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Our Cover .. .

This month the cover is devoted to
a montage of Dr. Harold E. Myers.
We of the Progressive Agriculture in
Arizona committee as well as the fac-
ulty and staff of the College of Agri-
culture and School of Home Eco-
nomics salute Dr. Myers for his con-
tributions to the state and the Uni-
versity of Arizona, during the 17 years
of service as Dean of Agriculture.

Readers in Arizona as well as in
some 70 countries have followed the
Dean's editorials with each issue of
the magazine.

Dean Myers, UA President John P.
Schaefer said, has served the College
of Agriculture during the period of
its most dynamic growth. Under his
guidance, the college's activities in
Extension work expanded greatly, He
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has been responsible for the develop-
ment of our international programs in
South America and the Middle East.
The Dean has dedicated himself to
improving agriculture in Arizona.

Dean Myers grew up on a farm near
Bancroft, Kansas, and went to Kansas
State University, as well as the uni-
versities of Illinois and Missouri earn-
ing, respectively, the bachelor, master
and doctoral degrees.

As a soil scientist, his major research
efforts centered around the interaction
of organic and inorganic soil colloids... extremely fine soil particles.

He spent 27 years at Kansas State
University where he was assistant
dean and associate director of the
Agricultural experiment Station be-
fore moving to Arizona.

In this Issue . . .

During World War II he worked
throughout the Middle East as an
Agricultural Advisor to the U. S. State
Department using Cairo, Egypt, as his
base of operations.

The dean has said on several oc-
casions that he is proudest of the
remarkable growth and development
of a very fine faculty during the past
17 years. And, he feels that we have
one of the better Colleges of Agricul-
ture in the nation.

While Dean Myers is retired from
administrative duties he still is with
us as a member of the College faculty,
And, we know, too, he will be happy
to hear from his many friends through-
out the world.

EDITOR
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Use of Remote Sensing
for Vegetation Inventories

in a Desert Shrub Community
by Ernest B. Fish and Edwin L. Smith

With the advent of requirements for environmental
impact statements and an acute awareness of the fragile
nature of desert ecosystems, land use planners are faced
with the task of rapidly, accurately and economically
taking inventories of extensive areas of natural ecosystems.

In particular, the sampling of native vegetation is
never an easy undertaking and is particularly complex in
shrub communities. Techniques have been fairly well
developed for use in grassland communities using various
sizes and shapes of plots which can be laid down over the
vegetation. In forested lands, plotless techniques have
been developed but many of these methods depend upon
individual plants having a single well defined trunk or
main stem. The major difficulties in utilizing plotless tech-
niques in a shrub community are related to life form of
the shrub species. Spacing of individuals creates physical
problems in laying out plots of sufficient size to obtain a
desired level of precision. The variations in size and
density of individuals may necessitate several plot sizes
for adequate sampling precision.

The purpose of this study was to explore the feasi-
bility of using remote sensing techniques to facilitate
vegetative sampling in desert shrub communities.

A mesquite - paloverde community
located on the Santa Rita Experimen-
tal range at approximately 3200 feet
elevation was chosen as the test site.
The study area was initially stratified
into two subcommunities : the braided
channel type which included major
drainages and adjacent flood plains,
and an upland type between channels,
not subject to frequent flooding. De-
lineations were made utilizing com-
plete stereo coverage of the area at a
scale of 1:6000 ( approximately 10
inches per mile ) with black and white
panchromatic and with Ektachrome
color infrared film. See Figure 1, Page
5. The delineation was performed
equally well with either film type.

*Research Associate and Associate Professor,
respectively, Watershed Management De-
partment.

In an attempt to quantify attributes of the two sub -
communities in terms of species crown cover percentages,
surface area of drainage channels, and the relative pro-
portion of the area occupied by each subcommunity, sub -
sampling was undertaken using large scale 1:600 ( approxi-
mately 1 inch per 50 feet ) Ektachrome color infra -red
photographs. A key question in using imagery to sample
vegetation is : "Can species be accurately identified and
by what means ?" ( See Figures 2 & 3, Page 5. ) We found
that multiseasonal color infrared imagery at a scale of
1:600 permitted identification of the major shrub and cacti
species. The size at which a young plant becomes recog-
nizable seems to depend on each individual species. The
individuals of many species can be seen at this scale but
are not of a sufficient size for accurate identification. This
is particularly true in the case of burroweed Aplopappus
tenuisectus; zinnia, Zinnia pumila and young staghorn
cacti, Opuntia versicolor.

Imagery samples consisted of stereo triplets with the
center frame having a 100 square grid superimposed on
the frame. On 1:600 scale imagery a typical "frame" plot
is approximately 120 feet ground distance on a side or a
one -third acre ground area. Cover estimates were deter-
mined by recording the species present, if any, at the

Table 1. Upland site percent cover estimates.
Ground Sample Imagery Sample

Species or
feature

Number
of

Samples

Number
Mean of Mean

Samples

Mesquite 42 4.20
Paloverde 42 1.10
Catclaw 42 0.94
Ilackberry 42 0.41
Chain Cholla, 42 1.15
Staghorn Cholla 42 0.96
Prickly Pear 42 0.35
Barrel Cactus 42 0.00
Greythorn 42 0.08
Sandy Wash 42 0.00

indicates significance at P<.05,

15
15
15
15
15
15
15
15
15
15

8.20
0.80
0.70
1.10
1.90
0.50
0.30
0.10
0.00
0.00

d.f. 55

Difference
of Means

4.00
0.30
0.24
0.69
0.75
0.46
0.05
0.10
0.08
0.00

Standard
error of

the differ- t
ence

2.12
1.00
0.82
0.52
0.67
0.48
0.38
0.04
0.14
0.00

1.89
0.30
0.29
1.33
1.12
0.96
0.13
2.50*
0.57
0.00
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intersection of grid lines for 100 points
on each frame. Ground truth cover es-
timates were made using line intercept
data on 30 -meter transects. Sample
estimates of mean differences between
imagery and ground truth cover
values by species were tested using a
"t" test for unequal sample size ( Steel
and Torrie, 1960) .

