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On Our Cover . .

Gerald R. Stairs comes to Arizona as the
Dean of College of Agriculture at the University
of Arizona.

He was appointed to the post after a nation-
wide search for a successor to Harold E. Myers
who served in that capacity for 17 years.

"Dr. Stairs has done outstanding work in the
area of genetics and plant breeding and has
established an international reputation," John P.
Schaefer, University of Arizona President said of
Stairs.

Soft spoken, the new dean has published
more than 60 scientific and general articles in
various publications and has presented papers in
more than 15 countries.
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His research and teaching experiences range
from New England to New York, the State of
Washington and Wisconsin.

The new dean earned a bachelor's degree
from Washington State University, Master's and
Ph.D. degrees from Yale University.

At the University of Wisconsin he was dedi-
cated to research from the areas of comprehensive
land -use planning to air pollution effects on plant
communities.

When Dr. Stairs comes to your community
get acquainted with him. You'll like him.
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where We Stand After 4 Years...

DDT Moratorium

by G. W. Ware, B. J. Estesen & W. P. Cahill'

The moratorium on agricultural use
of DDT in Arizona, which began Jan-
uary 1969, has completed its fourth
year. Since then a Federal ban on its
use was established by the Environ-
mental Protection Agency on January
1, 1973. DDT can no longer be used
on agricultural crops.

This is the second and final report
to appear in Progressive Agriculture

DDT sales information provided to
our Community Pesticide Studies
Project by the agricultural chemical
industry shows that for 1965, 545,000
lbs. were used; 1966, 1,072,000 lbs;
1967, 2,520,000 lbs.; and in the final
year, 1968, 528,000 lbs. were used.

The Arizona Board of Pesticide
Control, after making the DDT mora-
torium decision in 1969, asked the
Entomology Pesticide Residue Labor-

Table 1. Average DDTR residues (ppm ) in green alfalfa.
1967 1969 /969 1970 1971 1972Sampling

Area
Baseline Rd.
Salt River Valley
Pinal County
Yuma County

State average

Aug. Jan. Sept.
.404

Sept. Sept. Sept.
.102 .037 .045 .032 .026
.117 .051 .063 .036 .039
.088 .086 .050 .049 .031
.046 .210 .058 .162 .123

.088 .096 .054 .069 .055

in Arizona on the status of DDT resi-
dues and related degradation products
( DDTR ) following 18 years of un-
restricted use and 4 years of restricted
use under the guidance of the Arizona
Board of Pesticide Control.

atory to monitor the general change
in residues while DDT was not being
used. We began sampling immediate-
ly, and have continued to yearly
monitor green alfalfa and soil from the
same fields, and desert soils adjacent

Table 2. Average DDTR residues (ppm ) in soils
from alfalfa fields taken at 2 -year in-
tervals.

Sampling 1969 1970 Sept.
Area Jan. Sept. 1972

1.64
1.55
0.78

'Salt River Valley 1.58 1.82
Pinal County 169 1.62
Yuma County 0.82 0.75

State average 1.36 1.39

Historically cotton has been the
heavy -use crop, and during the years
of maximum acreage it is estimated
that 4,000,000 pounds of actual DDT
were being used per year in dusts and
sprays.

1.32

Soil and alfalfa samples were col-
lected from the same 10 fields in each
of three major irrigated areas - the
Salt River Valley near Phoenix, Pinal
County and the Yuma mesa and val-
ley. Desert soil samples adjacent to
these areas were also collected from
4 locations each.

In addition, a green alfalfa residue
study which was begun in 1967, was
continued on the 60 -mile Baseline
Road, an eastwest transect in Mari -
copa County. This provided a refer-
ence standard for the moratorium
monitoring.

Results
The analytical results of alfalfa, soil,

and desert soils sampling during the
past 4 years are shown in Tables 1 -3.
These actually represent the residues
at the termination of five growing
seasons, 1968 through 1972. The resi-
dues are expressed as total DDTR,
that is, DDT and related metabolic
or breakdown products, e.g., p, p', o,
p' -DDT and DDE.

Table 3. Average
ert soils
taken at

Sampling
Area

Salt River Valley
Pinal County
Yuma County

State Average

to agricultural areas. These appear to
be the best indicators of DDT residue
changes.
o Head, Department of Entomology; Assist-
ant in Entomology; and Research Associate
in Entomology.

DDTR residues (ppm) in des-
adjacent to agricultural areas
2 -year intervals.

1969 1970 1972
Jan. Sept. Sept.
0.89 0.86 0.60
0.40 0.57 0.44
0.13 0.13 0.13

0.48 0.52 0.39

The alfalfa residues from all four
areas shown in Table 1 appear to have
leveled off at about 0.03 ppm, except
for Yuma County, which had Septem-
ber residues some three -fold of the

(Turn to Page 16)
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Desert Strip Farming

A Way to Make the Desert Green

by G. C. A. Morin, D. K. Parsons, W. G. Matlock and D. D. F angmeier

Introduction
Man has always relied on plants to

directly supply many of his food and
fiber requirements. His supply of plant
material is dependent upon the
amount of solar energy, nutrients and
water available for plant growth. In
large areas of the world, deficient
water resources have restricted the
development of intensive crop pro-
duction.

In arid and semi -arid regions where
solar energy is plentiful and nutrients
generally available, water is the limit-
ing factor. In Arizona, for example, it
is necessary to store water behind
large dams or to mine existing ground-
water supplies to maintain crop pro-
duction. The collection of local rainfall
as runoff for use on nearby cropped
areas offers an alternate and little
used means of meeting a crop's water
requirements in such regions.

Capturing natural runoff to aug-
ment the moisture supplied by pre-
cipitation is called water harvesting.
Desert Strip Farming uses water har-
vested from a collector area to help
supply the moisture requirements of
a cultivated crop on a smaller, farmed
area. The technique was used by in-
habitants of the Negev Desert of the

This project has been supported by a
United States Agency for International De-
velopment grant and by the United States
Water Conservation Laboratory, Phoenix,
Arizona.

** Authors are Graduate Research Associate,
Assistant in Research, Professor and Profes-
sor, respectively, in the Soils, Water and
Engineering Department.
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Middle East prior to the time of Christ
to support a population of over 50,000
city -dwelling flood -plain farmers. Wa-
ter harvesting was also used in north-

ern Arizona by the native Indian pop-
ulation over 1,000 years ago. It is used
to a limited extent in isolated areas
of Arizona and northern Mexico today.

Table 1. Predicted yield of grain sorghum for three collector -area
to farmed -area ratios for selected years and for selected
weather stations in the Tucson area.

