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Our Cover ..
Installations are being made on surface mined areas of Black

Mesa to study the hydrologic characteristics of surface mined areas
in northeastern Arizona, as shown on the cover and in figures on
pages 14 and 15.

Surface mined areas, as Black Mesa, yield coal deposits which
are used in production of energy for the nation's needs.

The purpose for investigating the hydrologic characteristics of
the surface mined areas is to help in planning sound reclamation
procedures which achieve minimum lasting disturbance to the en-
vironment and which may return the area to as good or better
condition than it was prior to surface mining operations.

For the remainder of the information please turn to Reclamation
Studies on Black Mesa, page 14.
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Capital Needs & Sources for

Cattle Feeding in Arizona

by Elmer L. Menzie & Gayle S. Willett*

The United States cattle feeding
industry has undergone dramatic ad-
justments in recent years. These ad-
justments have been characterized by
an increase in fat cattle marketing and
consolidation of feeding into fewer,
but larger feedlots. Economic forces
encouraging these developments have
been especially acute in Arizona.

Marketings from Arizona feedlots
increased from 568,000 head in 1962 to
899,000 in 1972. The number of feed-
lots declined from 189 in 1962 to 53 in
1972 with nearly 80 percent of the
cattle fed out in 18 lots of over 16,000 -
head capacity. This contraction in lot
numbers and expansion in size has
required heavy injections of new capi-
tal on both the individual feedlot and
industry levels. Investors outside the
industry have played a large role in
providing the additional capital need-
ed to support increased fat cattle pro-
duction.

Recently completed research pro-
vides some insight regarding the mag-
nitude of capital investments in Ari-
zona feedlot fixed facilities and oper-
ating outlays.' On a book value basis,
study results indicate that the average
investment in fixed facilities was $58
per head of capacity in 1971. With an
estimated statewide feeding capacity
of 609,000 head, the investment in
facilities alone was approximately
$35,090,000. Firms with 20,000 head
capacity had about $1,160,000 and
those with 50,000 head required about
$2,900,000.

Estimated new facility costs in 1972
were $65 -$75 per head of capacity de-
pending on the size of lot and type of
facilities. Assuming a cost of $70 per
head, a new plant with a capacity of
50,000 head would require $3,500,000.
Assuming a nine percent interest rate,

the annual interest cost on this size of
investment would be $315,000 or $6.30
per head of capacity.

Capital for the plant, while rela-
tively large, is small in relation to in-
vestment in animals and operating
costs. Assuming calves were placed on
feed at a weight of 500 pounds in 1973,
at a cost per hundredweight of $55,
the total cost per animal would be
$275. The cost of feeding the animal
to 1,000 pounds would be about $225.
The total cumulative capital required
to purchase and feed each animal
would be around $500.

A continuous operation would re-
quire $387 average capital investment
in animals and feeding costs, per unit
of plant capacity employed. ( Based
on $275 investment in the feeder plus
one -half the cost of feeding, i.e.,
$112.50.) This figure would of course,
vary depending on individual circum-
stances.

A feedlot with 20,000 -head capacity,
operating at peak levels, would have
up to $7.7 million in cattle plus over
$1 million in plant. A 50,000 -head
unit would require over $19 million
for cattle and operations, plus nearly
$3 million in plant.

The industry had an average of

Pro f essor and Assistant Professor, respect-
fully, Department of Agricultural Economics,
U. of A.

Menzie, Elmer L., William J. Hanekamp
& George W. Phillips, The Economics of
Cattle Feeding Industry in Arizona, Tech-
nical Bulletin 207, The University of Ari-
zona, Agricultural Experiment Station, Octo-
ber, 1973, p. 6.
21bid, p. 43.

3 Scofield, W. H., Nonfarm Equity Capital
in Agriculture, Agricultural Finance Re-
view, Volume 33, July, 1972, p. 37.

556,000 head on feed in 1972. The
average capital investment, based on
the above estimates, would be $215
million for animals and operating
costs. Thus for plant, animals and
operations approximately $250 million
were required.

Given the size of individual feed-
lots, capital requirements generally
exceed the firm's available sources of
internal funds and debt capital. In an
attempt to alleviate capital constraints
and to reduce risk, feedlot firms have
become largely service organizations
doing custom feeding for clients. The
client supplies the capital either di-
rectly or indirectly and/or through
credit arrangements with lending
agencies and the feedlot owner pro-
vides management and feeding serv-
ices in exchange for a fixed fee. The
feedlot owner generally buys the feed-
ers for the client, feeds and cares for
the animals and arranges for them to
be marketed. The client may never
see the animals or the feedlot.

Cattle feeding investors come from
varied backgrounds. Many are urban
businessmen without knowledge of the
industry and interested only in profit-
able investment. Some invest directly
and some through cattle management
companies, or cattle feeding funds.
Feedlot owners and their personnel
also feed for their own accounts as do
some livestock packing firms. In early
1973, it was estimated that over 50
percent of the cattle on feed in Ari-
zona were owned by cattle manage-
ment companies, funds or other in-
vestment groups.

