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ABSTRACT

A study of the chaparral species in central Arizona was conducted
to obtain information pertaining to the organic matter associated with
this vegetation type.

Quercus turbinella Greene, shrub live oak, was

the principal species involved in the study.
shrub live oak followed a seasonal pattern.

Litter production from
The production pattern in

decreasing order by season was as follows; spring, simmer, fall, and
winter.

Litter yields were measured by two methods: (!) cages placed

around shrub live oaks, and (2) litter baskets.

Litter yields were mea

sured on both north and south exposures by each of these two methods.
South exposure cages yielded a mean weight of 1684 Ibs./acre/yr. for
an acre covered entirely with shrub live oak or 786 Ibs./acre/yr. for
an acre of land with the percent oak cover found at Sierra Ancha.
North exposure cages yielded a mean weight of 1181 Ibs./acre/yr. for
an acre covered entirely with shrub live oak or 611 Ibs./acre/yr. for
an acre of land with the percent oak cover found at Sierra Ancha.
Total litter yield from all species from litter baskets with

no ad

justment for bare areas was 1404 Ibs./acre/yr. on the south exposure
and 1612 Ibs./acre/yr. on the north exposure.

Litter yield for all

species from litter baskets with bare areas accounted for was 1310 lbs./
acre/yr. from the south exposure and 1578 Ibs./acre/yr. for the north
exposure.

Litter baskets indicated unadjusted litter yields from shrub

live oak to be nearly the same on both exposures, with south exposure

ix

yields being 1058 Ibs./acre/yr. and north exposure yields being 1099
Ibs./acre/yr.

Adjusted for the percent oak cover measured on these

two exposures, north exposure yielded 568 Ibs./acre/yr. and south ex
posure yielded 482 Ibs./acre/yr.
Within the ecto-humus horizon the L and F-subhorizons were found
and measured on both exposures.
exposure.

No H-subhorizon was observed on either

South exposure organic matter had a greater weight per unit

thickness in all subhorizons.

Shrub live oak was the principal species

measured on bdth exposures, and the ground surface not covered by vege
tation comprised approximately 20 percent of the total area of both
exposures.

The crown volume variable had the highest correlation coef

ficients of all variables tested against weights of litter yield.

x

INTRODUCTION

Chaparral occurs in many regions throughout the world.

Within

the U. S. chaparral species extend from Texas to California and from
Oregon and Utah into Arizona.
semi-arid areas.

The chaparral type occurs mainly in

Within Arizona six million acres are covered with

chaparral (Nichol, 1943).

Management of these chaparral lands presents

problems involving erosion, wild fire, forage production, fire preven
tion and fire control.
Quercus turblnella Greene, shrub live oak, (Kearney and Peebles,
I960) is the primary chaparral species involved in this study.

This

species centers in Arizona where it is the most abundant component of
chaparral vegetation.

Shrub live oak has a nearly continuous range

from California to west Texas.

This oak is generally an evergreen shrub

found at elevations from 3,500 to 8,000 feet.
This study is part of a larger project designed to determine: (1)
the relation of organic matter accumulation to wild fires and pre
scribed burns, (2) the annual and seasonal litter production of chapar
ral species indigenous to the central Arizona foothills, and (3) the
effects of fire on organic matter removal as related to site quality,
water yield, floods, and sedimentation.

This larger project is being

conducted by Arizona1i universities and the U. S. Forest Service.
Data collected from and pertaining to chaparral species have been

1
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examined In this study.

Two exposures, a north and a south, have been

studied to determine annual weights of litter yielded from chaparral
species, to determine plant composition and plant cover, to determine
thickness and weight of ecto-humus subhorizons, to determine seasonal
patterns of litter yield, and to determine if a relationship can be
shown between litter yield and other measurable factors pertaining to
shrub live oak size.*1

1, Ecto-humus as defined by Wilde (1958) is the freshly fallen
and partially decomposed organic remains resting on the surface of the
mineral soil. It is common to divide the ecto-humus horizon into sev
eral subhorizons, the L, the F, and the H-subhorizons.

REVIEW OF LITERATURE

Origin of Word Chaparral
The origin of the term "chaparral" can be traced to the word
"chabarra" which was the Basque word for scrub oak of the Pyrennes
(Croneoiller, 1942).

The Spanish adopted the word "chaparro" to de

scribe a dwarf evergreen oak (Shantz, 1947).

From these words the

present word "chaparral" has evolved and has come to be so consis
tently used that the term has been adopted by ecologists (Detling,
1961).

Chaparral Community Characteristics
Detling (1961) and Biswell (1954) indicated there were five widely
separated regions where chaparral, under various names, occurred as a
distinct plant formation: (1) the Mediterranean region, (2) the coast
of southwestern Africa, (3) southern and southwestern Australia,, (4)
central Chile, and (5) California.
Chaparral may be defined as a plant community whose individual
plants are characterized by relatively small, thick, heavily cutinized
leaves which may or may not be evergreen.
rigid twigs and branches.

Leaves are borne on dense,

Root systems are extensive in proportion to

the size of the plant (Cooper, 1922), and the plant community is nor
mally dominated by one species (Detling, 1961).
3

4

Within Arizona, chaparral communities occupy about six million
acres of land or approximately eight percent of the total acreage of
the state.

In Arizona these conanunities occur primarily in the semi-

arid zone, between the grassland and woodland types at elevations from
4.000 to 5,000 feet (Nichol, 1963).

Cot tarn et_al. (1959) indicated the

Arizona chaparral exists generally in an elevation range of 3,500 to

6.000 feet, but could be found at higher elevations on open, south
facing slopes.
Quercus turbine11a Greene, locally called shrub live oak or turbinella oak, is the principal chaparral species in Arizona.

It is found in

great abundance south of the Mo golion Rio, where it is an ever-green
shrub, or small tree up to 13 feet high (Kearney and Peebles, 1951).
Local patches occur from 3,500 to 8,000 feet elevation.
Shrub live oak, according to Cottam et aJL (1959), is an ever-green
shrub,,or rarely a small tree, with small, gray-green, spinose-toothed
leaves, which occurs in semi-arid chaparral or pinyon pine woodlands.
This oak extends from west Texas to central California and from south
west Utah through southern Colorado into central Arizona (Kearney and
Peebles, 1951).

Quantities of Organic Matter Produced
The quantity of organic matter found initially on a site and the
quantity of organic matter that falls from the vegetation during a given
period of time vary with site and species.

Broadfoot (1951) measured

10.04 tons of surface organic matter per acre under loblolly pine cover
and 3.65 tons per acre under red cedar; while Carmean (1959) measured
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the oven-dry weights of organic matter in the L, F, and H-aubhorizons
on a poor-site stand in Ohi<*which averaged 2,900 lbs., 6,100 lbs,,
and 17,000 lbs. per acre respectively.

At the Sierra Ancha Experimental

Forest in central Arizona 6.80 tons of oven-dry organic matter per acre
were measured in a survey made in the chaparral vegetation by Pond (1961).
In tropical forests Nye (1961) reported that 4.7 tons of oven-dry
organic matter were collected in a twelve month period.

Leaves comprised

2/3 of the total weight, the remainder was mainly twigs and small-wood.
He further reported that his results agreed with those of Jenny at al.
(1949) who recorded 3.5 and 4.6 tons per acre under rain forest condi
tions in Colombia.
hunt (1951) reported that the forest floor organic matter under red
pine in Connecticut averaged 27,000 lbs. per acre, and the annual needle
fall 3,555 lbs. per acre; while under white pine the forest floor aver
aged 21,539 lbs. per acre, and the annual needle fall varied yearly
from 1,640 to 5,500 lbs. per acre depending on the weather conditions.
Ovington (1952) cited Alway and Zon (1930) who reported that litter
fall in Europe was composed essentially of branches and leaves, with
leaves being the greater proportion.

Records from central Europe in

dicated that annual litter fall varied from 1,673 to 4,806 lbs. per acre
in stands of pine.
Kittredge (1948) found that manzanita of unknown age produced 2,481
oven-dry lbs. per acre per year, canyon live oak (age 55) 1,819 lbs. per
acre per year, and Ceanothus-chemise (age 16) 2,260 lbs. per acre per
year.

He reported there was a 100 percent difference in litter weight

production between successive years in the Ceanothus-chemise type.
Others have found differences as great as 200 percent between two
successive years.

Depths of Organic Matter
Hart (1961) recorded organic matter depths in New Hampshire on pre
dominately mor-type soils.

On a plot that was clearcut, an H-subhorizon

depth of 2.35 inches was measured, while on an uncut plot, the same sub
horizon was measured at 3.37 inches.

The F-subhorizon on the clearcut

plot was 0.50 inches thick in contrast to 0.41 inches on the uncut.
In a mixed oak stand in southeast Ohio, Caraean (1959) measured a
L-subhorizon one inch thick, and a F and a H-subhorizon at one half inch
each.

Lunt (1951) under red and white pine measured an

Aq horizon aver

aging 1.5 inches thick with a range of 0.75 to 2.5 inches.