Tables 1 and 2 show the results of
cover determination for species and
the surface area of sandy stream chan-
nels. In only one instance are the
imagery and ground estimates signifi-
cantly different. Because of the num-
ber of tests performed and the signifi-
cance level ( P<.05) this result is not
unusual. These data tend to confirm
that density estimate differences from
earlier studies ( Fish and Smith, 1971)
were either due to failure to detect
small young individuals which would
not contribute materially to cover or
due to failure to distinguish separate
individuals in a clump.

Table 3 shows a comparison of the
two subcommunities on the basis of
the ground truth samples. The pri-
mary differences appear to be in-
creased crown cover of mesquite, palo-
verde, catclaw, staghorn cholla, and
hackberry in the braided channel type
as well as the greater proportion of
drainage channel surface. Table 4
shows a comparison of the two sub-
communities on the basis of crown
cover estimates from the imagery. The
primary differences between the
imagery results and the ground truth
results were that significant cover dif-
ferences were not detected by the
imagery sampling for staghorn cholla
or for hackberry.

These results tend to indicate that
the initial subdivision of the study area
into two subcommunities using 1:6000
scale imagery were in fact valid and
that a quantitative measure of the dif-
ferences is possible using the larger
scale 1:600 imagery. The imagery
techniques, using approximately one -

third as many sample units, adequate-
ly detected crown cover differences
nearly as well as more intensive
ground sampling.

Accuracy of the identification of specific individuals
from imagery was checked by ground identification for
selected plants. The technique of using multi -date imagery
taken at different phenological stages, namely just prior
to mesquite leafing out and when it was in full leaf,
generally provided accurate identification of the major
species except for very young plants.

The advantages of using remote sensing imagery to
conduct inventories are: ( 1 ) Access to sampling points is
greatly facilitated by the use of imagery. Many ground

Table 2. Braided channel site percent cover estimates.
Ground Sample Imagery Sample

Species or
feature

Mesquite
Paloverde
Catclaw
Hackberry
Chain Cholla
Staghorn Cholla
Prickly Pear
Barrel Cactus
Greythorn
Sandy Wash

Table 3.

Species or
feature

Number
of Mean

Samples

Number
of Mean

Samples

31 14.52 12
31 3.51 12
31 8.70 12
31 1.91 12
31 0.17 12
31 0.14 12
31 0.17 12
31 0.00 12
31 0.13 12
31 26.56 12

16.92
2.33
6.67
2.42
0.83
0.42
0.42
0.08
0.17

23.67

Difference
of Means

2.40
1.18
2.03
0.51
0.66
0.28
0.25
0.08
0.04
2.89

Standard
error of

the differ-
ence

4.44
1.56
9.41
1.25
0.39
0.16
0.23
0.05
0.22
4.55

Percent cover estimates from ground sampling.
Upland Braided Channel

Number Number
of Mean of Mean

Samples Samples

Mesquite
Paloverde
Catclaw
Hackberry
Chain Cholla
Staghorn Cholla
Prickly Pear
Barrel Cactus
Greythorn
Sandy Wash

42 4.20 31
42 1.10 31
42 0.94 31
42 0.41 31
42 1.15 31
42 0.96 31
42 0.35 31
42 0.00 31
42 0.08 31
42 0.00 31

Indicates Significance at P <.05,
" * Indicates Significance at P<.01,

Table 4.

Species or
feature

Difference
of Means

Standard
error of

the differ-
ence

14.52 10.32 2.72
3.51 2.41 1.07
8.70 7.76 1.68
1.91 1.50 0.71
0.17 0.98 1.42
0.14 0.82 0.34
0.17 0.18 0.28
0.00 0.00 0.00
0.13 0.05 0.14

26.56 26.56 2.25
d.f. 71
d. f. 71

0.54
0.76
0.22
0.41
1.69
1.75
1.09
1.60
0.18
0.63

3.79 **

2.25*
4.62 **
2.11*
0.69
2.41*
0.64
0.00
0.36

11.80*

Percent cover estimates from imaginery sampling.
Upland

Number
of

Samples

15
15
15
15
15
15
15
15
15
15

Mesquite
Paloverde
Catclaw
Hackberry
Chain Cholla
Staghorn Cholla
Prickly Pear
Barrel Cactus
Greythorn
Sandy Wash

* Indicates
0* Indicates

4

Mean

Braided Channel

Number
of

Samples

Standard
Difference error of

Mean of Means the differ-
ence

8.20 12 16.92 8.72 1.69 5.16 **
0.80 12 2.33 1.53 0.63 2.43*
0.70 12 6.67 5.97 0.98 6.09 **
1.10 12 2.42 1.32 0.79 1.67
1.90 12 0.83 1.07 0.70 1.53
0.50 12 0.42 0.08 0.28 0.28
0.30 12 0.42 0.12 0.19 0.63
0.10 12 0.08 0.02 0.10 0.20
0.00 12 0.17 0.17 0.15 1.13
0.00 12 23.67 23.67 2.54 9.32?

Significance at P<.05, d.f. 25
Significance at P <.01, d. f. 25

samples involved walking over a mile to the location.
( 2) Imagery sampling resulted in a reduction of labor and
costs. Ground sampling required five trips to and from
the area and ten man days in the field, while the imagery
results were obtained with three man days of effort, two
hours flying time and 100 feet of film. ( 3) The imagery
provides a permanent, visual record of conditions at a
point in time which can be reexamined in the future to
detect changes over time.