Commercial banks are heavily in-
volved in providing the capital needed
by cattle feeders of all types. Gener-

(Please turn to Page 16)
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by Barbara Cook

Suddenly you're a graduate in Home Economics!
Even more suddenly the realization "what's next ?" is

to find a job ... to begin your career.
Wow!
This alone is reason to reflect on the years in school

... to crystallize my views of the home economics profes-
sion ... and what really do I want of the future?

As students at the University of Arizona our School
of Home Economics provides flexibility in programs of
study. Even more important individual preferences may
be built into these programs which make them not only
interesting but much more significant to today's student
generation.

We have a wide range of subjects which are applicable
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lT'S

ALL

MINE!

to the study of man's immediate physical environment
and his nature as a social being this is Home Economics!

From the wide range within Home Economics I
selected a major in Consumer Services in Food. Very
early in this program I became interested in consumer
protection and consumer education. So, my academic
efforts were oriented towards these areas.

I took electives in business law ... pressure groups
and their tactics ... journalism writing ... and I studied
minority groups, as well as, fulfilled the requirements of

my major course of study.

*A graduate of the School of Home Economics, major in Consumer
Services in Food, at UA.



While my major, or primary interest, has been the training and education to work.
consumer, other students in the same area of study are
working in experimental food testing ... food advertising
... and marketing.

If home economics is to remain a vital and challeng-
ing field I believe it must be able to adapt to the demands
of a rapidly changing society.

The nature of our work changes over time :
From primarily helping homemakers in the home

to helping people, on a very practical level, to adjust
and fulfill themselves at home, at work and /or in the
community, and still be concerned with the functions
of family life and a home.

As a home economist I believe that the employed
woman fulfills multiple roles: as wife, mother and home-
maker; and as professional home economist and educator.

She also must be aware of the needs and demands of
society in order to function as a productive member. Home
economists must understand, evaluate and initiate changes
which have had and will continue to have a great impact
on family life and the home.

The events of the last twenty years illustrate such a
need for understanding change. Society has in some ways
taken a 180° turn. During the 1950s we hailed the con-
venient, throw -a -way inventions . . . from beer cans to
clothing. Now in the 1970s we are faced with petroleum
shortages which will affect production in many disposable
product industries. We are developing an awareness of
other shortages; those present now and those likely to
develop in the future. We are beginning to realize that our
resources are not boundless, and we must use them more
conservatively.

For home economists, I see at least a dual role:
to work with families to seek more efficient use of

energy in the home, and
to work with industry to assist in producing new

energy conserving appliances with the objective of
maintaining the quality of life we have become accus-
tomed to without undue sacrifice.

Geologists and engineers are searching for new
sources of energy. Geothermal and solar plants are a
realistic consideration. This "conserving" perspective will
have a great effect on household energy use. As home
economists we will be targeting our efforts in order to
help and advise members of the household.

Home Economics for me has always been significant.
It has always been challenging. I feel this way because I
consider Home Economics a changing, adaptive career.
We must be diverse enough to understand the significance
of these changes we are asked to accept and initiate, but
still support the "spirit" of Home Economics. With the
advent of consumerism, we have opportunities to assist
families in a new way, because, for example, the con-
sumers' collective voice is becoming a more serious con-
sideration to product manufacturers.

I believe Home Economics is as significant today
as it has been in earlier decades. No other field is more
realistically concerned with both man's physical environ-
ment and his social nature.

We have a tremendous opportunity today to assist
individuals and families to adjust and produce in a con-
stantly changing society. I am glad to be a part of this
field which offers such a challenging responsibility.

Well ... I've reflected long enough. The next thing
to do is to find a job so that I can put all of the excellent

Please wish me luck.
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This is an era of ecological preserva-
tion, concern over environmental pol-
lution, inflation, energy crises, and
fertilizer shortages. Conversion of the
problem of animal wastes disposal to
systematic utilization on crop land re-
lates to these contemporary topics.
For example, diminishing supplies of
fossil - derived energy sources, along
with generally spiraling price in-
creases, have resulted in higher fer-
tilizer prices and critical shortages.
The fixation of light energy by green
plants is the only process of energy
renewal of major importance at the
present time functioning on Planet
Earth. For plants to accomplish this
remarkable feat, carbon dioxide must
be present at the leaf surfaces as well
as an adequate supply of mineral nu-
trients and water in a well- aerated
root environment.

Manure contributes to the nutrition
of the plants as well as a favorable
root environment. The National en-
vironment with respect to manure is
threatened with the possible contami-
nation of water supplies and the
nuisance problems such as odors and
flies associated with large stockpiles
of manure. The feeder or dairyman is
faced with an increasingly difficult
physical problem of handling and
disposal as the manure accumulates.

