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Seek National Agricultural Recognition e
The creation of the National Acad-

emy of Sciences in 1863 proved to be
an effective mechanism for stimulat-
ing scientific development.

Since that time, however, the fer-
ment for greater national recognition
of agricultural scientists is essentially
the same as that which prevailed
among engineers and which resulted
in the creation in 1964 of the National
Academy of Engineering. Essentially
the same concern is being expressed
by some of the leaders in the medical
profession.

There are similarities between the
problems of agriculture, engineering
and medicine. All are first and fore-
most applied sciences. The applica-
tion of science has been one of the
principal factors in the economic de-
velopment of our nation . . . agri-
culture, communication, manufactur-
ing, transportation and health. With-
out applied science, basic research
contributions would constitute only
interesting textbook information.

Applied science makes it possible
to use basic research results for the
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benefit of mankind.
But, those who have devoted their

research efforts to the applied sci-
ences, as in agriculture, have felt that
national recognition has been less
than satisfactory.

Frequently, it is suggested that a
change be made in the National
Academy of Sciences organizational
pattern to include the creation of a
National Academy of Agricultural Sci-
ences. Such an Academy, by the very
nature of stringent qualifications
which would be required for member-
ship, would recognize the outstanding
agricultural scientists. These men and
women represent every professional
field in the agricultural sciences and
would come from industry, the U. S.
Department of Agriculture, private re-
search organizations and the universi-
ties and colleges.

They would bring together into one
organization the visionary science
leaders in the field of agriculture.

Our main concern is that the a
cultural scientists in spite of his p
ductivity and success in contributing
to science and to the welfare of man-
kind have not been granted a merited
position within the National Academy
of Sciences.

It appears that the most creative of
the manpower in agricultural sciences
should be mobilized in a National
Academy of Agricultural Sciences un-
der the charter of the National Acad-
emy of Sciences and on a coordinate
basis with the two existing academies.
Agricultural scientists should be the
key group to deal with national and
international agricultural problems.
If ever there were a time when ag-
gressive and respected agricultural
leadership were needed on both na-
tional and international scene, it is
today.

;i-Me F. 741,4,2n4,

Harold E. Myers, Dean
College of Agriculture &
School of Home Econom4



Computer Aids
Groundwater Resources
Research Project

by W. G. Matlock and P. R. Davis*

Digital computer programs have
been written to meet the requirements
of the groundwater resources research
project in the Agricultural Engineer-
ing Department. The computer speeds
data storage and retrieval for project
personnel as well as more easily satis-
fying the needs of the users of ground-
water data. Mapping of groundwater
contours is also expedited by the com-
puter. The programs are adaptable to
similar propjects in other areas, and
inquiries from interested persons may
be directed to the authors.

roundwater research in the Agri-
turai Engineering Department of

The University of Arizona began in
the early 1900's with Dr. G. E. P.
Smith, Professor Emeritus and former
Head of the Department of Agricul-
tural Engineering. The project has
been continued since that time under
the leadership of Dr. Smith and later
Harold C. Schwalen, also Professor
Emeritus and former Department
Head. Richard J. Shaw, who recently
retired, joined the project in 1947 to
organize a more intensive water level
measurement program. These men
recognized the importance of ground-
water to Arizona particularly in the
Tucson area where perennial surface
supplies are unavailable.

Project activities are focused on the
collection of basic groundwater data.
The depth to water is measured in
hundreds of wells one or more times
annually with a steel tape or electric
sounder. Total yearly water pumpage

° The authors are Associate Agricultural En-
gineer and Research Assistant, respectively,
i the Agricultural Engineering Department.

' study is partially supported by funds
the City of Tucson and Pima County.

from the groundwater reservoir is ob-
tained by adding the quantities used
for various purposes. Consumptive use
by irrigation is computed from a crop
survey. Domestic and industrial use
are measured or estimated. Water
samples are collected for chemical
analysis and temperature measure-
ment. A file of drillers' logs of wells is
maintained. Other specialized studies
are also conducted.

The Santa Cruz Valley from the In-
ternational Boundary near Nogales to
Picacho Peak is the most intensively
studied. Other project areas include
the Avra -Altar Valleys, west of Tuc-
son, and the Little Chino Valley, north
of Prescott. Several other areas have
been studied in the past.

The records from seventy years'
field work fill several filing cabinets.
Much effort has gone into the transfer
of field data onto permanent record
cards. Most of the copying was and is
done by students working part time
( Figure 1).

Data analysis requires further han-
dling of the records. Groundwater
contour maps and water level change
maps are prepared each year. Mea-
sured water levels are subtracted from
ground surface elevations or from pre-
vious measurements to obtain plotting
values. The maps are prepared by
plotting these values in the proper

(Please Turn Page)
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Figure 1. Linda Grabowski, left, of Tucson and Bob Mohammed, Glendale, are
students in Agricultural Engineering. Isere they are working on transcribing ground-
water data.
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location and drawing contour lines of
equal elevation or water level change.

In the past several months were
required each year for making com-
putations, plotting and drawing the
maps. Project operations have been
simplified and expedited by utilizing
the capabilities of The University's
CDC -6400 computer. First the data
had to be prepared in a form for direct
input into the computer. Several types
of input are acceptable; for this project
the most practical was the punch
cards since it also provides a perma-
nent record for office use. An addi-
tional benefit is realized in the reduc-
tion of space required for record stor-
age ( Figure 2) . Data printed on the
cards includes an identifying number,
the location of the well by legal de-
scription and by latitude and longi-
tude, the elevation of the well measur-
ing point above sea level and the depth
to water measured approximately at
the same time for all years of mea-
surement.