Sweeney et al.

(1961) measured organic matter in a ponderosa pine type down to mineral
soil.

His measurements were as follows:

Plot #

1
2
3
4

Litter
grams

Avg. Depth
cm.

Duff
grams

454
908
1362
1816

4.5
6.4
9.6
12.7

908
1816
2724
3632

Avg. Depth
cm.

1.0
1.9
3.5
5.7

Factors Affecting Organic Matter Production
Researchers have attempted to account for the varying amounts and
depths of organic matter on different sites.

Sartz et al. (1950) men

tioned factors as climate, soils, vegetation, geographic location, and
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man-caused disturbances.

Klttredge (1948) and Jenny et al. (1949)

stated that the amount of humus developed under a forest would vary
with latitude and altitude.

Kitterage (1948) and Ovington (1952) re

ported factors as site quality, stand age, stand density, and the bio
logical and chemical processes of decomposition.
Sartz et al. (1950) stated that additional factors believed to in
fluence humus development were soil drainage and texture class, stand
age and stocking, topographic position, aspect, slope, forest group type,
and logging practices.

Ovington (1952) reported that the vegetation

type exerted an important influence.

Conifer stands tended to produce

three to four times more organic debris than was produced by hardwood
stands.

Decay rates of fresh litter were more rapid under hardwoods

than under conifers, but in the conifer plots undecayed litter could
persist for several years.
Broadfoot (1951) and Dimock (1958) reported the effects of soil
temperature on litter breakdown, and the effects of thinning on rates of
litter fall and litter accumulation were reported by Dimock (1958) and
Hart (1961).

Johnston (1953) working on litter of red oak and spruce

under laboratory conditions in England found that the absolute effects
of moisture, temperature, and inorganic nutrients on the rate of decom
position of the H-shbhorizon were small.
Minderaan (1960) working in the Netherlands with mors and mulls
showed that a correlation existed between the distribution of forest
floor types and differences in the water relations of the soils of the
oak forest under consideration.

Sweeney £t al. (1961) told of litter
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reduction due to fire passing through a given area.

They pointed out

there was evidence that the percent of litter and duff lost increased
as the amount available increased.

The actual amount of litter and duff

remaining after a prescribed burn was greatest where the litter and duff
were deepest and more moist.

These conditions existed in the lower lay

ers.
Leaf drop through the abscission of leaves can take place in two
ways.

First, an abscission layer can form across the petiole of the leaf.

Second, there can be a fracturing of the cell wall Independent of merietemetic activity (Leopold, 1955).
Auxins have been shown to display a dual effect on abscission by
either accelerating or retarding abscission depending on the locus of
their application (Addicott and Lynch, 1951).

Abscission has been shown

to occur when an auxin concentration gradient exists across the marlstemetic zone at the leaf petiole.

Abscission can occur when the concen

tration gradient is high on the proximal side and low on the distal side
of the meristematic zone (Addicott and Lynch, 1951).

The gradient across

this meristematic zone is a function of the rate of auxin production in
the plant organ and the level of auxin in the stem.
High auxin production is known to be associated with fruit-set,
long-day conditions, synapsis, increasing daytime temperatures, and leaf
development and enlargement.

Application of auxin sprays have been shown

to be entirely ineffective in preventing abscission under conditions of
drought; and abscission will result if substances or conditions cause the
death of the leaf tissue (Leopold, 1955).
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Beneficial Role of Organic Matter and Chaparral
Hart (1961) reported that a mantle of humus and litter served to
protect the soil against rainfall impact, to impede surface runoff, to
restrict soil freezing, to favor infiltration, and to retain certain
amounts of rainfall.

Colman (1953) pointed out that litter acted as an

insulator that protected snow from the heat of the soil and thereby de
layed snow melt.

Litter and chaparral also protected soil from erosion

(Rowe, 1947; Lowdermilk, 1930).

With decomposition of litter, soil was

produced, porosity and permeability were increased, infiltration was in
creased, and micronutrients were returned to the soil.

Tarrant et al.

(1951) found that naturally or artifically applied coverings of brush or
litter were effective in maintaining infiltration at a maximum.
Wahlenberg (1935) found that the removal of litter through burning
had an unfavorable effect on soil structure, and Lunt (1951) reported
that a small but definite reduction in growth occurred in red pine as a
result of annual removal of organic matter.

Arend (1941) stated that de

struction of forest organic matter accounted only in part for the re
duction in the rate of water intake by soils.
Hetimers et al. (1955) stated that one of the key values of chaparral
was the ability of the roots to bind and anchor the soil.

The degree of

soil stabilization achieved depended on the configuration, density, and
strength of the root systems.

Sampson (1944) Indicated that chaparral

was valuable for livestock grazing and watershed protection.

Still

others have pointed out the value of chaparral as a food source and ha
bitat for wildlife.
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Non-Beneficial Role of Organic Matter and Chaparral
In a shortleaf-loblolly pine area Grano (1949) found that the num
ber of seedlings per milliacre plot definitely decreased with increasing
depth of organic matter.

Koster (1954) reported that on sites of pine

and hardwoods, pines could not be regenerated naturally since the leaf
fall from hardwoods completely covered and suppressed all conifer seed
lings.
Litter and other organic matter have been recognized as a major con
tributor to the fire hazard in many areas.

With the destruction of or

ganic matter through fire, soils were bared, and erosion was accelerated
as soil was compacted (Shannon, 1953).
Munns (1919) found that chaparral generally had a double root sys
tem, a mass of very fibrous roots close to the surface and another sys
tem at depths of 30 feet or more.

Roots nearest the surface were thought

to become inactive in uptake of water when the soil moisture was deple
ted.

The plant then obtained water through the deeper roots.

Biswell

(1954) summarized the non-beneficial role of chaparral by stating that
lands lost to chaparral are not producing their maximum of livestock,
game, timber, recreation, and water.

Climatic Characteristics of the Chaparral Type
The climate characteristic of the chaparral type in Arizona is semiarid.

A distinct pattern of precipitation exists which is composed of a

simmer and a winter peak.

Highest precipitation occurs in the summer

during July and August, and in winter from December through April
(Sellers, 1960).

Cooper (1922) working in California reported that the

r-
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chaparral type was everywhere correlated with a definite type of climate,
namely, one with a long, dry summer, and a rainy winter.

Cooper refer

red to chaparral as being a part of the broad sclerophyll vegetation
type in which the mean total annual rainfall was from 10 to 30 inches,
and the summer rainfall was less than 20 percent of the annual total.
Temperatures in the coldest and warmest months were moderate, the min
ima being decidedly higher in the chaparral belt than in other vegeta
tion formations.
Biswell (1954) who studied chaparral in California referred to the
climate of chaparral regions as Mediterranean with wet, mild winters
and long, hot, dry summers.

Sumners were drought periods with little

rainfall occurring during the months of May to September.
became extremely dry during this period.

Vegetation

Maximum temperatures were

frequently above 105° F., and relative humidity was as low as five per
cent.
,

\

Methods of Collecting Litter
Scientists and researchers have built numerous devices to collect
and measure litter yields.

At the time of this study, all litter col

lecting devices known to the author were of such design as to sample
only the total amount of litter cooing from a particular vegetation type.
Tarrant et al. (1951) measured annual litter fall from Pacific tree
species by spacing four-foot square leaf traps beneath the stands.
Pharos and Rogers (1960) working in southern pine stands made low cost
seed and litter traps from bushel baskets.

In Africa Nye (1961) col

lected litter in six, nylon mesh trays measuring three by six feet.
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These trays were raised one foot above the ground.
Broadfoot (1951) sampled organic matter already on the ground.

He

sampled one square foot areas of organic matter down to the mineral
soil.

Lunt (1951) in Connecticut made an organic matter study under

pine by cutting out and weighing four, one-foot squares per 1/40 acre
plots.

In England Ovington (1951) sampled the organic matter present in

a forest by dropping a 25 cm. square wire frame 16 times in each forest
plot and then collecting the organic matter within these areas.

Organic

matter in this study was separated into a L-subhorizon and a F and Hsubhorizon.

Jenny eit al. (1948) in Colombia and California used square

wooden-frame devices with areas one square meter and a half a square
meter respectively.
burlap 7 by 50 feet.

Alway and Zon (1930) collected litter on strips of

STUDY OBJECTIVES

Objectives of the study were: (1) to measure and describe the plant
composition and cover occurring on selected sites representing different
slope exposures within the chaparral type; (2) to determine annual litter
production In the chaparral type and from Quercus turbine11a Greene a
major species In this type. Including variation by season and site; (3)
to measure organic matter (total forest floor) accumulated on selected
chaparral sites, and determine its partition by the L, F, and H-subhorizons including thickness of the Ai horizon; (4) to determine the rela
tion of annual litter production In Individual shrub live oaks to pro
jected crown cover, crown volume, mean stem diameter, and shrub height;
and (5) to give information on variables affecting litter distribution
patterns.
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STUDY AREA

Location
The Sierra Ancha Experimental Forest of the U. S. Forest Service was
the location of this chaparral study.

