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PREFACE

The Society of American Foresters has defined forestry as the 

scientific management of forest lands for the continuous production of 

goods and services. This "scientific management" is of concern to 

everyone involved with forest products, and there is often conflict 

over which of these resources should have priority.

The Multiple Use Act passed by Congress in 1960 emphasizes that 

the national forests shall be used for outdoor recreation, range, timber, 

watershed, wildlife, and fish. This concept of multiple use is also of 

prime concern to the private landowner. Many private and public lands 

in the Southwest are used for grazing as well as timber production, 

often with poor results. Generally, timber production is the main goal 

of managers; however, many forest landowners are realizing the need for 

nontimber revenue to help meet rising costs. It is necessary then to 

effectively integrate timber and cattle management.

In addition to timber and cattle, the forest manager must also 

consider the effect of his decisions on wildlife. The ponderosa pine 

forest in Arizona is a major wildlife habitat, and these areas also 

provide grazing land for cattle as well as their main product, timber.

In the administration of public and private lands, this variety of 

needs must be met through efficient, combined use of the natural re

sources.
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This thesis reflects the complexity of the situation, and the 

results, even when significant, can contribute only to a small phase 

of its solution.

I am indebted to Dr. Philip N. Knorr, Professor of Forestry, 

for allowing me to do the necessary research using the thinning project 

on which he is currently working, encouraging me in this task, and 

helping with the recording of much of the data. I am also extremely 

grateful to Dr. Phil R. Ogden, Professor of Range Management, for his 

guidance and advice in the writing of this thesis.

Appreciation is expressed to Drs. James Klemmedson and Malcolm 

Zwolinski as well as other members and students of the Department of 

Watershed Management for their help and suggestions.
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ABSTRACT

With consideration for the concept of multiple use management, 

this study was conducted to determine if the practice of thinning in 

ponderosa pine forests to increase tree growth could also stimulate 

understory production, thereby enabling the area to support cattle and 

game.

A ponderosa pine stand near McNary, Arizona, which was thinned 

to six different levels in 1962 was chosen for the research. Tree 

growth was measured and the differences among thinning levels were com

pared over a six-year study period. Understory production was measured 

and compared among thinning regimes.

Thinning did increase net basal area of pine growth, but the 

only significant increase in understory growth was in forb production. 

Increased forb production had a linear relationship with thinning treat

ments. Of the five forb species which showed the greatest response to

a decrease in pine basal area, all had only a poor-to-fair value as

forage for livestock and game, so this increase was of little or no

benefit.

There was no optimum thinning level for the combined production 

of timber and forage for the study.
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INTRODUCTION

Thinning is a familiar management practice to the forester and 

is employed in various ways to improve timber stands. Meyers (1958, p. 

658) states, "Thinnings are made to put future growth of a stand on the 

best trees available and to maximize the yield for rotation."

Timber, though, is not the only forest product; range manage

ment researchers have proven that thinning can also improve understory 

forage production (Pase 1958, McConnell and Smith 1965).

Considering the growing necessity for multiple use management,

I felt that it would be advantageous to determine if a thinning method 

which was beneficial for timber production also resulted in improved 

forage conditions for livestock and game. With this in mind, I con

ducted studies utilizing plots established in the White Mountains of 

Arizona by Dr. Philip N. Knorr (Professor of Forestry, The University 

of Arizona, unpublished work plan) in 1962, for Arizona State Research 

Project 509-B. The details of this project which pertain to the pres

ent study will be discussed later. According to Knorr1s work plan, 

project 509-B was designed specifically to determine the growth and 

yield of second growth ponderosa pine (Pinus ponderosa) in relation to 

stand density and thinning.

Thesis Objective

The objective of my thesis is to determine the relationship be

tween basal area per acre of merchantable trees and pounds per acre

1



herbage yield of understory and the value of this understory as forage 

for livestock and game.



REVIEW OF LITERATURE

The literature review is divided into three sections: (l) ef

fect of thinning on ponderosa pine growth, (2) relationship between 

ponderosa pine density and understory production, and (3) cattle and 

game use of ponderosa pine forest understory as forage.

