of each branch and work upward clip- 

ping or leaving CAG twigs as they were encountered; e.g. every other 

twig was clipped for 50 percent treatment, every fourth twig for 25 

percent. Chalk was used to mark the branches already clipped. The 

first clipping treatments were carried out in October, 1958. The data 

taken for each plot were total green weight of CAG twigs and leaves, 

total number of twigs clipped, and mean length of a sample of 10( 

twigs. The samples were then dried for 1,8 hours at 105° C. in an 

improvised drying oven, and oven -dry weights were recorded. 

A discussion with Jack R. Grieb, biologist- statistician of the 

Colorado Game and Fish Department, at Fort Collins in the summer of 

1959, convinced the writer that an additional heavier treatment was 

needed to complete the experiment. Accordingly, at the time of the 

second clipping treatment in October, 1959, a series of ten plots (the 

C -1 clip -control plots) was clipped at 100 percent of current twig 

growth for control production data, and then was subjected to removal 

of all twigs and branches smaller than four millimeters in diameter. 

In subsequent years this four -millimeter or C -1 series was clipped at 

100 percent of current annual growth. 

The clip data each year were analyzed by covariance analysis, 



19 

which has the effect of cancelling out pre- treatment differences in 

productivity (52, p. 394). When covariance analysis indicated signi- 

ficant differences between treatments, the data were subjected to the 

Multiple Range Test (21) to identify the source of the significance. 

The clipping work was carried out by a crew of two to four men. 

Plots clipped per man -day varied from 2.6 to 7.6 for mountain - 

mahogany, 1.9 to 3.7 for desert ceanothus, and ).1 to 8,2 for cliff - 

rose. Clipping effort required from year to year was inversely 

proportional to the amount of growth produced. Ceanothus plots 

required more time because of the lack of definite CAG scars on the 

twigs. 

RESULTS OF CLIPPING TRrATME1qtTS 

The results of the clipping treatments for the five -year period, 

1958 to 1962, are shown in Tables Z1, 5, 6, and in Figure L. These 

data show a steady decline in productivity, a decline which at first 

glance might appear to reflect treatment influence. However, further 

inspection shows that the control plots and clip -controls (C -2, C -3 

and C -h) have suffered a greater decline in many cases than have the 

clip plots. 

Analysis of Data 

Results of covariance analyses for the pest four years (1959 

through 1962) showed little in the way of treatment differences. The 

1959 results (Table 7) indicated that only the cliff -rose and 

mountain -mahogany mean twig lengths were significantly different. In 
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TABLE 4. Results of Clipping Treatments, Desert Ceanothus, 1958 -1962. 
Buckman Flat Exclosure. 

Year 

Treatment Means=/ 

C -2 
Control 25 50 75 100 C -1 C -3 

C -!t 

Oven -dry Weight (grams) 

1958 

1959 

1960 
1961 
1962 

M 
352.4 
157.7 
66.8 
24.2 
53.7 

230.9 

120.2 

41.1 
21.8 
59.1 

231.3 
155.8 

44.0 
39.9 
67.6 

162.8 

82.7 
49.3 
14.4 
32.5 

-- 

130.8 

70.9 
13.62/ 
43.6 

-- 

-- 

32.1 
23.2 
50.6 

Number of CAG Twigs Per Plot 

1958 121111.1 1912.0 1334.8 1404.7 1120.5 -- -- 
1959 903.5 11118.0 921.8 1225.9 684.7 862.5 -- 
1960 738.2 630.0 466.8 485.0 491.9 575.8 434.1 
1961 442.2 249.6 296.4 396.1 197.8 132.2 258.1 
1962 1196.4 

. 361.2 408.3 465.5 275.8 318.0 462.8 

Mean CAG Twig Length Per Plot (cm.) 

1958 3.98 4.90 5.30 4.86 4.51 -- -- 
1959 3.36 3.81 4.16 14.65 3.71 4.35 -- 
1960 2.02 3.00 3.20 3.27 3.23 3.90 3.16 
1961 1.43 1.56 1.80 1.94 1.65 2.03 1.70 
1962 2.58 4.52 5.16 5.02 3.45 4.45 3.97 

1/ Each treatment mean is the mean of 10 replications. 

Data partially based on estimated production. 

- 
-- 

-- 
_ 

. 

, 

. 

' 

2/ 
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TABLE 5. Results of Clipping Treatments, Mountain -Mahogany, 1958- 
1962. Buckman Flat Exclosure. 

Year 

Treatment Mean sil 

Control 25 50 75 100 C-1 
C-2 
C-3 
C-4 

Oven -dry Weight (grams) 

1958 

1959 
1960 
1961 

1962 

72.4 
49.1 
32.2 
9.6 

51.5 

76.8 
48.5 
18.5 

4.3 
46.5 

71.2 
48.9 
23.2 
6.8 

48.3 

74.8 

58.7 
42.9 
14.4 

57.9 

-- 
50.0 
144.3 

70.7 
73.3 

-- 
-- 

13.9 

5.6 

35.3 

Number of CAG Twigs Per Plot 

1958 587.5 455.6 532.8 430.5 464.1 -- -- 
1959 216.0 336.0 291.0 292.3 341.0 325.8 WA IMP 

1960 204.8 325.6 165.4 220.0 391.8 1166.6 153.9 
1961 55.3 102.4 53.6 66.1 128.8 714.4 46.4 
1962 339.6 406.8 320.0 370.3 440.6 729.9 290.0 

Mean CAG Twig Length Per Plot (cm.) 

1958 4.47 5.97 5.4.8 5.32 6.29 -- -- 
1959 6.27 7.17 8.04 7.63 8.79 8.04 
1960 3.62 4.91 4.32 4.63 5.35 5.20 3.89 
1961 3.17 3.18 3.35 2.97 3.38 3.53 3.17 
1962 5.34 6.83 7.27 7.72 7.46 6.78 6.84 

J Each treatment mean is the mean of 10 replications. 

' 

' 

-- 

- 
-- 

- 
- 
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TABLE 6. Results of Clipping Treatments, Cliff -Rose, 1958 -1962. 

Paulden Exclosure. 

Treatment ?leans=/ 

Year 
Control 25 50 75 100 C-1 

C-2 
C-3 
C -4 

Oven -dry Weight (grams) 

1958 130.0 93.4 101.6 95.8 -- 

1959 57.7 55.1 75.4 82.1 30.2 -- 

1960 72.4 76.5 62.2 101.1 146.3 43.0 

1961 MO We 11.8 12.8 8.5 11.2 27.5 10.1 

1962 36.2 60.4 52.0 45.6 88.6 30.7 

Number of CAG Twigs Per Plot 

1958 484.9 505.2 418.8 395.9 411.4 -- -- 
1959 290.9 298.7 295.4 328.6 362.8 166.5 -- 

1960 208.9 278.8 301.0 289.0 375.8 514.2 234.3 
1961 78.6 87.4 146.6 88.4 101.8 196.5 130.5 

1962 89.3 176.8 274.6 200.7 218.5 364.7 151.5 

Meen CAG Twig Length Per Plot (cm.) 

1958 5.82 6.54 6.08 6.82 7.05 -- -- 

1959 4.45 5.53 6.33 6.60 7.69 5.41 -- 

1960 h.12 6.25 7.88 7.27 9.38 13.60 4.87 

1961 1.75 2.10 2.53 2.15 2.64 4.23 2.06 

1962 4.84 5.55 6.57 5.75 6.54 10.81 6.21 

Each treatment mean is the mean of 10 replications. 

-- 

1/ 

Moo 
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both cases the controls were significantly shorter than the 

percent clips. In 1960 cliff -rose mean twig lengths showed rather 

a mixed ranking, but the controls were still the shortest and the 100 

percent clips were the longest. (Table R). The mountain -mahogany in 

1960 produced significant differences only in oven -dry weight, with 

no clear treatment trend other than the usual stimulation by heavy 

pruning in the 100 percent plots. 

In 1961 the mountain- mahogany oven -dry weight again showed stimu- 

lation by heavy use, with a similar trend now appearing in the number 

of CAG twigs produced (Table 9). In the other two species no signifi- 

cant differences due to treatment occurred in 1961. In 1962 (Table 

10), however, significant differences were found only in mountain - 

mahogany mean twig length, while no significant differences in cliff - 

rose treatments occurred for the second year in a row. Desert ceano- 

thus treatments resulted in significant differences for the first time 

in 1962, in mean CAG twig length. The position of the controls and 

the 100 percent clip treatment together at the low end of the ranking 

may seem strange. However, the control plots have never received the 

stimulation of heavy pruning, while the 100 percent plots have the 

appearance in the field of having been pruned too much. Thus, the low 

ranking of the ceanothus 100 percent plots in 1962 may be the first 

bona -fide treatment influence to appear in this five -year experiment. 

Only eight of 36 covariance analyses have indicated significant 

differences between treatments. It is interesting to note that five 

of the eight differences were in mean CAG twig lengths. It is possi- 

ble that this criterion of shrub response is the most sensitive of the 

100 
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TABLE 7. Tests for Significant Differences Between Treatment Means, 
1958 -1959. Covariance Analysis and Multiple Range Test. 

Species 
Covariance 

Efficiency 
(Percent) 

F 
Multiple Range Test 
Adjusted 1959 Means 

Desert Ceanothus 

Oven -dry Weight 276 1.111 Not Significant 

Number CAG Twigs 248 0.753 Not Significant 

Mean Twig Length 125 1.164 Not Significant 

Mountain -Mahogany 

Oven -dry Weight 13h 0.lí61 Not Significant 

Number CAG Twigs 127 1.735 Not Significant 

Mean Twig Length 87 2.848* Con 2.5._ 100 
6.27 7.17 7.)3 

112E 
.0 .7r 

Cliff -Rose 

Oven -dry Weight 210 1.888 Not Significant 

Number CAG Twigs 183 0.721 Not Significant 

Mean Twig Length 103 3.944** Con 25 75 0 100 

x.78 5.h9 6.12 6.52 7.39 

1/ Any two means not underlined by the same line are significantly 
different. 

* Significant at the 5 percent level. 
** Significant at the 1 percent level. 

7 



TABLE 8. Tests for Significant Differences Between Treatment Means, 

1958 -1960. Covariance Analysis and Multiple Range Test. 

1111110111111V 
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Species 

Covariance 

Efficiency 
(Percent) 

F 

Multiple Range Test 
Adjusted 1960 Means 

Desert Ceanothus 

Oven -dry Weight 254 0.879 Not Significant 

Number CAG Twigs 21,5 1.746 Not Significant 

Mean Twig Length 101 2.223 Not Significant 

Mountain- Mahogany 

Oven -dry Weight 149 3.506* 50 75 25 100 
17.56 24.08 12.6r 777 

Number CAG Twigs 128 2.505 Not Significant 

Mean Twig Length 89 0.908 Not Significant 

Cliff -Rose 

Oven -dry Weight 167 1.638 Not Significant 

Number CAG Twigs 174 1.839 Not Significant 

Mean Twig Length 115 9.590 Con 25 T10 T 
T.7 6.06 . 0 .9t 8.0 

j/ Any two means not underlined by the same line are significantly 
different. 

* Significant at the 5 percent level. 
** Significant at the 1 percent level. 

_ 
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TABLE 9. Tests for Significant Differences Between Treatment Means, 
1958 -1961. Covariance Analysis and Multiple Range Tests. 

Species 
Covariance 
Efficiency 
(Percent) 

F 

Desert Ceanothus 

Oven -dry Weight 128 1.429 

Number CAG Twigs 178 2.164 

Mean Twig Length 116 2.480 

Mountain -Mahogany 

Oven -dry Weight 111 4.11.7** 

Number CAG Twigs 132 6.155 

Mean Twig Length 86 0.389 

Cliff -Rose 

Oven -dry Weight 108 0.179 

Number CAG Twigs 115 0.808 

Mean Twig Length 98 1.568 

Multiple Range Test. 

.Adjusted 1961 Means!) 

Not Significant 

Not Significant 

Not Significant 

50 _a_ 100 
.93 9.04 7.33 

Con 5O 75 25 100 
la . F L9.1 71.4 106. 132.3 , 

Not Significant 

Not Significant 

Not Significant 

Not Significant 

2/ Any two means not underlined by the same line are significantly 
different. 
Significant at the 1 percent level. 

R.1 
- 

** 



TABLE 10. Tests for Significant Differences Between Treatment Means, 
1958 -1962. Covariance Analysis and Multiple Range Tests. 

Species 

Covariance 

Efficiency 
(Percent) 

F 

Desert Ceanothus 

Oven -dry Weight 110 0.254 

Number CAG Twigs 191 1.731 

Mean Twig Length 95 5.179** 

Mountain- Mahogany 

Oven -dry Weight 161 0.322 

Number CAG Twigs 148 1.339 

Mean Twig Length 91 3.194* 

Cliff -Rose 

Oven -dry Weight 127 0.582 

Number CAG Twigs 137 2.110 

Mean Twig Length 105 1.398 

Multiple Range Test 
Adjusted 1962 Means=' 

28 

Not Significant 

Not Significant 

Con 100 25 7$ 
2.71 3. .9 4./18 lß.99 . 