Animal manure has long been rec-
ognized as a source of nitrogen for
plants along with its beneficial effects
on soil physical condition. However,
the contribution of manure to the
phosphorus and micronutrient nutri-
tion of plants has not been empha-
sized.

Experiments with manure were con-
ducted at the Cotton Research Farm
beginning in 1960 and continued
through 1970. Although emphasis in
studies was on the contributions to
the available nitrogen ( N ) and phos-
phorus (P) for crop plants, other
effects also were observed. In the

Table 1. Manure
Manure Applied
1965 1966

Recycle Solid Animal Wastes

by T. C. Tucker & J. L. Abbott'

initial experiment cotton yields were
higher from 1960 through 1964 when
manure was applied at the rate of 10
tons per acre per year when compared
with the application of adequate
amount of fertilizer N. The P content
of the cotton leaves was much higher
with manure application than with
the application of commercial fertil-
izer N and P as shown in Figure 1.

Beneficial effects of manure other
than the contribution of N were shown
by the fact that yields were higher
with manure than with only N appli-
cation ( Table 1 ) . These effects of
manure on cotton are shown to per-
sist for three years after a single appli-
cation of 10 tons per acre although
additional N was needed after the
first year. With annual applications of
10 tons per acre, N fertilizer was not
necessary.

After cotton harvest in the fall of
1968, soil samples were taken from
each treatment and analyzed for P.
These results ( Table 2 ) show increas-
ing amounts of extractable P corre-
sponding to increasing rates of manure
application during the preceding
four -year period. Barley followed the
cotton in 1968 and the residual ma-
nure effects are reflected in the data
( Table 3 ) . The P concentration in
barley tissue samples follow the same
pattern as the soil P values and reflect
a residual P contribution from past
manure applications. Yields were

higher on plots treated with the high-
est rates of manure.

The P uptake by alfalfa planted in
1969 after barley continued to show
the persistence of manure P avail-
ability by increased P content of the
hay in 1970 ( Table 4) . This continued
effect of the past manure applications
was shown by phosphorus uptake
data for 1971.

The long- recognized value of ma-
nure for its contribution to the N
nutrition of crops and the not- so -gen-
erally recognized fact that manure is
an excellent source of P, as shown in
this study. These data indicated that
manure is an effective source of P as
was shown by increased P content of
cotton, barley, and alfalfa as well as
soil analysis. These effects were shown
to last for several years after the last
manure application. At a given loca-
tion, the duration of the effects of
manure application on P availability
will probably depend upon the quan-
tity of manure applied and the nature
of the soil.

Organic matter and nutrients in
manure stimulate microbiological ac-
tivity in the soil. Microbial cycling of
manure P probably is the key to the
length of time manure P will persist,
and the fact that manure P appears
more effective than commercial P fer-

Professor and Assistant Agricultural Chem-
ist, respectively, Department of Soils, Water
and Engineering.

Treatments and Corresponding Lint Yields for Cotton 1965 -1968.
Manure Lint Yield

1967 1968 Total N 1965 1966 1967 1968

0

10

10

10

10

* Values within a given column followed by the same letter are not si gni f icantly different at the 0.05 probability level.

T/A
o o

o 0

0 10

5 5

10 10

0 o

0 10

0 20

6 26

12 42

lbs. /A
0

75
0
75
0

75
0

75
0

75

lbs. /A - - - -
662a* 572a 470a 552a
712a 723b 566ab 782b

946b 823bc 548ab 569a
1011b 1004de 768d 919c
909b 823bc 730cd 738b

996b 912cd 740cd 926c
922b 888cd 641bc 829b
959b 902cd 652c 963c
961b 1032e 792d 946c
925b 984de 775d 974c
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Table 2. Sodium bicarbonate
soluble P in soil sam-
pled December 1968.

N aHC 03
Ext. PManure*

T /A ppm
0 4.8a

10 6.9ab
20 8.4b
26 10.4b
42 19.3c

Manure applications indicated in Table 1.
Means followed by the same letter belong
to the same population (0.05 probability
level).

tilizers. Beneficial effects of manure
on soil physical condition- tilth, aer-
ation, and water relationships prob-
ably contribute appreciably to in-
creased productivity and are associ-
ated with this microbial activity.

Although not evaluated in this
study, it is quite probable that micro -
nutrients from manure can provide
an additional advantage on soils de-
ficient in these nutrients.

Table 3. Phosphorus Concen-
tration in Barley Tis-
sue and Yields for the
First Crop of Residual
Study, 1969.

Manure P Concentration Grain Yield
T/A

o
10
20
26
42

lbs. /A
0.22a* 320'7a
0.26ab 3671ab
0.30bc 3654ab
0.36c 3904b
0.46d 3861b

* Means followed by the same letter belong
to the same population.

Rates of manure application of the
order of 5 to 10 tons per acre an-
nually will provide adequate N and
P for most crops without excessive
land loading to the point of creating
a pollution hazard. Sufficient data
are not available to determine the
long -term effects of appreciably high-
er rates under Arizona conditions.