Yield ( Pounds of grain/acres)
Rain f all2 Ratio = 8 Ratio = 12 Ratio = 16Year'
(inches)

1900 T 3.0 0

1905 T 0.23 0
1910 T 7.2 1200
1915 T 6.0 '750

1920 T 4.7 450
1925 T 8.2 990
1930 U 4.1 440
1935 U 0.03 0

1940 U 7.6 1400
1945 U 4.1 960
1950 C 6.6 1400
1955 C 9.3 2100

1960 C 5.1 900
1965 C 3.6 150
1970 A 7.5 1400
1970 C 8.6 1900

1971 A 9.7 1500
1971 C 9.1 1600
1972 A 5.4 650
1972 C 11.9 1800

Maximum yield4 2100
Average yield4 860

Number of years with crop
failure4 16

o
o

1200
1100

'760
1100
760

o

o
o

1200
1500

1000
1300
1100

o

1500 1500
1100 1200
1600 1600
2200 2300

1100 1300
370 590

1500 1500
2000 2100

1500 1600
1700 1800
730 810

2000 2100

2200 2400
1000 1100

15 14

Letter following year indicates name of weather station.
A - Atterbury Watershed
C - Campbell Avenue Experimental Farm
T - Tucson Weather Bureau
U - University of Arizona

2 Rainfall is from June 1 until crop is ready for harvest.
3 Crop died during seedlir_ó stage. Rainfall is for 20 -day seedling stage only.
4 For all years and all weather stations (76 data sets) .
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To better understand how crop
moisture requirements are met by the
water -harvesting method of irrigation,
researchers in the Soils, Water and
Engineering Department at The Uni-
versity of Arizona have developed a
computer model of the water supply
and crop systems. The computer
model considers the various water
sources and losses, and the soil and
crop characteristics to calculate the
yield of a crop ( Figure 1 ) .

The water supplied includes actual
rainfall and the volume of runoff from
the collector area. The losses include
consumptive use by the crop, evap-
oration from the land surface, deep
percolation below the maximum root
depth, and surface runoff leaving the
farmed area. The soil characteristics
include moisture- holding capacity and
infiltration rate. Crop characteristics
include root depth, potential daily
moisture needs, drought resistance,
and production function ( yield versus
actual water use) .

The computer model has been used
to predict the success of the Desert
Strip Farming system by obtaining
the yield of grain sorghum for several
collector -area to farmed -area ratios
based on rainfall records in the Tuc-
son area for the years 1900 -1972
( Table 1).

DEEP PERCOLATION

1

Figure 1. BIock diagram at left
illustrating the various inputs
and outputs which are consid-
ered in the Desert Strip Farm-
ing model.

(Turn Page Please)

Watershed
used in 1970

16 acres

Diversion

Figure 2. Overall view above showing relative position of watersheds
and farmed plots at Atterbury Watershed.
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Experimental Verification

To test the validity of the computer
program field studies were conducted
at Atterbury Watershed ( Figure 2) ,

approximately 16 miles southeast of
Tucson, and small plots ( Figure 3 ) ,

were established at The University of
Arizona's Campbell Avenue Experi-
mental Farm.

The cultivated plots at Atterbury
Watershed are located near the head-
waters of Atterbury Wash in an area
where stockraising is the predominant
economic activity. The topsoil
throughout most of the cultivated
area is a clay loam with a caliche zone

Figure 3. Overall view of cultivated plots at Campbell Avenue Experi-
mental Farm during the summer of 1972.

at a depth of four to five feet below
land surface. The cultivated plots are
fenced to protect the crop from live-
stock and rabbits. Soil moisture was
monitored by gypsum blocks and by
taking gravimetric samples. Rainfall
records were obtained from a record-
ing rainfall gauge, and runoff for 1970
was measured with a flume. These
instruments are maintained by the
Water Resources Research Center at
The University of Arizona.

The collector areas were left in
their natural state ( Figure 4) , except
for the construction of earthen dikes

6

which directed the runoff water to the
cultivated plots. Cattle were allowed

to graze in the collector areas which
had a stony topsoil and a caliche zone
within two feet of the land surface.
During 1970, a 16 acre watershed was
used for the collector area and the
farmed area totaled one -half acre.1 In
1970 and 1972, a five -acre colleur
area and one -third acre farmed area
were used ( Figure 2) .

The cultivated plots at Camp;
Avenue Experimental Farm were con-
structed on a level area with a three-
foot-deep sandy loam topsoil. Below
the topsoil is a gravelly sand zone.
Because of the small area availabliat
Campbell Avenue natural rainfall was
augmented by pumped water. This
water was used to simulate runoff
from a catchment area. Soil moisture
was monitored by gypsum blocks, by
tensiometers, and by taking gravi-
metric samples. Rainfall records for
all years were obtained from a record-
ing rain gauge installed near the cen-
ter of the farmed plots.

Irrigated short -season grain sor-

ghum, which has an average yield of
4,000 pounds of grain per acre in the
Tucson area, was used as the first test
crop because of the close correlation
between its moisture requirements
and Tucson's average summer rainfall
distribution ( Figure 5) . The Tucson
area normally -receives about six inches
of rainfall during July, August, and
September. Grain sorghum requires
about 24 inches of water to mature,
thus a minimum of four times the
amount of moisture supplied by the
average rainfall is needed for opti-
mum crop development.

Results
Atterbury Watershed

During 1970, there were 7.5 inches
of rainfall and a measured total of
.66 inches of runoff. Using the collec-
tor -area to farmed -area ratio of 32:1,
approximately 21 inches of runoff
water was supplied to the crop. Thus
it received a combined total of 28
inches of water; Dike maintenance
was a major problem, especially dur-

ing the first month of the growing
season and an unknown amount of

water was lost. Soil moisture measure-
ments and the computer model in-
dicate that the crop water require-
ments were not met during late July
and most of August. The actual yield
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Figure 4. Runoff collector area at

for the grain sorghum planted at a
population of 10,000 plants per acre
averaged 1400 pounds of grain per
acre and varied between 700 and 2000
pounds of grain per acre. The varia-
tion in yield was attributed to uneven
delivery of water to the crop and to
changes in soil type within the field.
The computer model predicted a yield
of 1600 pounds of grain per acre for
that year.

During 1971, there were 9.7 inches
of rainfall and a calculated total of
1.0 inch of runoff. Using the ratio of
15:1 approximately 15 inches of runoff
water was supplied to the crop. Thus
the crop received 25 inches of water.
Soil measurements and the computer
model indicated that crop water re-
quirements were not met during the
last half of August and most of Sep-
tember. However, these measurements
and calculations indicated that soil
moisture conditions were very good
during the critical seedling stage of
the grain sorghum. The actual yield
averaged 1800 pounds of grain per
acre and varied between 700 and 3900
pounds of grain per acre. The varia-
tion again resulted from uneven water
delivery and differences in soil type.
The computer model predicted a yield
of 1500 pounds of grain per acre.