Not Significant 

Not. Significant 

Con 21 _L.. _L.. 
. 6.97 7.26 

7E; 100 

7. 7. 

Not Significant 

Not Significant 

Not Significant 

J Any two means not underlined 
different. 

* Significant at the 5 percent 
** Significant at the 1 percent 

by the same line are significantly 

level. 

level. 

0 

.o 

5 O6 
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three to clipping influence. Or it may he that there exists some 

unrecognized bias in the selection of twigs for measurement. 

Four -millimeter Treatment 

The analyses presented in Tables 7 through 10 are exclusive of 

the C -1 or four -millimeter treatments. Since this treatment was not . 

applied until October, 1959, it cannot be analyzed on the same basis 

as the other treatments, which are based on 1958 pre -treatment produc- 

tivity. In addition, the four -millimeter treatment caused such 

violent stimulation (see Figures 5, 6, 7, and 11) that inclusion of 

these data with other treatments would have obscured treatment differ- 

ences of lesser degree. There can be no question that the four - 

millimeter treatment produced highly significant differences when 

compared to other treatments (Figure h). These differences are most . 

strikingly shown in cliff rose and mountain- mahogany and have per- 

sisted through three growth seasons. The desert ceanothus has not . 

held up well under this severe treatment, and in 1961 and 1962 gave 

definite indications of debilitation, including both low production 

and increasing mortality. 

Mortality 

Shrub mortality has been surprisingly light through the first 

five years of this experiment. One of the reasons for the choice of 

ten replications was the expectation that the more heavily clipped 

plots would rapidly die off. Such has not been the case. No mortal- 

ity was observed until the spring of 1961, after two growth seasons. 
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Unclipped condition. 1959 pro- 
duction: 47.9 g., 112 twigs, 

4.7 cm. mean length. 

First growth season. 1960 produc- 
tion: 142.4 g., 624 twigs, 13.lß 

cm. mean length. 

Second growth season. 1961 pro- 
ductions 1tß.11 g., 140 twigs, 
2.9 cm. mean length. 

Third growth season. 1962 produc- 
tion: 72.3 g., '35 twigs, 8.9 cm. 
mean length. 

Figure 5. Cliff -rose plot 6166. Four -millimeter treatment. 
1959 -1962. 

' 

` 
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Unclipped condition. 1959 pro- 
duction: 46.6 g., 332 twigs, 

8.6 cm. mean length. 

First growth season. 1960 produc- 
tion: 144.0 g., 1513 twigs, 6.2 
cm. mean length. 

Second growth season. 1961 pro- 

duction: 76.0 g., 9h2 twigs, 

t.5 cm. mean length. 

Third growth season. 1962 produc- 
tion: 105.1, g., 11l.í8 twigs, 5.7 
cm. mean length. 

Figure 6. Mountain- mahogany plot 5936. Four -millimeter treatment. 
1959 -1962. 
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Unclipped condition. 1959 pro- 
duction: 126.7 g., 936 twigs, 
11.1 cm. mean length. 

First growth season. 1960 produc- 
tion: 100.5 g., 928 twigs, L.4 
cm. mean length. 

Second growth season. 1961 pro- 
duction: 20.0 g., 261 twigs, 

1.7 cm. mean length. 

Third growth season. 1962 produc- 
tions 50.2 g., 499 twigs, 3.3 cm. 
mean length. 

Figure 7. Desert ceanothus plot 6085. Four -millimeter treatment. 
1959 -1962. 
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At that time the following riots failed to put out spring growth: 

mountain -mahogany, one C -1 (four -millimeter) plot; desert ceanothus, 

one 50 percent plot, .two C -1 plots, and one C -2 clip- control plot. 

As of October, 1962, at the end of the fourth growth season, no 

cliff -rose plots were yet dead, and no additional mountain -mahogany 

mortality had occurred. However, the desert ceanothus experiment had 

lost a second KO percent plot, a third C -1, and a C -L clip -control. 

It is apparent that plot mortality has little relationship to 

experimental treatment, except in the C -1 plots. The hardest hit 

species, desert ceanothus, has lost no 75 or 100 percent plots, but 

has lost a C -2 plot, which was clipped at 100 percent in 1960 but not 

touched otherwise, and a C -b plot which died before it was ever 

clipped. It is apparent, however, that the desert ceanothus C -1 plots 

are losing ground and that this treatment is too much for them. 

Effects of Clipping on Shrub Growth Form 

The effects of long -term excessive use by big game and livestock 

on shrub growth form are well known to anyone who has ever observed 

them. Typical symptoms are smoothly rounded contours and extremely 

dense crown with gnarled and distorted twigs. The five years of 

clipping at Buckman Flat and Paulden have not resulted in this type of 

growth form, even in the heaviest clip treatments (Figures 8, , 10, 

and 13). Animals tend to take the terminals and leave the laterals, 

a tendency which is encouraged as hedging develops. This loss of 

terminal buds destroys apical dominance and permits greater lateral 

growth. In this experiment all twigs were subject to clipping and 



31: 

. 
T, 

l° .. 

- T*`' .'.'T . . 

Figure 8. Response of shrubs to 100 percent treatment, cliff -rose 
plot 61W.. 1958 -1962. This is the most vigorous shrub at 
Paulden Fxclosure. 

Figure 9. Response of shrubs to 100 percent treatment, desert 
ceanothus plot 6015. 1958 -1962. -1962. Some hedging is apparent 
on this plot. 
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Figure 10. Response of shrubs to 100 percent treatment, mountain - 
mahogany plot 5982. 1958 -1962. 

Figure 11. Vigorous twig growth on 
mountain -mahogany follow- 
ing four -millimeter 
treatment, 1960. 
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terminals were taken only in proportion to clip percentage. Clipping 

of laterals has prevented development of dense crowns. Hedging, 

therefore, has developed only in the 100 percent plots, and there only 

to a minor degree at this time. 

The crowns of the clipped shrubs are still spreading and open 

(Figure 12). In fact, the removal of dead branches in the crowns 

which was necessary to facilitate clipping work has left many shrubs 

without sufficient support. Many have required artificial support to 

prevent high winds and winter snows from breaking them down completely. 

This problem is much the worst in ceanothus, which normally includes 

several dead stems within the crowns of all but the healthiest speci- 

mens. when this dead wood is removed the remaining live stems are 

often too limber to hold up and the crown falls apart. This effect 

appears to have no relation to severity of clipping treatment, but 

depends upon the condition of the shrub prior to the first clipping 

treatments. 

A second and less obvious effect of the clipping experiments upon 

growth form has been the stimulation of sprouts from adventitious or 

latent buds in the exposed root crown and lower portions of major 

stems (Figure 1h). This is particularly noticeable in the mountain- 

mahogany and in 1960 these sprouts were clipped and sacked separately 

from the twigs in the shrub crown. The resulting data are given in 

Table 11. Oven -dry weight production in the lighter clip treatments 

was about the same for crown twigs and root sprouts. But in the 100 

percent plots the ratio was about 3:1, and in the four -millimeter 

(C -1) plots after their first growth season the difference is 18 :1. 
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Figure 12. Deterioration of shrub crown under moderate use. Desert 
ceanothus plot 6019, and mountain -mahogany plot 5959. 
1958-1962. 
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Figure 11. Close -up of vigorous 12- 
to 15 -inch current 
growth twigs on cliff - 
rose after four years of 
100 percent use. 

Figure 1h1. Typical growth of root 
sprouts at the base of a 
mountain- mahogany. 
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TABLE 11. Production of Current Annual Growth Twigs in Shrub Canopy versus Root Crown 
Sprouts, Mountain -Mahogany, 1960. 

Treatment 

Means 

Control 25 5' 75 100 C -1 C -2 

Oven -dry Weight (grams) 

Canopy -- 19.9 11.2 11.3 31.6 141.8 12.1 38.5 

Root Crown -- 15.6 12.2 11.6 13.5 10.7 1.7 10.9 

Ratio 1.3 :1 0.9:1 1.2:1 2.3:1 13.0:1 7.0 :1 3.5:1 

Number of CAG Twigs per Plot 

Canopy 71 250 139 187 354 1266 142 344 

Root Crown '9 100 51Z 52 65 68 9 55 

Ratio 1.8 :1 2.5 :1 3.6 :1 3.6 :1 5.1:1 18.6:1 15.8 :1 6.2 :1 

Mean CAG Twig Length per Plot (Cm.) 

Canopy 2.75 3.58 3.54 3.38 4.28 5.69 2.99 3.74 

Root Crown 8.59 7.10 8.29 8.80 9.09 8.19 7.72 8.30 

Ratio 0.3 :1 0.5 :1 0.11. :1 0.4:1 0.5 :1 0.7:1 0.1 :1 0.5:1 
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The previously untouched C -2 also had a high ratio. 

In numbers of CAG twigs produced per plot there is a steady 

increase in the ratio of crown twigs to sprouts from the controls at 

1.8:1 up to the four -millimeter plots at 18.6:1. Once again the 

unclipped C -2 plots had a high ratio of 15.8:1. In comparisons of 

mean CAO twig length, crown twigs are between half and a third as long 

as the sprouts, but slightly longer in the four -millimeter plots where 

the crown twigs averaged much longer than in other treatment plots. 

The very small numbers of sprouts produced by the four -millimeter 

plots seems to indicate that the intense stimulation during that first 

growth season did not reach down into the root crown, but was confined 

to the shrub canopy. The previously untouched C =2 plots also produced 

very few basal sprouts, whereas the frequently disturbed but still 

unclipped control plots produced about as many basal sprouts as crown 

twigs. The difference seems to lie in the removal of the litter which 

normally covers the root crown of the shrub. In the controls and 

clip- plots most of the dead twigs and leaves had been 

removed to facilitate accurate counts of low growing twigs and root 

sprouts. Only the C -2 plots and other clip -controls still retained 

this covering. It would appear that the increased insolation of the 

root crown due to removal of litter may be the cause of this marked 

increase in root sprout activity. 

DISCUSSION 

The whole problem of evaluation of proper use has been reviewed 

recently by Hedrick (26), with some attention given to browse range 
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problems. Recent general compendia of range research methods and 

findings have also included brief discussions of browse (12, /Ef, 55, 

58). The best discussions are those by Brown (12, p. 169 -171) and 

Blair (7, p. 26 -?1). Perusal of recent range research and management 

literature gives the distinct impression that browse range is some- 

thing of a step- child. This is particularly noticeable in Arizona 

where the research effort is primarily directed at replacing the brush 

with grass rather than learning to manage it properly. 

Proper use has two distinct connotations. One involves the 

proper use factor to be allowed on key, or indicator, species when the 

range as a whole is properly utilized. The other concept, the one 

considered in this paper, involves the physiological impact on the 

individual plant of removal of various fractions of current. growth. 

This physiological proper use has been studies both by artificial 

clipping in range exclosures, and on the open range where the utiliza- 

tion is accomplished by the animals. In the former technique impact 

of use on the plant, may be determined from clipped samples in terms of 

weight of production, mean twig lengths, or numbers of twigs. In the 

open range approach the twigs are not available for inspection after 

use, and twig lengths and numbers measured on the bush are the usual 

criteria. The ability to maintain seed production under grazing pres- 

sure is another important consideration. Other means of assessing 

resistance to browsing are sometimes used, such as ground cover (35) 

and height growth (37). 

Proper use studies of shrubs by artificial clipping are long 

drawn -out affairs, which may account in part for their scarcity. Only 



a handful have been reported. A general review of some of these may 

now be in order. 

Between 19'8 and 1914/1, Aldous (2) clipped white cedar and eight 

species of hardwoods in Minnesota and northern Michigan. A variety of 

treatments was used, obtaining both twig length and air -dry weight 

data. In five of the eight hardwoods heavy use was beneficial because 

it stimulated growth but kept the young plants from growing up out of 

reach. In white cedar, however, only the lightest use (15 to 20 per- 

cent) was permissible on seedlings not yet grown up above the browse 

line. 

In northern Idaho, Young and Payne (62) studied four species of 

hardwood browse in white -pine cutover lands. They clipped at 5C, 75, 

and 100 percent of current twig growth in three seasons: early June, 

mid -July, and mid -September. A definite seasonal effect was discov- 

ered, with summer use more damaging than use at other seasons. For 

redstem ceanothus (Ceanothus sanguineous) 75 percent use was not 

damaging in spring and fall, but even 50 percent was too much in 

summer. In the other three species (Amelanchier alnifolia, Lonicera 

utahensis, and Rosa ionesii) 100 percent was not too severe for fall 

use but 75 percent was damaging in spring and summer. The final 

recommendation was 6C percent for all four species. 