( Please Turn Page )



Figure 1. Study area with shrub community delineated
(original photograph is 1:6000 scale.)

Figure 2. Shrub species annotated and identified on
frame of original photograph which was shot at 1:600 scale.

4 :4*T.
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40 se * tit .

Figure 3. Same areas as Figure 2, but the picture was
taken during a different season of the year. (Note that
picture upper right number I. is paloverde, 2. catclaw,
3. mesquite 4. hackberry and 5. barrel cactus.

o
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Introduction

The demand is increasing for better
and more timely information to aid
the resource manager, as shortages of
important resources emphasize the
need to survey large areas to deter-
mine the wisest possible management.
Recent developments in remote sens-
ing facilitate the survey tasks which
must be performed by resource man-
agers.

Remote sensing is acquiring infor-
mation through the use of cameras
and related devices, such as radar and
thermal sensors, operated from air-
craft and spacecraft. In the fast -grow-
ing field of remote sensing, several
useful developments are taking place.
Most are designed to aid in the acqui-
sition of better and more timely re-
source information. Several of these
developments are centered around the
remote sensing vehicle known as
ERTS ( the Earth Resources Tech-
nology Satellite ) and supporting high -
altitude underflights beneath ERTS
to supply a multi -level "look" at the
earth resources below.

In order to explore the utility of the
multi -level approach, a vegetation
survey of the proposed Charleston
Dam Site Area, San Pedro Valley, was
conducted using both ERTS multi -
spectral imagery and high -altitude
color infrared photography. An ap-
proximate 120,000 acre area surround-
ing the proposed Bureau of Reclama-
tion Charleston Dam Site served as
the test area.

The study area is bounded on the
west by Sierra Vista, the east by U.S.
80 connecting Tombstone and Bisbee,
the north by an imaginary east -west
line five miles south of Fairbanks, and
on the south by an imaginary east -
west line four miles south of Lewis
Springs. The area is located within the
Chihuahuan Desert and consists pre-
dominantly of the desert scrub com-
munity.

Discussion

High -altitude color infrared pho-
tography, dated August 1, 1972, was
first used to delineate vegetation
boundaries. Extensive use was made
of the vegetation -soil- topography cor-
relation prevalent in this area, shown
as the distinct boundary color varia-
tions in Figure 1. The dominant
species present in the area are white
thorn ( Acacia vernicosa ), tarbush
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Remote Sensing as a Vegetation
Mapping Tool in the Proposed
Charleston Dam Site Area

by Kennith E. Foster, Brad Musick and P. R. Ogden

(Flourensia cernua ), and creosote -
bush ( Larrea tridentata) ; however,
the relative proportions of these
species within specific plant commu-
nities and the presence or absence of
mesquite (Prosopis juli f Lora) proved
strongly dependent on soil and to-
pography variation.

An initial vegetation map ( Figure
2) was developed in the lab as a
mylar overlay on a transparency of
the scene shown in Figure 1. Eleven
vegetation classifications, as given in
Table I, were derived from the pho-
tography on the premise of surficial
color variation which is a function
of soil surface characteristics, topogra-
phy, and vegetation.

Referring to Figure 1, an area eigh-
teen miles square is seen on the color
infrared frame. The image varies ap-
preciably in color from what might
be expected in color photography. Un-
like color film, the color infrared has
the three emulsion layers sensitized to
green, red, and reflected infrared
radiation instead of the blue, green,
and red reflected radiation. A yellow
filter is used on the camera to with-
hold blue, to which these layers are
also sensitive. Upon processing, a
yellow positive image records in the
green- sensitive layer and positive
images of magenta and cyan appear
in the red and infrared sensitive lay-
ers, respectively. Blue can be formed
in the print, even though blue has
been excluded from the image by the
yellow filter. When the yellow image
in the green- sensitized layer is bright,
magenta and cyan will predominate
and combine to form blue. Numerous
other colors are formed as seen in
Figure 1, depending on the propor-
tions of green, red, and infrared re-
flected by the scene. Healthy vegeta-
tion records red because of a high
infrared reflectance.
* Assistant Director and Graduate Assistant,
Office of Arid Lands Studies; and Professor,
Department of Watershed Management, re-
spectively.

Once an understanding of the color
infrared characteristics are known, the
interpreter can then apply this knowl-
edge as a tool to delineate and map
earth resources, such as vegetation.

As seen on the photography, a

variety of surficial color variation and
boundaries occur. The light brown
alluvial fans extending northeast from
the City of Sierra Vista are classified
as deep, well -drained, and fine -tex-
tured soil (General Soil Map, Cochise
County, Arizona) . This soil type con-
sistently correlated well with the
vegetation category mesquite with up-
land grass. Thus, once this fact is
established by ground checks in an
area, an extrapolation to other areas
that have similar surficial character-
istics on the photography is possible.
A close observation of the photogra-
phy in the same area reveals narrow
fingers of a soil- vegetation complex
that images blue in comparison to the
areas of light brown. These are gen-
erally eroded areas near stream chan-
nels, with steep slopes and coarse soils,
that trend toward the San Pedro River.
As shown on the vegetation map,
these areas correlate well with the
shrub classification.

Small catchments of deep soil which
support tobosa grass ( Hilaria mutica)
and sacaton ( Sporobolus wrightii)
are seen throughout the area as the
small red patches. These are small,
closed basins which have slowly filled
with fine silt and now maintain a
moisture content sufficient to su :¡
the grasses previously mentioned:
vegetation of these areas is identifi-
able, in this case, not by soil variation,
but by the unique signature of the
dense vegetation which images bright
red in August at the peak of vegeta-
tive activity of these grasses, and by
its occurrence in small often roughly
circular patches on the uplands.