This experimental forest is loca

ted on the southwest slopes of the Sierra Ancha Mountains in Gila, Coun
ty, Arizona.

The headquarters of the experimental forest is located ap

proximately 35 miles north of Globe, Arizona and 13 miles northeast of
Lake Roosevelt,
The study was carried out on two areas on the forest.

The first,

representing the north aspect or exposure, was in the NW 1/4, NW 1/4,
Section 18, T 5 N, R 13 B, 3/4 miles south of the experimental station
headquarters on the south side of Pocket Creek at the Young Road Junc
tion.

The second area, representing the south exposure, was 1/4 mile

west of the station headquarters on the south side of the Young Road in
the SW 1/4, NW 1/4, Section 12, T 5 N, R 13 E.

Each of these study

areas represented a location where the major land mass sloped either to
the north or south.

However, at each location minor ridges occurred

having other aspects; these are referred to in this study as sub-aspects
or sub-exposures.

Climate
Nearly 25 inches of precipitation falls in an average year at the
experimental station headquarters where the U. S. Weather Bureau climatic
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station is located.

This area is characterized by two precipitation

seasons divided by drier seasons.

The summer precipitation, coming in

July and August, is associated with moist tropical air from the Gulf
of Mexico.

Thunderstorms develop in this air as a result of orographic

and convectional air movements.
ation and high intensity.

These storms are mostly of short dur

The winter precipitation is cyclonic in ori

gin and develops as storms move inland and eastward from the Pacific
Ocean.

These storms of low intensity, long duration, and large areal

extent occur mostly in December, January, and February.
Temperature extremes at the forest headquarters over a period of
22 years were 3° F. and 104° F.

July is the warmest month with daily

maximum temperatures averaging 92.6° F., and January is the coldest
month with daily minimum temperatures averaging 31.1° F.

Geology and Soils
The predominating rock materials found on the surface of areas not
covered by vegetation on both study sites were quartzite and granodiorite.

The quartzite on these areas was stained by ferrous materials

contained within the rock.

The granodiorite was gray in color due in

part to the plagioclase contained in the rock.
On areas not covered by vegetaion, the soil was very poorly devel
oped, and the ground surface was an erosion pavement.

In general, soils

were poorly developed and were derived from such parent materials as
granite, quartzite, diabase, and schist.

Elevation and Slope
Elevation of the north exposure study site was approximately 4,900
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feet; the elevation of the south exposure study site was approximately
5,100 feet.

The average percent slope on the north exposure was 51 per

cent, and that of the south exposure was 30 percent.

METHODS

FIELD PROCEDURES

A preliminary survey of the Sierra Ancha area was made to select
the north and south exposures on which to carry out the study.

The two

selected sites are shown in Figures 1 and 2.

Plant Composition and Cover
In measuring and describing the plant composition and cover, the def
inition of plant composition and plant cover was first considered.

Plant

composition refers to the plant species comprising the chaparral type.
Plant cover is defined as the entire canopy of vegetation covering an
area of ground as measured by projecting the outer extremities of the
shrub crown down to the forest floor.
Method of Sampling
Plant composition and cover were measured by the line intercept
method.

Line transects were located so they would sample the vegetation

growing down the middle of each sub-aspect.

The composition and cover

were measured using 300-foot line transects along each of the six sub
aspects included in the study.

The line transects were made by extending

a 100-foot cloth tape down slope over the tops of the vegetation to be
measured.

After the zero end of the tape was made secure, one man of a
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Figure 1.

South exposure experimental site located approx
imately 1/4 mile west of the Sierra Ancha station
headquarters.

Figure 2.

North exposure experimental site located 3/4
miles south of the station headquarters on the
south side of Pocket Creek.
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two man team measured the vegetaion Interceptions along the tape and
the height of the vegetation at one-foot intervals; the second man re
corded the data.

After the first 100-foot section was measured and

recorded, the zero end of the tape was released, andi the procedure was
repeated on two additional 100-foot sections.

Six 300-foot transects

were measured in all.

Litter Production by Species. Season, and Site
Two methods were used to measure litter yield:

(1) cages which were

placed around only one species, shrub live oak, and (2) litter baskets
which were used to sample litter yields from all species in the chaparral
type.

Both measuring devices were employed on both exposures.
Cages
A total of 18 cages was

constructed, nine on the major north ex

posure and nine on the major south exposure.

On the north exposure,

three cages were constructed on northeast sub-aspects, three on north
sub-aspects, and three on northwest sub-aspects.

Likewise on the south

exposure, three cages were constructed on southeast sub-aspects, three
on south sub-aspects, and three on southwest sub-aspects.

From each of

these cages a monthly collection of litter was made.
The oaks which were encaged were not selected randomly, but were
deliberately selected because of their average size, their ease of
having cages placed around them, and their ability to have subhorizon
samples taken from beneath them.

Because of this method of selection,

litter yield data were not subject to some statistical analyses.
At each of these encaged oaks the following data were recorded:
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aspect, slope, shrub height, crown spread, diameter of each stem, sur
face soil description, thickness of all ecto-humus eubhorizons present,
names and height of surrounding vegetation, and the area covered by the
cage.
A diameter tape was used to measure the stem diameters of all stems
larger than 0.3 Inch after which 30-inch-wide screen wire strips were
sewn together around the base of each shrub.

These strips were placed

side by side and sewn together with wire until the outer extremities of
each oak were passed.

This gave the bottom of each cage a rectangular

shape on completion.

Steel rods 1/4 Inch In diameter were driven Into

place at each of the four corners, then four-foot-high strips of hard
ware cloth were erected around the four sides.

The bottom* of each of

these vertical strips of hardware cloth were sewn to the screen on the
ground.

Where the oaks were taller than four feet and there was a dan

ger of litter being blown over the sides of the cage, additional narrow
strips of cloth were added to the tops of the four foot sections.

Guy

wires were placed at corners to insure the stability of the cages (Fig
ure 3).
Litter Baskets
Additional litter collections were obtained from litter baskets
that were randomly located along selected transect lines.
kets were one foot square and seven inches high.

Litter bas

These baskets were

located on the same sub-aspects as the cages to sample the total litter
produced by all chaparral species.

A total of 66 litter baskets was -

set out, 33 on each major exposure, and 11 on each sub-aspect.

Col

lections from these baskets were made every three months beginning

Figure 3.

An encaged shrub live oak on the south exposure.

Figure 4

Two litter baskets in place under chaparral
species.
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27 October 1962.

Basket bottoms and a portion of the four sides of

each basket were lined with screen wire to prevent the finer litter
from escaping (Figure 4).

Description and Measurement of the Total Forest Floor
The total forest floor is composed of litter, duff, and humus.
These are often referred to collectively as the ecto-humus horizon and
individually as the L, F, and H-subhorizons or layers.

They are de

fined as follows:
L-subhorizon -- the surface subhorizon of the forest floor, con
sisting of freshly fallen (litter) leaves, needles, twigs, stems, bark,
and fruits.

There are no noticable signs of decomposition within this

subhorizon.
F-subhorizon —

a subhorizon showing noticable signs of decompo

sition, yet the litter is still recognizable as to origin.
H-subhorizon —

a subhorizon consisting of we 11-decomposed organic

matter no longer recognizable as to origin.
horizon

—

the uppermost mineral soil horizon containing in

corporated organic matter.
Inverted Litter Basket Samples at Encaged Oak
At each encaged oak four samples of the total forest floor were
collected and measured whenever possible.

Procedure was to invert a

square foot litter basket over the area at which the sample was to be
taken.

A sharp knife was used to cut around the basket edge, through

the organic subhorizoos, and into the mineral soil.

Organic matter on

the outside of this cut was removed to a distance approximately four
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inches from all sides of the basket leaving a margin of exposed mineral
soil surrounding the basket.

Figure 5 shews an inverted basket in place.

The basket was then removed, and a ruler was used to measure the subhor
izons which had been encompassed by the basket to the closest 1/10 inch.
After measurement, each subhorizon was removed and placed in a paper
bag.
On sites where litter baskets were placed to collect litter from
all species In the chaparral type, the thickness of the subhorizons was measured; but the forest floor was collected as one unit and was not
separated by subhorizons.

These measurements and collections were made

prior to setting the litter baskets in place.

Shrub Size - Litter Production Relationships
To determine if litter production from shrub live oaks was related
to shrub size, measurements of shrub height, stem diameter, crown vol
ume, and projected crown area were made at each encaged oak.
oaks was not determined.

Age of

To study the relationship between stem di

ameter and even-dry litter weight from those stems, 100 shrub live oak
stems from each exposure, north and south, were collected and stripped
of their leaves.

Stem diameters ranged from 0.1 to 1.0 inches.

Leaves

from these 200 stems were oven-dried, and the relationship between the
stem diameter and the leaf weight was analyzed.
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Figure 5.