The first computer program was
written to print out the punch card
data in a form convenient for office
use. A second program prints out a
brief history of each well including
number, location, measuring point
elevation, current depth to water and
changes in water level in the past 5
years and since the base year for the
measuring program in the particular
area ( Figure 3) . These data are very
useful in answering the daily requests
for well information received by tele-
phone.

Other computer programs were
written to plot hydrographs and sum-
marize the crop survey data. Hydro -
graphs, or graphs of water level versus
time, are used in the project princi-

Figure 2. Linda with complete punch card
file of the Tucson Basin groundwater data.
This drawer contains records formerly fill-
ing three file cabinets.

pally to detect trends in the elevation
of the water surface and to estimate
missing records for those years when
no measurement was made. Compu-
terizing the crop survey data used in
computing water use virtually elim-
inates arithmetic errors and allows
much faster analysis of the field data.

As noted, manual contour mapping
is time consuming and laborious. Corn -
puter programs for plotting contour
points in use on similar projects
around the country were first investi-
gated, but none were suitable. A new
contour mapping program was then
written in three parts. The first veri-
fies the well locations on the latitude
and longitude coordinate grid by
printing them on a map; the next two
compute and plot contour points.

Figure 3. Sample printout of water level
program.

From the input data, the contour
program calculates contour points by
linear interpolation along preselected
lines between wells. When the ele
tion of a contour point is determin
the latitude and longitude of that point
are calculated. In addition to points
representing water surface elevation,
with a slight variation the program
will also calculate contour points for
depth to water or change in water
level. Any contour interval can be
used. When all contour points are
calculated, they are placed in order
of decreasing latitude ( from north to
south) on a magnetic tape file to be
used as input for the mapping pro-
gram.

In addition to the coordinates of
the contour points, input for the
mapping program includes latitude
and longitude boundaries of a rec-
tangle containing the area of interest
and the incremental change in lati-
tude and longitude for one line and
one space on the computer output
printer. The output is printed on 12-
inch wide strips which are placed
together to form a complete map of
the area.

Each contour value is assigned a
letter of the alphabet. Contours are
then drawn in by connecting all like
letters. Judgment is still required
smoothing and finishing the cont
map which is ultimately transferred
to a base map of the area for repro-
duction. Figure 4 is an example of the
computer output with the contours
drawn in by hand.

The use of the digital computer in
the groundwater resources research
project has already saved appreciable
time. As project personnel become
more familiar with the system, greater

1970 GROUNDWATER DATA INFORMATION SUMMARY. AGRICULTURAL ENGINEERING DEPT.

NM -- -tiO MEASUREMENT

PAGE 1

WELL
NUMBER

WELL
LOCATION

BENCH MARK
ELEVATION

CURRENT YEAR
DEPTH WATER TABLE
TO WATER ELEVATION

ONE YEAR
CHANGE

FIVEYEAR
CHANGE

CHANGE FROM
BASE YEAR 1947

536 121332.322 2320.86 216 2105 .4 8 -31

548 121336.433 2607.90 NM NM NM NM NM

549 121403.221 2711.19 9 2702 28 2 NM

556 121405.343 2625.22 101 2524 .18 14 1
618 131201.413 2187.20 75 2112 .5 .7 19

NUMBER OF WELLS PROCESSED IS S
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savings are anticipated. Errors in gen-
eral have been reduced, but those in-
volved in transcribing the data to
punch cards are still a problem and
must be carefully avoided.

Because of the time saving, re-
searchers are now able to make an-
alyses as a routine operation that were
previously too time- consuming to be
considered. Other types of analysis,

t even possible in the past, will
bably be introduced.

LONGITUDE

Figure 4. Example of computer plotted
contour map.

Service to the community is an im-
portant project objective. Ground-
water information is provided from
the department files for many differ-
ent people and government agencies.
Students use it for class projects and
graduate theses; consulting engineers
and groundwater geologists base their
recommendations on it. Real estate
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agents are frequent users as is the gen-
eral public.

Although representative data are
published about every five years, a
need for more detailed information
formerly required the user to spend
considerable time in studying and
copying records. Publications for gen-
eral distribution will be issued, as in
the past, but for those who require
information at other times, it will be
much more readily available.
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Figure 1. Creosotebush community near
Bowie, Arizona.
Figure 2. Sand -dune mesquite community
near Bowie.

The San Simon Valley in southeast-
ern Arizona is classed as a frail water-
shed, subject to excessive soil move-
ment and arroyo formation. Histori-
cally, this region was productive of
grass, browse, cattle, and game. This
productivity has greatly decreased
with respect to range and watershed
usefulness. A combination of factors
of mis- management, over -grazing, and
drought has removed the original pro-
tective grass cover, replaced by various
shrubs affording but little protection
from erosive thunderstorms.

This is a semi -arid region receiving
an average annual precipitation of
about 9.5 inches. Shrubs are very ef-
fective competitors of grass in the
utilization of this limited moisture
supply. The delicate balance of
competition between grass and shrubs
in semiarid regions can be easily dis-
turbed through improper range man-
agement and climatic conditions. Once
disturbed the ecological balance in
favor of shrubs can be maintained by
comparatively light grazing pressures
by rodents, rabbits, and herbivores.
Shrubs now dominate these range-
lands to the almost complete exclusion
of range forage grasses.

The principal dominant vegetation
is sand -dune mesquite (Prosopis juli-
f lora var. glandulosa) , creosotebush
( Larrey tridentata), and tarbush
(Fluorensia cernua) . Sub -dominants
are yucca ( Yucca elator ), snakeweed
(Gutierrezia sp. ), Ephedra ( Ephedra
tri f urca ), fourwing saltbush (Atriplex
canescens), and cactus. Along the
gullies and swales occur catclaw,
( Acacia greggii) and white -thorn ( A.
constricta) . The boundries between

°Associate Range Management Specialist,
and former graduate student, Watershed
Management Department, respectively.