A more widespread use of animal
manure on crop land can ease the

Table 4. Phosphorus Uptake
by Alfalfa in Residual
Study, 1970.

Manure P Uptake
T /A lbs. /A

0 5.45a*
10 6.82b
20 7.38óc
26 8.22c
42 10.00d

* Means followed by this same letter belong
to the same population.

.54

.50

.46

.30

.26

MANURE

I 1 I 1

6/29 7/13 7/27 8/10
DATE

Figure 1. Effect of Manure on the P Concentrations
Leaves After Six Annual Treatments.

8/24 9/7

problem of critical fertilizer shortages
created by the energy crisis and con-
vert the disposal problem into a util-
ization program without severe en-
vironmental hazard. By this utiliza-
tion, nutrients and a more favorable
root environment are provided for the
green plants that trap the energy from
the abundant Arizona sun.
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Figure 1. Tanglehead (Heteropogon contortus) . A. (left) Immature inflorescence en-
closed by 6 leaves, showing terminal raceme and axillary racemes : B. (right) Mature
Inflorescences, showing twisted awns.

Figure 2. Plains bristlegrass (Setaria macrostachya) . A. Immature inflorescence en.
closed by 6 leaves, showing a single small axillary inflorescence ; B. Mature inflores-

cences.
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Early Developn

Range b

by Dwight R. Cable*

Just as "tall oaks from little acrons grow
so on a smaller scale do our range grassy
develop from small beginnings. In fact,
seed -producing process in a grass beg
with microscopic changes in the grow i4
point of the grass, at the upper end of tit
shoot. At this time in the life cycle of
grass plant ( usually toward the latter pa,
of the summer rainy season) the grown!{
point stops initiating new leaves (vegetate .
organs ), and begins initiating reproducti
organs the inflorescence or seed head, i

The fully developed inflorescence coq
sists of the individual flowers, or florets, ei,
closed in bracts ( specialized leaves) a
arranged variously, depending on the

species, along the branches of the infloreb
cence.

At the time it changes from a vegetatii;
to a reproductive condition, the grown;
point is a smooth, rounded knob at tl!

apex of the shoot, probably less that

1 /200 -inch long. After a short periods h

elongation, the reproductive growing poir:
develops swellings and protuberances,
which additional swellings and protubel, .
ances are produced. Each such successi .a`

level of differentiation represents a m
specialized level of structure, from inflor
cence branch, to glumes, to floret co
ponent initials.

By the time the newly developing
florescences are 1/10- to 1/16 -inch long,
for the four range grasses shown in FiJuq
1A, 2A, 3A, and 4A, rudimentary
are apparent, and the floret initials Li

about to appear. From this time on ti

inflorescence developes primarily by ul011
tion, enlargement, and refinement in triil
tural detail.

The fully mature inflorescences of th(
grasses ( Figs. 1B, 2B, 3B, and 4B) \ <<

from 1.5 to 5.5 inches long from 14 to
times longer than in the immature st<<.
( the "A" series) :

* Principal Range Scientist, Rocky Mountain Foi
& Range Experiment Station, U. S. Depart m(
of Agriculture, Tucson, Arizona.
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1(: of

iss Inflorescence
Inflorescence Length

á
ure Species Immature Mature

(inches) (inches)

JP

U f

the inflorescence develops and elon-
+ es. the shoot below the inflorescence also
m`ngates. For example, Fig. lA shows
,ut 1/5 -inch of shoot length below the
I,, glehead inflorescence, and six leaves are
-tched along this short section of shoot.
all developing axillary racemes ( branch

d''.orescences ) can be seen in the axils of
Ig:r of these leaves. As these racemes and

shoot mature, the internodes between
points of attachment of the leaves elon-

"e, so that the 1/5 -inch shown in the
ire eventually reaches about 18 inches
length. The internodes of the other spe-

'''.; elongate similarly as the inflorescences
elop.

- )ne small developing axillary panicle is
dent in Fig. 2A ( plains bristlegrass ) on
right side below the terminal panicle.

rbl'ttontop and cane bluestem also produce
llary shoots, but in these species they do

t. develop until the terminal inflorescence
h ully developed and internode elongation
well under way.
'roduction of axillary shoots and inflores-

tces is quite variable, depending on the
e,E,cies and on moisture conditions. In a wet
nmer, many axillary shoots may be pro -
ed ( up to 15 or more on a single tangle
.id main shoot ), but in a dry summer such
íE1973, only the terminal inflorescence
y appear.

:r:fhese growth patterns illustrate one of
Y hazards of grazing during the growing
:son. A single bite by a hungry cow,
:lent, or grasshopper ( maybe two bites ),
-- 'en the grasses are in the early repro-
:live stage of development, can not only
;troy the developing seed head but also
;vent the development of a foot or so of

.t)ot with its associated leaves. Forage and
d production can be severely reduced by
tvy
id,

use at the wrong time. On the other
if grasses are allowed to make sub-

ntial growth before they are grazed,
ver stems are needed to supply a cow's
ily needs.