Effect of Thinning on Tree Growth 

Dealing with the oldest experimental thinning plots in the 

Southwest, Pearson (1936) compared one plot of 4.2 acres, which had 

been thinned to 267 trees per acre, to a control plot of 0.8 acre with 

772 trees per acre. The original measurements were taken in 1925, and 

all measurements were repeated in 1930 and 1935. A second control plot 

of 0.24 acre with 675 trees per acre was also established in 1930. The 

trees were second growth ponderosa pine, approximately 41 years old at 

the time of thinning. Pearson reported a net increase in basal area 

over the ten-year period of 26.61 sq ft for the thinned plot and 19,48 

sq ft for the controls (combined). During the second five years of the 

study, he noted that the net increase began to drop, an indication of a 

need for further thinning.

Gaines and Kotok (1954, p. 4) of the Rocky Mountain Forest and 

Range Experiment Station, approached their research with the assumption 

that, "in general . . . little or no increase in basal-area or volume 

growth per acre can be expected as a result of thinnings, but that in

dividual trees, especially selected crop trees, grow faster when

3
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released.11 As a result of their study, they recommended a uniform 

thinning to 80-sq ft basal area per acre of immature sawtimber stands 

of over 120-sq ft basal area per acre.

Meyers (1958) worked with stands grouped into three age classes 

in the Black Hills of South Dakota. The trees were thinned to various 

spacings in 1933, to compare growth of 28-, 40-, and 55-year-old trees. 

He reported increased growth after 22 years in all thinned stands as 

compared to controls and specifically that the best growth was made by 

the 28- and 40-year-old trees.

Teeguarden and Gordon (1964) studied a 55-year-old ponderosa 

pine stand in the Black Mountain Experimental Forest in Northern Cali

fornia. After comparing two plots, one thinned to a 9-foot spacing with 

approximately 470 trees per acre and a control with approximately 

13,000 trees per acre, they recorded an average growth over the 5-year 

period of 0.9 inches for the thinned trees and 0.3 inches for the un

thinned trees at d.b.h. (diameter breast height).

Thinning of densely stocked, immature ponderosa pine stands 

proved to be effective for improvement of general forest production, 

either in the form of increased basal area growth per acre or increased 

growth of selected crop trees.

Relationship Between Tree 
Density and Understory

In 1950 Arnold studied five fenced areas near Flagstaff, Ari

zona. The region had been logged and he measured the understory as 

pine seedlings were established and eventually became the dominant
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overstory. He reported that as tree growth increased, understory pro

duction decreased.
Base (1958) measured understory vegetation on 31 plots, some 

thinned and some unthinned, on timber sites within commercial pine 

stands in the Black Hills area of South Dakota. The work was done in 

three areas with a canopy cover range of from 0 to 71% and a basal area 

range of from 0 to 215 sq ft per acre. Herbage production was measured 

by the weight estimation method of Pechanec and Bickford (1937), and 

final results were based on air dry weights. Grasses, forbs, and shrubs 

increased as crown cover and basal area decreased.

McConnell and Smith (1965) conducted experiments with ponderosa 

pine stands in the upper McThow River Valley in northern Washington, 

taking into consideration growing area per tree, canopy cover, and basal 

area. They thinned to various spacings in a randomized block design 

using four treatments with three replications. Each plot was 0.2 acre 

with a buffer zone % chain wide. Total basal area was derived from 

d.b.h. measurements. The understory was measured by the weight estima

tion method described by Pechanec and Bickford (1937). The results 

were as follows (McConnell and Smith 1965, p. 130):

Analysis of the relationship between understory yield and grow
ing area per tree showed a significant difference between thinned 
and unthinned plots but no difference (P = 0.09) between levels 
of thinning. When pine canopy and pine basal area were each 
considered, however, significant increases in yield occurred at 
all thinning levels. Despite generally significant responses, 
initial rates of increase in understory were relatively minor.
There was an increase of 0.14 pounds of air dry yield per acre 
for each additional square foot of tree growing area, or an in
crease of only 2 pounds for each 1 percent decrease in canopy 
cover or square foot of pine basal area.

The authors anticipated a greater increase over several more years.
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McConnell and Smith (1970), in a detailed article concerning 

the above-mentioned work, report that after 8 years their results 

showed a 6 lb. increase in under story yield for each 17<> decrease in 

tree canopy.

