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Higher Yields
The PLANT -SOIL -MOISTURE re-

lationship can make or break a farm-
er, depending on how he manages it.
Arizona farmers must have done a
good job, for this state now leads the
nation in acre yields of cotton, sor-
ghums, and barley.

These records have been held for
several years and are indicative of the
exceptional abilities of our growers.
Arizona farmers have quickly accept-
ed improved cultural methods and
new strains and varieties developed
through research. The graph above
shows the successful results obtained
through the combined efforts of grow-
ers and those connected with the re-

44

search and educational programs of
our Land -Grant College of Agricul-
ture and the U. S. Department of
Agriculture.

It is encouraging to note that the
highest crop yields per acre were
made during the last eight years. Dur-
ing this period water usage per acre
did not vary appreciably from pre -war
years, as indicated by the Salt River
Valley Water Users' deliveries, even
though the shift from alfalfa and
grain to cotton is an acknowledged
factor. Improved irrigation practices,
varietal improvements and more effec-
tive use of fertilizers and insecticides
have had direct bearing on the in-

These Improved Practices Aid in Water Efficiency
1. Timely irrigations

2. Pre- planting irrigation

3. Levelling land

4. Minimum working of soil

S. Proper use of fertilizers

6. Proper use of insecticides
7. Improved varieties
8. Pure seeds
9. Weed control

10. Overcoming detrimental effects
of saline soil and water
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A Arizona's Production of Cotton, Barley,
and Sorghum plus water use for the period
1926 to 1953. (The heavy line shows the
amount of water which the Salt River Water
Users reported delivered to farmers in the
project, with adjustments for private pump-
ing since 1946.)

creased crop returns. Obviously, these
factors become of paramount impor-
tance with our limited water supplies.

g Agricultureissue of Progressive A riculture
in Arizona is devoted to topics related
to the effective use of irrigation water.

whie4
IN ARIZONA

Vol. VI
July, August, September, 1954

No. 2

Published quarterly by the College of Ag-
riculture, University of Arizona, Tucson,
Arizona, Phil S. Eckert. dean of agriculture.
Reprinting of articles, or use of information
in Progressive Agriculture in Arizona, by
newspapers and magazines is permitted, with
credit.

Entered as second -class matter March 1,
1949, at the post office at Tucson, Arizona,
under the act of August 24, 1912.

Arizona farmers, ranchmen, and homes
makers may have their names placed on
the mailing list to receive Progressive Ag-
riculture at no cost by sending a request to
the College of Agriculture, University of
Arizona, Tucson, Arizona.

Editorial Board: Ralph S. Hawkins, chair-
man; Mitchell G. Vavich, Experiment Sta-
tion; Howard R. Baker, Extension Service;
R. W. Cline, Resident. Instruction; Mildred
R. Jensen, School of Home Economics. Joe
McClelland, editor and ex- officio member of
the board.

Progressive Agriculture Page 2

N

N



Arizona's Water Arab /em
By Harold C. Schwaleñ
Department of
Agricultural Engineering

That Arizona faces a serious prob-
lem in securing a permanent water
supply for its present needs and fu-
ture requirements is well known. The
400,000 -acre expansion in irrigated
acreage in the 5 -year period 1948-
1953, was for the most part in pump
areas.

This development was principally
in areas where the draft upon ground-
water storage had already resulted in
an accelerated rate of lowering of wat-
er levels. The finest water -bearing
formations have been uncovered by
lowering water levels. In general,
specific yields of the aquifer decrease
with depth, the volume of ground-
water in storage is reduced, well ca-
pacities decrease, and total pumping
lifts increase with lowering water ta-
bles.

The speculative appeal of large
profits, almost guaranteed by price
supports for cotton, was a most im-
portant factor in this increase in pump
irrigated acreage. Cotton acreage con-
trols and increasing pumping costs
with decreasing water supplies will
result in the elimination of marginal
producers.

Surface Water Appropriated
Surface waters in Arizona are sub-

ject to appropriation and for the most
part they were appropriated many
years ago. Expansion of irrigated
acreage with surface waters in recent
years has been limited to that from
Colorado River waters.

Variation in annual runoff of Ari-
zona streams is extremely wide and
subject to even greater fluctuation
than is the rainfall upon which it
depends. Even the Salt River Valley
Project with its almost complete con-
trol by storage of the Salt and Verde
rivers may suffer from drouth.