Tanglehead .11
Plains bristlegrass ..__ .08
Arizona cotton top ..__ .06
Cane bluestem .06

1.5 -2.0
4 -4.5
5 -5.5
2.5 -3.5

Figure 3. Arizona Cottontop (Trichachne
closed by 4 leaves; B. Mature inflorescence

californica) . A. Immature inflorescence
showing white cottony pubescence.

en-

Figure 4. Cane bluestem (Andropogon barbinodis) . A. Immature inflorescence enclosed
by 5 leaves; B. Mature inflorescence showing long white silky pubescence.
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In Southern Arizona .. .

Figure 1. The U.S. Forest Service re-
ported 33,965 lightning-set fires on the
20,407,885 acres that comprise the national
forests in Arizona and New Mexico during
1945 -1966. The multiple bolts in photo are
near Tucson.

that continued burning was essential
to maintain this important forest type.

Charles F. Cooper described fire in
the ponderosa pine forests (Pinus pon-
derosa) . He stated that a mosaic pat-
tern of uneven growth occurs under
the influence of recurrent light fires.
The first fire consumes the dead trees,
preparing a good seedbed of ash and
mineral soil. The newly seeded open-
ings are now protected from fire dam-
age by the lack of dry pine needles to
fuel another fire. Eventually the sap-
lings drop enough needles to support
a light surface fire, which kills many
smaller saplings, but leaves most of
the larger ones alive.

Instances of vigorous fire exclusion
have broken this ecological cycle.

Controlled Fire is Valuable

Attitudes about the use of fire on
public natural areas have continually
and dramatically changed in American
history. Government agencies have
been established to conserve natural
range, forest and wildlands. Near Tuc-
son, Arizona, several differences in
management goals and fire policies
can be observed between two Federal
land managing agencies. The National
Park Service recently has instituted
a prescription plan. This plan utilizes
naturally occurring fires to preserve
desired vegetation within the Saguaro
National Monument. The Coronado
National Forest maintains a high level
of fire exclusion in the Mount Lem -
mon Recreation Area. This article pre-
sents the differing management and
fire use policies of two local Federal
land managing agencies.

Historical Aspects
American history has been black-

ened by repeated destruction by fire.

10

by Dick R. McCleery

Fire has destroyed vast amounts of
forest and water resources. Fire was,
initially, used as a tool by Indians and
settlers to clear lands for hunting,
farming and to promote increased for-
age. As logging and homesteading in-
creased, residues were increased,
making careless wildfires more fre-
quent.

While fire was used almost daily,
it was considered a common occur-
rence. There was no penalty for setting
fires. No programs for fire prevention,
detection or suppression were prac-
ticed. Knowledge of fire, how it af-
fected the vegetation and soil was
based on vague traditions passed
down from previous generations.

Attempts to eliminate fire have in-
troduced problems as serious as those
created by wildfire disasters. S. W.
Greene, in 1931, wrote that the eco-
nomically important long -leaf forests
(Pines palustris) of the south resulted
from long years of repeated fires and

Without recurring fire, dense thickets
of young trees become numerous,
grass is reduced and dry branches and
needles accumulate to such an extent
that any fire is likely to blow up into
an inferno that will destroy every-
thing in its path.

The Forest Service
Following reorganization of the

Forest Service, it became a part of the
U.S. Department of Agriculture in
1905. Familiar with fire disasters from
coast to coast, the Forest Service took
a firm stand and conducted a cam-
paign against fire use. The decision
not to permit even experimental burn-
ing was seldom broken. However, the
reason for occassionally ignoring the

rule by an agency was to reduce fuel
buildup and reduce the danger of
fire.

* Graduate Student in Range Management
at the University of Arizona.



According to John Pierovich of the
U.S. Forest Service, "Fire is a natural
element in the forest but can be de-
structive unless prescribed, controlled
or otherwise confined to meet the
needs of man. Other management sub -
stitutes can be made which may com-
pletely replace fire; much depends
upon the management objective es-
tablished for a particular land area."

The National Park Service
Established in 1916 with a new

job to preserve the role of the Na-
tional Park Service was different from
the protective and sustained use goal
found within the Forest Service. This
was a system for preserving natural
areas and for encouraging an appre-
ciation for our nation's resource herit-
age. Initially many National Park con-
cepts and policies were adopted from
other agencies. These included an
efficient fire control system, since fire
was considered an enemy to natural
communities. Service policies also
stressed the exclusion of activities not
related to facilitating visitor use, i.e.
ranching, logging and mining.

Presently the manual, Administra-
tive Policies for Natural Areas of the
National Park System, ( 1969 ), recog-
nizes many fires as natural phenom-
enon contributing to the perpetuation
of natural environments. Prescribed
fires - man made or those occurring
naturally and allowed to burn were

employed to achieve vegetation or
wildlife objectives. the principle re-
straints are to prevent loss of life,

Figure 3. Low intensity, natural or controlled fires can remove accumulated surface
debris, leaving overstory pines intact. The area enclosed within the circle has just been
burned over by the Helens Dome Fire, as photographed by Gunzel.