References

Barnes, W. C. 1936. Herds of the San
Simon Valley. Amer. Forests 42:456 -457,
481.

Hinton, R. J. 1878. The Handbook to
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Republished, 1954, Arizona Silhouettes, Tuc-
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Thornber, J. J., 1910. The Grazing
Ranges of Arizona. Ariz. Agric. Expt. Sta.
Bull No. 65, 115 pps.
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The San Simon Watershed:
Shrub Control

by Gilbert L. Jordan & Michael L. Maynard*

dominant vegetation types is often
quite abrupt. The very limited cover
of perennial grass species is composed
mainly of sideoats grama ( Bouteloua
curtipendula ), black grama ( B. erio-
poda ), bush muhly (Muhlenbergia
porteri ), spike dropseed (Sporobolus

contractus), mesa dropseed ( S. f lex-
uosus), sacaton ( S. airoides), tobosa
( Hilaria mutica ), arizona cottontop
( T richachne cali f ornica ), plains
bristlegrass ( S e t a r ia macrostachya),
and cane beardgrass ( Andropogon
barbinodis).
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Vegetative improvement of the San
m o n Watersheds for protection

against erosion and increased forage
production requires first the removal
of shrubs and second the planting of
adapted range grasses. It has been
universally demonstrated in the seed-
ing of semiarid rangelands that shrub
removal is necessary because shrubs

utilize the limited moisture supply
necessary for germination and seed-
ling establishment of the seeded spe-
cies. However, preliminary revegeta-
tion trials in the San Simon area by
various agencies have met with failure.
Research was needed to understand
the specific limiting conditions of this
area.

7re 4. Mixed -shrub community of creosotebush,
'ng saltbush of San Simon.

tarbush, sand -dune mesquite, and

Figure 3. Exposure of sand -dune mes-
quite by an eroding wash. Note profuse
branching at ground level and extensive
root system.

Under contract research with the
Bureau of Land Management, the De-
partment of Watershed Management,
University of Arizona undertook a
project in 1962 to study the problems
of revegetation of the San Simon. The
first phase of that project, brush con-
trol, is reported here.

Studies were initiated in 1963 on
the valley floor northeast of Bowie
and on the bajadas south of San
Simon, Arizona. Study sites were se-
lected from typical rangelands, freely
traversed by cattle as they moved be-
tween water tanks and grazing areas.
The sites were subsequently fenced
and excluded from grazing. The Bowie
Site has two distinct plant communi-
ties; one is creosotebush ( Fig. 1) and
the other is sand -dune mesquite ( Fig.
2) . Sand -dune mesquite appears to
grow as a small colony of profusely -
branched plants. This appearance is
deceptive because often only one plant
is present having branched profusely
at the ground level ( Fig. 3) . Both
mesquite and creosotebush may have

(Please Turn Page)
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extensive lateral root systems and mes-
quite in addition may have deep tap
roots. In certain areas wind -blown
sand may collect around the stems of
mesquite forming dunes up to 3 feet
in height and 10 to 15 feet in diameter.
( Further east in New Mexico the
dunes are frequently twice as large) .

The vegetation of the San Simon site
was a mixture of sand -dune mesquite,
creosotebush, tarbush, and four -wing
saltbush ( Fig. 4 ) . The soils of this
site were finer-textured and dune for-
mation around mesquite was slight.

It was necessary in the beginning
of the program to evaluate several
methods of brush control. This con-
trol was for the express purpose of
establishment and maintenance of sub-
sequent seeded species which, accord-
ing to principles of revegetation,
would require some manner of seed-
bed preparation. Mechanical shrub
control was therefore given major em-
phasis to facilitate and utilize conse-
quent soil disturbances. Also neces-
sary was the determination whether
complete eradication or moderate con-
trol would be adequate for the suc-
cessful seeding of a perennial grass.
Thus, seeding studies were made in
conjunction with the brush control
treatments seeding results will be
reported later.

The initial studies on shrub control
employed the root plow, anchor chain,
pitting disk, and rotary brush chopper
as control implements. The root plow-
ing was accomplished with a Fleco
Root Plow at depths of 10 inches for
creosotebush and 14 to 18 inches for
sand -dune mesquite and mixed -shrub
communities. The anchor chain
weighing about 100 pounds per link
was dragged over the vegetation twice,
the second pass was in the opposite
direction over the first pass. The pit-
ting disk was custom made having 30-
inch disks with a portion of each disk

Table 1. Average percent control of shrubs by various methods at
the Bowie Site for the period 1963 -1966.

Year
Treated

Method of
Treatment

Shrub
Mesquite Creosotebush

1963 Root plowed 98 86

1964 Root plowed 86 78
Disk plowed NT1 72
Chained : pitted 13 40

1965 Root plowed 89 80
Disk plowed 83 79
Chained: pitted 40 37

1966 Root plowed 90 94
Disk plowed 91 95
Chained : pitted NT 34

NT: Treatment not included or rejected.

cut off to create interrupted furrows
or pits.

Precipitation in this area is bisea-
sonal with about 58% in July through
September and the remaining 42%
during the winter. The seasonal ef-
fect on mechanical shrub control was
evaluated. The first treatments of
the year were in March while some
soil moisture remained from winter
precipitation but temperatures were
too low for appreciable growth on
mesquite and creosotebush. The sec-
ond treatments were in June when soil
moisture was extremely low but tern -
peratures were favorable for growth.