During 1972, there were 5.4 inches
of rainfall and a calculated total of
0.60 inches of runoff. Using the ratio
of 15:1 approximately 9 inches of run-
off water was supplied to the crop.
Thus it received 14 inches of water.
Soil moisture measurements and the
computer model indicated that the
crop water requirements were com-

Atterbury Watershed.

pletely met for less than a week dur-
ing July and August. In addition, these
measurements and calculations indi-
cated very poor moisture conditions
immediately following the seedling
stage. The actual yield averaged 450
pounds of grain per acre and varied
between 0 and 1000 pounds of grain
per acre. The computer model pre-
dicted a yield of 750 pounds of grain
per acre.

The results of 1970, 1971 and 1972
tests for Atterbury Watershed are
summarized in Table 2.

Campbell Avenue Experimental
Farm

During 1970, there were 8.6 inches
of rainfall. Of this total, approximate-
ly 6.5 inches of rainfall was multiplied
with simulated runoff water. One plot
which had a rainfall multiplication
factor of four, received 28 inches of
water, the other plot, which had a
multiplication factor of six, received
40 inches of water.

For both plots soil moisture mea-
surements indicated that the crop
moisture requirements were satisfied
with the possible exception of mid -
July. Because of heavy bird damage,
yields were difficult to estimate. The
yield of the first plot was estimated
to be 3100 pounds of grain per acre.
For the second plot the yield was
estimated to be 3200 pounds of grain
per acre. The computer model pre-
dicted 2200 and 2400 pounds of grain
per acre, respectively.

During 1971, cultivated plots were
constructed which had multiplication
factors of three, four, five, and six.

There were 9.1 inches of rainfall. Of
this total 7.2 inches of rainfall was
multiplied with simulated runoff wa-
ter by the full factor for each plot. One
rainfall event totaled 1.9 inches, and
was only multiplied by a factor of
three for all of the plots. Thus the
total amount of water applied to the
plots was 27, 33, 40, and 47 inches,
respectively.

During the seedling stage soil
moisture measurements indicated that
soil moisture was deficient. In addi-
tion, the measurements indicated
stress during late September. As a re-
sult, the yield varied from 900 pounds
of grain per acre for the plot with a
factor of three to 2000 pounds of grain
per acre for all other plots. The com-
puter model predicted yield between
1600 and 1800 pounds of grain per
acre.

The results of the 1970 and 1971
tests with grain sorghum at Campbell
Avenue Experimental Farm are sum-
marized in Table 3.

During 1972, cantalope, watermel-
on, cucumber and zucchini and Mex-
ican squash were planted. Rainfall of

(Turn Page Please)
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Figure 5. Correlation between
grain sorghum's moisture
needs and Tucson's normal
rainfall distribution.
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Table 2. Comparison of actual and predicted yield of grain sorghum at Atterbury Watershed for the
1970, 1971, and 1972 growing season.

Collector -
area to

Year Farmed -area
Ratio

Rainfall
(Inches)

Water
Supplied
(Inches)'

Actual Yield
( Pounds of grain/acre)
Range Average

Predicted Yield
( Pounds of
grain/acre)

1970 32:1 7.5 28 700 -2000 1400 1600

1971 15:1 11.2 25 700 -3900 1800 1500

1972 15:1 5.4 14 0 -1000 450 750

Water supplied to the crop as rainfall or runoff from a collector -area.

sufficient volume to produce germ-
ination did not occur until July 15th.
This, plus too deep a planting depth,
resulted in poor germination.

All of the plots received approxi-
mately 11.9 inches of rainfall and 17
inches of pumped water or a total of
29 inches of water. The rainfall was
not augmented with pumped water
after October 1 since soil moisture
remained near field capacity and any
additional water would have been
lost as deep percolation.

The zucchini and Mexican squash
grew rapidly after germination. How-
ever, the zucchini fell prey to the
squash -vine borer and only a few im-
mature squash survived. The Mexican
squash, although more resistant to the
vine borer, also suffered severe dam-
age.

The cucumber, cantalope and wa-
termelon plants developed more slow-
ly than both varieties of squash. The
cucumber maintained a long period
of productivity and had a high yield.
Production of cantalope was good;
however, more fruit were left in the
field than were harvested because
they did not mature. Watermelon
yield was highly variable with many
fruit not maturing.

The late rainfall resulted in uneven
germination and prevented maturity
of the crop. These factors reduced
yield and resulted in greater variation
between the plots than would nor-
mally have been expected.

Discussion
Desert Strip Farming is a method

of increasing agricultural productiv-
ity in arid and semiarid areas of the
world by using water harvesting to
augment rainfall. It is not competi-
tive with irrigated agriculture. A digi-
tal computer program was developed

8

to predict the success of the method
in regions of the world where rainfall
patterns and soil characteristics are
known. Data for several stations in
the Tucson area indicated that for a
collector -area to farmed -area ratio of
12, there will be appreciable produc-
tion of grain sorghum in four of five
years. Only a very small improvement
in the success rate can be expected for
larger collector -area to farmed -area
ratios.

Field experiments at Atterbury Wa-
tershed tend to confirm the validity
of the computer model. The results
from Campbell Avenue Experimental
Farm are slightly less conclusive. The
use of a different root development
function which allows for a more
rapid and extensive development of
the root system may be necessary for
that location.

Other problems with the computer
model are that it predicts drying of
the soil more rapidly than the actual
field measurements show and a de-
termination of how much weight soil
moisture conditions during the seed-
ling stage should be given to the
production function is not completed.

Table 3.

Year

The results from the field tests indi-
cate that having good soil moisture
conditions as the crop germinates is
an important factor in the production
of a successful crop.

The computer model and the field
studies indicate that regardless of the
collector -area to farmed -area ratio, the
yield will be highly variable from
year to year and that crop failures
will occur in certain years because of
poor rainfall distribution.

The experiment at Atterbury Wa-
tershed points up an advantage of
leaving the collector area in its natural
condition as it can be used in its tradi-
tional manner, i.e., livestock raising
while the crop is being grown. If the
crop is a failure, only a small amount
of land is lost to the livestock raising
activity. If a crop is produced, then
the land has been successfully used
for both economic activities.

Future project work will include
improving the computer model as a
predictor of success, identifying other
crops which can be successfully grown
with the Desert Strip Farming system,
and further field tests.

Comparison of actual and predicted yield of grain sor-
ghum at Campbell Avenue Experimental Farm for the
1970 and 1971 growing seasons.