Garrison (23) made a study of five species of winter browse 

plants in northeastern Oregon and southeastern Washington, by clipping 

plots for four to seven years at several different sites. Clipping 

was done in fall and winter, corresponding to the period of normal use 

on each range unit. Five treatments were used (0, 25, 50, 75, and 100 

142 
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percent of current growth) with three replications of each. This 

experimental design was applied to snowbrush ceanothus (Ceanothus 

velutinus), rubber rabbitbrush (Chrysothemnus nauseosus), antelope 

bitterbrush (Purshia tridentate), and creambush rockspirea (Holodiscus 

discolor). The fifth species, curlleaf mountain -mahogany (Cercocarpus 

ledifolius), was clipped at 100 percent in three different series 

(four years in a row; first and fourth years; and first, second, and 

fourth years). Clipping was done by removing the proper percentage of 

the length of every twig, except in the 25 percent, where half of 

every other twig was taken. This method required the use of correc- 

tions for twig taper in calculating total plot production. Mean 

current growth of a sample of !;C to 100 twigs was measured on each 

plot before clipping. Results of clipping treatments were analysed 

by covariance methods. In bitterbrush the greatest yields were from 

moderate or heavy use with greatest twig lengths in the heaviest 

clipped plots, and with response depending on site quality. The 

recommendation was 60 to 65 percent use on good sites. Ceanothus 

produced best. at 25 and 50 percent use with little treatment differ- 

ence in twig lengths. The best use level was set at 35 to !0 percent. 

Rabbitbrush produced best at the 75 percent level but not without some 

die -back in the crown. The safe level of use was thought to be about 

50 percent. Rockspirea produced best at 75 and 100 percent use, but 

also with some die -back of terminals at 100 percent. Twig length was 

greatest at 100 percent and en abundance of suckers was produced. 

Safe level was set at about 50 to 60 percent. The mountain -mahogany 

plants used in this experiment were all tell old specimens. A browse 



line was set at kL inches and all clippings were made below that 

height. Treatment intensity made little difference on this species 

since after the first clipping there was practically no twig produc- 

tion below the browse line. Thus, these tall plants contributed 

little to sustained forage production. Proper use on smaller plants 

was thought to lie around 50 to 60 percent. 

In north- central Colorado, Steinhoff (54) clipped a small group 

of bitterbrush plants as a teaching demonstration for a period of ten 

years. In this case clipping was by percent of twigs, rather then 

percent of length of each twig. The 100 percent clip resulted in 

strong stimulation of growth but also early mortality. After ten 

years the 25 and 54 percent plants were in good vigor and producing 

well. The 75 percent plant was still producing well but appeared to 

be in poor vigor and showed severe hedging. Proper use was estimated 

at 65 percent. 

At Mesa Verde in southwestern Colorado, H. R. Shepherd recently 

completed a ten -year clipping study on five browse species: big sage- 

brush (Artemisia tridentate), bitterbrush (Purshia tridentate), true 

mountain -mahogany (Cercocarpus montanus), serviceberry (Amelanchier 

alnifolia), and Gambel oak (Quercus Gambelii). Unfortunately, the 

final report on this study has not yet been released. The latest . 

information available is contained in a Colorado Federal Aid Project 

completion report for the ninth year of clipping (149). The treatments 

were 20, 40, 60, 80, and 100 percent of annual growth. Clipping was 

done annually in August and September. In one series of plots clip- 

ping began with the removal of two years, growth at one time, followed 

, 
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by annual removal of all material less than four millimeters in 

diameter. As of the ninth year of clipping all four -millimeter plants 

of bitterbrush and sagebrush were dead, but other species were still 

producing heavy twig crops. The only significant treatment difference 

was longer twigs on 100 percent plots in all five species. Appar- 

ently, stimulation by heavy pruning persisted for nine years in these 

plots. No estimate of proper levels of use has been published as yet. 

Samples of clipped twigs from this Mesa Verde study were analyzed by 

Dietz (20) for protein, ash, calcium, and phosphorus. Significant 

differences were found between species and between leaves and stems, 

but no differences were found between treatments. Samples taken in 

1949, at the beginning of the study, were somewhat higher than 1955 

samples in some nutrients, but differences were not greet. There was 

little loss in storage, apparently. 

Cook and Stoddart (16) tested different methods of clipping on 

big sagebrush ( Artemisia tridentate). They compared removal of all 

current twig growth from half the crown of the plant with removal of 

one -half the current growth of each twig over the entire plant. 

Treatments were made in late winter or early spring for three years. 

Removal of all growth from half the plant resulted in the death of 

tops and roots on that side, but the unclipped side continued vigorous 

growth. Clipping half of each twig over the entire crown caused a 

considerable reduction in vigor, but only small portions of the crowns 

died back. The study indicates that the choice of clipping method may 

significantly affect the outcome of an experiment. It also indicates 

that in this species, at least, there is little or no translocation of 
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food material from one side of the plant to the other. 

At Buckman Flat in 1960 a mountain- mahogany bush was divided, 

half the crown receiving the severe four- millimeter clip while the 

other half was left unclipped. During the very dry 1961 growth season 

the clipped half sprouted vigorously while the unclipped half produced 

fewer than a dozen twigs. 

It has also been observed on tall C -1 plots that the vigorous 

growth following the four -millimeter clip did not extend above the 

60 -inch browse line. It appears that the stimulation of twig growth 

by heavy use is a purely local affair in each branch and is not trans - 

located up or across the plant crown. 

Particularly pertinent to the present study are two early browse 

utilization investigations conducted by the U. S. Forest Service on 

the famous and ill -used Worth Kaibab deer range. On this area the key 

summer browse is aspen, while on the winter range the key browse is 

cliff -rose. Julander (3h) began his studies on deer use in 1932, only 

eight years after the peak deer population and subsequent crash in 

192h -25. Julander recorded twig lengths before and after use for 

three years, protecting the plots with portable cages when they had 

received the desired use by deer. He noted a rapid increase in total 

production up to the 50 to 55 percent use class, but a decline in 

production when use ran above 65 percent. He concluded that cliff - 

rose will maintain itself at 75 to 80 percent use, and will recover 

from overuse at 70 to percent. 

Johnson (32) followed up this work on the North Kaibab cliff -rose 

with a clipping study involving two treatments (one -inch and 
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one -half -inch "stubble- height" on each current growth twig) and three 

replications at three different sites. Data taken included weight of 

clippings, number of buds left on each stub, number of twigs per plot, 

and mean twig length. Duration of the study was five years, from 1937 

to 19t!1. Results of this work showed very similar total weights 

produced by the two treatments, but with total length of twigs per 

plot much greater in the one -inch clip, especially in a drouth year. 

The mean twig length was greater in the half -inch clip, but this was 

compensated for in the lighter treatment by much greater numbers of 

twigs. Johnson calculated that the one -inch clip corresponded to 

about 7e percent use, while the half -inch clip amounted to 89 percent 

use. The final conclusions were that while the heavier use did not 

seem to damage the plants, the lighter use produced better quality 

forage and more seed. 

The Paulden cliff -rose experiment reported in this paper was 

conducted about 110 miles due south of and a thousand feet lower than 

the forth Kaibab. However, the Paulden site seems to be about as 

productive as the Kaibab. The conclusions which seem to be indicated 

by the first five years at Paulden are that the heavier you use it the 

better it grows. This might be expected in Aldous's Lake States sites 

but i} is not the response normally expected in semi -desert habitats. 

Nonetheless, the 100 percent and even the severely used four- milli- 

meter treatment plots are producing on the average both more and 

longer twigs than the lighter treatments. No data were taken on 

flower and seed production in this study, but the generally prolific 

seeding of cliff -rose and its habit on this site of flowering twice 
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each summer seems to ensure adequate seed crops. None of the cliff - 

rose plants involved in this study have shown the kind of crown 

deterioration so common in ceanothus plants at Buckman Flat, and 

little evidence of hedging is to be noted. The only noticeable detri- 

mental effect of heavy use is some terminal die -back in the heavy 

stems left on the four -millimeter plots. Cliff -rose is noted for its 

profuse production of short spurs- -short gnarled leaf- bearing sterns 

which grow only a millimeter or so each year. These spurs were not 

removed in the application of the four -millimeter treatment since few 

of them are more than a centimeter in length. As a result there was e 

good supply of photosynthetic material available each spring while the 

current twigs were growing out, and vast numbers of latent buds were 

available for production of twigs. The importance of spurs to the 

economy of the plant was examined by Hubbard, Sanderson, and Dunaway 

(30) in antelope bitterbrush (Purshia tridentate), e close relative of 

cliff -rose. In three of the five California bitterbrush plants 

examined, spurs and their leaves produced considerably greater weight . 

of plant material than did the current growth twigs and their leaves. 

The spurs are not readily available as forage because of their short 

growth habit., and thus are left on the bush as a photosynthetic stock- 

pile for the maintenance of the plant. 

Several points are brought out by these many and varied clipping 

studies. First of all, it is clear that in all species and sites 

properly browsed plants may be expected to grow more vigorously than 

unbrowsed ones. Secondly, during the early stages of clipping experi- 

ments, the heavier the treatment the more vigorous is the growth. The 
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duration of this stage of stimulation by heavy use is highly variable, 

but it appears to be relatively longer on good sites. :Eventually, in 

most species, heavy clipping results in a loss of vigor which mani- 

fests itself in terminal die -back and declining total forage produc- 

tion. Heavy clipping treatments appear almost universally to lead to 

the production of longer twigs than do lighter treatments. Heavy -use 

plots sometimes appear to weather drouth periods with better produc- 

tion than plots receiving lighter treatments, no doubt because they 

have a greater root system for the size of the remaining crown. 

Some of the principal factors which appear to determine resis- 

tance to use by various species are: the number and placement of 

buds, the ability to sprout from latent buds in the root crown and old 

stems, the phenological cycle in relation to periods of utilization, 

and the capacity of the heavily clipped crown to maintain photosyn- 

thetic activity sufficient to support the root system. 

The results of Dietz's analysis of the Mesa Verde clip samples 

confirm the suspicions of this writer that one current growth twig is 

about the same as another, chemically speaking, and that debilitation 

of the plant by over -use will make itself known by the low quantity of 

forage produced. 

CONCLUSIONS 

Clearly, the first conclusion to be drawn is that the five -year 

period of this study was not sufficient to establish fully the 

response of the shrubs to the treatments. The following conclusions, 

then, must be regarded as tentative, rending the completion of the 

lag 
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experiment, three to five years hence. 

1. Clipping as carried out in this experiment does not result 

in the typical hedged growth form generally associated with long -term 

over- utilization by animals. How great a difference in degree and 

type of physiological impact may accompany this difference in growth 

form is not known. It night be suspected, however, that the clipping 

is more injurious than animal use since the plant is not allowed the 

protection of a tight crown. 

2. Since all clipping was done at one location is this study, no 

detailed analysis of the effect of site on response to grazing can be 

made. However, since Buckman Flat is evidently a low quality site, it 

is assumed that standards of use established there would be safe for 

plants growing on better sites. On the basis of observation it is 

believed that Paulden exclosure is of at least average productivity 

for cliff -rose sites in northern Arizona, and the results of that 

experiment should be widely applicable. 

3. An initial removal of more than 100 percent of current growth 

twigs to four millimeters diameter followed by 100 percent annual 

utilization has caused severe terminal die -back in all three species, 

although growth from latent stem buds and from short spurs has con- 

tinued vigorously for three years. In ceanothus, however, this treat- 

ment has resulted in the death of three of the ten shrubs, with more 

likely to follow soon. Cliff -rose has withstood this severe test much 

better than the other two species. 

h. Utilization of 100 percent of current annual growth for five 

years has caused no discernible decline in vigor in cliff -rose and 
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mountain- mahogany, but there is evidence of weakening in desert 

ceanothus. 

Lesser treatments, 75 percent and below, have had no detri- 

mental effect on production in any of the three species. Almost with- 

out exception the unclipped controls have made the poorest growth. 

6. One of the problems mentioned in studies of maintenance of 

productivity in browse stands is that of browse plants growing quickly 

out of reach. This is definitely not a problem on poor to average 

chaparral sites in Arizona. In the vicinity of Buckman Flat browse 

plants sprouting or seeding in after a fire remain well within reach 

of deer for periods of 15 or 20 years or longer. That being the case, 

grazing should be conservative in order to allow some vigorous plants 

to grow up and become seed producers, as well as to permit establish- 

ment of new seedlings. On high quality chaparral sites in Arizona, as 

in northern California, height growth is rapid. On such sites heavy 

use may be necessary to keep the brush open and low growing as pointed 

out by Biswell and his co- workers (5). 

7. It is unfortunate that this experiment dic not provide data 

on use in various seasons since the chaparral is yearlong range for 

both deer and cattle. However, browse is used most heavily during 

periods when forbs and grasses are dry and unpalatable and shrubs are 

dormant.. It is doubtful that use during the summer drouth would be 

much more damaging than winter use, and during the spring and summer 

rainy seasons grasses and forbs appear to take the brunt of grazing 

pressure. 

5. 