Litter removal from around an inverted litter
basket was a technique developed prior to mea
surement and collection of subhorizons.
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LABORATORY PROCEDURES

Organic Matter Associated with Encaged Oaks
Monthly Collections from Encaged Oaks
Litter from monthly collections within the encaged oaks was pro
cessed by first oven-drying the collections for 48 hours at a tempera
ture approximating 100° C.

On completion of the drying process, the

collection was emptied into a large white pan so that any foreign ma
terial could be removed.

Collections were than weighed to the nearest

tenth gram.
,

Inverted Litter Basket Samples
The organic matter collected from the four samples around each oak

was brought into the laboratory for processing.

In collecting the lit

ter, soil would often stick to leaves in the F-subhorizon.

This soil

was removed before the drying and weighing process by placing the or
ganic matter in a 500 micron U. S. Standard Sieve and shaking.
sults of this process are shown in Figure 6.

The re

An attempt was made to

remove the soil via a flotation process, but the process proved to be
unsatisfactory.

After the removal of the soil, all collections were

processed in a similar fashion as collections from within the cages.

Organic Matter Associated with Litter Baskets
All subhorizons on litter basket sites prior to setting baskets
into place were collected as one unit, and no attempt was made to sep
arate the subhorizons present.
litter from encaged oaks.

These samples were processed the same as
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Figure 6,

Soil removed from the F-subhorizon via the 500
micron U. S. Standard Sieve.
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Litter taken from baskets after the three month collection periods
was separated according to species, oven-dried, and weighed.

Slope cor

rections were applied to the data collected so that an accurate estima
tion of litter yield in lbs./acre could be determined.

Corrections con

sisted of converting percent slope to the tangent of the angle repre
senting the slope, obtaining the cosine for the same angle, and then
dividing the weight of litter obtained from the baskets by the cosine of
the angle.

Shrub Size - Litter Production Relationships
The group of stems appearing to come from one or the same system of
roots was considered to be one oak plant.

Projected crown cover for the

oak was computed on the basis of the formula for the area of an ellipse
because the length and width dimensions of the encaged oak gave the oak
an elliptical shape.

The long axis of the ellipse was generally up and

down the slope.
Crown volume was computed by multiplying the projected crown cover
by the height of the oak.

The formula for the volume of an oblate

spheroid was not used because multiplying the projected crown cover by
height more nearly fit the conditions of oaks found in the field.

RESULTS AND DISCUSSION

PLANT COMPOSITION AND COVER

Listed below are the plant species which were measured by the line
intercept study on the north and south exposures.

The species' names

follow Kearney and Peebles (1960).
Common name

Scientific name

Shrub live oak, turbine11a oak
Catclaw acacia
Wrights silk-tassel

Quercus turbine11a Greene
Acacia Grea&ii Gray.
Garrya Wri&htll Torr.

Desert ceanothus
Holly-leaf buck-thorn
Pointleaf manzanita

Ceanothus Greggil A. Gray.
Rhaanus crocea Nutt.
Arctostaphylos pungcna H.B.K.

Skunkbush sumac
True mountain-mahogany
Pinyon pine

Rhus trilobate Nutt.
Cercocarpus montanus Raf.
Pinus edulls Engelra.

Bear-grass
Arizona oak

Nolina microcarpa Wats.
Quercus arlzonlca Sarg.

Since it is common for two chaparral species, because of over
lapping crowns, to occupy in part the same position on a transect line,
expression of percent projected crown cover on a 100 percent basis does
not give an accurate interpretation of ground cover in chaparral stands.
Cover above 100 percent indicates the amount of vegetation which shares
the same position with one or more species.

Table 1 shows the compo

sition and the percent projected crown cover when cover is expressed on
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Table 1.

Composition and Percent Projected Crown Cover of Chaparral Species on North and South
Exposures and Sub-Aspects on the Sierra Ancha Experimental Forest, Arizona.1

South Exposure

North Exposure

Species
NE

NW

N

MEAN

SE

sw

S

45.2

42.9

40.3

42.8

38.3

42.6

39.6

40.2

Pointleaf manzanita

1.4

0.0

1.8

1.1

18.3

15.2

28.5

20.7

True mountsin-mahogany

9.0

9.8

12.0

10.3

5.2

8.8

4.2

6.1

Wrights silktassel

4.4

10.9

7.8

7.7

6.7

5.7

6.8

6.4

Skunkbush sumac

8.0

4.3

4.3

5.5

0.0

0.1

0.0

< 0.1

Holly-leaf buck-thorn

3.4

6.2

3.9

4.5

0.0

2.3

0.0

0.7

Desert ceanothus

7.5

5.3

6.4

6.4

4.6

2.0

1.9

2.8

Bear-grass

2.4

0.0

1.0

1.1

4.7

4.5

3.8

4.3

Arizona oak

1.6

0.0

2.6

1.4

0.0

0.0

0.0

0.0

Catelaw acacia

0.0

0.0

0.0

0.0

0.5

0.5

1.2

0.7

Pinyon pine

0.0

0.0

0.5

0.2

0.0

0.0

0.0

0.0

Bare ground

17.1

20.6

19.4

19.0

21.7

18.3

14.0

18.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

Turbine11a oak

Percent totals

MEAN

1, Cover is expressed on the basis of 100 percent. This does not represent the true condition
of the chaparral stand as species often occupy the same position along the transect line.

Table 2.

Composition and Percent Projected Crown Cover of Chaparral Species on North and South
Exposures and Sub-Aspects on the Sierra Ancha Experimental Forest, Arizona.^

Species
NE
Turbinella oak

North Exposure
NW
N
MEAN

SE

South Exposure
sw
S
MEAN

54.4

52.1

48.7

51.7

43.3

47.5

46.0

45.6

1.7

0.0

2.2

1.3

20.6

17.0

33.1

23.6

10.8

11.9

15.5

12.4

5.9

9.8

4.9

6.9

Wrights silk-tassel

5.4

13.3

9.4

9.3

7.6

6.4

7.9

7.3

Skunkbush sumac

0.6

5.2

5.3

6.7

0.0

0.1

0.0

0.1

Holly-leaf buck-thorn

4.1

7.6

4.7

5.5

0.0

2.6

0.0

0.9

Desert ceanothus

9.0

6.5

7.7

7.7

5.2

2.2

2.3

3.2

Bear-grass

2.9

0.0

1.2

1.4

5.3

5.0

4.4

4.9

Arizona oak

1.9

0.0

3.1

1.7

0.0

0.0

0.0

0.0

Cate law acacia

0.0

0.0

0.0

0.0

0.6

0.6

1.4

0.9

Pinyon pine

0.0

0.0

0.6

0.2

0.0

0.0

0.0

0.0

Bare ground

20.6

25.0

23.6

23.1

24.5

20.5

16.2

20.4

120.3

121.6

121.0

121.0

113.0

111.7

116.2

113.7

Pointleaf manzanita
True mountain-mahogany

Percent totals

1. Cover is expressed on a basis greater than 100 percent. This represents the true con
dition of chaparral stands because species often occupy the same position along the transect line.
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a 100 percent basis.

Table 2 gives a more accurate interpretation of

conditions found in chaparral stands.
The area not shaded by over-head crowns is given in Tables 1 and

2. Without such data readers would assume that the entire area sam
pled is covered by vegetation.
The principal difference,
and south exposures was

in species composition between the north

that the north exposure had little to no cat-

claw acacia or pointleaf manzanita, whereas pointleaf manzanita was par
ticularly abundant on the south exposure.

Arizona oak was found on the

north exposure, but none was observed on the south.

Small tree size

shrub live oaks were common on the north exposure, but grew only as
shrubs cm the more xeric south exposure.

Pinyon pines were sparsely

scattered over the north exposure, but none was observed on the south
exposure.

Bear-grass was more abundant cm the south exposure than on

the north, while skenkbush sumac and holly-leaf buck-thorn were decid
edly more abundant on the north.

True mountain-mahogany and desert

ceanothus were about two times more plentiful on the north exposure than
on the south.

Areas of bare ground and shrub live oak were about the

same on both exposures.

LITTER PRODUCTION BY SPECIES. SEASON. AND SITE

Litter Production by Species and Site
From Encaged Oaks
Table 3 shows adjusted and unadjusted weights of litter yielded on
north and south exposures and on three sub-aspects for each exposure.
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Table 3. Mean Oven-Dry Weight of Litter from Shrub Live Oak Cages by
_________ Exposure and Sub-Aspect, September 1962 through August 1963.
Mean Litter Weight
(lbs./acre/year) **

Number of
Cages

Mean Litter Weight
(lbs./acre/year) *

Northeast

3

1114

606

North

3

1019

496

Northwest

3

1410

735

1181

611

Esposure and
Sub-aspect
North

Exposure mean

South
Southeast

3

1737

752

South

3

1419

653

Southwest

3

1895

900

1684

768

Exposure mean

*

unadjusted - weights represent one acre at Sierra Ancha covered
completely with shrub live oak.