Various types of riparian vegetation
are identified on the map. The capa-
bility to map such vegetation and esti-
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mate acreages of riparian vegetation
becomes extremely important where
proposed inundation may destroy
such habitat. Conversely, the tech-
nique can also be applied to deter-
mine types and acreages of riparian
vegetation present in other reaches
of the channel where inundation does
not occur.

Along the eastern boundary of the
study area, U.S. 90 intersects a well
defined bajada that originates in the
Mule Mountains immediately east of
the study area. The bajada is shown
in Figure 1 as the reddish -brown area
surrounded by the dark blue tones.
This soil is a red fine -textured mate-
rial and correlates well with the mes-
quite -shrub classification.

Shown in Figures 3a, 3b, and 3c is
the study area as imaged by the ERTS
satellite from an altitude of approxi-
mately 570 miles on November 19,
1972. The three pictures of the same
geographic area are an example of the
multiband imagery received from
ERTS. Each picture is produced from
reflected radiation in three distinct
wavelength bands in the visible and
photographic infrared region. These
are the .5 - .6 microns ( green ), .6 - .7
microns (red), and .7 - .8 microns

1_! _. / ` :

.;..,..;:.;:.;:.;..:.:..:..:..:.,,;..;..;..;..;..;..:.:.:.:.:,... . . N

MS

( reflected solar infrared) bands as
respectively shown in Figures 3a, 3b,
and 3c. A comparison of the photos
reveals a different reflectance re-
sponse from the vegetation- soil -to-
pography complex for the three
bands.

Shown in Figure 4 is a "false" color
infrared rendition of the area as de-
rived from the three multispectral
photos shown in Figure 3. A trans-
parency of each photo in Figure 3
was overlain on top of each other and
projected onto a screen through dif-
ferent color filters to produce the
"false" color infrared. For example,
the green band was projected through
a blue filter, the red band was pro-
jected through a green filter, and the
infrared band was projected through
a red filter. A comparison of Figure 1
and Figure 4 reveals similar surficial
characteristics. Although no vegeta-
tion species are visible on the ERTS
imagery as contrasted to the high -
altitude photography, the surficial
color variation as a function of soil and
vegetation is evident. Utilizing the
same criteria, then, that was used on
the high - altitude photography, ERTS
false color infrared imagery can be
utilized to delineate broad vegetation

Table I
Vegetation Legend

Grassland ( upland species such as gramas, Bouteloua, spp. )

Converted to grassland ( usually lovegrass, Eragrostis, spp. )

Mesquite (Prosopis juliflora) with upland grass species (e.g.
Bouteloua, spp. )

Mesquite with shrubs [whitethorn ( Acacia vernicosa ), creosote
bush ( Larrea tridentata ), and tarbush ( Flourensia cernua) ]

Shrubs ( Acacia, Larrea, Flourensia)

Mesquite

Mesquite and sacaton ( Sporobolus wrightii ), and tobosa
(Hilaria mutica)

Sacaton and tobosa

Riparian trees [cottonwood ( Populus f remontii) willow (Salix,
spp. ) , walnut (Jugians nigra) , and others]

Limestone scrub [ (Aloysia wrightii) , ocotillo ( Fouquieria
splendens) , mortonia scabrella) , and whitethorn ( Acacia
vernicosa]

Mesquite, shrubs with Rhus microphylla

boundaries as related to soil and to-
pography variation. For example, the
light brown alluvial fans seen extend-
ing northeast of Sierra Vista on the
high altitude photography are visible
on the ERTS false color infrared
imagery as the light yellow vegeta-
tion -soil complex. The narrow fingers
of shrub image blue on the ERTS
imagery as well as the high altitude
color infrared photography. The
bajada originating in the Mule Moun-
tains is plainly visible; however, no
difference between the fans northeast
of Sierra Vista and West of Mule
Mountains is evident. Thus, no dis-
crimination would be possible be-
tween the mesquite- upland grass and
mesquite -shrub classification from
ERTS.

When comparing Figure 1 and Fig-
ure 4, the complex boundaries visible
in Figure 1 cannot be delineated in
Figure 4; however, broad categoriza-
tions are possible. ERTS then serves
an important role as a regional infor-
mation source.

Conclusions
Vegetation mapping using high-

altitude color infrared photography
relies heavily on the vegetation -soil-
topography correlation concept in a
desert area. Where desert vegetation
is sparse, the sensor actually "sees"
bare soil and rock, therefore, the veg-
etation - soil - topography interrelation
becomes increasingly important.

Use of small scale photography from
both aircraft and satellite permits de-
tailed mapping of large areas in a
short period of time. Approximately
four man -days were required to pro-
duce the map shown in Figure 2. Ex-
cellent resolution allows for detailed
mapping of objects as small as three
meters (m ) in diameter when using
high- altitude photography, however,
vegetation boundaries are usually
gradation boundaries rather than dis-
tinct boundaries. ERTS represents
resource information on a regional
basis. The resolution element is ap-
proximately one hundred m versus
three m for the high altitude photogra-
phy; thus, loss of information can be
expected, however, the large areas
encompassed by one ERTS image
make it an excellent data collection
instrument over large areas.

References
General Soil Map, Cochise County, Arizona,
1971, U.S. Department of Agriculture, 42
pages Soil Conservation Service, Tucson,
Arizona.
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'Figure 3a. ERTS Multispectral Scanner Image of Figure 3b. ERTS Multispectral Scanner Image of
Study Area (MSS 4) .5 - .6 microns (green) . Study Area (MSS 5) .6 - .7 (red) .