Multiplica-
tion

Factor
Rainfall
(Inches)

Water
Supplied
(Inches)]

Actual Yield
( Pounds of
grain/acre)

Predicted
Yield

( Pounds of
grain/acre)

1970 4 8.6 28 3100 2200
1970 6 8.6 40 3200 2400
1971 3 9.1 27 900 1600
1971 4 9.1 33 2000 1700
1971 5 9.1 40 2000 1700
1971 6 9.1 47 2000 1800

Water supplied to the crop as rainfall and pumped water.



VEGETABLES
Last in a Series

by C. Curtis Cable, Jr.

This is the sixth and final article in
a series focusing on the long -run
market outlook for Arizona vegetables
and melons. The first article examined
national trends in production and con-
sumption of vegetables both fresh
and processed. The second article de-
scribed Arizona's industry as it relates
to domestic and foreign production
and demand for vegetables. The
third article was a detailed descrip-
tion of the state's lettuce industry,
and the fourth article discussed the
melon industry. The fifth article con-
centrated on potatoes, primarily be-
cause this product is an excellent ex-
ample of what an industry can ac-
complish through research and devel-
opment, and modern merchandising
techniques.

This final article in the series sum-
marizes the points made in the pre-
vious articles, interprets the trends
that are apparent and their meaning
to Arizona's vegetable industry, and
includes some observations or hy-
potheses as to how the Arizona vege-
table industry may become more
dominant in the U.S. vegetable in-
dustry.

Highlights, U.S. Vegetable
Industry

1- Total U.S. vegetable produc-
tion has increased almost 50 percent
in the past 30 years - from about 14
million tons in 1940 to approximately
20 million tons in 1970.

2 - U.S. production of fresh vege-
tables increased from 7.5 million to
10.5 million tons from 1940 to the mid
1950s, but since then has increased to
a total of only 11 million tons an-
nually.

3 U.S. production of processing
vegetables has increased from 4 mil-
lion to 9 million tons from 1940 to
1970.

4 - Land devoted to vegetable
growing has declined slightly during
the past 30 years; obviously yields per
acre have increased.

5 - U.S. imports of vegetables have
increased appreciably in the past de-
cade; in 1960 the value of imported
vegetables was equal to 6 percent of
the U.S. farm value for vegetables,
and by 1970 this figure had increased
to 14 percent Mexico is by far the
largest source of imported vegetables.

6 - For several years, U.S. per
capita consumption of all vegetables
remained fairly stable at about 225
pounds; however, by the late 1960s
per capita consumption had increased
to 235 pounds.

7 - Consumption of fresh vege-
tables has declined from about 160
pounds per capita in the mid 1940s to
120 pounds by the mid 1960s.

8 - Per capita consumption of pro-
cessed vegetables increased from 75
to 115 pounds during this same time
period.

Numerous factors have contributed
to the shift in consumption from fresh
to processed vegetables. Some of these
are as follows:

Processed vegetables are conven-
ient, saving time in food preparation.

Standardized and dependable
quality of processed foods.

Rising incomes have greatly in-
creased the demand for services in
many households.
o Marketingarketing Specialist, Cooperative Exten-
sion Service.

Increased employment of women
expanded demand for processed con-
venience foods.

A much greater increase in retail
prices for fresh vegetables compared
to processed vegetables.

Changes in taste and eating
habits such as appreciable increase in
away- from -home eating.

Highlights, Arizona
Vegetable Industry

1- The annual production of vege-
tables in Arizona approximated 600,-
000 to 700,000 tons a year during the
past 15 to 20 years.

2 Arizona is the nation's fourth
ranking vegetable growing state, but
accounts for only 5 percent of the
total vegetables produced in U.S.;
California accounts for 40 percent,
Florida 15 percent and Texas 10 per-
cent.

3 - Lettuce is the main vegetable
crop in Arizona, accounting for about
two -thirds of the total value of the
state's fresh vegetable production
however, Arizona lettuce accounts for
only about one -fifth of the nation's
total.

4 Arizona produces three differ-
ent lettuce crops per year - in the
late fall, winter and early spring -
total output of these three crops has
slowly declined during last few years.

5 The late fall lettuce crop has
been declining, the early spring crop
has been declining slightly, and the
winter lettuce crop has been grad-
ually increasing.

6 - Yield per acre of lettuce has
gradually trended upward during past
20 years in Arizona, although yields
are highly variable from year to year.

7- Prices growers receive for let-
tuce have remained relatively con-

(Turn Page Please)
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stant from 1950 to 1970 that is,
there is no evidence of any upward
or downward trend although there
has been considerable variation in
prices from year to year.

8 As a result of fluctuations in
acreage, yield and price from one
year to the next, there have been large
year -to -year swings in crop values and
profits realized from lettuce.

9 Possibly this uncertainty of
profits partially explains the decline in
acreage and production of late fall
and early spring lettuce crops.

10 - Cantaloups are the second
most important vegetable crop pro-
duced in the state; and Arizona ranks
second behind California in the pro-
duction of U.S. cantaloups.

11 At present it does not appear
that imports of melons from Mexico
or elsewhere will compete directly
with U.S. melon crops, because of
differences in production - shipping
seasons.

12 - Competition from fresh fruits
appears to be a major roadblock to
expanding U.S. melon consumption.
However, more aggressive promotion
may increase sales volume of melons
in both U.S. and foreign markets.

13 - It appears that there is a po-
tential market for cantaloups and
honeydew melons in Japan, but this
market must be developed and main-
tained to be of permanent benefit to
Arizona producers.

14 Per capita consumption of
cantaloups in the United States has
remained fairly steady during past 20
years, and declined slightly for water-
melons.

15 - Arizona was the major pro-
ducing state of spring cantaloups
throughout the early 1960s, but since
then Arizona's production has de-
clined and the production in Cali-
fornia and Texas has increased.

New Products Inject Vitality
into Potato Industry

1 Early in the 1900s the per
capita consumption of potatoes in the
U. S. was approximately 200 pounds.

2 - By 1952 per capita consump-
tion had declined to a low of 102
pounds.

3- Consumption remained near
this level throughout most of the
1950s, then in early 1960s people
started to eat more potatoes.

4 From 1967 to 1971 per capita
consumption of potatoes increased
from 111 to 121 pounds.

lo

5 The large decline in consump-
tion of potatoes during the early 1900s
was caused by the decline in use of
fresh potatoes; this decline has con-
tinued up to the present dropping
from approximately 90 pounds in the
late 1950s to less than 60 pounds in
the early 1970s.

6 This decline in the use of fresh
potatoes has been more than offset
by increases in use of processed potato
products.

7 As late as 1957 per capita use
of all processed potato products was
only 15 pounds, since then this use
has steadily increasd to more than
60 pounds in 1971.

8 For the first time in history,
per capita consumption of processed
potatoes exceeded the use of fresh
potatoes in 1971.