Figure 2. Natural fires are allowed to
burn on the Saguaro National Monument.
The lightning -set Four Corners Fire
burned 640 acres before dying out. This
photo by Louis Gunzel, Chief Ranger, was
taken at that time.

damage to property, recreational and
historical structures or the spread of
wildfire to lands outside natural area
boundaries.

The National Park Service pre-
scribes fire only with desirable
weather, humidity, past and expected
rainfall and amount and condition of
fuel. Naturally prescribed fires
those allowed to burn - are a rela-
tively new method of maintaining nat-
ural communities and reducing wild-
fire potentials. An example of this
type of prescription was developed by
Louis L. Genzel, Chief Ranger on the
Saguaro National Monument.

Gunzel's Prescribed Fire
Gunzel's plan adopted in 1971, per-

mits lightning fires to burn when en-
vironmental conditions insure opti-
mum fire control. There have been
objections to this plan from the State
Environmental Protection Agency and
local citizens. These objections were

(Please turn page)
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concerned with air pollution and the
expected, or classical, fire damage to
the environment. Many of these in-
quiries were handled by Gunzel, who
explained the natural role of fire in
the Monuments' environment. M os t
conservation groups and the general
public support this method of reintro-
ducing natural fire into the natural
environment.

The Saguaro National Monument is
located East of Tucson, Arizona, in
the Rincon and Tanque Verde Moun-
tains. Roads are few, restricting com-
munications and access; fuels accumu-
late increasing fire disaster probabili-
ties; and an intensive lightning fire
season prevails. Since fire naturally
occurs, careful management practices
use fire to maintain the Saguaro Mon-
ument environment.

We must also remember that many
of the range and forest management
techniques available to other agencies
are not compatable with the National
Park Service's role to preserve our
natural and historic resources. Road
construction is limited. The use of
heavy equipment such as bulldozers
and trucks are restricted along with
logging, grazing or any use that would
do permanent damage to the resource.

Mount Lemmon Recreation
Area

North of the Saguaro National
Monument is a similar area which is
managed by the Coronado National
Forest. Within this forest is the Mount
Lemmon Recreation Area. It is im-
portant for its high elevation pon-
derosa pine forests. The Forest Serv-
ice has for several decades efficiently
excluded all major forest fires from
this area. Although forest fuels -
dead pine needles, branches, and un-
dergrowth may accumulate at slow-
er rates in the southwest's lower mois-
ture and slower growth environment,
the combination of frequent drought,
high occurrence of lightning and gen-
eral availability of the forested area
to recreationists has made Mount
Lemmon a potentially explosive fire
environment. Perhaps the largest man-.
agement obstacle on Mount Lemmon
is not physical but social, or one of
public awareness. The Mount Lem -
mon Recreation Area has good ac-
cessability and communications en-
abling a highly efficient fire suppres-
sion program. The removal of forest
fuels through prescribed burning or
some other management technique
could reduce the danger of a great
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Figure 4. Another Gunzel picture shows low intensity fire can burn dead leaves
and pine needles without destroying living vegetation. This photo was taken while the
Helens Dome Fire still smoldered.

Figure 5. The Organization Ridge Prescribed fire is located at the head of Pallisade
Canyon, arrow. The controlled fire removes ground litter and undergrowth which pro-
vides a fuel break. This control burn is situated to prevent low elevation wildfires from
moving up the canyon into the dense ponderosa pine.

fire burning off the entire mountain
top.

Howard Shupe, Fire Control Offi-

cer on the Coronado National Forest
was very confident in the fire - control
procedure presently used and it's



ability to prevent future fire disaster.
He pointed out that multiple use poli-
cies officially adopted by the Forest
Service in 1960 discouraged fire use.
Fire techniques may benefit some
uses, while simultaneously reducing
others.

Climatic conditions have changed
since the Mount Lemmon area was
forested. It has become drier. And,
should a fire or other disaster destroy
the forest on Mount Lemmon the
present climate conditions may not
be conducive to reestablishing another
forest.

Another factor discouraging fire
use on the Mountain is the abundance
of private homes and property, re-
quiring fire protection and therefore,
restricting fire by natural prescrip-
tion.

Shupe said there are two present
fire management plans on the Coron-
ado National Forest; the Organization
Ridge Prescription on Mount Lemmon
is a program to facilitate wildfire con-
trol thru fuel hazard reduction. The
present burning plan includes 23 acres
near summer homes and recreation de-
velopments.

The second burning prescription is
for range improvement in the Red-
dington Pass area. A range in poor
condition established thru decades of
overgrazing can be improved by con-
trolled burning. The correct fire pre-
scription will encourage regrowth of
grass and shrub forage for livestock
and wildlife use. A successful fire pre-
scription can reduce fuel accumula-
tions and control undesirable vegeta-
tion.