Figure 3c. ERTS Multispectral Scanner Image of Figure 4. ERTS False Color Infrared Image of
Study Area (MSS 6) .7 - .8 (reflected infrared). Study Area.

Figure 1. An aerial infrared color photograph show-
ing areas along an arroyo where peach trees have been
killed by the soil -borne fungus, Phymatotrichum omni-
vorum. Mesquite and paloverde trees in the foothills,
upper right, harbor the fungus on their roots. The fun-
gus moves through soil approximately 50 feet per year
following the moisture and runoff water along the
arroyos.

Figure 2. Color infrared aids in the detection of
trees infected by Phymatotrichum omivorum. Almond
trees whose roots have been penetrated by the fungus,
appear whitish to pale yellow in contrast to the deepred color of healthy trees.



(NOTE: Please lineup this overlay by super-
imposing registery marks X at right with
corresponding marks on photo below.)
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Figure 2. Vegetation Map of proposed Dam Site Area, San Pedro Valley, Cochise County, Arizona.



altitude color infrared photography, August 1, 1972. (Photo courtesy of Arizona Ece-
1 Test Site Data Center, Office of Arid Lands Studies, University of Arizona.)



Application of Aerial infrared
Photography to the Ecology

of Phyrnatotrichum Root Rot

by H. E. Blose

Color, infrared photography pro-
vides a unique tool for detecting
sources of the pathogen causing Texas
Root Rot and in diagnosing the dis-
ease in fruit and nut trees, as well as
in field crops. Although aerial pho-
tography was used to survey diseases
in plants as early as 1925, new color,
infrared film records changes in color
which aid in diagnosing symptoms of
diseases.

Phymatotrichum omnivorum is a
soil -borne fungus that attacks roots
of more than 2,000 species of plants.
It frequently causes rapid wilting and
sudden death after penetrating roots
of almond, apricot, alfalfa, pecan,
pistachio and cotton. Losses are esti-
mated to exceed $50,000,000 annually
in Arizona, New Mexico, Texas and
Mexico. The fungus spreads through
the soil from root to root and follows
roots to depths of 3 -8 feet. Strands
and sclerotia are formed which serve
as survival mechanisms. Once these
structures form on roots of trees and
other perennial crops, they are ex-
tremely difficult to eradicate.

Some aspects of the ecologic factors
involved in the dissemination of P.
omnivorum in desert soils have be-
come apparent from aerial infrared
photographs taken of infected trees
adjacent to native vegetation. These
photographs indicate that greatest
losses occur among cultivated fruit
and nut trees planted along former
stream beds and arroyos where mes-
quite, paloverde and similar native
species once grew ( Figure 1, bottom
page 8) .

Techniques are being developed in
our laboratory for identifying the
fungus, should it be present in desert
soil or on roots of native plants. Sam-
ples are collected in plastic bags and
kept moist until they can be examined

* Associate Professor, Department of Plant
Pathology.
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in the laboratory. By carefully sieving
roots and soil, strands can be sep-
arated and identified. In some in-
stances, the strands may be large
enough to be identified on the surface
of roots by a trained plant pathologist.
Using these techniques, roots of na-
tive plants growing near orchards are
found to be sources of the fungus, al-
though these species rarely show
symptoms of the disease. Therefore,
aerial surveys, supported by examina-
tion in the laboratory of appropriate
samples, provide a promising method
either to avoid planting in infested
soils or to eradicate the fungus before
more susceptible crops are planted.
This principle of avoidance or eradica-
tion of the pathogen is a basic pre-
mise of plant disease control and
offers one of the most promising
methods for reducing losses to Phy-
matotrichum Root Rot.

Color, infrared film also has proven
useful in detecting symptoms of the
disease in existing orchards. Infected
trees frequently appear pale yellow
or green in contrast to the deep red
color of healthy trees ( Figure 2, bot-
tom page 8 ) . The change in color is
related to the amount of infrared light
reflected from the mesophyll cells of
leaves under stress relative to that re-
flected from healthy leaves. Infected
trees should be promptly removed and
the soil treated either with a fumigant
or a combination of manure, ammoni-
um sulfate and sulfur to prevent
spread of the fungus. Barriers of sul-
fur or polyethylene film placed 4 -5
feet deep in trenches also may be
useful in this regard.

Early diagnosis and detection of
P. omnivorum offers the best oppor-
tunity to exclude this devastating
pathogen from soil before permanent
orchards are planted. Examination of
soil and roots of native vegetation for
the presence of the fungus is strongly
recommended in the selection of po-
tential planting sites for susceptible
crops in the desert Southwest.

Effects of

Problems agi

This paper characterizes through
aerial infrared photography certain
spatial aspects of urbanization in a
semi -arid desert and presents a few
salient examples of problems caused
by insects and arthropod pests com-
monly encountered outdoors.

Within the last 30 years Arizona
has shifted from an agricultural to a
largely urban society. The state's pop-
ulation is increasing at a rapid rate.
In 1970, the total population was esti-
mated at 1,772,483, with 79 percent of
the residents distributed in urban
areas. By 1980, the population is pro -
jected to increase by 34 percent, ex-
panding urban perimeters well be-
yond their present limits.

Arizona's climate is considered by
many to be a major factor responsible
for the influx of people. The relatively
short mild winters and scant rainfall]
of the state's semi -arid regions are
conducive to a variety of outdoor ac-
tivities such as gardening, golf and
picnicking. Conflicts arise, however,
since these climatic conditions also
favor a diverse abundance of insects
and related arthropod species. Ac-
cording to those involved in urban
pest control, problems are on the in-
crease for a variety of socio- economic
and ecological reasons. For the sake
of defining insect problem areas, we
are dividing "urban" areas into the
"inner city" and the " outer city."