9 Obviously, many consumers
have substituted processed potato
products for fresh potatoes in their
diets.

There are various and numer-
ous factors contributing to the in-
creased consumption of processed
potatoes. Some of the more im-
portant ones are: Retail price
trends; convenience of ready -to-
cook or heat -and -serve products;
rapid increase in number of meals
eaten outside of home; development
of new products; and merchandis-
ing efforts of the potato industry.

There is ample evidence that
the potato industry has stimulated
consumption as a result of new and
easy to prepare products. In fact
the upturn in consumption of all
potatoes did not begin until new
products were developed, accepted
and became available in both fam-
ily and institutional sized packages.

Most new products have to
be merchandised. That is, consum-
ers have to be convinced to de-
mand the product because of con-
venience, nutritional value and sim-
ilar attributes. The national potato
promotion board has announced a
nationwide program to further in-
crease the consumption of potatoes

both fresh and processed.

Conclusions
This broad review of production

and marketing trends for vegetables
in the U.S. and Arizona brings up
certain points that Arizona vegetable
growers should consider.

It appears that the Arizona vege-

table industry, except for lettuce and
cantaloup production, plays a vital
role of "market -gap filler" for the na-

tion's vegetable supplies. That is, pro-
duction of some vegetables in Arizona
is primarily for the purpose of filling
a 2 to 4 week gap in supplies that
occur between the availability from
other major vegetable growing areas
such as those in California, Texas and
Florida. If this is true, leaders in Ari-
zona vegetable industry should thor-
oughly analyze and probe for possi-
bilities for widening these market
gaps, and thereby increase the poten-
tial market for Arizona grown vege-
tables.

There are possibly two major rea-
sons why Arizona fulfills this role in
the nation's vegetable industry:

1. Although the state is blessed
with ample sunshine and excellent
climate for the production of vege-
tables, the cost of growing many vege-
tables is apparently as high or higher
in Arizona than in many other areas
in the U.S.

2. California production areas have
approximately a one day market ad-
vantage over Arizona for supplying
the large west coast markets for vege-
tables. Similarly, large production
areas in Texas, Florida and other
southern states have a 2 to 4 day
market advantage over Arizona for
supplying the Midwest and North-
eastern consuming centers.

In view of these apparent disad-
vantages in production and market-
ing costs, it seems obvious that Ari-
zona vegetable growers should:

1 Strive to efficiently produce
and market high quality products and
to emphasize this quality as a major
point for an aggressive merchandising
program.

2 Take advantage of climatic
conditions for producing specialty
products and entice people to demand
these products of excellent and un-
usual flavors.

3 Increase the efforts to continu-
ally expand U.S. market outlets for
fresh vegetables, and be constantly
alert for the potential of processing
greater quantities of vegetables in the
state.

4 Fully explore and evaluate the
potential for increasing foreign sales,
keeping in mind the ever -changing
technologies in handling, preservation
and transportation, and the rising
levels of living of peoples throughout
the world.
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Figure 1. Fully expanded and young leaflets collected from 13 alfalfa
clones showing variation in size and shape.

Productivity
Indicators in Alfalfa

by R. H. Delaney and A. K. Dobrene

Introduction

What does the ideal alfalfa plant
look like? Will it have wide, heart
shaped leaflets with short petioles and
stems with long internodes or should

it have narrow, linear leaflets with
long petioles and numerous inter -
nodes on each stem? Such questions
are currently b e i n g considered by
University of Arizona Scientists work-
ing to improve alfalfa productivity.

Table 1. Several factors measured on alfalfa
determine relationship with yield.

Average rate
Clone of CO2 Leaflet

incorporation width
mg CO2 dm -2 hr -1 (mm)

clones and used to

SLW
mg/cm-2

Average
yield

(g /plant)
1
2
3

4
5
6

7

8
9

10
11
12
13

26.1
27.0
21.9

19.7
23.0
21.0

19.4
24.1
22.7

20.9
22.8
21.7
18.6

10.0
8.2

12.5

12.2
9.7

12.9

13.5
9.3

10.7

11.0
11.1
12.8
17.7

4.14
4.47
3.48

3.65
3.53
3.86

3.52
4.14
4.07

3.72
3.78
4.25
3.86

23.3
34.1
33.8

31.7
27.7
28.8

20.9
30.0
38.0

25.6
25.2
18.0
61.6

Scientists are beginning to realize
that future progress made by plant
breeders on improving the yield of
crops such as alfalfa may depend on
the selection of morphological and
physiological plant characteristics. To
date, tremendous increases in yield
have been due largely to insect and
disease resistance. Researchers at the
University of Arizona are looking at
plant characteristics such as leaflet
size, shape, area, and thickness. They
are also determining the relationship
between these morphological features
and the rate which a plant incorpor-
ates carbon dioxide. These character-
istics are relatively easy to measure,
and if they are related to yield, could
serve as valuable guides for plant
breeders to isolate superior germ-
plasm to include in new cultivars
( varieties ) . This does not mean there
will be reduced emphasis on disease
and insect resistance. For example,
only those alfalfa plants which display
the ability to tolerate biotypes of the
spotted alfalfa aphid will be used to
isolate clones which vary in leaflet
size, shape and thickness and these
will be used to determine the rela-
tionship between such characteristics
and yield.

Experiments in Progress
Thirteen plants were selected from

an established field of Mesa -Sirsa
alfalfa and used to evaluate the range
in leaflet width, specific leaf weight
( SLW ) carbon dioxide incorporation
rate ( photosynthesis ) and yield. Num-
erous cuttings were made from each
of the individual plants which dis-
played a wide range in leaflet size
and shape ( Figure 1 and 2) . These
cuttings were space planted 60 cm
apart in the field and after establish-
ment all measurements were made
on these field grown plants. At each
harvest, stems were cut from the
plants and photosynthetic rates (mg
CO2 dm -2 hr -' ) were measured in the
laboratory with an infrared gas ana-
lyzer. This instrument can detect a
change as small as 0.5 ppm CO2 in the
atmosphere surrounding the plant.
Light intensity during measurements
in the laboratory was similar to that
in the field. Harvests were made six
* Former Research Assistant, now Assistant
Professor of Crop Physiology, University of
Wyoming, Laramie, Wyoming; and Pro-
fessor of Agronomy and Plant Genetics, Uni-
c c rsi ty of Arizona.
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Figure 2. Variation in leaflet size among clones is illustrated by the
number of leaflets required to make 60 cm2 from clone 2 (A) and
clone 13 (B).

times during the growing season and
the data presented in Table 1 are
averages of all harvests.

Yield and Photosynthetic Rates
Clone 13 produced the largest

amount ( 61.6 g /plant ) of dry forage
per harvest when averaged over the
entire growing season. This clone
averaged over three times as much
forage per harvest as clone 12 and
yielded nearly 40 per cent better than
any of the other clones.