Fire is used by the Forest Service as
another management tool under very
controlled conditions. Fire lines are
established, undergrowth thinned and
piled, and timing is critical to obtain
the correct intensity for each burn.

The National Park Service desires
to reintroduce natural fire. Natural
fires are started by lightning with no
fire lines and no thinning of fuels. In
both agencies, fires are allowed to
burn only after prescribed climate
and fuel conditions are met.

Fire Management Is Responsive
to Public Opinion

Forest Service management has a
complex relationship with public atti-
tudes. Their initial envolvement was
that of managing the harvesting of
commercial forest products. Now
multiple -use objectives has widened
the scope of management to obtain

Figure 6. Preparation for the Organization Ridge Prescription includes removal of
undergrowth and low hanging pine bows. Here the cut undergrowth called slash is piled
outside the established fire -line.

greater sustained yields for man's
needs. This includes many products
such as timber, water, and recreation.
The relationship with the public is
perhaps much simpler in the National
Park Service. They are obligated to

protect, preserve, and interpret nat-
ural areas. Their primary goal, preser-
vation, has allowed them to maintain
a relatively free hand to implement
management within their natural area
boundaries.

Figure 7. Dense, dwarf stands of young pine had to be thinned and burned. Remains
of a slash pile (upper left) can be seen inside the fire -line on Organization Ridge.
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by J. L. Thames & E. J. Crompton*

The Department of Watershed Man-
agement is conducting a research proj-
ect with the Peabody Coal Company
on the Black Mesa. The purpose of
the project is to obtain quantitative
data on the hydrology and soil mate-
rials of mined areas to serve as a basis
for developing sound practices in sur-
face mine reclamation in northeastern
Arizona.

Severe criticism, often without fac-
tual basis, has been leveled at the
mining operation and its impact on
the environment. The project should
help clarify any misconceptions aris-
ing from this criticism, indicate signifi-
cant problems that may exist, and
point the way to remedial solutions.

Surface mining is the only feasible
means of extracting coal on the Black
Mesa. However, it may disturb the
surface to 100 feet or more. Reclama-
tion of these areas challenges the con-
servationist to integrate the extraction
of critical energy fuels and subsequent
reclamation of mined areas into the
multiple use concept of natural re-
source management.

In the arid West, methods for re-
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habilitating surface mined areas have
not been developed to the point of
routine application. Although there
is a backlog of experience to draw
from rehabilitation efforts in the
humid East, little is directly trans-
ferable.

Water, and its conservation, is the
dominant factor that will largely de-
termine the success or failure of recla-
mation efforts in arid areas. Choice of
species, selection of planting sites,
time of planting, erosion potential,
water quality, and development of
water supplies for livestock or re-
creation are all dependent upon the
hydrologic characteristics of the site.
A knowledge of these characteristics
will provide the basis for sound plan-
ning in order to return the area to as
good or better condition than existed
before mining. The goal is to provide
range land for sheep a primary
source of income for Indians of the
Navajo nation.

* Professor and Graduate Research Assistant,
respectively, Watershed Management De-
partment, U of A .

Figure 1. The surface mining operation
on Black Mesa is shown at left. Note that
along the left margin of the aerial photo-
graph in the upper left hand corner the
strip being mined is uncovered by a drag -
line capale of removing 80 cubic yards of
overburden at a time. The coal in the
strip is removed by 15 cubic yard shovels
and loaded into 100 ton haul trucks. After
the coal is removed the strip is filled with
overburden from the next strip and re-
contoured to conform with the natural
topography as shown in right hand, lower
half of picture.

The Study
Two small experimental watersheds,

one on the recontoured mine land and
another on a nearby undisturbed area,
have been instrumented to monitor a
variety of hydrologic variables. H-
flumes are used to measure the quan-
tity and timing of surface runoff from
the watersheds. Small runoff plots,
two replicates on each of two slopes
on both watersheds, are used to mea-
sure the chemical quality of surface
water and rates of erosion and sedi-
mentation from watershed slopes. Ac-
cess tubes for neutron soil moisture
probes have been installed on the
mined area to monitor the soil mois-
ture regime. Depth of measurement
extends 55 feet down to the imperme-
able fire clap underlaying the area.

The mined site is graded and re-
contoured to hold nearly all of the
precipitation falling on -site. Only that
falling on the perimeter of the re-
contoured area has the potential
for moving off -site. Computer models
that have been developed for the
project will be calibrated with the



Figure 2. The workman in foreground is
installing a flume to measure surface run-
off from a five acre experimental catch-
ment on the recontoured area. Water run-
off plots above the three men at left are
used to monitor water quality and erosion
rates.

Figure 3. On the recontoured experimen-
tal area, drilling rigs as the one above are
used to install neutron probes access holes
for measuring soil moisture as deep as 60
feet. A knowledge of soil moisture is im-
portant for selecting appropriate species
and planting times to achieve successful
revegetation.