Inner City
Metropolis Figure 1, page 12,

shows the contrast between concrete
and vegetation patterns ( the latter be-



Urbanization on Landscape Insect -Pest

s by Aerial Infrared Photos

by Gary S. Olson and Charles M. sacamario°

ing shown in various shades of red) .
The inner city is typical of a "man -
altered" environment. Turf grass and
landscape plantings create a back-
ground for human activity in such
urban spaces as malls, plazas, street
medians and multiple- housing units.
The concrete and pavement serve as
physical barriers insulating plantings
from the ambient desert. Consequent-
ly, the diversity of insect species as-
sociated with landscape plants in the
inner city is presumed to be low.

The few pest infestations encoun-
tered can normally be controlled by
properly -timed spot applications of
pesticides. Since pedestrian movement
is greatest during the daylight hours,
control treatments are best applied
and least offensive during the early
morning hours.

"Outbreaks" of one or more insect
species may occur periodically. An
example is the movement of grass-
hoppers from the open desert to the
bright lights of the city. The adults
fly to city lights in great numbers
creating fear in some p e o p 1 e, and
causing roads to become slippery with
dead grasshoppers. Lower light in-
tensities reduce the number of grass-
hoppers, by minimizing immigration.

Residential and Recreational-
Numerous turfgrass areas and a vari-
ety of trees, shrubs and flowers are

* Assistant Professor of Entomology and Ex-
tension Horticulturist.

found in inner city residential and
recreational landscapes ( Fig. 2, page
12) . Insect pest problems are largely
dependent on the plant species grown,
( i.e. leaf -footed plantbug, or elm leaf
beetle) . Golf courses and parks are
highly specialized outdoor environ-
ments. Good insect -pest management
practices are important under these
circumstances for the protection of
both nontarget plants and the public.
Maintenance of landscaped public
areas is generally the responsibility of
city personnel.

On the other hand, residential land-
scapes are maintained by individual
homeowners. The urban dweller de-
velops a home landscape which re-
flects his personal taste and "life
style." To a large extent this deter-
mines what plants are grown and how
associated insects will be managed.

Outer City
Suburban -Desert Interface - Sub-

urban encroachment on a natural
drainage system is shown in Figure
3, page 12. These areas represent a
transition between high density inner
city living and such rural activities as
small plot agriculture and aggrega-
tions of livestock ( i.e. stabled horses) .

Water run -off from newly develop-
ed housing often alters drainage pat-
terns and creates mosquito breeding
areas. House fly breeding is also com-
mon in these areas because many resi-
dents maintain livestock. Both situa-
tions contribute to an area -wide mos-
quito and house fly problem. Corn-

munity action is often required to
abate these nuisances.

Many native insect species, innocu-
ous in the open desert, elevate to pest
status when we utilize their food
plants ( i.e. mesquite, paloverde, etc. )
as "specimen" landscape plants. Key
pests in this group include bark
beetles, twig borers and girdlers, web -
worms, and scale insects.

Suburban Desert - Figure 4, page
12, shows the effects of low density
housing in predominantly native vege-
tation. The impact of irrigation to
create golf courses and occasional
lawn areas in dry desert environment
is clearly evident.

Several varieties of "weeds" often
support large numbers of both bene-
ficial and pestiferous insects. When
dry weather exerts its seasonal effect
on these weeds and desert vegetation,
many insect species are attracted to
the more hospitable artificial environ-
ments provided by man. Invasions of
false chinch bugs or leafhoppers that
vector curly top virus to tomatoes are
examples of insects in this category.

This outer city environment sup-
ports a high diversity of arthropod
species, many of which are displaced
by homes and temporarily become
elevated to pest status (i.e. buck moth
caterpillars, scorpions, etc. ) . Until a
new balance with man is achieved,
they can be quite numerous in these
newly developed areas.

It should be emphasized that no one
method or technique of insect control
or pest management is effective
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Fig. 3. Encroachment of the outer city suburbs into
natural drainage systems and livestock areas
increases mosquito and house fly problems.

against all insects in every location
described above. There is little doubt
that insect populations are profound-
ly modified by rapid urbanization,
which increases the number of insect
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A high diversity of turf and ornamen
plantings exemplify inner city residential
and recreational areas of Tucson.

Fig. 4.- Desert vegetation patterns and irrigated res-
idential and recreational areas of the outer
city suburbs contributes to an array of pest
problems.

problems, particularly as the suburbs
encroach upon desert areas. There
appears to be a need for more quan-
titative data to support many of the
foregoing observations. The oppor-

tunities for research and Extension
programs in the broad area of urban
landscape insect pest problems are
immense and definitely warrant in-
creased attention.



Potatoes Are Coming Back!
by C. Curtis Cable, Jr.

Potatoes have been a staple food commodity in the
U.S. for several decades. At the beginning of this century,
annual consumption averaged approximately 200 pounds
per person. However, by 1920 per capita consumption had
declined to 140 pounds, and continued to decline to a low
of 102 pounds by 1952 ( Chart 1 ) . Consumption remained
near this level throughout most of the 1950s.

Then, in the early 1960s people started to eat more
potatoes ! The increase was relatively slow for a few years,
but from 1967 to 1971 per capita consumption increased
from 111 to 121 pounds. From the low in 1952, per capita
use has increased an average of about 1 pound per year.
One authority estimates that per capita use will continue
to increase and reach 127 pounds by 1980.1

Processed Potato Use Up Sharply As late as 1957
the per capita use of all processed potatoes was only 15
pounds ( Chart 2) . Since then, this use has steadily in-
creased to more than 60 pounds in 1971. This is a 400
percent increase. Also in 1971 for the first time in
history per capita consumption of processed potatoes
exceeded the use of fresh potatoes.