Each shrub control method was con-
ducted on plots measuring 100 by 200
feet and each was replicated four
times under experimental designs fa-
cilitating statistical analysis of data.
Various aspects of these treatments
were continued from 1963 through
1966. In 1964 a large disk plow was
added to the list of implements for
shrub control studies.

While it was recognized that these
shrubs would resprout after removal
of top growth, the rate of recovery
was not known. Early observations
indicated brush chopping or chaining
were ineffective control measures for

Table 2. Average percent control of shrubs by various methods at
the San Simon site for the period 1963 -1966.

Year
Treated

Method of
Treatment

Shrub
Mesquite Creosotebush Tarbush

1963 Root plowed 93 90 100
1964 Root plowed 97 99 95

Disk plowed 77 96 96
Chained: pitted 30 69 80

1965 Root plowed 93 94 93
Disk plowed 75 77 80
Chained : pitted 23 50 61

1966 Root plowed 93 86 88
Disk plowed 97 97 98
Chained : pitted 24 54 70

8

mesquite and creosotebush. These
measures removed top growth with
very little damage to the crown of the
plants. Initial regrowth during 1963
was vigorous and by 1967 shrubs re-
ceiving these treatments had nearly re-
gained their original size and density.

The use of the pitting disk was a
very inefficient shrub control meth-
ods. While numerous depressions
were created for detention of surface
water, only an occasional shrub was
uprooted or damaged.

A combination of chaining and pit-
ting decreased the density of mes-
quite from none to 40% and creosot -
bush about 50%. This degree of shr
control was not considered adequat
but the pits were generally deeper and
more effective in moisture retention
in this combination. In years having
above average rainfall, fair stands of
grass could be established on such
treatments. Regrowth of shrubs, how-
ever, could restore the original shrub
cover in 3 to 6 years, especially sand -
dune mesquite. When the longevity
of control is considered, anything less
than 90% is believed inadequate for
any control method. Otherwise, re-
growth and reinvasion might occur
rapidly enough to nullify the intial
expense.

Experience and observations indi-
cate that 95 % or better control can be
achieved and should be the minimum
accepted. Both root plowing and
disk plowing can achieve this level if
conscientious work is performed. Only
those methods which severe the crown
of the plant from the roots appear
promising for long -term control. It
was necessary to plow mesquite at
depths of 12 to 16 inches and creosote-
bush at depths of 8 to 12 inches in
order to cut below the crowns ( Fig.A
and 6 ) . It is of additional importan



'th the disk plow to cut below the
wn level to avoid undue stress on

quipment. A proper -sized disk plow
would weigh 1000 pounds or more per
foot of swath.

Summarized in Tables 1 and 2 is the
percent control afforded by the better
control procedures studied at the
Bowie and San Simon sites. Limited
observations indicate that fourwing
saltbush was not well controlled by
plowing or other treatments. The
sprouting characteristics of this shrub
are apparently different than creosote -
bush or mesquite. However, this is a
fortunate circumstance because this is
a palatable browse plant and a desir-
able component of the vegetation.

Generally there were no significant
differences between March or June
shrub control treatments. Exceptions
to this were from treatments removing
primarily the top growth or from in-
adequate plowing treatments during
years when soil moisture was much
higher than normal in March. Par-
tially uprooted plants can recover if
adequate soil moisture is present.
During June the soil moisture is below
the wilting point, the level for incip-

t plant growth, and partially
Wted plants generally die. Mechani-

cal shrub control tends to be more
effective when soil moisture is low un-
less a conscientious job of plowing is
performed under higher soil moisture
conditions.

Figure 5. A large two -way disk plow ef-
fectively cutting and uprooting sand -dune
mesquite, above, and Figure 6, below, shows
the root plowing in a creosotebush com-
munity with the cutting and lifting action
demonstrating effective shrub control.

9
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Rootstocks for Valencia Oranges e
& Lisbon Lemons in Arizona

by D. R. Rodney, R. M. Allen & R. H. Hilgeman°

The selection of rootstocks for citrus
trees is complicated because of the
many factors involved. Some of these
factors are : physical characteristics of

Figure 1. Two experimental rootstocks are
shown in photo at left, from left, a one
year old sour orange and a nine month
old rough lemon.

*Horticulturist at the Yuma Station, Plant
Pathologist at the Plant Pathology Depart-
ment in Tucson, and Horticulturist at the
Salt River Valley Citrus Farm, near Phoenix,
respectively.

soil and calcium content; types of
salts in the irrigation water; adapta-
tion of the rootstock to the above sit-
uations and the characteristic growth
and fruiting responses induced in the
trees under these conditions; and the
tolerance of the rootstock to common
viral and fungal diseases.

The tolerance or susceptibility of
citrus rootstocks to the disease caused
by the fungus, Phytophthora, which is
commonly known as foot rot or brown
rot gummosis, is of major importance,

Table 1. Comparative Performance of Rootstocks with Valencia
Orange and Lisbon Lemon Scions in Arizona.

Tree and Fruit, Growth & Yielda

Sandy Soila Loam Soila
Orange Lemon Orange Lemon

Fruit
Size'

Total
Soluble
Solids

Rough Lemon 1 1 1 1 L L

Rangpur Lime 1 1 1 1 M L

Citrus
Macrophylls 1 1 1 1 M L

Sour Orange 3 2 2 1 M H

Cleopatra
Mandarin 3 2 3 S H
Willowleaf
Mandarin - - 1 - M H

Sacaton
Citrumelo 2 3 2 1 L M

Troyer
Citrange 2 2 3 2 M M
Sweet Orange 3 3 3 2 M H
Grapefruit H

a Sandy soil -Yuma Mesa and Wellton Mesa; sandy loam -Salt River Valley and Yuma Valley:
1 = large tree or yield, 4 = small tree or yield.

b L = Large M = Medium S = Small
H = High M = Medium L = Low

d R= Resistant; MR= Modernately Resistant; S = Susceptible
e Uptake from high calcium soils 1 = adequate; 2 = intermediate; 3 = inadequate
f Uptake under high concentrations 1 = low; 2 = intermediate; 3 = high
Insufficient evidence on which to base judgment is indicated by -.



since it is the major cause of tree
deaths in Arizona.