**

adjusted

- weights represent one acre at Sierra Ancha covered
with the percent cover of shrub live oak shown in
Table 2.
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Appendix Tables 1 and 2 give litter weights and basic information for each
encaged oak.

The mean adjusted weight of litter produced was 611 lbs./

acre/yr. on the north exposure and 768 Ibs./acre/yr. on the south expos
ure (Table 3).

Production on sub-aspects of the north exposure was 606

lbs./acre/yr. on the northeast, 496 lbs./acre/yr. on the north, and 735
lbs./acre/yr. on the northwest.

Yields on sub-aspects of the south ex

posure were 753 lbs./acre/yr. on the southeast, 653 lbs./acre/yr. on the
south, and 900 lbs./acre/yr. on the southwest.
The 157 lb. difference between weights of litter yielded on expos
ures might have been explainable through two relationships.

First, the

relationship between stem diameter and dry weight of leaves stripped
from that stem indicates stems from the south exposure produce a greater
weight of leaves per stem than do stems from the north exposure.(Figures
10 and 11, pp. 52--53).

Second, the relationship between crown volumes

and weights of litter produced shows that larger crown volumes and
greater weights of litter are produced by oaks on the south exposure
with crown volumes greater than 200 cu. ft. than by oaks on the north
exposure (Figure 9, p. 49),

Correlation coefficients shown in Appendix

Table 3 indicate the correlation between crown volume and yearly litter
yields from encaged shrub live oaks were 0.835 for the south exposure
and 0.754 for the north exposure.
From Litter Baskets
The litter baskets gave weight estimates of the litter yielded by
all species in the stand (Tables 4 and 5).

The mean adjusted weight of

litter yielded by all species was 1578 lbs./acre/yr. on the north expos
ure and 1310 lbs./acre/yr. on the south exposure (Table 4).

Yields on

Table 4. Litter Production as Determined from Litter Basket Collections
__________for All Chaparral Species, September 1962 through August 1963.
Number of
Cages

Exposure and
Sub-aspect

Mean Litter Weight
(lbs./acre/year) *

Mean Litter Weight
(lbs./acre/year) **

North
Northeast

11

1520

1515

North

11

1382

1346

Northwest

11

1933

1867

1612

1578

Exposure mean

South
Southeast

12

2103

1861

South

10

773

773

Southwest

11

1336

1218

1404

1310

Exposure mean

*

unadjusted -

** adjusted

-

weights represent one acre at Sierra Ancha as sam
pled with randomly located litter baskets.
weights represent one acre at Sierra Ancha covered
with all chaparral species shown in Table 2 with the
percent of bare ground accounted for. Since none of
the randomly located baskets was in the bare areas
of either exposure, an adjusted value taking into con
sideration the bare areas may more nearly give an ac
curate estimate of litter yield.

Table 5»

Seasonal Litter Production for Different Chaparral Species as Determined from Litter Basket

Collections^_Segt@nhar_L&&^jU^na^^^JUygw^^JUW%L^____^________
Exposure

North

Season

Number
of
Samples Qu tu

Ga Wr

Ce mo

Rh tr

(lbs./acre/year)

Ar pu

Ce Gr

Pi po

*

Pi ed

Rh cr

Qu ar

Total

Summer
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334.5

148.4

13.1

25.2

0.9

5.6

17.1

1.4

5.1

21.8

573.2

Fall

33

40.6

39.4

5.3

15.2

0.1

10.3

7.9

0.4

0.1

0.4

119.5

Winter

33

227.3

11.2

8.2

0.4

0.0

1.7

0.6

0.0

2.6

26.4

278.3

Spring

33

497.0

16.2

29.4

0.0

0.3

20.1

0.0

0.0

29.2

29.6

621.9

274.8

53.8

14.0

10.2

0.3

9.4

6.4

0.4

9.2

19.6

398.2

Mean

South

Litter Production by Species

_______

Suemmr

33

254.8

54.3

32.5

6.3

27.2

4.6

0.0

0.0

16.9

0.0

396.6

Fall

33

80.0

10.2

12.0

0.1

2.2

1.5

0.0

0.0

0.8

1.1

107.8

Winter

33

180.1

24.4

26.9

0.0

3.0

0.6

0.0

0.0

2.2

0.5

237.7

Spring

33

533.9

28.2

22.3

0.0

13.1

21.4

0.0

0.0

42.9

0.2

639.6

262.2

29.3

23.4

1.6

11.4

7.0

0.0

0.0

15.7

0.4

345.4

Ce
Pi
Pi
Rh
Qu

Ceanothus Greggii
Pinus edulis
Pinus ponderosa
Rharanus crocea
Quercus arlzonlca

Mean
Qu
Ga
Ce
Rh
Ar

tu
Wr
mo
tr
pu

Quercus turbine11a
Garrya Wrightll
Cercocarpus montanus
Rhus trilobate
Arctostaphylos pungens

Gr
ed
po
cr
ar

* unadjusted - weights represent one acre at Sierra Ancha covered completely with
chaparral species indicated above.

w
m
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sub-aspects of the north exposure were 1515 Ibs./acre/yr. on the north
east, 1346 Ibs./acre/yr. on the north, and 1867 Ibs./acre/yr, on the
northwest.

Yields on sub-aspects of the south exposure were 1861 lbs./

acre/yr. on the southeast, 773 Ibs./acre/yr. on the south, and 1218
Ibs./acre/yr. on the southwest.
Litter production by seasons for individual species of chaparral is
shown in Table 5.

The four leading litter producers by species on each

exposure in declining order were as follows: north exposure, shrub live
oak, Wrights silk-tassel, Arizona oak, and true mountain-mahogany; smith,
exposure, shrub live oak, Wrights silk-tassel, true mountain-mahogany,
and holly-leaf buck-thorn.

Litter Production by Season
From Encaged Oaks
Litter production from shrub live oaks showed seasonal patterns.
Figures 7 and 8 show monthly production patterns for each sub-aspect.
Each line in both figures is the mean of litter yields from the encaged
oaks on each sub-aspect.
Table 4.

Basic data for these figures are in Appendix

Graphs of monthly litter yield from each encaged oak are in

Appendix Figures 1 - 6.

Seasons are defined as follows: winter, 21 De

cember to 20 March; spring, 21 March to 20 June; summer, 21 June to 20
September; fall, 21 September to December 20.
South Exposure.

Litter yield from all south exposure oaks

except one, rose slightly from August to September, fell to a low in
production in October, rose again in November, and then gradually drop
ped to a yearly low in February (Figure 7).

From February to March

350
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SOUTH CAGES
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200
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50

0
TIME - MONTHS
7.

Litter Production by Months from Cages on Three Sub-Aspects of the
South Exposure.

$5

NORTHEAST CAGES
NORTHWEST CAGES
NORTH CAGES
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OVEN-DRY LITTER
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TIME - MONTHS
Figure 8

Litter Production by Months from Cages on Three Sub-Aspects of the
North Exposure.

w
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there was a slight increase, and from March to May there was a sharp
increase in litter yielded by all but two oaks.

May and June were the

months of highest production for seven of the nine oaks on the south
exposure.
in July.

Production decreased from June to July and increased again
In declining order of seasonal production, spring was highest,

followed by summer, fall, and winter.
North Exposure.

Figure 8 shows the monthly litter production

patterns for sub-aspects of the north exposure.

The north sub-aspect

cages exhibited the same pattern of yield as those cages on all sub
aspects of the south exposure.
fall, and winter.

Spring was high, followed by summer,

Northwest sub-aspect cages showed the same monthly

and seasonal pattern of yield as cages on the south exposure up to the
month of February, but the northwest cages yielded their yearly highs
during the months of March and April.

From April to July there was a

decrease in monthly litter yields from the northwest cages, and this per
iod was followed by an increase in litter yield during the month of
July.

Seasonal pattern of litter yielded from this sub-aspect in de

clining order was as follows: spring, simmer, fall, and winter.
Northeast sub-aspect cages followed a similar pattern of yield as
cages of the northwest sub-aspect up to February, but then had a con
tinuous rise in monthly yields to the end of August.

This monthly yield

pattern lead to a seasonal pattern of a summer high, followed by spring,
fall, and winter.
From Litter Baskets
Seasonal patterns of litter yield for different chaparral species
are shown in Table 5.

Only the major species, shrub live oak, will be
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discussed.

The seasonal litter production pattern was the same for both

exposures; spring was high, followed by summer, winter, and fall.

Sea

sons were defined as follows: fall, 1 August to 27 October; winter, 28
October to 5 January; spring, 6 January to 6 April; summer, 7 April to
1 July.

Seasons were defined on the basis of collection dates which

were unfortunately begun in August.

Differences between Cages and Litter Baskets
Species Differences
Shrub live oak litter yielded from baskets was lower per unit area
on both exposures than shrub live oak litter yielded from cages.
from cages was 43

Yield

Ibs./acre/yr. greater on the north exposure and 304

Ibs./acre/yr. greater on the south exposure than from baskets (Tables
3 and 5).
Five reasons might account for the differences between the two
methods of measurement.