- 
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8. Tentative estimates of proper use levels are suggested as 

follows: 

Cliff -rose. The 75 percent, level recommended by Johnson and 

Julander is conservative and safe. It is apparent that 

vigorous plants on good sites can sustain much greater 

use for periods of a few years. 

Desert ceanothus. This species appears to be relatively 

low in vigor and subject to high mortality. It is also 

highly susceptible to mechanical damage. The highest 

possible use now indicated in the experiments is 75 

percent, but in the long run proper use will probably 

prove to be 50 percent or less. 

Fountain- mahogany. For four growth seasons the 1CC percent 

treatment plots have led all others in weight of forage 

produced. However, there is some tendency toward 

piecemeal die -back of the crown and other signs of 

susceptibility to disturbance. Thus far a 75 percent 

level of use appears to be safe. 
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Chapter IV 

SOIL MOISTURE INVESTIGATIONS 

Early in the spring of 1959, during the first year of the Buckman 

Flat experiments, a study of soil moisture trends was under considera- 

tion as a supplement to the limited meteorological data. Unfortun- 

ately, the necessary equipment was not available until some 18 months 

later. Thus, the soil moisture phase of the Buckman Flat studies 

covers only the 1961 and 1962 water years. 

METHODS 

Basic equipment for the soil moisture investigation consisted of 

a Colman Soil Moisture Ohmmeter, Model ?OG, manufactured by Beckman 

Instruments, Inc. In June, 1960, the Committee on Grants-in- Aid -of- 

Research of the Society of the Sigma Xi awarded the writer a grant of 

'200 for the purchase of the ohmmeter and materials for soil moisture 

units. The Arizona Game and Fish Department provided five Colman 

fiberglas units with thermistors. Sixty gypsum block units were manu- 

factured in the Soils Laboratory, Arizona State University, Tempe, 

according to U. S. Forest Service specifications, under the super- 

vision of Dr. Paul T. Koshi. This work took about three days and cost 

about 25 cents per block for materiels. 

' 
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Installation of Soil Moisture Units 

Seven stacks of six gypsum blocks each, plus the one stack of 

five fiberglas units, were installed at Buckman Flat exclosure during 

August and September, 196C. No installation was attempted et Psulden 

exclosure because of the shallowness of the soil. 

Depths of installation were 3, 6, 12, 18, 2h, and 36 inches. In 

each site the blocks were installed wet in niches cut into the sides 

of a pit (Figures and 16) and plastered in tight with mud. The pit 

was then refilled, with the horizons being replaced in proper order 

and pecked as hard as possible. The original concrete -like density 

was not achieved, however. The stack sites were chosen to sample the 

full range of slope and exposure conditions found within the exclo- 

sure. All stacks were located in small openings where shrub crowns 

would not intercept precipitation, but well within reach of shrub 

roots. The eight stacks are described below: 

Stack 1. Slope 12 °, NNW exposure. No unit at 36 inches because 

of rocks. The sixth unit was placed in the Ao horizon 

under heavy shrub live oak litter. 

Stack 2. Slope 8 °, NW exposure. 

Stack 3. Slope 9 °, NW exposure. 

Stack h. Slope 8 °, NW exposure. 

Stack K. Slope 3 °, N exposure. 

Stack 6. Slope ) °, N exposure. 

Stack 7. Slope 5 °, S exposure. 

15 
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Stack R. Slope 4°, 1 exposure. Fiberglas units, three to 

2h inches in depth. 

Temperature conditions recorded by the thermistors in Stack A 

were taken es representative for all eight stacks, an assumption which 

is possibly invalid at the three- and six -inch levels, but which 

becomes more tenable at greater depths. 

Lead wires from the units were attached to brass bolts in a 

plexiglas panel (39, Fig. 5). The terminal panels were supported on 

short stakes and were enclosed by wire mesh to prevent damage to 

insulation by rodents. The completed installation is shown in Figure 

17. Readings were taken at about five to ten day intervals. Dial 

readings from the ohmmeter (in microamperes) were converted to the 

logarithm of ohms resistance, corrected to a standard temperature of 

600 F. The conversion tables were made available by Dr. Koshi. 

Calibration Methods 

In soil moisture measurement by electrical resistance the basic 

measurement is ohms resistance. In order to obtain percent moisture 

content by weight or inches of soil water contained, calibration of 

the soil moisture blocks to the soil is necessary. 

"Calibration of units is the most difficult and time- consuming 

job encountered, the more so since each unit must be calibrated 

individually." (:5, p. h2). In the present investigation individual 

unit calibration was considered to be beyond the demands of the situ- 

ation, but the task of obtaining even approximate calibration was 

indeed difficult and time consuming. 



Figure 15. Installation of a stack 

of soil moisture blocks 
at Buckman Flat. 

Figure 16.. Close -up of pit, showing 

soil moisture blocks 
installed in niches in 

pit wall. 
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Figure 17. Completed soil moisture 
installation with ohm- 
meter in operation. 

Figure 18. The soil at Buckman Flat 
is about seven feet deep 
and susceptible to gully 
erosion. Few shrub roots 
are found below three 
feet. 
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A number of different soil moisture "constants" have been 

developed for use in various soil moisture investigations (11). In 

the present study only two constants have been considered: field 

capacity and permanent wilting percentage. The term field capacity 

was originated by Veihmeyer and Hendrickson (60) to designate the 

moisture content of soil after gravity drainage has "materially 

decreased." It, is also defined (11) as the field moisture content of 

well- drained soils approximately two days after saturation. The 

permanent wilting point is that soil moisture percentage at which 

plants permanently wilt (11). According to Bonner and Galston (8, 

p. 111) these two constants "...are perhaps the most significant 

measurements which can be made to relate plant growth to soil water." 

Mechanical analysis of soil samples from a number of the stacks 

was accomplished with the Boyoucos Hydrometer (9). Percent soil 

moisture content at field capacity and permanent wilting point were 

estimated by tests of screened soil samples on the pressure membrane 

apparatus at one -third and 15 atmospheres pressure 0.6, 0). Soil 

moisture depletion curves were obtained by simple evaporation tests 

similar to those described by Palpant and Lull ak;). In this test 

each sample of soil was passed through a two -millimeter screen and 

then packed around a gypsum block soil moisture unit in a tin can, the 

bottom of which had been replaced with brass wire screen. Each unit 

was saturated before packing, and th- soil was then saturated by 

soaking the whole assembly in a pan of water. The soil was then 

allowed to dry by evaporation, while periodic readings were taken by 

ohmmeter, and the assembly was weighed. No humidity chamber was used. 
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Three drying cycles were run on eech sample. 

Gravimetric determination of soil moisture content in the field 

requires numerous samples to overcome the problem of areal vari- 

ability. Because of the stoniness of Buckman Flat soils, plans for 

systematic gravimetric sampling were dropped as far back es 1959, but 

a renewed attempt was made in the summer of 1962. By late July the 

prolonged summer drouth had resulted in the wilting and loss of leaves 

from shrub live oak, mountain- mahogany, and most other shrubs at Buck- 

man Flat. No twig elongation had occurred during the entire month. 

Thus, an opportunity was at hand to obtain gravimetric determinations 

of percent soil moisture content at the permanent wilting point for 

native vegetation in situ, although still subject to areal variabil- 

ity. 

Inspection of electrical resistance profiles from the field 

provides an approximate calibration in terms of field capacity and 

permanent wilting percentage (29, 36). The maximum sustained level of 

soil moisture in the spring is assumed to be very near the field 

capacity. Flexpoints, or points of sudden decrease in soil moisture 

depletion rate, indicate the apparent permanent wilting percentage 

because they are evidence of a sudden decrease in the ability of the 

vegetation to extract water from the soil. 

Bulk density is defined as the ratio of the weight of dry soil to 

the volume it occupied in the field, expressed as grams per cubic 

centimeter (11). This determination is necessary to convert percent 

moisture content data into actual inches of water contained in a given 

depth of soil. Because of the stoniness of the soil, the pit method 
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(!!ß) was used to obtain 18 determinations, while two more were 

obtained by the block method. In the it method water was used to 

determine the volume of the Fit. In the block method an undisturbed 

block of soil was excavated, waterproofed with plastic sprayed from an 

aerosol can, and weighed suspended in air and then under water. The 

difference in weight equals displacement of water. This method was 

found to be much more laborious than the pit method and apparently 

gave much higher determinations. All bulk density determinations were 

adjusted for content of gravel and stones larger than two millimeters 

in diameter. 

RESULTS OF SOIL MOISTURE INVESTIGATIONS 

The results of two years of field measurements are presented, 

together with the results of calibration, and tentative characteriza- 

tion of Buckman Flat soils. 

Characterization of Buckman Flat Soils 

On September 20, 1960, the Buckman Flat exclosure was visited by 

Truman Anderson, Soil Scientist, U. S. Forest Service. Mr. Anderson 

studied soil profiles at several points and described them in some 

detail. His findings may be summarized as follows: The parent 

material appeared to be residual granite with some evidence of basal- 

tic material. In one spot near the west fence the top of the C 

horizon was found to be ?7 inches deep, but on the east side of the 

exclosure the C horizon began about 2)} inches below the surface. The 

A horizon was either loam or an overwash of sand and gravel, and was 
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usually two to four inches deep. The B horizon was highly variable 

in depth, but was always relatively high in clay content, with vari- 

able structure and numerous pebbles and rocks. The soil throughout 

the area was tightly compact and probably had poor aeration and poor 

permeability. 

At some stacks the boundary between the B and C horizons was 

clear and abrupt, but at most sites the heavier clay of the B faded 

into the raw granite -colored gritty C without a break. In general, 

it was concluded that the 36 -inch level was well into the C, while the 

21.E -inch to six -inch levels were in the B horizon, and the three -inch 

level was in the A horizon. 

The Buckman Flat soils exhibit high density and strength when 

attacked with digging tools. However, the mechanical analyses 

presented in Table 12 indicate only moderate clay content, with all 

soils falling into the sandy loam and sandy clay loam categories. 

Almost all samples were designated as "gravelly." This soil is as 

yet unclassified, but George Wendt, Soil Conservation Service, 

described it (personal communication) as being closely related to 

Table Sandy Clay. Table is a non- cicic brown upland soil formed from 

granite alluvium with a 7.P to 8.0 reaction. Table has been described 

a few miles from Buckman Flat, but on the opposite side of Granite 

Mountain, in the Williamson Valley area. 

The U. S. Forest Service and Soil Conservation Service are 

currently conducting a rangeland soil survey in the Prescott National 

Forest and vicinity. This survey will be a major contribution to 

understanding of vegetation -soil interactions in the Arizona chaparral. 

. 
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TABLE 12. Mechanical Analyses of Buckman Flat Soils. Boyoucos 
Hydrometer Method. 

Percent of Soil Fraction Less Than 2 mm. 
Stack 
No. 

Depth 
in 

Inches 

Texture 

Class 

Gravel 
(over 

2-.) 
Percent 

Sand 

(2 -.05 

mm.) 

Silt 

(.05- 
.005 mm.) 

Clay 

(.005- 
.002 inni.) 

(.002 
mm.) Total 

1-3 Gr SL 47.2 71.8 16.1 1.3 10.8 12.1 

1-6 Gr SL 33.6 70.3 13.9 1.3 14.5 15.8 

2-3 Gr SL 35.4 56.3 27.7 2.5 13.5 16.0 
2-6 Gr SL 30.8 59.8 22.4 2.8 15.0 17.8 
2-12 Gr SCL 31.7 55.8 23.0 3.0 18.2 21.2 
2-18 Gr SL 29.4 59.3 21.7 2.0 17.0 19.0 
2-24 Gr SL 31.3 65.8 16.0 1.7 16.5 18.2 
2-36 Gr SL 24.9 61.8 18.7 1.5 18.0 19.5 

3-3 Gr SL 30.0 68.8 13.4 2.2 15.6 17.8 

3-6 Gr SL 32.9 67.3 13.4 2.2 17.1 19.3 
3-12 Gr SCL 30.1 61.8 16.4 2.0 19.8 21.8 

3-18 Gr SL 25.7 60.3 21.9 2.0 15.8 17.8 
3-2L. Gr SL 30.6 67.8 19.4 2.0 10.8 12.8 
3-36 Gr SL 39.0 72.8 17.4 1.5 8.3 9.8 

5-3 Gr SL 28.7 67.6 19.6 2.0 10.8 12.8 
5-6 Gr SL 26.9 81.6 2.6 1.5 14.3 15.8 
5-12 Gr SL 22.0 77.6 3.6 2.0 16.8 18.8 

6-3 SL 16.4 80.6 5.1 1.0 13.3 14.3 
6-6 Gr SL 2h.0 78.6 2.1 1.0 18.3 19.3 
6-12 Gr SCL 26.5 54.6 18.6 3.0 23.8 26.8 
6-18 Gr SCL 31.8 53.6 19.1 2.5 24.8 27.3 
6-24 Gr SCL 27.9 60.6 15.6 2.5 21.3 23.8 

7-3 SCL 15.1 55.6 19.4 2.7 22.3 25.0 
7-6 SCL 13.1 52.6 18.7 1.7 27.0 28.7 
7-12 SCL 17.2 51.1 21.7 3.2 24.0 27.2 
7-18 Gr SCL 24.7 50.3 24.5 3.2 22.0 25.2 
7-2h Gr SCL 31.1 56.6 23.2 3.2 17.0 20.2 
7-36 Gr SL 24.2 60.6 22.2 2.2 15.0 17.2 
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The Buckman Flat soils are susceptible to erosion as indicated 

by the photographs in Figures 18 and 19. Although this area has been 

under fence for 2' years, pedestaling of grass tufts is still evident. 