Average yield and apparent photo-
synthetic rate ( incorporation of CO2
of the thirteen clones are compared in
Table 1. There was no relationship
between the photosynthetic rate ( mg
CO2 dm-2 hr -' ) and yield of alfalfa
over the growing season. Yield was
high in the spring, dropped 60 per
cent by the fourth harvest and re-
mained low for the remainder of the
growing season. Photosynthetic rates
were highest at the June and Septem-
ber harvests. Correlation coefficients
were used to evaluate the relationship
between yield and photosynthetic
rates of the individual clones. This
correlation coefficient was r = + .05
which indicated that photosynthetic
rate per unit leaf area could not be
used to isolate higher producing
plants. However, when photosynthetic
rate per unit area was multiplied by
total leaf area per plant a good rela-
tionship was found. Higher yielding
clones incorporated more total CO2.
The correlation between CO2 incor-
porated per plant per hour and yield
was r = + .93.

12

Leaf Width
Clone 13 which had the highest

yield also had the widest leaflets. The
leaflets averaged 17.7 mm in width
compared to clone 2 which averaged
8.2 mm ( Table 1 ) . We found a tre-
mendous range in leaflet width which
was the selection tool that was used
to isolate these clones for this study.
Even though leaflet width changed

photosynthetic rate of the clones.

Those clones which had the widest
leaflets incorporated CO2 at l o w e r
rates per unit leaflet area ( Table 1
and Figure 3) .

Specific Leaf Weight and
Yield

Those clones which had the great-
est dry weight per unit area of leaf did
not yield the best. Specific leaf weight
( SLW ) Table 1, ranged from 3.52 to
4.47 for clones seven and two, respec-
tively. Clones which had small leaves
had a greater SLW which was also
expressed as thicker leaves with more
cell layers. These thicker leaves usual-
ly had much higher photosynthetic
rates.

Conclusion
The plant breeder must know what

combination of plant characteristics
go together to make the ideal alfalfa
plant so these factors can be incor-
porated along with disease and insect
resistance into new higher yielding
cultivars. We have found a wide range
in alfalfa clones for such traits as leaf-
let size and shape, total leaf area
production, and the rate of CO2 in-
corporation. Plants which yield more
definitely incorporate more total CO2.
It will be difficult and may be im-

Figure 3. Photosynthetic rates (PN)
had the largest leaflets.

with environment and season we
found that the clones maintained
their respective rankings regardless of
the temperature. Even though our
highest yielding clone did have the
widest leaflets the low yielding clones
did not necessarily have the narrow-
est leaflets. We did find that leaflet
width was useful in predicting the

were much lower for clones that

possible to isolate one single plant
characteristic which is simple enough
to screen thousands of plants and yet
give a good indication of yielding abil-
ity. However, by building germplasm
banks for heritable characteristics
such as leaf size, photosynthetic rates
and leaf area the breeder can use these
to structure the ideal plant.



Limiting Quantities & Varying Frequencies.. .

Trickle Irrigation on Cotton'

by Dale A. Bucks, Leonard J. Erie and O. F. French2

Introduction

Trickle or drip irrigation has been
described by many as the most excit-
ing thing to happen in irrigation for a
long time. A recent survey at a trickle
'irrigation conference revealed that ap-
proximately 20,000 acres in California
will be irrigated by this method by
11975. This enthusiastic interest has in-
vited considerable discussion on the
merits of this method.

This newer irrigation method has
the capability of applying small, fre-
quent irrigations in contrast to the
customary large, infrequent irrigations
by conventional methods. A series of
low discharging emitters, fitted in a

iplastic pipe, deliver water on the soil

Contribution from the Agricultural Re-
search Service, U. S. Department of Agri-
culture, in cooperation with the University
of Arizona Agricultural Experiment Sta-
tion, Mesa, Arizona.

' Agricultural Engineers and Agricultural Re-
search Technician, respectively, U. S.
Water Conservation Laboratory, 4331 East
Broadway, Phoenix, Arizona 85040.

Table 1.

surface to the plant. Several possible
advantages of trickle irrigation over
other irrigation methods have been
claimed, including increased yield,
higher plant quality, decreased water
usage, increased fertilizer efficiency,
and reduced labor costs ( as summar-
ized by Cole, 1971, and McNamara,
1970.) These potential advantages,
however, have not been entirely
proven.

Early reports of field trials in Israel
(Goldberg and Schmueli, 1970 )
showed marked increases in vegetable
crop yields with trickle irrigation,
often double or more that obtained
with sprinkler or furrow irrigation.
Evaluation of early reports may have
been complicated because fertilizer
was given with the irrigation water
at every trickle irrigation application
during the main season of vegetative
growth, and not given with the other
methods, and because equal amounts
of water were applied for all methods.
Nevertheless, the more frequent
trickle irrigation was of particular im-
portance under conditions of sandy
soils and saline water.

The objective of this field investi-
gation on cotton was to evaluate the
effects of limiting quantities and vary-
ing frequencies of trickle irrigation
for maximum crop producton. Cotton
was not chosen because it would be
economical to produce under trickle,
but because it is a crop which is an
excellent "indicator" of moisture
stress. Only one year's data was gath-
ered and analyzed because summer
climatic conditions in Central Arizona
show little variation between years,
and because cotton production on the
adjoining furrow irrigation study indi-
cated that 1971 was a quite normal
year.

Field Procedures
This study was conducted at the

University of Arizona's Cotton Re-
search Center in Phoenix, on a rela-
tively fine -textured clay -loam soil with
a previous field history of barley for
one year and cotton for three years
prior to barley. The total fertilizer
applied during the previous year and
before planting was 420 lbs per acre
of urea, none thereafter. Deltapine -16
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Available moisture for consumptive use with trickle irrigation on cotton, 1971.

Quantity
of

Irrigations

1.0
Consumptive

use

0.8
Consumptive

use

0.6
Consumptive

use

Frequency
of

Irrigations
(days)

Rainfall
On

All Plots
(inches)

Gravity
Irrigation

April 6 & 10
Water Stored

(inches)

Trickle
Irrigation, May
17 thru Oct. 1

Water Applied
(inches)

Available
Moisture for
Consumptive

Use
(inches)

3
6

12

3
6

12

3
6

12

2.6
2.6
2.6

2.6
2.6
2.6

2.6
2.6
2.6

6.5
6.5
6.5

6.5
6.5
6.5

6.5
6.5
6.5

34.5
34.7
35.0

27.4
27.4
29.0

20.5
20.4
21.8

43.6
43.8
44.1

36.5
36.5
38.1

29.6
29.5
30.9

° Mean of 3 frequencies; 1.0 consumptive use = 41.2 inches (8 -year average) .