Chips and shoestring potatoes have been a relatively
popular potato product for several years, and per capita
use has remained relatively stable at 16 -18 pounds since
the mid- 1960s. In contrast, canned potatoes have not been
a big seller, and per capita use has ranged from 0.4 to 0.7
pound since the late 1950s.

Chart 1. U. S. Per Capita Consumption of Po- Chart 2. U. S. Per Capita Consumption of Fresh
tatoes, 1910 -71. and Processed Potatoes, 1957 -71.

1960 1970

Source: Stephen J. Hiemstra, Food Consumption, Prices, and Ex-
penditures, Economic Research Service, U. S. Department of Agri-
culture, Agric. Econ. Rpt. 138, July, 1968, and Supplement for 1971,
August, 1972.

Fresh Use is Declining - The large drop in consump-
tion that occurred up to the 1950s was caused by a decline

I in use of fresh, nonprocessed potatoes. And, this decline
in fresh use has continued up to the present dropping
from approximately 90 . pounds in the late 1950s to less
than 60 pounds in the early 1970s ( Chart 2) . This decline
is expected to continue, and by 1980 fresh use will approxi-
mate 35 -40 pounds per person.2

o Marketing Specialist, Cooperative Extension Service.
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There has been a very definite upward trend in the
use of both dehydrated and frozen potato products during
the past 15 years. Per capita use of dehydrated products
has more than doubled since 1964 from about 5.5 to
13 pounds. Per capita consumption of frozen potato pro-
ducts has also doubled since the mid -1960s from 14
pounds in 1965 to 30 pounds in 1971.

Obviously, the upturn in per capita consumption of
potato products has more than offset the decline in fresh
use, resulting in the overall increase in potato consumption.
The use of processed potatoes is expected to continue to
increase, reaching 85 -90 pounds by 1980.3 From these com-
parisons, it is apparent that many consumers have substi-
tuted potato products for fresh potatoes, and possibly
other foods, and are expected to continue to do so for at
least the next 8 -10 years.

Causes for Substitution Various and numerous fac-
tors have contributed to the increased consumption of
potato products. To list and discuss them all would be
an enormous task. However, some of the more important
factors would include ( 1 ) retail price trends, ( 2 ) con-
venience of "ready to cook" or "heat and serve" products,
( 3 ) the rapid increase in number of meals eaten outside of
the home, (4) development of new products, and (5)
merchandising efforts of the potato industry.

Chart 3. U. S. Potato acreage, Production and
Yield per acre, 1930 -71.
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Source: Agricultural Statistics, U.S. Department of Agriculture.

Retail prices for fresh potatoes increased from 71.8
cents per 10 pound bag in 1960 to 89.7 cents in 1970. In
contrast, prices for the 9 ounce package of frozen french
fries declined from 19.7 cents in 1960 to 16.6 cents in 1970.4
Although the frozen fries were still more expensive in 1970,
the decline in their cost - relative to fresh potatoes -
encouraged increased consumption.

Convenience in preparing meals in the home is an
important consideration for many consumers. Numerous
potato products available in retail stores require relatively
little preparation time and "no peeling at the kitchen
sink." This ease of preparation has undoubtedly contrib-
uted to the increase in potato consumption.
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The U.S. institutional and food service markets ( school

lunches, hospital meals, restaurants and similar public eat-

ing places) have been growing rapidly in recent years, and

currently account for roughly 25-30 percent of the total
spent on food. Some food industry officials are predicting

these markets will account for 40-50 percent of U.S. food

expenditures by 1980. This growing market is an ideal
outlet for processed potato products. Chips and shoe string
potatoes are standard items in most "short order" eating
places, and frozen, dehydrated and canned potatoes sim-
plify meal preparation for larger restaurants and institu-
tional food services where uniform quality and portion
control are important.

It could be argued that because potatoes have long
been a staple food in the U.S., and because they can be
stored for longer periods than many fresh vegetables, it is
not too surprising that consumption is increasing. But, this
argument is refuted by Charts 1 and 2. The upturn in con-
sumption did not begin until new products were devel-
oped, accepted and became available in both family and
institutional -sized packages.

There is ample evidence that the industry has stimu-
lated consumption as a result of the new and easy -to-
prepare products. However, most new food products have
to be merchandised; that is, consumers have to be con-
vinced to "demand the product" because of convenience,
nutritional value and similar attributes. To achieve this
objective, the national Potato Promotion Board launched
a nationwide promotion campaign in February 1973, "to
increase potato consumption and to improve consumer
attitudes about potatoes ..."5

Production Trends, U.S. and Arizona As a result
of the upturn in per capita use, and the increase in popu-
lation, total U.S. potato consumption and production have
increased by more than 50 percent since the early 1950s.
In 1951 the U.S. produced 196 million hundredweights of
potatoes 20 years later production had increased to 316
million hundredweights ( Chart 3 ) . Most of this increase
is attributable to an almost continuous year -to -year increase
in yield per acre, which has nearly tripled in the past 30
years. After declining throughout the 1930s and 1940s,
U. S. potato acreage remained relatively stable at 1.3 to
1.5 million during the last 2 decades.

Approximately 80 percent of the nation's potatoes are
harvested in the fall. Idaho, Maine, Washington, North
Dakota and Minnesota are the principal producers of fall
potatoes. Another 8 percent of the annual crop matures
in late summer Washington, Colorado and Wisconsin
account for about a third of the late summer crop.