One, the random site selection of litter bas

kets placed some of the baskets under chaparral species other then shrub
live oak.

Two, baskets randomly located may not have been in the best

position to collect falling litter.

Three,

averaging all basket col

lections together lowered the computed Ibs./acre/yr. litter production.
Baskets sampling only shrub live oak were averaged in with baskets samp
ling other species.

Higher litter yields could have been shown by using

only those baskets sampling shrub live oak alone.

Four, wind effects

may have caused litter to be blown out of the baskets or may have caused
litter to fall in one direction through a micro-climatic wind coming
mostly from one direction.

Five, the encaged oaks which were selected
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may have been unrepresentative of the oaks In the chaparral stand.
Site Differences
Table 3 shows the south exposure to have a greater litter yield
per unit area than the north exposure.

Statistical analysis could not

be applied to the data; therefore, litter weight differences cannot be
shown to be statistically significant or non-slgnlflcant.
Table 4 shows yield to be greater on the north exposure.

This

might be explainable by the greater projected crown cover of species
on the north exposure (Table 2).

Table 5 shows there to be a greater

litter yield per unit area on the north exposure for shrub live oak.
Explanation for these results has already been presented on page 40.
Shrub live oak yields is not comparable between the two methods of
collection due to the random location of the litter baskets.
Season Differences
Weights of litter yielded from cages on both exposures Indicated
most of the litter followed the same seasonal pattern of production.
Most litter was produced in the spring, followed In declining order by
summer, fall, and winter.
Weights of shrub live oak litter collected from litter baskets
(Table 5) followed a slightly different seasonal pattern of a high In
spring, followed by summer, winter, and a low In fall.

The difference

in seasonal patterns between cages and litter baskets was attributed to
the differences In the dates of collection of litter between the two
collection methods
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FACTORS AFFECTING LITTER PRODUCTION ON
NORTH AND SOUTH EXPOSURES

A search of the literature failed to produce any Information as
to why leaves fall from shrub live oak; however, factors which have
been shown to be associated with leaf fall In other species, might be
associated to leaf fall In shrub live oak.

Leaf fall has been explained

In terms of the auxin theory, senescence theory, soil moisture, climatic
effect, etc.
In shrub live oak all these factors might play a role In leaf fall.
The auxin theory might be applicable if an abscission layer is formed
at the leaf petiole.

The formation of this layer has been shown to be

controlled In some species by the auxin - auxin balance in the plant.

South Exposure
The time of occurrence of high litter yield on the south exposure
could possibly be explained by the auxin theory.

This would not rule out

the possible applicability of the senescence theory.

High auxin produc

tion is known to be associated with leaf development and enlargement,
fruit-set, long-day conditions, synapsis, and Increasing daytime tempera
tures.

The development of new leaves on oak during May through July might

cause an increase of auxins in the stems and an increase in the auxin con
centration of the proximal side of the abscission zone in old leaves.
This auxin gradient according to the theory would activate cells in the
meristeoatic zone at the base of the leaf petiole and eventually cause
abscission of the leaf.
Other factors as increasing day length and daytime temperatures
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fruit-set, and pollination observed to occur in May and June on shrub
live oaks would help to substantiate abscission via the auxin theory.
Available soil moisture also might have been a factor in causing
abscission.

Though soil moisture was not measured, precipitation and

temperature were (Table 6).

If drought conditions were severe enough

to cause leaf tissue to die, auxin production in the leaf would cease,
and a gradient would be established across the abscission zone.

Diurnal

temperature fluctuation and high winds may have caused leaf fall too.
North Exposure
North Sub-Aspect
North sub-aspect yields of litter from cages might have been ex
plained through the same auxin gradient theory used for litter yields
on the south exposure.
Northeast Sub-Aspects
Litter yields from encaged oaks may have been the results of condi
tions meeting the standards of the auxin gradient theory.
was not thought to be a limiting factor on this sub-aspect.

Soil moisture
The contin

ued increase in yields of litter from March to August might have been
attributable to factors associated with high auxin concentrations men
tioned previously.

The lag behind other cages in reaching a peak litter

yield was thought to be attributable to the sub-aspect's exposure posi
tion and its influences on factors affecting auxin production (Figure 7).
Northwest Sub-Aspect
The earliest peak in litter yields was exhibited by cages on this
sub-aspect.

The peaks coming in March and April were thought to be the

result of severe winter climatic conditions.

The auxin gradient theory

was thought not to have a role in explaining the peaks in litter yields.
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Table 6. Mean Monthly Temperature and Precipitation, Sierra Ancha
__________Experimental Forest, January 1962 through August 1963.
1962
Month

Mean Temp.
C °F.)

1963
Total FreeIp.
(Inches)

Mean Temp.
( °F.)

Total FreeIp.
(Inches)

Jan

41.4

4.48

40.6

1.69

Feb

46.3

3.15

50.3

5.12

Mar

44.6

2.99

49.0

1.44

Apr

61.6

0.18

53.9

0.85

May

62.4

0.05

67.6

0.01

Jun

72.4

0.67

70.3

T

Jul

77.7

0.47

79.7

0.20

Aug

80.4

0.70

72.4

9.82

Sep

73.1

3.28

Oct

62.8

1.47

Nov

55.6

0.60

E

Dec

46.4

0.96

E

T

Trace

E

Estimated

Source: Climate Data
U. S. Dept, of Commerce
Weather Bureau
Climatological Data Arlz.
Vol. 66, # 7.
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Abscission was thought to take place as a result of fracturing of cell walls.
The fracturing of cell walls was thought to have been attributable
to sub-freezing temperatures, high precipitation, and wind effects.

Oak

cages' position on the sub-aspect was thought also to be of prime impor
tance as northwest cages were subjected directly to down-valley winds.

MEASUREMENT AND DESCRIPTION OF ECTO-HIMJS SUBHORIZONS
ON NORTH AND SOUTH EXPOSURES

The subhorizons, mean thickness, and mean weight per acre which were
found at the site of each shrub live oak cage prior to the oak being en
caged are shown in Table 7.

On both exposures the distinguishing char

acteristics of each subhorizon were the same.^

L-subhorizon
The L-subhorizon consisted solely of leaves which were light tan in
color and which showed no visible signs of decay or deterioration.

No

catkins, acorns, twigs, or bark were collected as a part of this subhorizon.

At the time of collection there was no evidence of newly fallen

catkins, green leaves, or acorns.

F-subhorizon
The F-subhorizon consisted of leaves, acorns, twigs and bark that
showed evidence of decay or deterioration.

This subhorizon consisted1

1. For definitions of ecto-husais horizon and subhorizons see
pages 2 and 22 respectively.
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Table 7.

Mean Subhorizon Thickness and Mean Subhorizon Weight at Sites
of Shrub Live Oak Cages Prior to the Oaks Being Encaged.

Exposure and
Sub-aspect

Subhorizon

Mean Thickness
(inches)

Mean Oven-Dry
Weight **
(lbs./acre)

South
Southeast

L-subhorizon
F-subhorizon

0.1
0.6

1430.8
10758.6

Southwest

L-subhorizon
F-subhorizon

0.1
1.13

2349.5
11302.7

L-subhorizon
F-subhorizon

0.1
1.0

925.1
17087.0

L-subhorizon
F-subhorizoo

0.1

665.8
6898.2

L-subhorizon
F-subhorizon

0.1

L-subhorizon
F-subhorizon

0.1

South

North
Northeast

Northwest

North

**

1.07

1.03

0.77

822.7
7688.8

691.4
7919.3

Weights are unadjusted and Indicate amounts of organic matter which
would be found under an acre completely covered with shrub live oak
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entirely of organic matter with no intermixing of aoil.
often light tan to dark brown in color.

Leaves were

Leaves in an advanced stage of

deterioration were dark brown with portions of the epidermis, spongy
parenchyma, and palisade parenchyma being absent entirely.

Veins of

the leaves often remained after the surrounding parenchyma cells were
gone.
A whitish-gray fungus was found on three occasions within the
F-subhorizons of the south exposure.

Though the fungus was believed

to have had an active role in decomposition of the litter, its exact
effects on the organic matter was undetermined.

None of this fungus

was found in any of the organic matter samplings on the north exposure.

H-subhorizon
The H-subhorizon was not found on either exposure.

Based on def

initions of various subhorizons, all organic matter found on both ex
posures was classified under subhorizons other than the H-subhorizon.

Aj. Horizon
The Ai horizon was the upper most horizon with an intermixing of
organic matter and soil.

The majority of the organic matter in this

horizon was in the advanced stages of deterioration.
dom whole and were most often found in pieces.
observed with their caps.

Leaves were sel

Acorns ware seldom

Additionally, only parts of the outer hulls

of the acorns remained, and the acorn cotyledons were absent in all
cases.

Twigs and bark appeared to be of leaser volume in this horizon

then in the F-subhorizon.
dix Table 5.