Pearson and Jameson (1967)conducted research at the Rocky Moun

tain Forest and Range Experiment Station near Flagstaff, Arizona, to 

determine the relationship between timber and cattle production on a 

ponderosa pine range. The final results were not available, but their 

first report shows that very little change in understory occurred be

tween thinning treatments when the ponderosa pine basal area was over 

70 sq ft per acre.

Clary and Ffolliott (1966, p. l) reported from their studies 

that "herbage production under the thinned stands was significantly 

greater than under the unthinned stands for given timber basal areas of 

less than 70 square feet per acre.n

Reduced pine basal areas per acre, whether a result of logging 

or intentional thinning, have caused an increase in forage production 

in ponderosa pine forests. Large increases in understory production 

have not occurred until the tree basal area was approximately 70 sq ft 

per acre or less.

Cattle and Game Use of Ponderosa Pine Forests

Reynolds (1966, p. l) claims, "Ponderosa pine forests of Ari

zona provide important livestock range and game habitat during summer." 

He compared dropping group counts of elk, deer, and cattle in an area



7

logged between 1951 and 1958 by the improvement-selection method for 

sustained yield. Reynolds found that deer preferred forbs for forage 

and ranged in wooded areas or small openings. Elk and cattle foraged 

on perennial grasses and utilized natural openings. Elk particularly 

avoided heavily wooded areas. This concurred with studies by Pearson 

(1968).

In a study concerned with cattle use of native and seeded 

ranges in the ponderosa pine zone of Colorado, Malechek (1966) deter

mined that cattle foraging on seeded ranges received adequate to ex

cessive crude protein for 10 months of the year, but cattle on native 

ranges received adequate crude protein for only 8 months.

Pearson (1968) noted on the "Wild Bill" range near Flagstaff, 

Arizona, that deer use decreased after logging and slash cleanup, but, 

in accordance with other studies, he concluded that this was a result 

of added activity in the area, rather than a change in forage condi

tions.

According to Smith (1953), deer consume 3.5 lbs. of air dry 

forage per day per 100 weight of deer. Elk consume approximately 2 

lbs. of air dry forage per day per 100 weight of elk (Lang 1958).

In a continuing study of two watersheds near Alpine, Arizona, 

Patton (1969) reported that animal use increased from 3.3 to almost 

6 deer and elk per section 14 months after the areas had been parti

ally logged. Use on an adjacent uncut forest changed little.
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Julander (1958), working in the Fishlake National Forest in 

central Utah, determined that for deer on summer ranges diet consisted 

of 71% forbs, 22% browse, and 7% grass and sedge.

In a study to determine the extent of deer and livestock compe

tition on winter range, Dasmann (1949) reported that although deer are 

normally browse eaters his results showed that their diet contained 

from 19% grasses in November to 64% grasses in March. He mentioned 

that blue grasses (Poa sp.) were more heavily used than other perennial 

species.

Due to the importance of ponderosa pine forests in Arizona for 

livestock and game, any forest management practice which increased for

age production proved beneficial where the area was needed for cattle, 

deer, and elk.



STUDY AREA

An even-aged stand of immature ponderosa pine was desirable for 

the thinning research, and the study area was chosen by Dr. Knorr in 

1961 after the land was made available through the White Mountain Apache 

Indian Tribe.

Location

The research plots are randomly located over approximately 100 

acres on the Fort Apache Indian Reservation, 5 miles east of McNary, 

Arizona, south of highway 73. The BIA legal description is Section 26, 

Township 8 North Range 24 East, Gila and Salt River Base and Meridian 

(see Appendix A).

Vegetation

The vegetation is primarily an even-aged ponderosa pine forest, 

approximately 60 years old now (1970) with a few overmature pine scat

tered throughout the area. The surrounding vicinity includes some nat

ural meadows. Understory beneath the pine stand consists of grasses, 

forbs, and shrubs. (A minimal number of year-old pine seedlings were 

noticed but not recorded, as their chances of survival are extremely 
slight.)