Gully erosion is still active although some signs of healing may be 

found. 

Results of Field Measurements 

Field records of soil moisture trends for the 1961 and 1962 water 

years (October 1, 1960, through September 30, 1962) were obtained from 

each of the eight stacks of soil moisture units. The profile readings 

for stack number h are reproduced here as typical examples of the soil 

moisture trends at Buckman Flat (Figures 20 and 21). The two years 

are compared by separate depths in Figure 22. Performance of the 

different stacks showed some variations, but on the whole the eight 

records were remarkably similar. 

The 1961 and 1962 water years provided a marked contrast. The 

1961 pattern was one of poor winter precipitation and moderate summer 

rainfall, whereas the 1962 pattern was characterized by adequate 

winter snow and rain but prolonged summer drouth. 

The 1961 water year started off well with heavy rains (2.80 

inches) in October, which brought the upper two feet of soil to field 

capacity. By mid - January this moisture was slowly disappearing as 

deep as 18 inches because surface evaporation and possibly slow 

transpiration by the dormant shrubs. A heavy rain (1.25 inches) in 

late January restored the moisture in the upper levels which remained 

at field capacity until mid -April. A wet snow on March 28 provided 



Figure 19. Sall cliff -rose plant 
left standing fifteen 
inches in the air by 
gully erosion at Buckman 
Flat. 
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Figure 20. Soil Moisture Trends, 1961 Water Year. Stack L, Buckman Flat Exclosure. 
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the last significant moisture (0.75 inches) until the summer rains, 

and resulted in the noticeable increase in moisture at the 21 -inch 

depth. However, the 16 -inch depth (and in one stack the 21 -inch 

depth) remained dry throughout the year. 

Vegetative growth began at Buckman Flat about the last week in 

March or the first week in April, 1961. By the first of May moisture 

content was dropring rapidly at all depths. The rate of depletion 

varied among the stacks but all were down to the vicinity of permanent 

wilting point (approximately 6.1 log. of ohms) by mid -June, and most 

were that low in late May. The soil remained dry until the storms 

which brought over 1.50 inches of rain on the Fourth of July. The 

ensuing summer thunder showers permitted modest vegetative growth 

during July, ,August, and September, but the deeper soil levels (below 

18 inches) were never recharged and remained dry until the end of the 

year. Thus 1961 growth was entirely supported by moisture in the top 

18 to 2) inches of soil, a supply which proved notably inadequate. 

The 1962 water year started more slowly with levels below three 

inches remaining dry until a 1.25 inch rain in December (1961) which 

recharged soil moisture to a depth of 12 inches. q succession of 

storms in January and Februery, including several wet snows, brought 

all levels up to field capacity, where they remained until the begin- 

ning of growth late in March. Soil moisture depletion began about 

March 25 with the time of depletion delayed a few days for each 

successive sample depth. By mid -June all levels were below the 

permanent wilting point and vegetative growth ceased. No summer rein 

reached Buckman Flat until early September, although the city of 
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Prescott received several high intensity thundershowers during August. 

Some recharge occurred in the three- to 12 -inch levels during Septem- 

ber, but the deeper levels remained dry until the end of the year. 

In Figure 23 the effect of exposure is considered by comparing a 

north slope stack and a south slope stack for the 1962 water year. At 

the three -inch level the south slope was depleted only three or four 

days earlier throughout most of the range of available soil moisture. 

At the six -inch depth this depletion gap widened to six days. How- 

ever, at the 12- and 18 -inch depths the situation was reversed, with 

the north slope stack suffering more rapid depletion than the south 

slope. This switch was probably caused by a greater concentration of 

shrub roots at these levels on the north slope stack. At 24 inches 

the south slope stack again was depleted at a faster rate.: At 36 

inches the south slope block started down later but at a greater rate 

than the north slope. In both stacks the 36 
-inch level was depleted 

earlier than the 2i -inch level, again probably as the result of root 

concentrations. 

The potential growth season at Buckman Flat runs from about March 

25 to October 1, a period of 190 days. What portions of this season 

constitute periods of actual growth depends upon the maintenance of 

soil moisture above the permanent wilting point. In Table 13 the 

number of days of soil moisture stress, i.e., the number of days below 

permanent wilting point., is compared by sample depths for the 1961 

versus 1962 growth years and for north and south slopes during 1962. 

These data indicate a decreasing length of stress period with in- 

creased depth, but only if the subsoils are charged with water. In 
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TABLE 13. Number of Days of Soil Moisture Stress During 
190 -Day Growing Season. 

Soil 
Depth 
Inches 

1962 Growth Season Stack t; Soil 

North Slope 
Stack 6 

South Slope 
Stack 7 

1961 1962 

3 131 136 71 137 

6 94 87 83 112 

12 96 87 80 104 

18 87 87 128 103 

24 72 72 128 103 

36 72 87 183 103 

' 

. 
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1961 the subsoils were dry all summer while frequent light rains kept 

the three- to 12 -inch levels above permanent wilting point. 

Results of Calibration 

Since soil moisture depletion characteristics at high tensions 

are largely a function of soil texture, a number of Buckman Flat soil 

samples were subjected to mechanical analysis (Table 12). Almost all 

the samples analyzed were given a gravelly phase designation, and all 

were either sandy looms or sandy clay loads. 

Inspection of the soil moisture profiles (Figures 20 and 21) 

indicates that saturation for gypsum block soil moisture units is 

approximately 2.7 log. of ohms. Field capacity is in the vicinity of 

2.9 to 3.1, and the permanent wilting point is about 6.1 log. of ohms. 

These values are somewhat higher for Colman fiberglas units, being 

approximately l,. at field capacity, and 6.6 to 6.8 at permanent 

wilting point. This tyre of calibration is sufficient for field trend 

purposes, but does not give any information about percent moisture 

content. 

In order to determine percent moisture content corresponding to 

field capacity and permanent wilting point, laboratory calibration 

procedures were employed. Figure 21 shows depletion curves obtained 

from surface soils from two different parts of Buckman Flat exclosure 

by the simple evaporation process in tin cans. The curves are very 

steep, as is typical of sandy soils, with a range of available water 

of about nine or ten percent. This steep type of curve also seems to 

be a characteristic of gypsum block soil moisture units (lilt). 
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A second and more satisfactory laboratory calibration procedure 

involves the pressure membrane apparatus. This apparatus was avail- 

able at the Soils Laboratory, Arizona State University, Tempe. 

However, problems of time, distance, and coordination with other users 

of the equipment severely limited the number of tests which could be 

run. The data obtained are presented in Table the Good agreement 

between subsamples was obtained in some cases, but at the 18- and 211 - 

inch levels of stack h two different runs gave two widely differing 

sets of readings. The values of 27 and 28 percent at one -third atmos- 

phere, and 20 percent at 15 atmospheres are extremely high for a sandy 

loam soil. In the same two runs of stack !t soil no such major 

discrepancies appeared in samples from the three -inch and six -inch 

depths. For most depths of the two soils tested the range of avail- 

able moisture appears to lie in the vicinity of three to seven per- 

cent. These data must be regarded as inconclusive pending further 

determinations. 

One pressure membrane test was obtained at one -third atmosphere 

with gypsum block units embedded in the soil sample. This sample, 

from stack 1, 12 -inch depth, retained a moisture percentage of 11.35 

while the block readings were 3.16, 3.18, and 3.20 log. of ohms resis- 

tance. This coincides fairly well with the apparent field capacity 

on the field Profiles. 

Gravimetric determinations of soil moisture were made during the 

long summer drouth of 1962 on soils from the near vicinity of six of 

the eight stacks at Buckman Flat (Table 15). In some cases, particu- 

larly stack 1, the soil was so rocky that sampling by auger was almost 
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1),. Pressure Membrane Calibration of Buckman 
Flat Soils. 

Percent Moisture Content 

Soil Depth One -Third Fifteen 
Inches Atmospheres Atmospheres 

Stack 1 0-3 20.8 14.3 
21.11 16. 

6-8 16.8 10.2 
17.7 

12 9.1 7.0 
10.9 

24 9.2 5.0 

13.3 

Stack to 0 -3 9.3 4.9 
10.9 5.8 

5.8 

6.2 

4 -8 20.2 12.5 

13.8 

14.1 

14.2 

15.0 

18 22.2 5.8 
27.0 6.3 

7.5 
12.2 
12.4 

2L 27.9 9.2 
28.3 10.2 

10.4 
20.0 

TABLE 

5.9 
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TABLE 15. Gravimetric Soil Moisture Determinations at Permanent 
Wilting Point, July 28, 1962. Buckman Flat Exclosure. 
Log. of Ohms Resistance and Percent Moisture Content. 

Depth in Inches 

6 12 18 24 36 

Stack 1 

Resistance 

Moisture Content 

Stack 2 

6.49 

1.9 

6.49 

4.3 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Resistance 6.49 6.49 6.57 6.49 6.27 6.27 

Moisture Content 1.7 3.0 4.7 4.4 4.2 h.8 

Stack 

Resistance 6.49 6.49 6.57 6.34 6.27 6.13 

Moisture Content 5.6 7.9 9.0 9.0 8.2 5.3 

Stack l 

Resistance 6.43 6.49 6.41 6.31 6.20 -- 

Moisture Content 5.4 8.6 9.5 9.7 8.2 -- 

Stack 6 

Resistance 6.49 6.49 6.45 6.34 6.20 

Moisture Content 4.8 9.2 14.3 14.3 13.5 

Stack 7 

Resistance 6.49 6.49 6.45 6.25 6.20 6.20 

Moisture Content 5.9 13.6 14.9 13.3 8.7 7.9 

' 

3 

3 

-- 

-- 
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impossible, and only three samples were obtained from the 36 -inch 

level. The resulting data exhibit the variability that is inevitable 

from areal sampling of soil moisture. In Table 15 readings of 6.119 

log. of ohms (the lowest reading possible on the ohmmeter) are matched 

with soil moisture contents ranging from 1.7 to 13.6 percent. Stacks 

6 and 7 wer. found to contain greater amounts of clay than the other 

stacks (Table 12) which would explain, in part at least, their higher 

moisture contents in Table 15. 

At very high moisture tensions the ohmmeter reading is more 

dependent upon temperature than upon moisture content. A dial reading 

of two (high scale) on the ohmmeter is the highest possible resistance 

reading. hen this reading occurs at '2° F. it is converted to 6.0 

log. of ohms resistance. The same ohmmeter reading at 90° F. is 

converted to 6.7 log. of ohms resistance. Thus readings below about 

6.0 from soil moisture units from three to 12 inches in depth, where 

temperature changes are highly responsive to weather conditions and 

time of day, may not be particularly informative about soil moisture 

conditions. 

Bulk density data from Buckman Flat are present in Table 16. 

Determinations by the pit method were fairly consistent, but the 

two trials of the block method ran much higher. The high range of 

densities served to confirm subjective impressions, but were still 

surprisingly high. Bulk densities of sandy loams and sandy clay barns 

reported by Taylor (57) commonly were in the range of 1.5 to 1.7 grams 

per cubic centimeter, but none were as high as 1.9 grams per cubic 

centimeter. 
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TABLE 16. Bulk Density Determinations by Pit and 
Block Methods. Buckman Flat, 1962. 

Grams Per Cubic Centimeter. 

Stack It 

Pit 

Stack 5 

Pit 

Stack 5 

Block 

3-inch Depth 

6 -inch Depth 

12 -inch Depth 

18 -inch Depth 

24 -inch Depth 

1.513 
1.546 
1.657 

1.657 
1.502 
1.611 

1.930 
2.064 
2.319 

1.591 
1.736 
1.952 

1.1360 

1.590 
1.640 

1.626 

1.601 

1.923 

1.872 

1.708 . 
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DISCUSSION OF SOIL MOISTUR^ INVESTIGATIONS 

As has been stated previously the soil moisture investigations et 

Buckman Flat are not yet completed. Future plans call for continued 

field measurements of soil moisture trends and continued efforts to 

achieve meaningful calibration in the laboratory. 

Field Profiles 

One of the most significant features of chaparral soil moisture 

relationships to come to light in this study is the relatively small 

part of the soil body at Buckman Flat which is actually active in the 

production of plant growth. In the winter of 1961 only the top 12 to 

18 inches of soil were charged to field capacity, and during the 

summer rains moisture penetration was even less. During 1962 the full 

36 -inch profile reached field capacity, while the very light summer 

precipitation was totally ineffective. Limited moisture penetration 

may be the main reason why the deep soils at Buckman Flat are not more 

effective in producing browse. 