At present there appears to be very
trees in this state affected by the

s causing tristeza (California
quick decline) and although we have
seasonal populations of the aphids
(Aphis gossypii) capable of transfer-
ring the virus, there has been no
known spread of the disease under
field conditions.

The accompanying chart was pre-
pared as an easy reference guide to
the advantages and disadvantages of
each of 10 common rootstocks for Va-
lencia oranges and Lisbon lemons.

In columns 1 to 4, vigor and yield
are indicated by numbers 1 to 4 with
"1" being the most vigorous. The
first 3 rootstocks are rate "1" on both
soil types, while on loam soil, Sour
orange, Willowleaf mandarin and Sac -
aton citrumelo are also rate "1."

Small fruit size is not a major prob-
lem in Arizona and only Cleopatra
mandarin is rated as inducing small
fruit size ( col. 5) .

The 3 vigorous rootstocks, Rough
lemon, Rangpur lime and Citrus mac-
rophylla, produce fruit with low total
solids in the juice ( col. 6) . This is
a disadvantage if these rootstocks are
used for oranges but not if used as
rootstocks for lemons. Young trees
on Rough lemon rootstock frequently
produce elongated fruit with thick,
coarse peel and because of the lower
solids, Valencia oranges freeze at tern -
peratures about 1 degree (F.) higher
than fruit of trees on Sour orange
rootstock.

Columns 7 to 10, indicate the rela-
tive resistance or susceptibility of the
rootstocks to the most common dis-
eases affecting citrus trees in Arizona.
Susceptibility to a disease means that

the susceptible rootstock should be
budded only with buds that are known
to be free of the disease (if it is a
virus disease as tristeza, xyloporosis, or
exocortis ) or that the risk should be
recognized as in the case of the disease
caused by the fungus, Phytophthora.

The expected responses of the root-
stocks to borderline deficiencies of
iron and zinc are indicated in columns
11 and 12, and expected responses to
excesses of chlorine and boron are in-
dicated in columns 13 and 14. If
using a rootstock having an intermedi-
ate or low ability to pick up a micro -
nutrient, that nutrient should be sup-
plied when the leaves show deficiency
symptoms. Excesses are not easily
corrected; so if citrus is to be planted
in an area where an excess is known
or suspected to exist, one should avoid
rootstocks which will pick up a high
amount of the excess element.

ble 2. Comparative Performance of Rootstocks with Valencia Orange and Lisbon Lemon Scions
in Arizona.

Disease Tolerance' Nutrition

Tristeza

(Quick Decline)

X yloporosis

(Cachexia)

Exocortis

(Scaly Butt)

R MR R

R S s

S S R

S R R

R MR R

R R R

R R S

s R S

R R R

S R R

Phytophthora

(Foot Rot)
s

De f iciencye Excess'

Iron Zinc Chlorine Boron

s

MR

R

MR
MR

R

MR

s
MR

2 1 2 2

2 1 1 2

1 2 2 1

1 2 2 2

2 1 1 3

2 1 1 3

2 2 2 2

2 3 3 2

3 2 2

3 3 2

a Sandy soil -Yuma Mesa and Wellten Mesa; sandy loam -Salt River Valley and Yuma Valley:

1 = large tree or yield, 4 = small tree or yield.

b L = Large M = Medium S = Small

H = High M = Medium L = Low

d R = Resistant; MR= Modernately Resistant; S = Susceptible

e Uptake from high calcium soils 1 = adequate; 2 = intermediate; 3 = inadequate

take under high concentrations 1 = low; 2 = intermediate; 3 = high
u f f icient evidence on which to base judgment is indicated by -.

11



AGRICULTURE

IN A CHANGING

ENVIRONMENT
by Elmer L. Menzie

In a February issue of the Wall
Street Journal, there was an article
entitled, "Fading Farm Bloc." This
article discussed the shift in political
power of recent years resulting in de-
clining power for agriculture in Con-
gress. This is, of course, a function
of agriculture's changing position in
the economy and the rise of new and
more pressing challenge out of that
change.

Total gross farm income in the U.S.
exceeded $47 billion in 1968 but ac-
counted for less than 6 percent of the
total gross national product. Farm
population in 1968 represented 5.3
percent of the total population and
was only 1/3 the farm population of
1940. The number of farms has de-
clined from nearly 6 million in 1945
to just over 3 million in 1968.

Farm Inputs and Production
Changing

Farm inputs have been changing
significantly as has production. The
farm labor force in 1968 was less than
half the level of 1950, mechanical
power and machinery was up by
about 1/3, and fertilizer and liming
material inputs were increased by
over 3 times in the past 20 years. Total
estimated physical inputs have only
risen about 10 percent since 1950,
while output has climbed over 40 per-
cent, indicating the increasing effi-
ciency of production ( see Figs. 1

and 2) .
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Output has had similar interesting
changes. Cattle numbers have risen
to unprecedented heights of over 109
million with heavy emphasis on pro-
duction of beef while dairy herd num-
bers continue to decline. Increased
productivity has permitted consump-
tion of beef per capita to rise to 109
pounds from about 65 pounds in the
early 1950's. Corn production is nearly
double the levels prior to 1940 with
yields increased about 21/2 times.
Wheat yields are nearly double the
pre -World War II levels, and cotton
yields are more than double.