Data pertaining to A% horizons are in Appen
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LITTER WEIGHTS YIELDED - SHRUB LIVE OAK SIZE RELATIONSHIPS

Certain measurements were made to describe oak size.

These mea

surements were projected crown cover, crown volume, mean stem diameter,
and shrub height.

Dry Litter Weight on Projected Crown Cover
A statistically significant relationship was shown to exist between
oven-dry litter weights yielded and projected crown cover for oaks on
each the north and south exposures, but no statistically significant re
lationship was shown between these two variables from data for both ex
posures combined.1

Simple correlation coefficients for these two vari

ables were as follows: 0.771 for the south exposure, 0.653 for the north
exposure, and 0.480 for both exposures combined (Appendix Table 3).

The

correlation coefficient on the south exposure of 0.771 was highly sig
nificant, and the correlation coefficient on the north exposure of 0.653
was significant.

But the correlation coefficient for both exposures

combined of 0.480 was non-significant (Steel and Torrie, 1960).

Dry Litter Weight on Crown Volume
The crown volume variable was shewn to have the highest correla
tion coefficient of all variables tested against dry litter weights.
A graphic relationship between weights of litter yield and crown vol
ume is shown in Figure 9.

Table 8 shews the basic data from which1

1. The term 'significant' is this thesis connotes signifi
cance at the five percent level. The term 'highly significant' con
notes significance at the one percent level.
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Table 8.

Statistical Data for Graphic Relationship of Litter
Production to Crown Volume (Figure 9).

North Exposure
Linear regression equation

Y - 1.62 + 0. 00239 (X - 353)

Correlation coefficient

r - 0.761

Slope
Basic data

b - 0.00239

Lit Prod
Y

Crown Vol
X

1.3

294
94
482
196
525
319
182
506
496
3094

0.8
1.8
1.3
2.67
1.9
1.5
1.75

1.6
14.62

XY
382.2
75.2
867.6
254.8
1401.8
606.1
273.0
885.5
793.6
5539.8

ZX ZY IXY x y =
IX2 (Zx)2 lx2 b -

3094
14.62
5540
352.8
1.62
1278574
9572836
214926
0.00239

South Exposure
Linear regression equation

Y - 2.11 + 0.00878 (X - 303)

Correlation coefficient

r - 0.837

Slope
Basic data

b - 0.00878

Lit Prod
Y

Crown Vol
X

1.0

319
511
124
446
178
246
346
332
224
2726

4.6
1.05
3.3
1.9
1.5
2.9
2.3
0.5
id. 05

XY
319.0
2350.6
130.2
1471.8
338.2
369.0
1003.4
763.6
112.0
6857.8

ZX ZY ■
ZXY x y ZX2 (Zx)2 Zx8 b -

2726
19.05
6857.8
303

2.11
949490
7431076
123815
0.00878

Statistical symbols follow those uaed in Principles and Procedures
Statistics by R. G. D. Steel and J. H. Torrie.
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Figure 9 was derived.

The relationship between these two variables was

shown to be highly significant when correlation coefficients from the
south, north, and combined exposures were tested.

These simple corre

lation coefficients were as follws: 0,835 for the south exposure, o.754
for the north exposure, and 0.607 for both exposures combined (Appendix
Table 3).
Multiple correlation tests Indicated crown volume was the only var
iable showing a significant correlation with litter production weights.
The variable was highly significant on the north, south, and combined
exposures (Appendix Table 6).

Addition of other variables did not show

a significant effect in reducing the variation of litter weights yielded.

Dry Litter Weight on Mean Stem Diameter
No significant relationship was shown between dry litter weights and
mean stem diameters of the encaged oaks.

Correlation coefficients were

as follows: 0.322 for the south exposure, 0.379 for the north exposure,
and 0.607 for both exposures combined.

These correlation coefficienta

were non-significant.
Stem Diameter - Leaf Weight Relationship
The separate study involving the collection of 200 oak stems indi
cated there was a highly significant statistical relationship between
weights of leaves yielded from stems of known diameters.

Figures 10 and

11 show graphically thie relationship in linear and curvilinear form.
Lines of linear regression on both figures were established from regres
sion equations in Appendix Table 7.

Highly significant correlation coef

ficients for oven-dry leaf weights on stem diameters were as follows:
0.960 for the north exposure and 0.823 for the south exposure.

Curvill-

ear lines were drawn in ocularly to fit the beet balance of data.
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Straight line - fitted by regression equation

Curved line

- fitted ocularly by averaging
points on X and Y axes by

OVEN-DRY LEAF WEIGHT FROM SHRUB LIVE OAK STEMS

SOUTH EXPOSURE

STEM DIAMETER - INCHES
Figure 10.

Graphic relationships of oven-dry leaf weight to
stem diameter of individual stems of shrub live
oak from the smith exposure.
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Straight line -

fitted by regression equation

Curved line

fitted ocularly by averaging
points on X and Y axes by

OVEN-DRY LEAF WEIGHT FROM SHRUB LIVE OAK STEMS

NORTH EXPOSURE

STEM DIAMETER - INCHES
Figure 11.

Graphic relationships of oven-dry leaf weight
to stem diameter of individual stems of shrub
live oak from the north exposure.

SUMMARY

A study of chaparral in central Arizona was conducted to determine
the following: plant composition and plant cover; litter yield by sea
son, year, site, and species; with special emphasis on shrub live oak;
thickness, weight, and description of the ecto-humus subhorizons on
selected chaparral sites; and the relation of annual litter production
from shrub live oak to variables of oak size.
Plant composition and cover determined on the south exposure by line
transects indicated shrub live oak covered 46 percent of the study area,
pointleaf manzanita covered 24 percent, ground not covered by vegetation
(bare ground) represented 20 percent, and Wrights silk-tassel covered 7
percent.

On the north exposure, shrub live oak covered 52 percent of the

study area, bare ground represented 24 percent, true mountain-mahogany
covered 12 percent, and Wrights silk-tassel covered 9 percent.
Litter yields from shrub live oak were determined by two measuring
devices: (1) cages placed around individual shrub live oaks and (2) lit
ter baskets.

Litter collected from cages indicated oak yield on the

south exposure averaged 786 Ibs./acre/yr. and yield on the north expos
ure averaged 611 Ibs./acre/yr.

Litter baskets showed shrub live oak

litter yields to be 568 Ibs./acre/yr. on the south exposure and 482 lbs./
acre/yr. on the north exposure.

Baskets sampling the entire chaparral

complex indicated average south exposure yields to be 1310 Ibs./acre/yr.
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and average north exposure yields to be 1578 lb«./acre/yr.

Encaged oaks

Indicated the seasonal litter production pattern to be as follows: spring
high, followed by summer, fall, and winter.

Litter baskets Indicated the

seasonal litter production pattern from shrub live oak to be as follows:
spring high, followed by summer, winter, and fall.
In measuring the organic matter subhorIsons, the L-subhorlzon and
F-subhorlzon were described and measured on both exposures, but the Hsubhorlzon was not found on either the north or the south exposure.
South exposure organic matter had a greater weight per unit thickness
In all subhorizons.

A 0.1 Inch thickness of litter from the L-subho-

rlzon weighed 1568 and 727 lbs./acre from the south and the north ex
posure respectively.

A 0.1 Inch thickness

of organic matter from the

F-subhorlzon weighed 1434 lbs./acre from the south exposure and 784 lbs./
acre from the north exposure.

The average thickness and weight of sub-

horIsons on the two exposures were as follows: south exposure, the Lsubhorlzon was 0.1 Inches thick and weighed 1568 lbs./acre, and the Fsubhorlzon was 0.9 Inches thick an# weighed 13,050 lbs./acre; north
exposure, the L-subhorlson was 0.1 Inches thick and weighed 727 lbs./
acre, and the F-subhorIson was 0.96 inches thick and weighed 7500 lbs./
acre.

These subhorizon weights are unadjusted for percent oak composition.
Simple and multiple correlations Indicated the variable showing the

best correlation with oven-dry litter weight was crown volume.

Highly

significant simple correlation coefficients for the crown volume vari
able were 0.835 for the south exposure and 0.754 for the north.

Mul

tiple correlations for crown volume on litter yield were.found to be
highly significant.

APPENDIX
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APPENDIX
Table 1.

Shrub Size and Litter Production for Individually Encaged Shrub Live Oaks on Different
Sub-Aspects of the South Exposure.

Sub-aspect and
Cage Number

Yearly Litter
Production per
Shrub

Projected
Crown
Area

Oak
Height

Crown
Volume

Ibs./yr.

sq. ft.

ft.

cu. ft.

Total of
Stem
Diameters

Yearly Litter
Production per
Unit Area *

Sub-aspect
Mean *

inches

Ibs./acre/yr.

Ibs./acre/yr.