Adjusted
Quantity of
Irrigations*

1.06
Consumptive

use

0.90
Consumptive

use

0.72
Consumptive

use
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Table 2. Cotton production with trickle irrigation, 1971.
Adjusted Frequency

Quantity of of
Irrigations* * Irrigations

(days)
1.06

Consumptive
use

0.90
Consumptive

use

0.72
Consumptive

use

Bolls***
(no./plot)

Wt. /Boll
(g)

Lint
(lbs./acre)

3
6

12

3
6

12

3
6

12

1040 a
1103 a
1120 a

1039 a
1059 a
1101 a

934 b
880 b

912 b

4.08 a
4.02 ab
3.99 abc

4.12 a
4.09 a
3.88 bc

3.90 be
3.82 c
3.90 bc

1460 a
1545 a
1530 a

1485 a
1500 a
1510 a

1270 b
1180 b
1260 b

* Mean, four replications.
3** Mean of 3 frequencies; 1.0 consumptive use= 41.2 inches (8 -year average) .
* * Numbers followed by the same letter are not significantly different at 0.05 level by

Duncan's Multiple Range Test.

cotton was planted on April 5; gravity
irrigations were given on April 6 and
10 for germination; on May 10, plants
were thinned to 20,000 per acre on
the plots; and trickle irrigation treat-
ments were conducted from May 17
to October 1. Periodic soil moisture
measurements were made during the
growing season, and hand -picked
yield and boll -count measurements
were made from 15 ft. of each of the
two inside rows on two harvest dates.

A single line of Chapin's "Twin
Wall "3 hose, with an 8 -inch spacing
between outside emitters, was placed
on each row ( 40 inches apart ) for the
36 individual plots, 20 ft. long and 4
rows wide. This is a double -tube sys-
tem where the inner tube has widely-

3 Trade names and company names, when
included, are for the convenience of the
reader and do not imply preferential en-
dorsement by the U.S. Department of Agri-
culture of a particular product or company
over others.

Table 3. Early season cotton
Adjusted

Quantity of
Irrigations**

1.06
Consumptive

use

0.90
Consumptive

use

0.72
Consumptive

use

spaced emitters discharging into an
outer tube with closer- spaced emit-
ters. The discharge was .35 gal. per
hr. per 1 -ft. length. A 100 -mesh screen
filter was used to remove particulate
matter from the water, and the trickle
lines were hand -cleaned whenever
emitter clogging was observed. Water
applications were measured for each
treatment with a turbine vane, house-
hold -type water meter and were con-
trolled by electric time clocks and
solenoid valves.

Management criteria for trickle
irrigation consisted of applying three
quantities, based on ratios of the
plant's consumptive -use estimate, at
three frequencies. These nine treat-
ment combinations were replicated
four times in a split -plot design. The
amount of irrigation water to be ap-
plied was determined by multiplying
1.0, 0.8, and 0.6 by the consumptive -
use rate for periods of 3, 6, and 12
days. The seasonal 1.0 estimate was

41.2 inches, an 8 -year average of soil -

moisture measurements on a standard
furrow irrigation practice at the Cot.
ton Research Center ( Erie et al.,

1968 ) . Figure 1 shows the consump-
tive -use curve to develop management
criteria.

Consumptive use should not be con-
fused with water requirement. Con-
sumptive use, or evapotranspiration,
includes the amount of water used in
transpiration on a given area, in build-
ing of plant tissues, and in evaporation
from the adjacent soil. Water require-
ment is the gross amount of water that
must be delivered to the field. This
requirement consists of consumptive
use plus all losses, including water -
application efficiency, distribution
efficiency, distributon efficiency, deep
percolation, and other reasons for
applying additional water. In this
study, water application and distribu-
tion efficiencies were nearly perfect,
since trickle irrigation laterals were
only 20 ft. long and water applications
were individually controlled to each
plot. Therefore, it was assumed possi-
ble to apply only the amount of water
needed for consumptive use on the
trickle irrigation plots.

Adjacent to the trickle irrigation
investigation was a replicated furrow
irrigation study with an identical cot -
ton variety, plant population, and fer-
tilization practice ( Erie et al., 1972).
A statistical comparison between the
two methods would not be correct,
since furrow treatments were not ran-
domized within the trickle experi-
ment. Nevertheless results from the
most favorable furrow irrigation treat-
ment can serve as a guide to the suc-
cess of the trickle irrigation treatments.

production with trickle irrigation, 1971.
Frequency

of
Irrigations

( days )

3
6

12

3
6

12

3
6

12

Bolls **
(% of full

season yield)
75.4
67.1
69.9

(No./plot)

784 a
740 ab
783 a

750 ab
723 ab
657 be

644 be
548 c
555 c

72.2
68.3
59.7

68.9
62.3
60.9

Lint
(% of full

(lbs /acre) season yield)

1160 a
1120 a
1130 a

1125 a
1075 ab
930 bc

925 be
755 e

780 c
Mean, four replications, harvested October 10 from blossoms set by approximately August 15.

0* Mean 3 frequencies; 1.0 consumptive use = 41.2 inches (8 -year average) .

a # * Numbers followed by the same letter are not significantly different at 0.05 level by Duncan's Multiple Range Test.
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79.5
72.5
73.9

75.7
71.7
61.6

72.8
63.9
61.9
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1. Mean consumptive use for cotton used to develop manage-
ment criteria for trickle irrigation, 1971.

Trickle Irrigation Results
Water applied for consumptive use

including gravity irrigations for germ-
ination, trickle irrigations during the
growing season, and rainfall, is listed
in Table 1, resulting in adjusted 1.06,
0.90, and 0.72 ratios of the consump-
tive -use estimate. Before trickle irriga-
tions were started, soil -moisture mea-
surements showed residual stored
moisture from the germination period
to be 6.5 inches. Most of this residual
moisture remained in the soil profile
for use by plants, because the soil in
this investigation has a high water -
holding capacity. Total rainfall on all
plots for the growing season amounted
to 2.6 inches. The total number of
trickle irrigations was 44, 22, and 11,
respectively, for irrigation intervals of
3, 6, and 12 days. This is as much as
eight times the number of irrigations
used in the conventional gravity
method, which is usually 5 to 8 irriga-
tions.

Two water qualities were used in
the trickle irrigations : approximately
70 r with dissolved salts of 1,750
ppm, and the remainder with dis-
solved salts of 850 ppm. Soil salinity
at the end of the experiment was be-
low 1,500 ppm in the saturation ex-
tract for the top 4 ft. of soil for all
irrigation treatments. The U. S. Salin-
ity Laboratory's Agriculture H a n d-
book No. 60 ( 1954 ) indicates that

salinity effects on cotton at this level
of soluble salts would be negligible.