About 6 percent of the total U.S. potato crop is
harvested in the late spring, with California accounting
for about two -thirds of the late spring crop ( Chart 4).
All of Arizona's commercial potatoes are produced in the
late spring, accounting for about 12 -15 percent of the
U.S. total late spring harvest.

Even though Arizona accounts for only about 1 per-
cent of the total U.S. supply, potatoes make a substantial
contribution to the state's vegetable industry. Since the
early 1960s, the value of the state's potato crop has ranged
from $5 to $10 million annually. Only lettuce and canta-
loups make a larger dollar contribution to Arizona's vege-
table interest.

Both acreage and production of potatoes in Arizona
have increased appreciably in the last 20 years. Production
has risen from about 1 million hundredweights in the
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early 1950s to more than 2.5 million hundredweights in
the early 1970s ( Chart 5 ) . During the same span of years,
yield per acre remained fairly stable at about 250 hundred-
weights until the early 1970s, then jumped to 300 hundred-
weights in 1972.

Markets for Arizona Potatoes - Although some Ari-
zona potatoes are sold for fresh use, the largest proportion
is sold for processing primarily to Arizona and out -of-
state chippers. U.S. per capita consumption in this use has
remained relatively stable at about 16 -18 pounds since the
mid- 1960s. This stability along with the slowdown in pop-
ulation growth may tend to restrict the future expansion
of sales to chippers.

In some years Arizona growers have had a slight ad-
vantage in producing chipping potatoes, in that the crop
matures a few weeks earlier than in competing areas. This
makes it possible for chipping plants to begin operations
earlier in the season. However, technologies for extending
storage life may eventually be developed which will permit
holding fall -crop potatoes into the following summer. This
could provide strong competition to growers of spring
potatoes.

In addition to the above long -run considerations,
Arizona potato growers are currently faced with high
production and marketing costs. Transportation rates and
costs to out -of -state processors tend to restrict expansion,

as does the costs for water, pest control and other produc-
tion inputs. Although Arizona has been "holding its own"
in potato production the past several years, competition for
profitable markets is keen.

Potatoes are grown in all regions of the United States.
As fresh use declines and processed use increases - along
with improvements in packaging and handling processed
products - potatoes production will tend to shift to those
areas with lowest production and marketing costs. Arizona
potato growers should watch these developments and
market trends, and reevaluate the situation periodically.

Chart 5. Arizona Potato Acreage, Production and
Yield per Acre, 1940 -72.
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Charles W. Porter, "Outlook for Vegetables and Potatoes," talk
presented at 1973 National Agricultural Outlook Conference, Wash-
ington, D. C., February 22, 1973.

2 Ibid.
3 Ibid.
4 Ben W. Huang and Charles W. Porter, "Trends in Demand for

Potatoes and Potato Products with Projections to 1980," The
Vegetable Situation, TVS-186, October 1972.

5 "New Potato Story Goes Nationwide," Potato Promotion Spotlight,
Vol. 1 No. 1, February /March 1973.
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Student Opinion and Participation

Students in the College of Agricul-
ture do have an opportunity to discuss
problems, ideas, make suggestions,
and learn about various key operations
on the University of Arizona campus.
Fourteen years ago a Student -Faculty
Relations Committee was formed to
provide a greater interaction between
students and faculty. The committee
continues to serve as an effective
channel of communication between
students, faculty and administration.
Being the first such organization on
campus it has long served as a model
for similar organizations in other col-
leges on campus. During the last
decade many changes in the College
of Agriculture have occurred because
of suggestions that originated with
this committee. The initiation and for-
mation of the Student Council was
one suggestion which has provided
cooperation and coordination among
the various student clubs and organi-
zations within the College of Agricul-
ture. Numerous problems related to
registration have been solved because
students have an opportunity to voice
their complaints at the committee
meetings.

The establishment of the student
study room, placement of furniture
and telephone in the lobby, and
changes in registration procedure were
worthwhile and timely suggestions
which developed into success stories
through student faculty and admin-
istrative cooperation.

The past two years, students have
had the opportunity to meet with Mr.
Bill Varney, Director, Student Union,
and discuss the operation of the Stu-
dent Union. Mrs. Luttie L. Higley,
Chief Social Science Librarian met
with the students and explained some
of the problems associated with the
students and explained some of the
problems associated with the smooth
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operation of a library. She spent sev-
eral hours discussing specific topics
such as open hours, more duplicating
machines, and security measures. Mr.
Doug Paxton and Mr. Vernon Saun-
ders gave the students an idea of the
problems associated with security
and parking on campus. Mr. Herman
Carrillo, assistant registrar, discussed
aspects of the registrar's duties, trials
and tribulations. In all cases both the
students and the guest obtained an
insight into the others problems which
were for the most part not previously
considered.

In addition to staff and faculty
members students have visited with
the editor of the "Wildcat' and repre-
sentatives from the ASUA Appropria-
tions Board who are in charge of allo-
cating money to the various student
activities on campus.

In general, the student faculty club
serves many worthwhile functions.

Most important it allows for student
participation in decisions which affect
the life of the student in the College of
Agriculture and on campus. Many
students have expressed their appre-
ciation for having the opportunity of
meeting `key people" on campus and
getting acquainted with problems at
the faculty and administrative level.
It is felt that this committee was and
is a significant influence contributing
to the excellent rapport which has al-
ways existed between the students and
faculty of the College of Agriculture.
Many situations have been solved or
headed off by the existence of this
committee before they actually be-
came problems.

We're proud of the Student -Faculty
Committee accomplishments. This
Committee has been appropriately
termed a student -faculty group that
works!
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