For instance, storage from the run-
off in 1941, of 3,127,000 -acre feet, was
used to carry the Project through the
seven-year drouth which followed.
Unfortunately other areas in this State
do not have the same adequacy of
water supply and storage facilities.
However, even the Salt River Project
has found it necessary to draw upon
groundwater storage for a substantial
part of its water supply.
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Recharge to groundwater basins is
principally from influent seepage from
the sandy channels of surface streams,
canal or ditch seepage and deep per-
colation from irrigated fields. The
primaryrimar source of all surface and
groundwater is precipitation, and
while their immediate sources are oft-
en inseparable the loss of one is the
gain of the other.

The annual precipitation for the
State of Arizona averages a little over
12 inches, or approximately 75,000,-
000- acre -feet per year. It varies from
3.6 inches at Yuma to about 37 inches
at an elevation of 8,000 feet in the
Catalina Mountains near Tucson. An-
nual variations are wide at Tucson a
minimum of 5.16 inches in 1925 and
a maximum of 24.17 in 1905, and at
Phoenix a minimum of 2.85 inches in
1953 and a maximum of 19.73 inches
in 1905. Only years of much greater
than average rainfall or in which
heavy rainfall is concentrated in a
short period of time produce signifi-
cant runoff or groundwater recharge.
Years of average rainfall might almost
be termed drouth years in this respect.

How limited' the quantity of water
available for additional groundwater
recharge or surface diversion may be,
is indicated by rainfall- runoff studies
in the Santa Cruz basin above Tuc-
son. The drainage area is 2,170 square
miles and the average rainfall for the
period 1923 -1941 was 16.6 inches. The
average annual runoff was only 12,600
acre -feet or only 0.6 percent of the
rainfall. These figures point out the
comparatively small quantities of wat-
er with which we may be dealing in
some areas.

Just how much the water supply of
the state may be increased, without
considering the Colorado River or the
possibilities of cloud seeding, is un-
known. The following suggestions
have been made for increasing the
present supply of both surface and
groundwater.

1. Reduction of waste, evaporation
and transpiration losses in distribu-
tion.

2. Elimination of phreatophytes in
shallow water and channel areas by
fire, chemical or mechanical methods
and their continued control thereafter.

3. Collection and concentration of
surface runoff in temporary storage
for release in areas and under condi-
tions favorable to groundwater re-
charge.

4. Control of native range vegeta-
tion with elimination of deep rooted

shrubs and replacement with range
grasses. ( In areas of low rainfall it
appears doubtful whether either run-
off or groundwater recharge can be
increased by this method. )

5. Provide additional ups t r e am
storage to salvage losses from present
uncontrolled peak flood flows. For
example, dams at Charleston on the
San Pedro, at the Buttes site on the
Gila, above Wickenburg on the Has -
sayampa and above Calabasas on So-
noita Creek. ( Such a program should
reduce the requirements for flood con-
trol at the Painted Rock site on the
lower Gila. )

Use of Water
An inventory of man -made con-

sumptive use of water in Arizona is
not available, but the following esti-
mate in acre -feet, excluding reservoir
evaporation losses which might prop-
erly be chargeable to irrigation, power
or stock water, are believed reason-
able.

Acre Feet
1. Irrigation - 1,300,000 acres 4,225,000
2. Municipal and domestic -

population 900,000 150,000
3. Industrial and other 75,000

ESTIMATED TOTAL, 1953 4,450,000

San Pedro River at Mammoth showing
flood -peak flow of approximately 50,000 sec-
ond feet. Corresponding peak flow at pro-
posed Charleston Dam site was 31,000 second
feet. A dam at Charleston would have taken
off a considerable portion of the flood peak
shown above.

(Photo by Surface Water Branch, U. S.
Geological Survey.)
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Save Water
By Management

By J. E. Middleton, Agricultural Extension Service

Level Land and a Proper Distribution System
Provide the First Basic Step in Saving Water

Level land, combined with an ade-
quately designed water distribution
system, is the first and basic step in
saving water.

An operator then needs to know
the three basic items of irrigated ag-
riculture. These are (1) the water
requirements of each crop, ( 2) the

water -holding capacity and the in-
take rate of his soil, and (3) the nor-
mal depth of rooting for each crop in
his soil.

The water requirement for each
crop determines the acreage of each
crop to be planted on basis of peak
monthly use. Water -holding capacity

The top drawing shows the penetration pattern of a half -mile run with a water penetra-
tion rate of one -foot per hour and a movement down the field of 350 feet per hour. The
field has a constant slope.The lower drawing shows how the deep penetration loss below the root zone can be
reduced by using an extra ditch halfway down the field. On any length of run, run -off and
deep penetration losses can be reduced by using a large flow of water to reach the end of the
field in approximately one -quarter of the time needed for the irrigation, and then reducing
the flow to equal the intake rate of the soil throughout the length of the run. Caution must
be used not to use too large a stream to erode and cut out the field or furrows.