The soil profiles clearly indicate that on this site soil 

moisture depletion begins at the surface and proceeds downward, with 

each succeeding layer reaching the permanent wilting point a few days 

to a week later than the layer above. This pattern was emphasized by 

the 1962 data on days of soil moisture stress. The comparison of 

north and south slope depletion curves and days of soil moisture 

stress apparently reflected more influence from local root development . . 

than from aspect. This is not too surprising since aspect in the 



vicinity of Buckman Flat does not cause drastic differences in vegeta- 

tive cover and composition. 

The range of soil moisture content between permanent wilting 

percentage and field capacity is considered to be the amount of water 

available for plant growth, or available water capacity (11). The 

availability of this water depends to a considerable extent upon the 

texture of the soil and the nature of the soil moisture depletion 

curve ( }s, p. 238). 

The nature of the permanent wilting point (PWP) has been a matter 

of debate for at least 50 years. Briggs and Shantz (10) concluded on 

the basis of some 1,318 measurements of permanent wilting point that 

differences in response were very slight among different species of 

plants and that the PWP was a constant which varied with the soil 

rather than with the plant. Veihmeyer and Hendrickson (60) confirmed 

this position and on this basis the sunflower became a standard 

indicator plant for 
n rp determinations. 

Some recent investigators, however, have disputed both the 

ecological value of a standard PWP determination, and its constancy. 

Slatyer (51) stated that soil moisture stress or diffusion pressure 

deficit at PWP can vary considerably depending upon the species and 

condition of the plant used. Permanent wilting occurs when soil 

moisture stress equals the osmotic pressure of the leaves and is 

therefore a characteristic of the plant as well as of the soil. 

Hillel and Tadmor (28) expressed doubt of the value of the PT as e 

truly reliable index since "...not all plants wilt at the same tension 

and desert xerophytes can often maintain turgor (if not growth) a+ 
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considerably higher tensions." Ursic (59) calculated from pressure 

membrane data that not only was the PWP for sunflower reached at a 

much higher soil moisture tension than was normally supposed (21 to 26 

atmospheres rather than the standard 15 atmospheres), but that 

loblolly pine (Pinus taeda) and little bluestem (Andropoáon scoparius) 

were able to extract significant amounts of moisture from the soil 

after the sunflowers had wilted. Unfortunately, no controlled experi- 

ments have yet been conducted with Arizona chaparral shrubs to deter- 

mine their relationship to standard PWP determinations. It is very 

likely that under" conditions of prolonged drouth, such as the summer 

of 1962, the soil moisture tension reaches somewhat greater values 

than the standard 15 atmospheres. 

The nature of the soil moisture depletion curve has also been a 

matter of much dispute. Lowry (38) presented a discussion of four 

types of curves indicating: 

1. A high constant loss rate from field capacity down to PWP, 

2. No substantial reduction in loss rate except in very dry 

soil, 

3. ? linear relationship between moisture content and loss 

rate, and 

h. A relationship in which loss rate decreases rapidly while 

moisture content is still high. 

After presenting a critical evaluation of these four types of curves, 

Lowry concluded that all except the second curve apparently were 

special cases of the same general relationship between loss rate and 

moisture content. 
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Whatever the nature of the soil moisture depletion curve it seems 

evident that moisture depletion rates between field capacity and the 

permanent wilting percentage have observable influences upon the 

growth rates of plants (53). 

No mathematical analysis of the Puckman Flat depletion curves has 

yet been attempted. Inspection of the curves indicates that the rete 

was not constant. Depletion began slowly, became quite rapid until 

near the P -P and then slowed abruptly in some cases, but tapered off 

gradually in others. 

In January, 1961, a slow decline in soil moisture content to e 

depth of 18 inches gave evidence of transpiration loss by the dormant 

shrub vegetation, Koshi ('6, p. recorded a similar winter trans- 

piration loss by dormant woody vegetation in east. Texas oak woodland. 

Koshi concluded that evaporation was effective only in the surface 

foot of soil and that depletion at deeper levels was effected princi- 

pally by the vegetation. 

Calibration Problems 

The field profiles (Figures 20 and 21) indicate e field capacity 

of about 3.0 and a permanent wilting point between 6.0 and 6.3 log. of 

ohms resistance. On the evaporation curve in Figure 21, these points 

correspond to approximately 13 to 15 gercent and four to five percent 

moisture content respectively. This indicates a range of available 

moisture content of roughly ten percent. This range is not unusual 

for sandy loam and sandy clay loam soils (8, Fig. 6 -10; 1h, Fig. 7). 

Proadfoot. and Burke (11, Fig. 2) give a range between field capacity 

o 
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and 15 atmospheres of about 15 percent for sandy loams and about nine 

percent for sandy clay loams,, The pressure membrane data in Table 14 

are too variable to permit any useful estimates, indicating ranges of 

available moisture anywhere from two to 22 percent moisture content. 

There is some controversy about the value of laboratory calibra- 

tion. Aitchison, Butler, and Gurr (1) indicated that they found the 

pressure membrane to be the most satisfactory system. On the other 

hand, Lull and Reinhart (39, p. 19) stated that laboratory calibration 

of any kind cannot be recommended, but that it is necessary in stony 

soils. In any case, further pressure membrane determinations of Buck- 

man Flat soils are planned, and it is hoped that the present unsatis- 

factory data may be improved. 

The field sampling by gravimetric means in Table 15 agrees in 

some respects with other data. The stack h surface soil had a percent 

moisture content of r.h by gravimetric sampling and ranged between i.9 

and 6.2 on the pressure membrane. However, at the six -inch level the 

pressure membrane gave a much higher reading than the field determina- 

tion. The deeper soil levels also gave poorly matched results. The 

comparisons for stack 1 soils are even worse. When evaporation curves 

and pressure membrane data are compared, the picture is somewhat 

brighter. Both methods gave determinations in the range of two to five 

percent at termination (air -dry weight in the former, 15 atmospheres 

pressure in the latter). Stack 3 soils in the field gave higher 

values than stack 2, as did the stack 3 samples in the evaporation 

tests. Field gravimetric values were somewhat the higher, running up 

to 9.0 percent as compared to a maximum of about 7.0 percent in the 



evaporation tests. 

There are sufficient points of agreement among the data from 

various calibration techniques to inspire hope for better results with 

more intensive sampling. But in their present state the data do not 

form an adequate basis for estimates of soil moisture accretion or 

depletion in terms of percent moisture content or inches of soil 

water. 

CONCLUSIONS 

1. In most growth seasons at Buckman Flat only the top 12 to 18 

inches of the soil is charged with water. Thus, vegetative growth is 

supported by only a small part of the total soil mantle at this site. 

2. Soil moisture depletion apparently does not follow a constant 

rate model, but begins slowly and tapers off near the permanent 

wilting percentage. 

1. Soil moisture depletion begins near the surface and proceeds 

downward with each succeeding level being tapped by the plants a few 

days to a week later than the level above. 

h. Some loss of moisture in the subsoil was noted in winter, 

apparently r'ue to transpiration by dormant woody plants. 

Calibration data were not sufficient to permit conversion of 

electrical resistance data into percent moisture content. 

6. Buckman Flat soils are sandy looms and sandy clay looms. 

They have the narrow range of available moisture (about ten percent) 

that is typical of sandy soils. 

8I 
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Chapter V 

THE EFFECTS OF WEATHER ON SHRUB GROWTH 

The influence of varying weather patterns on the growth of range 

plants is of concern in any long -term field investigation. In the 

Buckman Flat clipping experiments the main concern was the relative 

reactions of several groups of shrubs, but the influence of weather 

could not be ignored. Knowledge of the environment in which an 

experiment was conducted is vitally important in the application of 

experimental results to other range sites. 

METHODS 

A rain gauge of the standard Weather Bureau type was installed 

st Buckman Flat in August, 1958. At Paulden a small plastic gauge was 

used from October, 1958, until January, 1960, when it was replaced 

with a standard can. The cans were weighed at monthly intervals with 

e spring scale and the weight converted to inches precipitation. Soil 

temperatures were obtained from thermistors in the stack !.c soil 

moisture units. Maximum- minimum temperature data were taken at Buck- 

man Flat with a Taylor Six's self- registering thermometer. This 

device was first mounted on a board about 15 inches above the ground. 

This open mounting permitted direct impact of heat reflected from the 

bare soil and resulted in some very high maximum temperatures. In the 

spring of 1961 the thermometer was installed in a small shelter 
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similar to that designed by Hungerford (31). The shelter was mounted 

on a stand about ten inches high set in an opening in waist -high oak 

brush. Temperature and precipitation readings were taken in conjunc- 

tion with the weekly soil moisture readings. 

Vegetative growth measurements were made at monthly intervals 

during the growth season beginning in March, 1959. Five branches were 

tagged on each control plant from the browse -clipping experiment. 

Branches were selected on all sides of the plant and from near the 

ground up to the top, or to the 60 -inch browse line. The result was 

50 tagged branches, totaling from ten to 30 meters cumulative twig 

length for each species each year. Each current growth twig on each 

branch was measured to the nearest millimeter. On ceanothus current 

annual growth is not clearly defined and it was necessary to measure 

all twigs on each tagged branch. Twig breakage and die -back were also 

noted. 

RESULTS 

The data presented below were recorded during four growth years, 

from 1959 through 1962, none of which received adequate rainfall in 

all seasons. It is unfortunate that the investigation began too late 

to include the very productive 1958 growth year in these comparisons. 

Phenology 

The phenological cycle in the Buckman Flat chaparral begins in 

late winter, usually in February when the cool season grasses (Poe 

longiliqula, Sitanion hystrix, and Koeleria cristata) begin to 



R7 

green -up. The first shrub activity occurs in early March when a few 

golden currant (Ribes aureurr) bushes begin to put out leaves. Approx- 

imately three weeks then elapse before the other shrub species begin 

to show signs of life. About the end of March the desert ceanothus 

flower buds, which form in the fall, begin to swell. Full bloom is 

reached in late April with seed dissemination in June. Mountain - 

mahogany begins vegetative growth in late March or early April but 

produces no flower buds until the summer rainy season, which may come 

any time from July to September. A second late bloom often occurs in 

October or November, but this bloom produces little if any viable 

seed. The cool season grasses produce flower culms in late March and 

early April. The warm season grasses, principally sideoats grama 

(Bouteloua curtipendula) and blue grams (B. gracilis) with lesser 

quantities of hairy grama (B. hirsuta) and black grama (B. eriopoda), 

green -up somewhat in spring but show little activity until the summer 

rains. When the summer rains are long delayed, as in 1962, the gramas 

may be flowering in October. Shrub growth stops about the first of 

October. 

At the Paulden exclosure most of the same grasses are present and 

go through about the same phenological schedule as those at Buckman 

Flat. The cliff -rose begins vegetative growth in early April with 

flowering in May. A second flowering cycle occurs during the summer 

rainy season with abundant seed cross resulting from both cycles. 

Vegetative growth in cliff -rose stops about the first of October. 

Killing frosts are common in late April and have resulted in 

complete loss of the desert ceanothus seed crop three years out of the 

- 
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past five. Walnut trees (Juglans major) growing in low frost -pocket 

areas in the washes suffer severe damage to leaves and flowers and are 

the best field indicator of the occurrence of spring frost. Shrub 

live oak flowers and new leaves are also sensitive to frost. 

In spring the oaks at Buckman Flat (Quercus turbinella, Q. 

Emory!) dry up and drop their old leaves. New leaves are then 

produced in mid -April with flowers appearing shortly thereafter. 

Prolonged summer drouth brings on a second cycle of leaf dropping in 

which the oaks are joined by most other shrub species, with regrowth 

following the arrival of the rains. 

Monthly Precipitation 

Monthly precipitation data from Buckman Flat and Paulden exclo- 

sures are presented in Tables 17 and 18, respectively. The 1958 data 

for both locations are partially projected from other stations since 

the gauges were in operation for only part of the year. At Buckman 

Flat the annual totals indicate a four -year downward trend from 22.66 

inches in 1958 to 12.55 in 1961. The total for 1962 equaled that of 

the previous year although the seasonal distribution was drastically 

different and much more advantageous to the vegetation. At Paulden 

the lush 1958 water year brought a total of 15.00 inches, but annual 

totals since then have ranged between 10.00 and 12.00 inches. 

Air and Soil Temperatures 

Maximum and minimum air temperatures as well as soil temperatures 

from various depths are charted in Figures 25 and 26 for the 1961 and 



TABLE 17. Monthly Precipitation in Inches, Buckman Flat 
Exclosure. 1958 -1962 Water Years. 