Soils

A soil survey was made in the area in 1965 by the Soil Conser

vation Service and the Bureau of Indian Affairs. The soils belong

9
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primarily in the Sponsellar series (Zwolinski 1966). Buol (1965) de

scribes the Sponsellar series as being in the Western Brown Forest 

Great Soils Group, medium to moderately fine textured, and developed 

from volcanic ash and cinders over basalt. Some of the plots also have 

considerable rock outcroppings.

Climate

The average monthly temperature from 1934 to 1957 was 46.5 F, 

and freezing has occurred in all months. The average yearly precipita

tion over the same period was 24.70 inches (Green and Sellars 1964).

Ihe preceding figures were recorded at McNary, Arizona. From 1963 to 

1969, the period of the study, the yearly precipitation varied from 

17.82 inches to 40.59 inches, and the average was 26.90 inches. Aver

age monthly temperature for those years was 46.7 F (U. S. Dept, of 

Comm. 1963 to 1969).

History

A ground fire, and probably control burning, preceded the es

tablishment of the plots but no fires have occurred since 1962.

Wildlife (including elk, deer, rabbits, and porcupines) and 

cattle utilize the area. According to a letter from H. G. Palmer, 

Wildlife Manager for the Arizona Game and Fish Department, elk, deer, 

and bear use the area when no snow is present. He mentioned that no 

game surveys have been made, and it is impossible to report actual num
bers of animals.

The following information concerning cattle grazing on the 

study area was obtained through a personal interview with Mr. Eric
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Granfelt of the Bureau of Indian Affairs, Grazing Division, Fort Apache 

Indian Reservation: The area is part of the Carrizo summer range and

is the Blue Mountain sub-unit which consists of 7,528 acres. Cattle 

are on the area from May 16 to July 31 and 655 animal unit months are 

allowed for the 2% month season.



METHODS

Since this thesis is involved with Dr. Knorr's study, the 

methods for the actual thinning work are entirely his. My own pro

cedures do not begin until the recording of data in 1970.

Original Field Work

Work began in 1961 with the selection of 48 rectangular study 

plots in a randomized block design to test thinning regimes for young 

pine stands. Six treatment levels were applied. Plots were thinned 

to approximately 40, 60, 80, 100, and 120 sq ft of basal area per acre, 

and the last treatment was an unthinned control (Figure l). As it was 

impossible to thin to the exact basal areas called for, it was neces

sary to consider these figures as theoretical thinning levels. There 

was generally a slight difference between the actual and theoretical 

figures after the thinning was completed (Table 1). For the sake of 

uniformity all mention of treatments will refer to the theoretical 

thinning levels of 40, 60, 80, 100, and 120 sq ft of basal area per 

acre, and these will be designated at T-40, etc.

Although the actual plot size is l/50th of an acre, each plot 

is surrounded by a buffer zone from 12 to 14 feet wide which received 

the same treatment as the plot.

All treatments including controls were measured in 1961 prior 

to thinning. These measurements were repeated (except the controls) in 

1963, approximately one year after the stands had been thinned.

12
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Figure 1. Background shows area as it appeared before treatment;
foreground shows plot after thinning, with porcupine 
bands in place, for Project 509-B, near McNary, Arizona.
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Table 1. Treatment levels, actual basal area after thinning, and 
mortality after six years.

Treatments3 Actual Basal Area 
19633

Actual Basal Area 
1969a

Mortality in
6 Years^

40 46.4 75.8 1.4
60 67.3 102.0 2.6

80 83.0 118.6 5.0
100 101.0 141.5 0.0
120 123.3 162.5 1.5

Control 192.9c,d 221.9d 6. ld

a. Figures refer to average basal area in sq ft per acre for 
8 replications of each treatment.

b. Figures refer to average basal area lost over six years in
sq ft per acre. \

c. Measurements taken in 1961.

d. Figures represent merchantable trees as determined by ex
cluding all trees with d.b.h. of less than 3 inches.



15

Heights and diameters of all trees on the thinned plots, and all domi

nant, co-dominant, and intermediate trees on the control plots were re

corded.

To inhibit porcupine damage, aluminum bands (14 inches wide) 

were placed around each tree approximately 5 feet above the ground 

(Figure l).

Field Work Completed June, 1970

A repeat of all tree measurements was taken in June, 1970, and 

of these I used the d.b.h. measurements to compute basal area for my 

own thesis work. The 1963 records were used for the beginning d.b.h. 

measurements for the thinned plots, and the 1961 data for the controls.