Capital Requirements High
As farm numbers and farm labor

have declined, capital inputs and farm
size have increased significantly.
Farms with sales exceeding $40,000
were 2.9 percent of the t ' tal in 1960
and accounted for one -third of the
cash receipts from farming. In 1968,
there were 6.4 percent in this category,
and they accounted for nearly one -half
of the total cash receipts. Commercial
farms ( farms with gross sales exceed-
ing $2500) had an estimated average
value for the 48 states of $100,400 in
1968, up from $74,400 in 1964. In
Arizona the 1968 value was placed at
$556,900. U.S. farmland values rose
by 70 percent in the last decade.

Market Competition Increasing
Synthetics and other product inno-

° Professor of Agricultural Economics.

vations are a constant threat to tra-
ditional producers and are likely to
increase in the future. Positive ap-
proaches through product improve-
ment, lowered costs, etc., will be need-
ed to meet the challenge. At the same
time, it must also be recognized that
major changes in consumer demand in
domestic markets will come only 'n
the form of product quality and s
ice. Significant increases in per capi d
consumption can no longer be ex-
pected and, if a drive to control popu-
lation expansion is successful, growth
from this source will also decline.

World markets have continued to
expand, but competition worldwide is
increasing as production grows in
other areas. Europe is faced with
growing surpluses and severe resource
adjustment problems associated with
technological advancements there.
Production in many developing coun-
tries of the world has been increasing
with the result that their deficits are
not only being met, but surpluses are
being produced for export.

What is the significance of all of
these developments, and where do we
seem to be heading? The economy in
general is in a state of relative afflu-
ence in terms of traditional goods and
services. Consumers now spend only
about 16 -17 percent of their incomes
on food, and much of that goes for
services. The high levels of tech-
nology and potential for future
velopments have removed the thr



Figure 1
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of famine in the immediate future for
much of the world. There are still
immense problems of production, but
those of distribution tend now to be
more limiting than production.

The developed countries such as
e U.S. continue to face problems of
rsupply in agriculture, but the

recognition that there are two major
and distinct problems in agriculture
has begun the shift in emphasis on
programs. The poor in the rural sec-
tor are being looked upon as a prob-
lem of welfare and development in a
national sense and not part of the
commercial agriculture problem. The
commercial agriculture is growing in-
to a state of organization which is
losing its traditional public identity
and sympathy.

New Approaches Necessary
Commercial agriculture will have to

face up to the new circumstances.
Capital requirements are becoming
too great for traditional means of for-
mation. Thus, the entry of the large
corporate firm and other means of
public finance. At the same time, the
need to develop a bargaining position,
to reduce processing and distribution
costs, and to meet consumer demands
are resulting in various means being
developed to create market ties,

Orough integration, contracts, etc.
he new forms of farm and market

organization will not only require new
sources of capital but new skills, both
in technical and management fields.
As the firm grows, it will become more
independent of public forms of assist-
ance in management and in research
needs. As a result, a new focus needs
to be developed with respect to the
use of public resources in agriculture.
Research will still be required to
develop fundamental basic ideas to
be applied by the commercial units.
However, research will more and more
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need to be focused on the social and
welfare problems, both of the rural
and urban "misfits" which have re-
sulted from years of change in agri-
culture. At the same time, environ-
mental problems, resulting from the
mass production technological era in
both agriculture and industry, must be
met. To do this will undoubtedly re-
quire further drastic changes in or-
ganization and methods of production.

Extension and teaching at all levels
must recognize the changes in society
and take on a new role to meet the
needs in this new environment. As
the commercial farmer takes over, the
focus must be on education to pro-
vide the have -nots of our society with
the means to cope with the changes.
For those who are not have -nots,
there are also significant problems of
adjustment, and it should be accepted
as the role of educational institutions
in general to prepare all people to
adapt and meet change with minimum
friction. Education at all levels must
also play a role in trying to create
conditions for improvement in the
environment and quality of life in
general.

Finally, I believe we do have a
broader role to play in the world in
general. We must be prepared to ex-
port our ingenuity to other lands so
that they may share in the abundance
which is technically possible by de-
veloping their own skills and physical
resources.

Figure 2
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Elevation & Temperature Effects
on Severity of Maize Dwarf Mosaic Virus
in Sorghum

by R. B. Hine, W. E. Osborne & R. E. Dennis`

Sorghum ( Sorghum bicolor) is one of the most im-
portant agronomic crops in Arizona. During 1968 and
1969 sorghum for grain was grown on about 200,000
irrigated acres at elevations ranging from near sea level
to over 5,000 feet (2 ) . The annual sorghum acreage is
about equally divided between the southeastern and
central parts of the state. Cochise and Graham counties
at 4,000 to 4,500 feet are in the southeast while Maricopa
and Pinal counties are centrally located at 1,000 to 1,500
feet.

Full season hybrids are planted at the higher elevations.
These hybrids are usually planted in May and harvested
in October or November. Sorghum yields at the higher
elevations usually exceed 6,000 pounds per acre, well
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FIGURE I. RELATIONSHIP BETWEEN
MEAN MAXIMUM JULY TEMPERATURE
AND ELEVATION IN ARIZONA
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above the state average of 4,400 pounds. Many different
planting and harvest dates are possible at the lower
elevations.