19581/ 1959 1960 1961 1962 

October 2.20 1.IL. 0.37 2.80 0.30 

November 0.75 0.78 0.70 0.45 0.50 

December 0.50 0.05 4.10 0.15 1.85 

January 0.04 0.80 1.65 1.10 2.30 

February 2.40 3.80 2.40 0 2.95 

March 2.53 0 0.85 2.10 1.10 

April 1.97 0.51 0.30 0 0 

May 1.10 0.43 0.60 0.10 0.30 

June 0.60 0.35 0.05 0.05 0 

July 1.h7 2.37 1.20 2.50 0.42 

August 4.24 5.96 0.80 2.80 0 

September 4.50 0.19 1.10 0.50 2.82 

Totals 22.66 16.38 14.12 12.55 12.51 

1/ 1958 data partially based on projections from other stations. 
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TABLE 18. Monthly Precipitation in Inches, Paulden Exclosure. 

1958 -1960 Water Years. 

19581 1959 1960 1961 1962 

October 2.00 1.12 0.35 2.05 0.45 

November 0.50 0.70 0.55 0.25 0.30 

December 0.30 0.11 3.09 0 1.55 

January 0.30 0.33 0.85 0.75 1.05 

February 1.85 2.21 1.85 2.br' 

March 1.80 0 0.15 1.55 0.65 

April 0.80 0.70 0.40 0.10 0 

May 0.90 0.24 0.30 0.05 0.70 

June 0.10 0.09 0.25 0.05 0.07 

July 0.50 0.t40 1.35 1.15 0.86 

August 1.60 2.90 1.60 3.10 1.64 

September 4.35 35 1.25 1.10 0.95 2.33 

Totals 15.00 10.05 11.85 10.00 12.00 

1958 data based on projections from nearby stations. 
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1962 water years. Phonological observations indicate a somewhat 

earlier growth initiation in 1961 than in 1962. The soil temperature 

data indicate that soil temperatures in 1962 stayed below L2° F. until 

March 26, while in 1961 soil temperatures ranged generally between 

45° and KO° F. from about. March 10. 

In both 1961 and 1962 soil temperature inversions coincided 

perfectly with the beginning of shrub growth in late March and the 

end of shrub growth about the first of October. At the spring 

inversion the surface soil layers became warmer than the 2b-inch depth 

while the reverse occurred in the fall. 

Air temperatures in both 1961 and 1962 seemed to have secondary 

influence in initiation of growth. Air temperatures near the ground 

continued to drop below freezing until June in both years. In the 

fall the first frost has usually occurred about the first of October. 

Low air temperatures may have been the direct cause of growth cessa- 

tion since soil temperatures were still above 50° F. at that time of 

year. Soil moisture depletion is definitely not the cause of the fall 

cessation of growth since substantial supplies of moisture have been 

present in early October in both 1960 and 1961. 

Hanson (23) measured substantial growth on desert ceanothus, 

mountain -mahogany, and three other shrub species between November 1, 

1953, and December 25, 195lä, in the Prescott Study Area west of 

Buckman Flat. No measurable winter growth has occurred during the 

present study. However, Hanson's observations rule out photoperiod 

as a cause of growth cessation in the fall. 

' 
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Seasonal Twig Elongation 

Table 19 gives a summary of total annual twig elongation as a 

percent of the total length of twigs in the pre- season sample. No 

data are available for the high yield 195° growth season. Even the 

second -best 1959 season produced linear increments of n' to 126 

percent. By contrast the very dry winter and indifferent summer of 

1961 brought almost no twig elongation at all. Some tagged branches 

produced no growth whatever for the three growth seasons from 1960 

through 1962. 

Figures 27, 2P, and 29 present monthly precipitation and twig 

growth distribution (percent of total annual growth) for the 1959 

through 1962 water years. Two growth seasons -- spring and summer, 

separated by the dry and unproductive month of June --are normal at 

Buckman Flat.. The relative productivity of the two seasons depends 

entirely upon the seasonal distribution of precipitation. The winter 

and spring were relatively dry in 1959, with the result that the bulk 

of twig growth occurred during the summer reins. Th3 following year 

(1960) winter precipitation was adequate while summer rains failed, 

as did the summer growth season. In 1961 both winter and summer 

precipitation were inadequate, and the little growth that appeared 

came mostly in summer. Again in 1962 winter snow and rain were 

adequate but summer rains failed to arrear, resulting in a growth 

pattern very similar to that of 1960. 

The precipitation- growth picture is quite different at Paulden. 

There, twig growth begins in late March and continues without a break 
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TABLE 19. Summary of Total Annual Twig Growth as a 

Percent of Total Length of Twigs in Pre - 
Season Sample. Buckman Flat and Paulden, 
1959 -1962. 

Years 
Mountain- Desert Cliff - 
Mahogany Ceanothus Rose 

1959 9C.' 126.3 83.6 

1960 31.2 65.1 58.0 

1961 b.2 18.6 6.0 

1962 34.1 28.3 24.7 

TABLE 20. Summary of Twig Mortality. Percent Based 
on Total Twig Length in Pre -Season Sample 
Plus Total Increment During Growth Season. 
Buckman Flat and Paulden, 1959-1962. 

Years 
Mountain- 
Mahogany 

Desert 
Ceanothus 

Cliff - 
Rose 

1959 10.5 8.0 3, 

1960 8.6 8.2 

1961 9.0 3.4 1.3 

1962 7.5 4.5 1.1 

0.3 
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into late summer, The major exception to this pattern occurred in 

1961 when winter moisture was so low that little growth occurred until 

the summer rains. However, the low production of August and Septem- 

ber, 1962, seems to indicate that even good winter moisture is not 

sufficient to maintain the growth rate into late summer without 

additional moisture from summer rains. 

Mortality of tagged twigs, Table 20, was lowest in cliff -rose. 

Causes of mortality included natural die -back from arious internal 

causes, insect and rodent damage, and wind and snow breakage. During 

the 1961 drouth twig mortality was not noticeably greater than during 

more favorable growth years, partially at least because of decreased 

insect activity. Insect populations in general were greater during 

the wet summer of 1958 than in subsequent years, although sizeable 

numbers of grasshoppers were present during most summers. Gall -wasp 

galls made the shrub live oaks look like Christmas trees in the summer 

of 1958, but few have appeared since. 

Table 21 presents seasonal production data based on annual pro- 

duction, as determined by clipping, and on seasonal twig growth 

measurements. Seasonal precipitation figures are also presented for 

the October through June winter and spring season, and the July 

through September summer season. For 1958 only total annual figures 

are available. 

Correlation of Seasonal Precipitation and Twig Growth 

Table 22 presents the correlation coefficients based on total 

annual production and seasonal precipitation data from Table 21. 



TABLE 21. Estimated Seasonal Production of Browse, Based on Mean Annual Oven -Dry Weight and 
Seasonal Distribution of Twig Elongation. Buckman Flat and Paulden. 1958 -1962. 

Species 
and 

Treat. 

1958 

Total 

1959 

Oct.- July- 
Total 

June Sept. 

1960 1961 1962 

Oct.- July- Total Oct.- July- 
Total 

Oct.- July- Total 
June Sept. June Sept. June Sept. 

Production (grams): 

Mountain- Mahogany 
25 72.h 13.0 36.1 49.1 31.6 0.6 32.2 3.6 6.0 9.6 51.1 0.4 51.5 
50 76.8 12.8 35.7 48.5 18.2 0.3 18.5 1.6 2.7 4.3 46.1 0.4 46.5 
75 71.2 12.9 36.0 48.9 22.8 0.4 23.2 2.6 4.2 6.8 47.9 0.4 48.3 
100 71;.8 15.5 43.2 58.7 42.1 0.8 42.9 5.5 8.9 14.4 57.4 0.5 57.9 
Desert Ceanothus 
25 352.5 bb.2 113.5 157.7 66.2 0.6 66.8 10.2 14.0 24.2 53.3 0.4 53.7 
50 230.9 33.7 86.5 120.2 40.7 0.4 41.1 9.2 12.6 21.8 58.7 0.4 59.1 
75 231.3 43.6 112.2 155.8 43.6 0.4 44.0 16.8 23.1 39.9 67.1 0.5 67.6 
100 162.8 23.2 59.5 82.7 48.9 0.4 h9.3 6.1 8.3 14.4 32.3 0.2 32.5 

Precipitation (inches) at Buckman Flat Exclosure: 
22.66 7.86 8.52 16.38 11.02 3.10 lh.12 6.75 5.80 12.55 9.30 3.24 12.54 

Production (grams): 

Cliff -Rose 
25 130.0 44.9 12.8 57.7 56.5 15.9 72.4 2.2 9.6 11.8 32.8 3.4 36.2 
50 93.4 42.9 12.2 55.1 59.7 16.8 76.5 2.3 10.5 12.8 54.7 5.7 60.4 
75 101.6 58.7 16.7 75.4 48.5 13.7 62.2 1.6 6.9 8.5 47.1 4.9 52.0 
100 95.8 64.0 18.1 82.1 78.9 22.2 101.1 2.0 9.2 11.2 41.3 4.3 45.6 

Precipitation (inches) at Paulden Exclosure: 
15.00 5.50 4.55 10.05 7.79 4.05 11.85 4.80 5.20 10.00 7.17 4.83 12.00 

oa 

. 
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TABLE 22. Comparison of Precipitation with Vegetative 
Production by Correlation (r). Buckman Flat 
and Paulden, 1958 -1962. 

Species and 
Treatment 

Precipitation Period 

Total for October- July- 
Water Year June September 

Mountain -Mahogany 

25 0.767 0.710 0.936 

50 0.859 0.506 0.902 

75 0.773 0.584 0.920 
loo 0.615 0.789 0.951 

Desert Ceanothus 

25 0.994 0.925 0.925 
50 0.974 0.693 0.933 

75 0.947 0.632 0.95 
100 0.993 0.908 0.956 

Cliff -Rose 

25 0.857 0.729 -0.677 

50 0.813 0.862 -0.729 
75 0.708 0.576 -0.685 
100 0.528 0.685 -0.820 

' 
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Correlation does not necessarily imply causal reletionships, but it 

does give a measure of association. Mountain- mahogany growth is 

clearly best correlated with summer precipitation. Desert ceanothus 

is also highly correlated with summer moisture, but even more highly 

with total annual precipitation. This may indicate a greater degree 

of dependence upon winter moisture than that shown by mountain - 

mahogany. 

At Paulden a curious effect appears, in that high negative corre- 

lation is found between total annual growth and summer precipitation, 

i.e., good growth is associated with low summer moisture and vice 

verse. Highest positive correlation is with total annual precipita- 

tion in the 25 and 75 percent treatment plots, and with winter -spring 

precipitation in the 50 and 100 percent plots. The negative correla- 

tion appears to be a coincidence resulting from the influence of wet 

winters carrying over into dry summers in 1959 and 1960. Conversely, 

the dry winter of 1961 prevented sizeable summer growth despite above 

average summer rains. 

DISCUSSION 

With the aid of recording rain gauges and hygrothermogrephs, es 

well as more frequent measurements of growth, this study would have 

yielded much more precise information on the reactions of vegetative 

growth to weather patterns. In the absence of such detailed data a 

number of statements can still be made concerning growth in the Buck- 

man Flat and Paulden shrub communities. 

The existence of two separate growth seasons each year is clearly 
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shown. In addition, it is now possible to state with good assurance 

that these two seasons are virtually independent of one another on 

sites such as Buckman Flat. This is not true, however, on the Paulden 

site. The fact that shrub growth through the June drouth occurs at 

Paulden and not at Buckman Flat seems paradoxical when the latter 

receives considerably more rainfall. The key to the problem appears 

to lie in the nature of the substrate. 

The soils at Buckman Flat are deep and there are no major 

barriers to widespread root and soil moisture distribution. A well - 

developed gully system gives evidence of substantial runoff. In 

Chapter IV the shallowness of the soil moisture recharge at Buckman 

Flat in years of deficient precipitation was suggested es a primary 

reason for the low productivity of the site. Reference to Figures 20, 

27, and 28 will show that the lack of moisture at the deeper levels in 

1961 resulted in negligible growth during May. With deeper recharge 

the following year growth of both mountain- mahogany and ceanothus was 

rapid during May, and nearly ten percent of the total annual growth 

occurred in June. Thus, it appears that the depth of soil moisture 

recharge during winter limits growth by restricting the length of the 

spring growth season. Recharge during the summer apparently never 

penetrates more than 12 or 18 inches. 

On the contrary, the soil at Paulden exclosure is only a few 

inches deep over massive limestone, and the rough ground surface 

promotes a high degree of moisture retention. The root systems are 

confined to narrow cracks in the rock, and the rainfall that soaks 

into the soil is also concentrated in the cracks. The fantastic vigor 
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of cliff -rose plot number 61111 (Figures R and 13) depends upon what 

must be a major system of crevices, in which soil water accumulates for 

absorption by the roots. This same situation was encountered in the 

brief site survey reported in Tables 1, 2, and 3. At all these sites, 

which were selected on the basis of shrub composition end density, the 

soil was only a few inches deep over bed rock. At each site shrub 

growth was found to be more vigorous than at Buckman Flat. A large 

part of the difference is to be found in the lower precipitation at 

Buckman Flat, but there is still a strong indication that the rocky 

hillsides are the more productive sites. 