Southeast
4
7

8

1.02
4.60
1.05

56.3
77.6
24.8

5.67
6.58
5.00

319.2
510.9
124.2

26.7
30.7
7.1

788.4
2578.8
1842.6

1736.6

3.34
1.94
1.48

63.0
38.9
53.7

7.08
4.60
4.57

446.2
178.0
245.8

18.8

12.2

2308.7
2173.6
1202.3

1894.9

2.89
2.34
0.54

61.0
62.3
42.8

5.67
5.32
5.25

345.7
331.8
224.5

21.7
8.5

2064.7
1642.2
548.9

1418.6

2.13

53.4

5.53

302.9

17.3

Southwest

2
3
5

9.9

South

1
6
9
Mean

*

20.1

1683.4

unadjusted - weights represent one acre at Sierra Ancha covered completely with shrub live oak.
Adjusted weights representing actual litter production of shrub live oak are shown
on page 32. Adjusted values, obtained from Table 2, would range from 43.3 to 47.5
percent of those shown above.

APPENDIX
Table 2. Shrub Size and Litter Production for Individually Encaged Shrub Live Oaks on Different
__________ Sub-Aspects of the North Exposure,_____________________________________________________
Sub-aspect and
Cage Number

Yearly Litter
Production per
Shrub

Projected
Crown
Area

Oak
Height

Crown
Volume

Ibs./yr.

sq. ft.

ft.

cu. ft.

inches

294.2
94.4
482.3

10.0
20.7

196.4
524.8
318.8

12.4
16.0
10.4

1328.7
1472.5
1428.8

1410.1

20.1

1428.8
914.8
714.4

1019.3

15.5

Total of
Stem
Diameters

Yearly litter
Production per
Unit Area *

Sub-aspect
Mean *

Ibs./acre/yr.

Ibs./acre/yr.

Northeast

1
2
4

1.31
0.79
1.78

58.8
24.6
79.3

5.0
3.8

1.31
2.67
1.93

42.9
79.0
58.8

4.6

1.52
1.75
1.63

46.4
83.2
99.3

3.9
5.0

181.7
506.6
496.4

1.63

63.6

5.2

344.0

6.1

17.6

967.0
1398.3
975.7

1113.7

Northwest
3
7

8

6.6
5.4

North
5

6
9
Mean

*

unadjusted -

6.1

14.3
18.3

1181.0

weights represent one acre at Sierra Ancha covered completely with shrub live oak.
Adjusted w i g h t s representing actual litter production of shrub live oak are shown
on page 32, Adjusted values, obtained from Table 2, would range from 48.7 to 54.4
percent of that shown above.
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APPENDIX
Table 3.

Correlation Coefficients for Simple Correlations of Litter
Weight to Crown Volume, Projected Crown Cover, and Stem
Diameter of Encaged Shrub Live O a k s . ________________

Combined Exposures

1*

1

2

3

4*

....

0.480

0.410

0.607

0.199

0.930

2*

N - 18

0.271

3*

North Exposure

1

1

2

3

4

----

0.653

0.379

0.754

0.749

0.924

2

N - 9

0.660

3

South Exposure

1
2

1

2

3

4

....

0.771

0.322

0.835

0.367

0.948
0.446

3

* Where:
N - number of cages
1 yearly litter production in pounds
2 ■ crown cover in square feet
3 ■ mean stem diameter in inches
4 = crown volume in cubic feet

N - 9

!
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Table 4.

Monthly Oven-Dry Litter Production from Shrub Live Oak Cagee

North and South Exposure#.

Monthly Weight# - Grams
Collection
Date

Aug

Sept

Oct

NOV

Jan

Feb

Mar

Apr

May

June

July

Aug

Monthly
Totals
(grains)

Monthly
Totals
(lbs.)

5-31-63

7-1-63

8-2-63

21.0

68.8

35.0
421.8
84.0

136.9
125.2

105.1
196.2
77.5

480.3
2171.6
491.0

1.06
4.78
1.08

92.8
85.3
41.1

485.5
402.0
67.9

407.6
106.7
171.2

171.1
49.3
51.7

187.4
71.0
196.8

1540.9
924.5
693.6

3.40
2.04
1.53

229.8
57.7
19.7

432.6
120.5
36.1

162.2
297.9
38.2

65.2
164.3
16.9

154.0
244.8
51.0

1336.4
1095.4
256.5

2.95
2.41
0.57

11.8

20.2

50.5
57.2
82.5

54.4
49.0

134.5

17.9
90.8

68.1

168.1
84.3

121.6

119.1

212.0

644.5
369.0
806.7

1.42
0.81
1.78

596.0
873.8

1.31
2.67
1.93

689.0
816.9
757.6

1.52
1.80
1.67

4-6-63

5-4-63

728.1

12.2

63.8
245.5
45.2

8-1-62

9-2-62

9-29-62

10-27-62

1-5-63

1-2-63

19.3

10.0
53.3

35.4
76.4
15.9

4.6
4.5
0.4

16.0*
26.7*

6.0

57.7
140.2
16.1

3-2-63

Cage Number and
Exposure
South Exposure

86.2

SE #4
SB #7
SB #8

86.6
14.6

26.2
55.4
25.1

SW #2
SW #3
SW #5

24.1
45.4
22.9

37.1
62.1
38.7

16.1
13.6
22.3

70.7
38.7
50.3

21.5
13.9
15.3

7.9
3.1
3.5

19.1
33.4
11.9

S #1
S #6
S #9

26.0
31.8
10.5

81.2
39.1
20.3

20.4

20.8

44.5
38.8
15.2

6.9
8.3

5.7

68.7
47.5
32.0

44.9*
23.9
9.7

50.7

56.7
32.7
61.6

23.9
5.0
18.4

52.8
28.7
62.3

17.6
5.5
16.1

3.3
1.3

0.2

10.5
22.1*

NW #3
NW #7
NW #8

36.8

43.1
43.4
35.2

7.1

21.0

77.3

14.6
32.6
24.7

0.6
2.6
2.8

23.9*
344.8
129.8

33.5
196.6
279.8

109.4
112.3
209.1

116.2
150.2
30.0

62.9
60.8
4.5

147.9
159.1
64.8

N #5
N #6
N #9

40.8
25.0
32.3

25.0
35.6
23.8

60.6
55.7
40.7

5.4
8.3
3.2

19.5
43.8
97.0*

50.4

110.1

94.0
257.7
242.2

107.0
143.2
42.5

114.4
33.0
4.5

146.1
60.8

1.2

North Exposure
NE #1
NE #2
NE #4

*

8.8

88.2

22.5
18.8

Sample charred due to temperatures above 110° C .
All litter was oven-dried at 100° C. for 48 hours.

15.8
25.8

21.2
26.0

114.8

111.8

1211.6
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Table 5. Mean A% Horizon Thickness and Mean Horizon Weight at Sites
__________ of Shrub Live Oak Cages Prior to the Oaks Being Encaged,
Exposure and
Sub-aspect

Horizon

Mean Thickness
(Inches)

Mean Oven-Dr>
Weight **
(lbs./acre)

South
Southeast

A% Horizon

0.43

18618

Southwest

Aj Horizon

0.87

25006

South

A% Horizon

0.80

24867

Northeast

Aj Horizon

1.20

13457

Northwest

A% Horizon

0.57

22762

North

A% Horizon

0.63

20776

North

**

Weights are unadjusted and Indicate amounts of organic matter which
would be found under an acre completely covered with shrub live oak
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Table 6.

Analysis of Variance for Crown Volume in Relation to Litter
Yield of Encaged Oaks.

Combined Exposures
Source of Variation
Regression
Residual
Total

Degrees of Freedom

1
15
16

Mean Square
782.32
83.76

F
9.34 **

North Exposure
Source of Variation
Regression
Residual
Total

Degrees of Freedom

1
7

Mean Square
455.63
31.08

F
14.66 **

8

South Exposure
Source of Variation
Regression
Residual
Total

Degrees of Freedom

1
7

8

** Significant at the one percent level

Mean Square
1273.89
78.83

F
16.16 **

APPENDIX
Table 7.

Linear Regression Equations for Figures 10 and 11.

Figure 10 - SOUTH EXPOSURE
log Y * (log y) + b (X - x)
log Y - 1.35361 + 1.696 (0 - 0.499)

X - 0

log Y - 0.50731
Antilog ■ 3.21

log Y - 1.35361 + 1.696 (1.0 - 0.499)

X - l

log Y - 2.26331
Antilog ■ 159.7

Figure 11 - NORTH EXPOSURE
log Y » (log y) + b (X - x)
log Y - 1.31083 + 2.03 (0 - 0.535)

X - 0

log Y «* 0.24478
Antilog - 1.678

log Y - 1.31083 + 2.03 (1.0 - 0.535)
log Y - 2.25478
Antilog * 179.8

X - l
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Appendix Figure 1.

Litter Production by Months from Cages on the Northwest
Sub-Aspect of the North Exposure.
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Litter Production by Months from Cages on the Northeast
Sub-Aspect of the North Exposure.
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Litter Production by Months from Cages on the Southwest
Sub-Aspect of the South Exposure.
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Litter Production by Months from Cages on the Southeast
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