Many parasitic diseases have been described for sor-
ghum in Arizona (10) but in general the crop was grown
without serious problems until a Maize Dwarf Mosaic
( MDM ) virus epidemic occurred in 1968 ( 5) . In that
year the disease was found in all sorghum producing coun-
ties in Arizona. Although the virus was widespread in
Arizona during 1968 and 1969 it caused serious losses only
in 1968 at elevations over 4,000 feet. In many fields at
the higher elevations disease incidence was more than
90% and severe red -leaf streaking resulted in extensive
loss of leaves. Yields in Cochise County were about 30 ;c
less than normal on most sorghum producing farms in
1968. It was also observed in 1968 that certain hybrids
growing adjacent to other obviously infected hybrids
developed little or no red streaking and that yields were
normal.

The MDM outbreak in Cochise County in 1968 seemed
related to four factors : (1) unusually high aphid vec
populations, ( 2) prevalence of Johnsongrass ( Sorgh.0
halepense as a virus reservoir, (3) an unusually cool
summer, and ( 4) large acreages planted to suscepitble
hybrids. Although widespread, MDM was not an im-
summer, and (4 ) large acreages planted to susceptible
portant factor in production during 1969 and 1970 at any
location in Arizona.

The object of this paper is to report studies that explain
the differences in disease severity at different elevations
and times in Arizona.

MATERIAL AND METHODS
During the spring of 1969 several replicated field plots

were established in areas of high and low elevation to
evaluate the response of certain sorghum hybrids to MDM.
The high elevation plots in Cochise County were at two
locations, Kansas Settlement and Pearce, Arizona, at ap-
proximately 4200 and 4400 feet elevations, respectively.
These tests were planted the first week in May and
harvested the second week in October. The low elevation
test, at approximately 1200 feet, was planted at Tolleson
in April and harvested in September. Hybrids thought
to differ in susceptibility to MDM, from observations in
1967 and 1968, were included in all tests.

During 1969 some of the hybrids were artifically in-
oculated using a previously described technique (4) .

°Professor and Plant Pathologist, Extension Technician, and Ex-
tension Agronomist. The authors express appreciation to the following
growers for their contributions to this study: E. O. Williams and
Eldrid Williams from Pearce, and Floyd Robbs and Boyd Smith f r
Kansas Settlement area.



Table 1. Yield and reaction to MDM of 11 sor-
ghum hybrids grown at Pearce, Arizona
( 4420 foot elevation ) during 1969.

Hybrids
% Moisture Bushel MDM

Yielda at harvest weight rating'

Acco R109
Pioneer 828
Asgrow TTX
Frontier 409
Excel 707
NK 280
Asgrow Jumbo L
Lindsey 788 A
De Kalb F64
PAG 655
Taylor -Evans 77

6087a 11.59 59.6 1
5926a 9.99 58.4 1

5614aó 10.19 58.5 1
4699b 10.03 58.7 1
4388c 9.63 57.0 1
4345c 9.67 58.0 1
4312c 11.15 59.7 1
4183c 11.10 57.6 4
4151c 10.03 59.1 1
3979c 9.77 58.2 1
3947c 9.99 58.3 4

a Yield converted to 10% moisture. Weights followed by a different
letter are significantly different at the 1% level.

b 1 Slight mosaic pattern in leaves.
4 Mottling and red -streaking (necrosis) in leaves.

Johnsongrass inoculated with a strain
of MDM from Kansas Settlement,
Arizona and grown in the greenhouse
was used as a source of inoculum.
Periodic disease ratings were made
using a scale proposed in Texas (1) .
Temperature data were collected from
recording stations at Willcox (eleva-
tion 4200 feet) , Pearce ( 4420 feet) ,

Casa Grande (1405 feet ), and Mesa
(1225 feet) for May, June, July, Au-

t and September, 1968 and 1969.
ld observations were made at

these locations for MDM severity and
incidence during 1968, 1969 and 1970.

RESULTS
Field Studies field plots. Yield

data and MDM ratings of 11 hybrids
adapted to high elevation areas in
Arizona are shown in Tables 1 and 2.
The three highest yielding hybrids at
both test locations were Pioneer 828,
Asgrow TTX, and Acco R -109. Tay-
lor -Evans 77 and Lindsey 788 -A were
the only hybrids that gave a suscepti-
ble, red -leaf reaction. Disease inci-
dence was approximately 10-20% in
the plots at Kansas Settlement and
Pearce. In the replicated test at Tolle-
son there was no difference in reac-
tion to the MDM virus between the
susceptible hybrids Taylor -Evans 77
and Lindsey 788 -A and the tolerant
hybrids NK 280, Pioneer 828, Pioneer
846, Rico, PAG 515, Amak R -12, Lind-
sey 765W, and Excel 505. The disease
incidence at this site was approxi-
mately 80 %, but all hybrids exhibited
only a very slight mosaic pattern with

(bstunting or red-leaf symptoms.
ring 1968, Lindsey 788 -A, Taylor-

Table 2. Yield and reaction to MDM of 11 sor-
ghum hybrids grown at Kansas Settle-
ment, Arizona ( 4200 foot elevation )
during 1969.

Hybrids
% Moisture Bushel MDM

Yielda at harvest weight rating'

Pioneer 828
Asgrow TTX
Acco R109
DeKalb F -64
Taylor -Evans 77
Excel 707
NK 280
Asgrow Jumbo L
PAG 655
Lindsey 788 A
Frontier 409

6621a
6302aó
6022bc
5990bc
5833bcd
5618cá
5547cd
5456d
5444d
5419d
5342d

12.28
12.33
16.30
16.25
12.04
12.39
12.99
12.44
12.55
14.03
15.61

59.6
59.1
58.7
60.7
60.5
59.5
59.1
60.2
60.4

__59.5
57.9

1
1
1
1
4
1
1
1
1
4
1

a Yield converted to 10% moisture. Weights followed by a different
letter are significantly different at the 1% level.

b 1 Slight mosaic pattern in leaves.
4 Mottling and red -streaking (necrosis) in leaves.