Measurement of Understory

Before the recording of actual field data, a plant collection 

was made of all major species represented in the area. Plants were di

vided into classes of perennial grasses, perennial forbs, annual grasses, 

annual forbs, and shrubs, and all plants were identified.

All vegetation was measured by the weight estimation method of 

Pechanec and Pickford (1937, p. 901) who should be given credit for some 

of the most important work done in determining a satisfactory method for 

measuring understory. After working with percentage, productivity, and 

point observation methods, they designed the weight estimation method 

by which an individual trains himself to estimate the weight of all veg

etation on any size plot. For their system, they suggest:
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First, estimate the weight of either one or several plants of a 
single species, attempting from the first to define a 10-, 20-,
50-, or 100-gram unit. Count the herbage in terms of such 
units. Then clip and weigh herbage to determine the error of 
the estimate. After each estimate the individual should at
tempt to alter the size of his unit to conform with the last 
weight check made for that particular area. Train on one spe
cies at a time.

After considerable practice working off the experimental plots, 

but with similar vegetation, a high degree of accuracy in estimation of 

weights was achieved before I began to record data from the actual 

plots. The exact procedure for measuring vegetation was as follows:

1. A 100-sq ft area was staked in the center of the l/SQth 

acre plot.
2. A 4.8-sq ft metal frame was used to mark the areas to be 

measured (Figure 2). The frame was placed in 10 randomly chosen, but 
not overlapping, locations within the 100-sq ft area.

3. The species of all plants occurring within the frame and 

their estimated weights were recorded on the field form.

To assure accuracy in the estimation of plant weights, Pechanec 

and Pickford (1937) suggest a double sampling method which was employed 

in the following manner.

After completing the measurements on each 1/50th acre plot, I 

moved into the buffer zone and estimated the weights of the plants 

within one or two placings of the frame (depending on the density of 

the vegetation). These plants were then clipped and weighed to deter

mine if the estimates were either consistently high or low, and the 

results taken into consideration for the final analysis. Actually the
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Figure 2. The 4.8-sq ft metal frame used to designate areas for 
measurement of total vegetation.



estimates were found to be close enough that no serious error was ap
parent (Appendix Table 1-B).

Preparation of Data for Analysis

Samples of each species collected from the study area were 

weighed fresh and then air dried, and the wet and dry weights were 

compared to determine a conversion factor. All wet weights recorded 

on the field forms were converted to dry weights and the totals were 

recorded in pounds per acre, thereby presenting all results in air dry 

weights (Appendix Table 2-B).

The field data on all understory vegetation were graphed to de

termine if possible relationships existed between treatment levels and 

herbage production. Graphs were made of total herbage production (Fig

ure 3), total grass, shrub, and forb production (Figure 4), and total 

forb production minus bracken fern (Pteridium aquilinum) (Figure 5).

In all cases totals were compared to theoretical thinning levels, and 

where the graphs indicated a possible relationship, the data were 

analyzed statistically.

Statistical Methods

Snedecor (1956) was used as a reference for all statistics. 

Analyses of variance were made of the differences in basal area growth 

among treatments over the six-year period, the differences in total 

grass production among treatments, and the differences in total forb 

production minus bracken fern among treatments (using theoretical fig

ures for thinning levels). Where the mean square for treatment was

18
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Figure 4. Average understory vegetation production beneath various 
thinning regimes of ponderosa pine.
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40 60 80 100 120 250
(Control)

Sq ft basal area per acre

Figure 5. Average forb production minus bracken fern beneath various 
thinning regimes of ponderosa pine.
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significant at the 957. confidence level, the treatment sum of squares 

was partitioned by orthogonal coefficients to determine the type of re

lationship (Table 2).
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Table 2. Form used for analysis of variance for all statistical data, 
and for partitioning treatment sum of squares by orthogonal 
coefficients, if treatment mean square was significant.

Source D.F.

Block 7
Treatment 5

Linear (1)
Quadratic (1)
Cubic (1)
Quartic (1)
Quintic (1)

Block x Treatment (error) 35

Total 47



RESULTS AND DISCUSSION

Two of the control plots decreased in total basal area per acre 

over the study period. The average mortality (by number of trees) was 

29%; the average mortality (by number of trees) for the combined thin

ning treatments was only 2.8%.