Quite a different result was reported by Biswell and Gilman (6) 

who found that the distribution of shrub and grassland communities in 

north central California was largely determined by soils, with the 

shrubs on the deep, moderately well -developed soils, rather than on 

the steer rocky slopes. Likewise, Medin (Li) reported strong positive 

correlation between soil depth and current annual growth of true 

mountain -mahogany in western Colorado. The factors which determine 

Arizona chaparral site quality are very poorly understood and should 

be more thoroughly investigated. 

The mechanisms governing growth initiation and cessation in the 

chaparral shrubs are also in need of more precise definition. In the 

San Gabriel Mountains near Los Angeles, Miller (42) found that minimum 

air temperature appeared to be the factor controlling initiation of 

shrub growth in the spring. Air temperatures above the freezing point 

and soil temperatures above h8° F. on north slopes, or above 56° F. on 

south slopes, were the required minima. At Buckman Flat soil 
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temperatures at the time of spring growth initiation were in close 

agreement with Miller's 1sß° level, but air temperatures continued to 

dip below freezing for two more months. 

In a study of the growth of four species of junipers in Walnut 

Canyon near Flagstaff, Herman (27) found a close relationship between 

growth and precipitation within each season. The pattern of spring 

growth followed by June drouth followed by summer growth occurred 

there as well as at Buckman Flat. Herman found that both initiation 

of growth in spring and cessation in fall appeared to depend upon soil 

temperature, with 50° F. the critical level. These observations were 

made at about 6500 feet, more than a thousand feet higher than Buckman 

Flat, but with very similar conclusions. 

In the Huachuca Mountains near the Arizona- Sonora border, ' "aliro 

(63) also found two distinct growth seasons: "The entire ecology is 

adjusted to the summer rainfall. It is the season that produces the 

bulk of the grazing forage." Day (18), in a later study in the nearby 

Chiricahua Mountains, concurred in this opinion. 

Shreve (50) described the "arid fore -summer" in the Santa 

Catalina Mountains near Tucson which separated spring growth from 

that of the summer rainy season. This period averaged about 15 weeks 

on the desert floor and eight weeks at the 8000 -foot -level in the 

mountains. Shreve felt that this two -season pattern contributed to 

the "relative richness" of the local flora. 
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CONCLUSIONS 

1. The existence of two separate and independent growth seasons, 

spring and summer, was clearly established at Buckman Flat. The 

tinction between the two seasons was obscured at Paulden exclosure by 

the peculiarly effective soil moisture storage capabilities of the 

limestone substrate. 

2. At Buckman Flat mountain -mahogany growth was correlated best 

with summer precipitation. Ceanothus growth was highly correlated 

with summer precipitation, but even more highly with annual precipita- 

tion. At Paulden cliff -rose wns strongly dependent upon storage of 

winter moisture. 

3. Initiation of spring vegetative growth in shrubs at Buckman 

Flat appears to be controlled by the rise of soil temperatures to the 

vicinity of !!5° to 500 F. Growth cessation in the fall appears to be 

caused by early frosts rather than by soil temperatures. Soil tem- 

perature inversions were found to coincide with growth initiation in 

the spring and with growth cessation in the fall. 

dis- 
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Chapter VI 

SUMMARY 

This paper is the result of a five -year investigation of big 

game browse plant ecology in central Arizona. Mountain- mahogany 

(Cercocarpus breviflorus) and desert ceanothus (Ceanothus Greggii) 

were studied at Buckman Flat exclosure near Prescott in the chaparral. 

A third species, cliff -rose (Cowania mexicana var. Stansburiana), was 

studied at Paulden exclosure in the pinyon -juniper north of Prescott. 

The chaparral type, characterized by the dominance of broad - leaved 

evergreen shrubs, is wide- spread throughout central and southeastern 

Arizona. The pinyon- juniper type lies generally north of the Mogollon 

Rim, but also is found on arid mesas in the upper Verde River basin 

and north and west. of Prescott. Both types are grazed by livestock 

and by deer. 

The investigation evolved into three distinct but interrelated 

phases: an artificial clipping study to determine response of shrubs 

to various levels of utilization; the response of shrub growth to 

seasonal weather patterns; and the interactions of precipitation, soil 

moisture, and plant growth. 

The proper -use clipping experiment involved annual fall removal 

of 0, 25, 50, 75, and 10C percent of current annual growth twigs. In 

additional treatment, simulating destructive use, involved removal of 

all twigs larger than four millimeters in diameter, followed by annual 

i 
Ii 
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removals of 100 percent of annual growth. This paper covers three 

growth seasons for the four -millimeter treatment, ands four growth 

seasons for all other treatments. Ten replications were provided for 

all treatments. The clipping technique involved removal of the 

required percentage of twigs on the shrub, clipping the whole twig in 

each case. Data obtained were total green and oven -dry weight of 

clipped twigs per plot, total numbers of current annual growth twigs 

per plot, and mean length of current annual growth twigs on each plot. 

Clip data were subjected to covariance analysis which cancels out pre- 

treatment differences in production. Significant differences were 

determined by Duncan's Multiple Range Test. 

Results of clipping reflected a marked decline in production, 

largely as result of a five -year decline in annual precipitation. 

Control plots showed lower production in most cases than did the 

heavily clipped plots. The general picture was one of stimulation by 

clipping in direct proportion to percentage of removal. In general, 

heavily clipped plots produced more and longer twigs. The mountain - 

mahogany and cliff -rose 100 percent and four -millimeter plots con- 

tinued vigorous production, but the ceanothus plots at these levels 

showed evidence of declining vigor. Clipping produced noticeable 

hedging only in some 100 percent plots. Mortality of plants was not 

clearly connected with treatment except in the case of the four - 

millimeter ceanothus plots. No cliff -rose and only one mountein- 

mahogany plant died. Response to clipping after four years indicated 

that 75 percent use is safe for cliff -rose and mountain -mahogany but 

is probably too heavy for ceanothus. 

a 
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Records of precipitation were obtained from rain gauges at both 

exclosures. At Buckman Flat a maximum- minimum thermometer was also 

installed. A series of 50 tagged branches on control plots of each 

of the three shrub species was measured at monthly intervals from 

March to November each year from 1959 to 1962 to determine seasonal 

twig growth. Late in 1960 eight stacks of soil moisture units were 

installed at Buckman Flat at six depths from three inches down to 36 

inches. A Colman soil moisture ohmmeter was used to measure electri- 

cal resistance. Field readings were taken at approximately weekly 

intervals. Two years' data were charted with corresponding precipita- 

tion data to show soil moisture accretion and depletion curves at six 

levels. Laboratory and field calibration for conversion of resistance 

readings into percent moisture content and inches of soil water were 

attempted, but with limited success. Mechanical analyses and bulk 

density determinations were made. Field capacity and permanent wilt- 

ing point were considered to be the two most important soil moisture 

constants. They were estimated by observation of maximum sustained 

level and flexpoints of depletion curves from field readings, and by 

pressure membrane determinations of percent moisture content et one- 

third and 15 atmospheres. Field gravitational sampling was virtually 

impossible because of stony soils. Moisture depletion curves were 

also obtained by evaporation tests of soil samples. 

Records of soil moisture depletion, twig elongation, and plant 

growth stages were combined to trace the annual phenological cycle of 

the shrub communities. The growth season at both Buckman Flat and 

Paulden begins about March 25 each year when soil temperatures reach 



VO to *D° F. At this time a soil temperature inversion takes piece, 

with the surface becoming warmer than the 24 -inch level. It Buckman 

Flat growth is accompanied by soil moisture depletion until the per- 

manent wilting point is reached in late May or early June. The shrubs 

then remain dormant until revived by the summer rains. At Paulden the 

cliff -rose continues to grow until September if winter precipitation 

has been adequate. The summer rains usually begin in early July but 

are very erratic. In 1962 the rains did not come to Buckman Flat 

until late September. The length of the spring growth period at Buck- 

man Flat depends upon the depth of recharge of soil moisture from 

winter precipitation, while the length of the summer growth period 

depends upon the date of arrival of the summer reins. The total 

possible growth period is about 190 days, but soil moisture stress in 

1961 and 1962 prevented growth for at least 70 days. Summer rains 

recharged only the surface 12 to 18 inches of soil at Buckman Flat in 

1961 and 1962. Growth was halted about October 1 each year by the 

onset of early frosts. Correlation of total annual twig growth with 

seasonal precipitation showed that the mountain -mahogany growth was 

best correlated with summer precipitation, ceanothus growth with total 

annual precipitation and with summer precipitation, and the cliff -rose 

growth with winter precipitation. The primary difference between the 

two sites appeared to lie in the nature of the substrate. Buckman 

Flat soils are deep, moderately well -developed soils from residual 

granite parent material. The Paulden site lies on an outcrop of 

massive limestone with only a very shallow layer of soil. Following a 

good winter the site provides for storage of enough winter moisture to 
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carry shrub growth as late as September. 

Calibration results are too erratic and based on too few deter- 

minations to be useful. They do indicate, however, that the Buckman 

Flat soils are gravelly sandy loans and gravelly sandy clay loams with 

high bulk densities (1.5 to 2.0 grams per cubic centimeter). The 

range of available soil moisture (field capacity to permanent wilting 

percentage) is about ten percent. This narrow range is typical of 

sandy soils. 

The Buckman Flat and Paulden experiments are beginning to provide 

some specific information on response of three palatable browse 

species to certain factors in their environment. However, these 

studies can now provide only tentative conclusions which must be 

tested in other sites and for longer spans of time. Vigor in browse 

plants in central Arizona appears to be primarily related to efficient 

utilization of the scant available rainfall, which in turn depends 

upon soil permeability and storage capacity. It has been suggested 

in this paper that rocky slopes provide an advantage in this regard 

over sites with deep soils. This is only one of many factors of site 

quality which are but poorly understood at present for central Arizona 

chaparral shrub communities. 

The clipping experiments at Buckman Flat and Paulden will be 

continued until a more clear -cut pattern of response is evoked. But 

the application of such information to management of other sites in 

the chaparral and pinyon- juniper of Arizona will continue to be a 

matter of guess -work until much more is understood about the basic 

ecology of these vegetative types. 
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APPENDIX 

Woody Plants Commonly Found in the Arizona Chaparral 

A. Species found at higher elevations or on wetter sites: 

Amelanchier sp. Serviceberry 

Ceanothus integerrimus Hook & .Arn. Leer -brush 

Fendlers rupicola Gray Fendlerbush 

Fraxinus sp. Ash 

Fremontodendron californicum Flannel bush 
(Torrey) Coville 

Holodiscus dumosus (Nutt.) Heller Rock spiraea 

J uglens major (Torrey) Heller Arizona walnut 

Robinia neomexicana Gray New Mexican locust 

Sapindus Saponaria L. Soapberry 

Symphoricarnos sp. Snowberry 

B. Species of general distribution: 

Arctostaphylos Pringlei Parry Manzanita 

Arctostaphylos pungens H. B. K. Point -leaf manzanita 

Berberis haematocarpa ?:Tooton Algerita 

Brickellia sp. Brickellia 

Ceanothus Greggii Gray Desert ceanothus 

Cercocarpus betuloides Nutt. Birchleaf mountain -mahogany 

Cercocarpus breviflorus Gray Hairy mountain -mahogany 

Scientific nomenclature follows Kearny and Peebles, Arizona 
Flora, 2nd ed. 1960. 
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Cowania mexicana var. Stansburiana Cliff -rose 

(Torrey Jepson 

Cupressus glabra Sudworth Arizona cypress 

Friogonum "right.ii Torr. Wright's buckwheat 

Fallugia psradoxa (D. Don) Endl. Apache plume 

Forestiera neomexicana Gray Adelia 

Garrya flavescens Wats. Silk- tassel 

Garrya :-rightii Torr. Silk -tassel 

Gutierrezia sarothrae (Pursh.) Snakeweed 
Britt & Rusby 

J uniperus Deppeana Steud. Alligator juniper 

Menodora scabra Gray Smooth menodora 

Pinus edulis Engelm. Pinyon pine 

^uercus Dunnii Kell. 

Quercus 'mcryi, Torr. Emory oak 

Quercus turbinella Greene Shrub live oak 

Rhamnus californica Mech. California buckthorn 

Rhamnus crocea Nutt. Hollyleaf buckthorn 

Rhus ovate `Jets. Sugar sumac 

Rhus trilobata Nutt. Skunk -bush 

Ribes aureum Pursh. Golden currant 

C. Species found at lower elevations or on drier sites: 

Acacia sp. Catclew 

Celliandra sp. False mesquite 

Celtis sp. Hackberry 

Cercidium sp. Palo verde 
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Chiloxsis line -ris (Cay.) Sweet Desert willow 

Condalia sp. Condalia 

Ephedra sp. Mormon tea 

Krameria Grayi Rose & Painter White ratany 

Simmondsia chinensis (Link) Schneid. Jojoba 