Evans 77, DeKalb 65, and Taylor-
Evans 88 were used for much of the
acreage at the higher elevations. The
disease was serious in these four sus-
ceptible hybrids and red -leaf symp-
toms were common. However, during
the warm summer of 1969 symptoms
were mild in all four susceptible hy-
brids. These hybrids also are known
to be susceptible to MDM from tests
and observations in Texas (1, R. W.
Toler, personal communication) .

Elevation, temperature and disease
severity. A graph ( see Fig. 1) of
the mean maximum July temperature
at 91 weather stations located at vari-
ous locations in Arizona shows almost
a straight line relationship for eleva-
tion and temperature with approxi-
mately a 4° F drop in temperature for
every 1000 foot increase in elevation.
Serious disease losses have been noted
only at elevations over 4000 feet and
only during the cool summer of 1968.
Two factors probably reduced disease
severity in the summer of 1969 at high

elevations : higher summer tempera-
tures than in 1968 and widespread use
of resistent hybrids. Susceptible hy-
brids planted in Cochise County in
the warm summer of 1969 were not
as severely damaged as in 1968. Com-
parisons of minimum temperatures at
Willcox ( 4200 feet) and Pearce ( 4420
feet ) between 1968 and 1969 are
shown in Table 3. There were 52
nights at Pearce during July and Au-
gust 1968 when the MDM
totic occurred) when minimum tem-
peratures were 62° F or below, as con-
trasted to 14 nights in 1969 when dis-
ease severity was low. Also, during a
nine day period in 1968 ( August 10-
19 ) the minimum temperatures aver-
aged 51° F with a range from 43 to
57° F. The minimum temperatures at
the low elevation areas ( 500 -1200
feet), where MDM incidence is high
but severity low, are approximately
10 -12° F higher than those recorded
for Pearce and Willcox.

(Please Turn Page)

Table 3. A comparison of minimum temperatures during July and
August, 1968 and 1969.

Night temperatures
at or below (F.)

Location
Pearce (4420 feet) Willcox (4200 feet)
1968 1969 1968 1969

July Aug. July Aug. July Aug.. July Aug.

62
60
58
55
50

22a 30
7 23
1 8

0 4

0 1

7 7

1 0

0 0

0 0

0 0

27
17

11

6
1

27 15
23 6
16 4

9 0

4 0

15
10

4
0

0

a 22 nights during July, 1968 when minimum temperatures were 62° F. or below.
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Maize Dwarf

Mosaic Virus
( from Page 15)

DISCUSSION
Observations from 1967 -1970 indi-

cated that low air temperatures were
related to serious disease development
in susceptible sorghum hybrids grown
in Arizona. Although MDM was corn -
mon at low elevations during this pe-
riod it was serious only at elevations
above 4000 feet, and only during the
cool summer of 1968. Also, stunting,
red -leaf streaking, and yield reduc-
tions have been seen only in suscep-
tible hybrids growing at elevations
above 4000 feet.

Several researchers have noted this
disease -temperature relationship. In
New Mexico, unseasonably cool aver-
age temperatures (maximum 73° F,
minimum 57° F ) for several days in
August, 1966, were correlated with
destructive red -leaf symptoms of the
disease ( 6) . Studies in Texas also in-
dicate that the red -leaf discoloration
is associated not only with genotype
but also with environment. In environ-
mental growth chambers red -leaf
symptoms were induced in certain
diseased hybrids by lowering grow-
ing temperatures from 75 -85° F to
55-65° F for 72-96 hours (9, 11 ) .

Data from 91 weather stations in
Arizona show an approximate 4° F de-
crease in temperature for every 1000
foot increase in elevation ( 3, 7, 8 ) .

The mean maximum July tempera-
tures at elevations of 4000 feet are
approximately 12° F lower than tem-
peratures at 1000 foot elevations.

The four factors apparently neces-
sary for serious outbreaks of MDM in
sorghum are: susceptible hybrids ,

aphid vectors, infected Johnsongrass
as a virus reservoir, and cool temper-
atures. The control of aphids and
Johnsongrass is possible but difficult
and expensive. The third factor, tern -
perature, is uncontrollable and unpre-
dictable. Only one of the factors,
choice of hybrid, may be completely
controlled by the grower. Currently,
most of the 15 hybrid sorghums rec-
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ommended by the University of Ari-
zona for high elevation planting ( 12 )
are known to have a high degree of
tolerance for the MDM virus. There-
fore, the most effective and least ex-
pensive method of control of MDM
will be achieved by self ding and
planting hybrids of sorghum that have
tolerance to the disease.

Temperature effects on severity of
MDM were also noted in sweet corn
in the Phoenix area during the spring
of 1970. Plantings of Golden Cross
Bantam T, a susceptible variety, were
made on February 18, March 14 and
24, and April 6, 14, and 26. Periodic
observations throughout the growing
season indicated that disease incidence
was nearly 100% in all plantings.
Severe leaf -edge scorching, stunting
and yield reduction, however, oc-
curred primarily in the plantings made
in February and March. February and
March minimum and maximum aver-
age temperatures at Phoenix were 35
and 65° F and 45 and 74° F, respec-
t ively. April, May, and June minimum
and maximum average temperatures
were 46 and 80° F, 60 and 96° F, and
68 and 103° F, respectively. The plant-
ings made in April developed a typical
leaf mottle but no leaf -edge scorch-
ing or stunting.
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