As is evident in Figure 1, the control plots were densely 

stocked with an average of 3,320 trees per acre in 1961. Many of these 

were small, suppressed trees with only slight chances of survival, and 

by 1969 the control plots supported 2,350 trees per acre. Since this 

high mortality of suppressed trees made it impossible to give an accur

ate presentation of the potential growth of the dominant trees on the 

control plots, it was decided to determine the final results in terms of 

merchantable trees. For this purpose, an arbitrary d.b.h. of 3 inches 

was chosen as the lowest measurement to be included in the results.

This figure was arrived at through two considerations: (l) pulpwood is

an important forest product in this area, thereby utilizing trees smaller 

than would normally be considered sawtimber size, and (2) no trees 

smaller than 3 inches d.b.h. occurred on the thinned plots. Unless 

otherwise noted, all results pertaining to thinning effect on tree 

growth refer to trees of 3 inches d.b.h. and over.

Effect of Thinning on Tree Growth 

All thinned plots showed an increase in basal area growth over 

the six-year period (Table l). The analysis of variance of the differ- 

cnee in basal area growth among treatments was significant at the 95%

24
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confidence level (Appendix Table 3-B) and further analysis showed that 

a quadratic relationship existed (Figure 6). The greatest drop in the 

curve occurred between T-120 and the control, but since there were no 

thinning treatments between T-120 and the approximate 200 sq ft of mer

chantable basal area per acre of the control plots, it was not mathe

matically feasible to construct a formula for the quadratic relation

ship, For such a formula to be valid, it would be necessary to have 

further graduated treatments of 140, 160, and 180 sq ft of basal area 

per acre.

The data for Figure 6 show that T-100 had the greatest basal 

area growth; however, when Duncan's New Multiple Range Test was made on 

the mean 6-year basal area increase for all treatments, the results 

showed that at the 95% confidence level there was no significant differ

ence between T-60, T-80, T-100, and T-120 (Appendix Table 4-B). This 

would concur in part with the recommendation of Gaines and Kotok (1954) 

that immature sawtimber stands of over 120 sq ft of basal area per acre 

should be thinned to a level of 80 sq ft of basal area per acre.

The aluminum bands placed on the trees to inhibit porcupine 

damage appeared to be effective, as several porcupine-girdled trees 

were noticed in the general area, but none on the 48 plots.

Effect of Tree Density on 
Understory Production

A list of all plants found in the study area and their forage 

values appears in Table 3, and the air dry weights of each species in 

pounds per acre for each treatment are listed in Appendix Table 5-B.
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Figure 6.



27
Table 3. List of plants found in the study area, and their forage 

values.

Common Name Scientific Name3 Forage Value*3 
Cattle Deer & Elk

Grass and Grasslike Plants

Sedge Carex spp. poor poor-good
Arizona fescue Festuca arizonica good good
Screwleaf muhly Muhlcnbergia virescens good good
Mutton bluegrass Pao fendleriana good good
Kentucky bluegrass Poa pratensis good good
Bottlebrush Sitanion hystrix fair-good fair-good

squirreltail
Forbs and Other Plants

Yarrow Achillea lanulosa poor-fair poor-fair
Pussytoes Antennaria sp. none fair
Locoweed Astragalus sp. poisonous poor
Thistle Circium spp. none fair
Fleabane Erigeron sp. poor-fair poor-fair
Strawberry Fragaria sp. poor fair
Avens \ Geum sp. poor fair
Lithospernum Lithospernum multiflorum poor c fair c
Lupine Lupinus sp. poisonous poisonous
Cinquefoil Potentilla sp. fair poisonous
Pseudocymopterus Pseudocymopterus fair fair

montanus
Bracken fern Pteridium aquilinum poisonous0 poor
Groundsel Senecio sp. poor-good poor-good
Dandelion Taraxacum laevigatum fair fair
Thalictrum Thalictrum fendleri fair fair
American vetch Vicia americana good good

Shrubs

Fendler ceanothus Ceanothus fendleri good good
Gambel oak Quercus gambelli fair-good fair-good
Rose Rosa sp. fair fair

a. Authority: Kearney and Peebles (1960).

b. Authority: Phil R. Ogden, Professor of Range Management,
University of Arizona (unpublished class notes from Range Management 
202, and personal interview), Humphrey (1955), Muenscher (1962), Gould 
(1951), and Judd (1962).

c. At times



28

Average total herbage production for the combined treatments was 

greater than the average production for the combined controls, but the 

difference among treatments showed no definite pattern (Figure 3).