Seasonal production in number of
bolls per plot, weight per boll, and
lint yield is shown in Table 2. Num-
bers of harvested cotton bolls per
plot showed no significant difference
between the 1.06 and 0.90 consump-
tive -use quantities, whereas numbers
of bolls decreased 16% ( sig. at the
0.01 level) at the 0.72 consumptive -
use quantity, compared to the two
larger quantities. Analysis of variance
showed decreased boll size for the
0.72 consumptive -use quantity as com-
pared with the two larger quantities
to be significant at the 0.05 level. Lint
production for the total season was
not significantly different between the
1.06 and 0.90 consumptive -use quan-
tities, but lint yield decreased 18%
( sig. at the 0.01 level) for the 0.72
consumptive -use quantity. The mean
yield for the 1.06 and 0.90 consump-
tive -use quantities was 3 bales /acre.
Therefore, the soil moisture needed
for high production with trickle irriga-
tion was bracketed near present con-
sumptive -use estimates for furrow -irri-
gation.

Varying frequency of irrigation for
all three quantities did not statisti-
cally affect boll numbers of lint pro-
duction ( Table 2) . Boll size, however,
tended to become slightly larger with
increased irrigation frequency for the
two larger quantities. A possible rea-

son for the absence of a production in-
crease with increased frequency of
irrigation would be increased evap-
oration. Although visual appearance
showed that less than 75% of the soil
surface was moistened for the 1.06
consumptive -use quantity, and less
than 50% was moistened for the 0.72
consumptive -use quantity for any
irrigation during the growing season,
the more frequent trickle irrigations
would increase the number of times
at which maximum evaporation would
occur. Periodic soil- moisture sampling
on this high water -holding- capacity
soil indicated that deep percolation
was minimal, regardless of the fre-
quency of irrigation. Thus, the cotton
plant did not appear stressed by the
infrequent trickle irrigations.

Short -season production shown in
Table 3 is of special interest to irri-
gated acres governed by plow -under
regulations, by long-season pink boll-
worm control, and by a need to con-
serve water. The goal of short -season
production is to maximize early-
maturing boll numbers and size be-
fore the cut -out period. When cotton
was harvested only from bolls set ap-
proximately before August 15, total
production was reduced 25 %, 30 %,
and 34% for the 1.06, 0.90, and 0.72
quantities, respectively. Data also
indicated a trend of increased produc-
tion with the 3 -day frequency in a
short season, even though frequencies
had no effect on full- season produc-
tion. Number of bolls and height of
plants indicated that the more fre-
quent irrigation treatment was con-
ducive to increased early growth of
plants. This trend, however, did not
suggest a definite pattern for the b-
and 12 -day frequencies, and more
detailed study would be required be-
fore a firm conclusion can be made.

Furrow Irrigation Results
The highest mean yield for the fur-

row- irrigated treatments with the
same cotton variety and plant popula-
tion was 3.04 bales /acre ( Erie et al.,
1972 ) . This was for a treatment with
8 irrigations, given when 69% of the
available moisture was depleted from
the top 3 ft. of soil. Soil- moisture
measurements showed the consump-
tive use to be 40.5 inches, or nearly
the same as the consumptive -use
curve used to develop criteria for the
various trickle irrigation treatments
( Fig. 1 ) . The field is dead level, with

(Turn Page Please)
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a 250-ft. length of run, providing a
potential for high water application,
distribution, and storage efficiency.
Although water application was not
measured into individual furrows, esti-
mated water applied, based on time
of irrigations and pump discharge rate
plus rainfall, was no more than 45.0
inches for the entire growing season.
Therefore, distinct difference in yield
or water application did not result
between the furrow and trickle irriga-
tion methods in this field situation.
Where conditions are such that the
furrow method would not give a high
irrigation efficiency, the water re-
quirement certainly could be reduced
by using the trickle irrigation method.

Summary and Conclusions
Quantity and frequency of trickle

irrigation were varied to develop
management criteria for maximum
cotton production and increased
water -use efficiency. Trickle irriga-
tions consisted of 1.06, 0.90, and 0.72
times the present consumptive -use
estimate for furrow irrigation applied
at three frequencies of 3, 6, and 12
days. Lint production for the full
season was nearly the same when
water was applied at 1.06 and 0.90
times and decreased 18% for the 0.72,
treatment. Frequency of trickle irriga-
tion showed no significant effect on
lint production between 3, 6, and 12
days for all irrigation quantities. The
mean lint production for the 1.06 and
0.90 consumptive -use quantities was
3 bales /acre, with late- season produc-
tion accounting for 25% to 30% of
this yield. Results suggest that the
amount of soil moisture needed by the
cotton plant for high production with
trickle irrigation is approximately
equal to the present consumptive -use
estimate for furrow irrigation, and
that increased frequency of trickle
irrigation may not necessarily increase
yields on a fine- textured soil.

Furrow irrigation of cotton on an
adjoining field yielded essentially the
same as the trickle irrigation and re-
quired application of about the same
quantity of water. In this particular
field situation, both furrow and trickle
irrigation methods were efficient.
However, under many field condi-
tions where furrow irrigation would
not result in a high irrigation effici-
ency, trickle irrigation assuredly has
the potential to decrease water re-
quirements. This, of course, will be
dependent upon a properly designed,
managed, and maintained, non -clog-
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ging trickle system which would give
a high water application, distribution,
and storage efficiency. In either case,
the consumptive -use requirement by
the cotton plant has not changed, re-
gardless of the irrigation method.

To further investigate the merits
and feasibility of trickle irrigation, a
3 -year study using trickle irrigation for
table grape producton is now under-
way in Central Arizona. Different
quantities and frequencies of irriga-
tion, to include daily trickle irriga-
tions, are being tested. Advantages
may be greater on a vinyard, where
the spacing between plants is larger.
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other areas. Sampling In January, in-
dicated that the Yuma residues had
declined to levels of the other areas
( 0.035 ppm) . The high September
values for Yuma were also seen in
1969, and 1971. These phenominally
high residues are apparently the re-
sult of climatological conditions not
found in the other sampling areas.

Residues in the alfalfa soils have
declined negligibly ( Table 2) or not
at all since the 1968 growing season.
One change that has been noted is
that the DDT levels are declining
while DDE levels are increasing -- a
residue "tradeoff." Since the decline
is imperceptible the suggested time
required for these residues to reach
one -half their present level is now
estimated to be greater than 20 years,
with the desert soils changing the
least. The desert soils, however, are
sampled only from the top 0.25 inch,
and are most subject to change by
wind -borne deposits, and may change
rapidly in value.

The DDTR residues now found in
Arizona alfalfa and soil are primarily
DDE, the DDT portion slowly being
converted to DDE which is declining
negligibly. As suggested from past
studies, problems arising from DDT
in the future will be attributable to
DDE, the very persistent and chem-
ically stable metabolite of DDT.
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