Figure 4. This photo shows a permeability
study being made to determine the rates
of water movement through the recon-
toured mined material. At right of picture
is an infiltration ring, 25 feet in diameter
which holds 2,000 gallons of water. As the
water seeps into the soil, its movement is
measured and charted.

watershed runoff data and used to
estimate the contribution of the perim-
eter area to the surface water regime
of the surrounding area.

Runoff data from the watersheds
will be used to evaluate the effective-
ness of revegetation efforts on the
distribution and yield of surface water
within the mined area. The informa-
tion is also needed to determine the
water available for stock ponds to be
established in the final cut when min-
ing has been completed.

Data from the runoff plots are used
to evaluate water quality, a primary
concern in mine land rehabilitation.
Water will be analyzed for minerals,
chemicals and suspended sediment.
The data will be compared between
the mined and unmined areas.

Soil moisture, its amount, distribu-
tion and availability for plant growth
will be a determining factor in re-
vegetation efforts. Thus, the water
regime is being followed by periodic
measurements. In addition, the rate
movement of soil water through the
mantle is important. It would be de-
sirable in order to insure a steady
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Black Mesa

Reclamation
(From page 15)

supply of water to have the last cut
filled for stock water from moisture
that percolates through the mined
material. The mining operation has
been designed so that the final cut is
on the down slope side of the imper-
meable layer underlying the coal bed.
The rate of water movement through
the mined soil is being synthesized
on the computer and validated with
the moisture measurements to pre-
dict if and when the final cut can be
supplied from percolating water.

Preliminary Results
The installations were completed

in September, but because of the dry
fall conditions results are still tenta-
tive. They indicate that chemically
and physically the soil material of
the mine area is similar to that of the
natural area. Texture of both soils
are loam however, the mine soil has
a greater range of water availability
for plant growth than the natural area.
Total nitrogen, total phosphorus and
total potassium are all higher on the
mined than on the natural watershed.
The pH of the mined watershed soil
is a neutral 6.9. There is enough nat-
ural lime on the area to neutralize
about 50 tons of sulphuric acid per
acre. Sodium is higher on the mine
site but far below levels that would
lead to a sodic condition. Total salts
primarily bicarbonates, sulphates and
clorides of calcium and magnesium
are higher for the mined soils, but are
four to five times lower than an
amount that would be detrimental to
grass species suitable to the climates.

The mine soil, of course, has de-
veloped no structure. It therefore
tends to puddle and form crusts on the
surface. This condition should be of
little consequence once a vegetative
cover has been established, and may
be alleviated in the interim by the
addition of small amounts of organic
matter. When the condition is over-
come, the mine soil should, because
of its great depth, have a high hydro-
logic potential and an adequate nu-
trient level for the production of good
range forage.
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Capital Needs & Sources for...

Cattle Feeding in Arizona
(From page 3)

ally banks in this area have required
clients to put up a 30 percent margin.
The remaining 70 percent is provided
as needed in the feeding operation
by the lending institution.

Commercial banks are, of course,
not the only source of funds. Produc-
tion Credit Associations have been
providing increasing amounts of
funds. Institutional investments from
trust funds, pension funds and other
capital pools are becoming common
in cattle feeding.' Individuals with
private sources of funds, as well as
some large corporate firms, have been
attracted to the cattle feeding indus-
try.

Some financing has been carried
out through the sale of limited part-
nership interests. These partnership
programs typically include a parent
corporation, a general partner and
one or several limited partnership
series ( i.e., cattle feeding funds ) . Pur-
chase of a limited partnership by an
outside investor generally requires a
minimum investment of $10,000 for
periods of three to six years. Penalties
may be assessed for premature with-
drawals. The general partner provides
all of the management service for
which he charges a fee and often
shares in any profits realized by the
limited partner. Limited partnerships

PROGRESSIVE

AGRICULTURE

IN ARIZONA

to

in cattle feeding initially became pop-
ular during 1970 -71.3 They still do not
provide a significant source of capital
for Arizona feeders.

Outside sources of capital have
made it possible to finance modern
feedlot operations at sizes considered
economic. However, they do make
the industry more vulnerable when
market conditions and profit margins
are unfavorable. During the last quar-
ter of 1973 the stability of these capi-
tal sources has been severely tested.
High feeder prices and feed costs
have resulted in heavy losses being
sustained by investors as the fat cattle
market declined following decontrol
of prices in September. If conditions
do not soon become more favorable,
considerable amounts of capital can
be expected to be withdrawn. This
situation would put many feedlot
owners in jeopardy as costs per unit
rise with reduced use of capacity.

Expectations are that feeder calf
prices will continue to decline and
feed costs should move downward in
1974. Placements have been down for
some time, and fat cattle prices are
expected to strengthen in the coming
months. These events should improve
the investment climate but the indus-
try will continue to face considerable
uncertainty and instability in the near
future.
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