The data of the graphs in Figures 4 and 5 indicated two possi

ble trends, curvilinear relationship in grass production among treat

ments and a linear relationship in forb production minus bracken fern 
among treatments. Only the latter proved significant.

Bracken fern was excluded from the forb totals because these 

plants are large and one fern could easily triple the forb production 

total for a single plot, and bracken fern only occurred on 9 out of 48 

plots. The analysis of variance of the difference in forb production 

minus bracken fern showed a significant treatment mean square at the 

957© confidence level. Although yields were variable, there was a sig

nificant linear relationship (Appendix Table 6-B) with a trend of more 

forbs on thinned plots (Figure 7).

Five forb species seemed to respond noticeably to thinning; 

yarrow, thistle, pseudocymopterus, senecio, and strawberry all showed 

increases as tree density decreased (Appendix Table 5-B).
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Figure 7. Forb production minus bracken fern, beneath varying 
densities of ponderosa pine overstory.



CONCLUSIONS

From the results of the thinning study, it appeared that the 

most desirable thinning level for timber production was T-100; however, 

the results of Duncan*s New Multiple Range Test showed no significant 

difference in mean net basal area growth between T-60, T-80, T-100, and 
T-120, so it might be more feasible to avoid extra cost and thin to the 

highest level. In the case of thinning to T-120 an additional thinning 

might be required in less time than if more trees had been removed to 

begin with; but in an area where pulpwood was marketable, all thinnings 

following the original treatment could represent income from the stand.

For the purpose of comparing understory production results to 

the findings of other researchers, it was necessary to consider the ac

tual basal area after six years growth, rather than theoretical thinning 

levels. The lowest actual basal area in this study was 76.5 sq ft per 

acre at the end of the study period. Other researchers have found the 

greatest response of understory to thinning occurs in areas with less 

than 70 sq ft of basal area per acre, and very little difference among 

treatment levels has been noted above this figure (McConnell and Smith 

1965, Pearson and Jameson 1967). With the exception of forb production 

(minus bracken fern) my own results followed the same trend, so it would 

appear that there is no optimum thinning treatment for the combined 

production of timber and forage on this study.

Forb production did increase with thinning. However, of the 

species which showed the greatest response to a decrease in pine basal

30
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area per acre, all have only a poor-to-fair forage value so this in

crease is relatively meaningless.
Worrell (1970, p. 14) states, "Since it is not possible to ob

tain the maximum amount of every one of the potential forest benefits, 

society is forced to assign some sort of priorities to them.M

In the case of timber and forage production, the land manager • 

must decide which is more important for a particular area and thin ac
cordingly. For the benefit of cattle and wildlife he also has other 

possible improvement methods at his disposal; maintaining natural open

ings in forest areas for elk, and artificial seeding of thinned areas 

have proven to be effective in several cases (Reynolds 1966, Malechek 
1966, Pearson 1968).

To further understand the effect of thinning on understory, it 

may be necessary to study vegetation response over several years. It 

is conceivable that a greater increase in understory would be noticed 

within one or two years after the thinning and that as the pine basal 

area increased, the initial effect of thinning on understory would be

lessened.
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APPENDIX B

STATISTICAL AND FIELD DATA

Table 1-B. Regression results of double sampling.3

Source Values

Regression Coefficient 0.97181

Correlation x vs. y 0.95636

Intercept 0.22619
F Value 503.4

Total Degrees Freedom 48.0

a. Estimated weight for the total sample vegetation was only 
1.67. lower than the actual weight (estimated weight - 889.6 grams, 
actual weight - 904.0 grams).
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Table 2-B. Conversion factors for wet to air dry weights of all 
vegetation measured.

Species Conversion %

Grasses and Grasslike Plants

Sedge 42 
Arizona fescue 40 
Screwleaf muhly 57 
Mutton bluegrass 40 
Bottlebrush squirreltail 50 
Misc. 45

Forbs

Yarrow 33 
Pussytoes 46 
Locoweed 25 
Thistle 20 
Fleabane 39 
Pseudocymopterus 28 
Bracken fern 31 
Groundsel 20 
Strawberry 25 
Misc. 25

Shrubs

Ceanothus 45 
Quercus 45 
Rose 47
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Table 3-B. Analysis of variance.

Source D.F. Mean Square F*

Increase in Basal Area Growth

Block 7 0.021
Treatment 5 0.087 3.00
B x T 35 0.029

Total 47

Total Grass Production
Block 7 6.67
Treatment 5 35.87 0.1315
B x T 35 272.75

Total 47

Total Forb Production Minus Bracken Fern

Block 7 47.11

Treatment 5 65.47 3.15
B x T 35 20.47

Total 47

*. Significant F value at the 95% confidence level for all 
data analyzed is 2.485.
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Table 4-B. Duncan1s New Multiple Range Test results for treatment 
means of average basal area growth.

Means in Ordered Form

Treatment level: T-100 T-120 T-80 T-60 T-40 T-con

Means in ave. 
sq ft/plot: 0.811 0.783 0.709 0.692 0.587 0.579
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Table 5-B. Air dry pounds per acre of understory.

Species T-40 T-60 T-80 T-100 T-120 Control

Grasses and Grasslike Plants

Sedge 9.4 4.3 11.9 10.1 4.4 0.3
Arizona fescue * 3.1 - 2.3 - 0.5 -

Screwleaf muhly 12.7 15.4 13.4 8.6 11.02 3.5
Hutton bluegrass 0.8 4.6 4.4 8.0 5.9 20.2
Kentucky bluegrass 0.5 - - - 0.2 -
Bottlebrush - - - 0.9 0.2 0.4

squirreltail
Misc. 3.0 2.8 6.5 4.8 10.6 4.4

TOTAL 29.5 27.1 38.5 32.4 33.0 28.8

Forbs

Yarrow 1.1 0.9 0.3 0.4 0.4 _

Pussytoes - - 2.4 - 0.5 -
Locoweed 0.2 0.4 - 1.1 1.1 -
Thistle 1.1 1.9 0.5 0.4 0.4 0.1
Fleabane 1.0 - - - - -
Strawberry 0.5 0.6 0.4 - - -
Avens - 0.1 - - - -
Lithospernum - - 0.1 - - -
Cinquefoil 0.1 0.2 - - - -

Pseudocymopterus 2.0 0.7 1.5 1.2 0.5 0.7
Bracken fern 1.4 5.2 25.8 0.8 17.1 2.2
Groundsel 10.8 3.1 2.1 2.5 3.5 0.9
Dandelion - - - 0.2 - -

Thalictrum - - 0.1 - 0.2 -

American vetch 0.2 - - - - -

Misc. 2.9 1.0 1.1 1.3 1.4 0.3
TOTAL 21.3 14.1 34.3 7.9 25.1 4.2

Shrubs

Fendler ceanothus 0.7 2.5
Gambel oak 0.6 0.6 0.9 0.7 - 0.4
Rose 2.3 0.5 3.9 - 3.9 9.3

TOTAL 3.6 1.1 4.8 0.7 6.4 9.7

GRAND TOTAL 54.4 42.3 77.6 41.0 64.5 42.7
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Table 6-B. Orthogonal coefficients for treatment sums of squares.

Source D.F. s.s. Mean B x T F~

Increase in Basal Area Growth

Linear i 0.003 0.029 -
Quadratic i 0.339 0.029 11.6

Cubic i 0.069 0.029 2.4

Quartic i 0.018 0.029 -
Quintic i 0.008 0.029 -

Total Forb Production Minus Bracken Fern

Linear i 239.99 20.35 11.0

Quadratic i 19.34 20.35 -

Cubic i 61.71 20.35 3.0

Quartic i 1.61 20.35 -

Quintic i 5.93 20.35 -

*. Significant F value at the 95% confidence level for the
orthogonal coefficients is 4.16.
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