F The picture shows excessive application
of water with the run -off ponded at the lower
end. This gives deep penetration of water
at each end of the field. Water also is not
applied evenly across the field.

To Save Water:
Have an adequate distribution
system and level land.
Know water requirements of
each crop for crop planning.
Know water holding capacity of
soils for replacement of neces-
sary soil moisture of each irri-
gation.
Know depth of root growth of
each crop for placement of wa-
ter in the root zone.
Remove all non -productive veg-
etation in fields.
Water only when necessary,
frequent irrigation raises evap-
oration losses and excessive
seepage losses below the root
zone.

Maintain borders around fields
and control rodents.
Apply water for proper length
of time and at the needed rate
of application.
Apply water evenly across the
field.

Re -use or pump back tail water.

of the soil tells how much water
should be applied to replenish the soil
moisture in the full depth of the root
zone. The intake rate of the soil de-
termines at what rate the water can
be applied to the soil without exces-
sive runoff.

Evaporation from the soil cannot
be stopped, but it can be reduced by
more thorough and less frequent irri-
gations since this loss is confined
largely to the top foot of soil. Irri-
gating at night helps to reduce this
loss.

Runoff from fields are of two types.
The first is careless waste caused by
border breakage or from rodent holes.
This can be controlled by maintenance
and rodent control.

The second type is applying water
at a rate greater than the intake rate
of the soil. Changing the time and
amount of water applied will reduce
this loss.

Runoff from the field can be utilized
by re -using on other fields or by
pumping back, but losses are either
increased or additional expense of
pumping is incurred.
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Fertilizer and
Wattar Esffciency

By W. D. Pew, Department of Horticulture

Factors Influencing Plant Growth Can Be
Altered by Man to Increase Production

With water efficiency becoming
more and more the keynote in Ari-
zona agriculture, any factor which in-
creases the efficiency of such applied
water is of prime importance.

Many Factors
Many factors influence plant growth

directly, while some factors are inter-
related with others in effectin g their
influence on plant growth. The im-
portance of any one of these factors
is negligible without the influence of
the others. Many of these can be,
and often are, altered by man.
Through such alterations man at-
tempts to improve the chances of in-
dividual crop plants to produce their
maximum genetic ability.

Water is one of the extremely im-
portant growth - promoting factors.
But without an adequate supply of
such other factors as light, tempera-
ture, soil, fertilizer elements, etc., its
importance would be infinitely less.

For instance, if we consider water
efficiency as `that soil moisture con-
dition which permits maximum plant
growth and greatest yield of high
quality marketable products," then the
influence of fertilizers becomes ex-
ceedingly real. Growing a crop un-
der low fertility conditions requires
essentially the same amount of water
under irrigated agriculture as a crop
grown with an optimum availability
of plant nutrients.

This being true, mere calculations
in terms of crop yield will reveal the
increased efficiency per unit of ap-
plied water. Applying fertilizer ni-

Band placement of fertilizer on can- -.
taloup crop. An excellent and efficient
method of applying fertilizer for row crops.
Each crop has specific requirements as to
amount, location, method, and time of ap-
plication. Note specific distances for canta-
loup fertilizer placement.
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trogen, for example, to a nitrogen im-
poverished soil will greatly enhance
plant growth and ultimate yield.

Table I indicates a sharp increase in
water -use efficiency with all fertilizer
materials, as compared to the check
with an inadequate fertilizer level.
Not only is the applied water used
more efficiently, but there is an ef-
ficient production of the highly de-
sirable 36 -size melons.

This is an example of a very tangi-
ble efficiency in terms of dollars and
cents. One may say, "Is that not the
effect of the applied fertilizer ?" Cer-
tainly, but it also reflects, indirectly

at least, the efficiency of the soil -
water relationships to yield. Keeping
the moisture level at or near the opti-
mum and increasing the yield by over-
coming a nutritional stress or defi-
ciency would indicate that soil mois-
ture is far more efficiently used under
these more ideal conditions than when
an inadequate amount of fertilizer is
available.

The effects of fertilizer on increas-
ing water efficiency is not restricted
to any one type of fertilizer. This de-
sirable effect will hold true for any
single fertilizer element or group of
fertilizer materials, provided an im-
provement in crop growth and yield
are realized by such an application.

Further, the use of fertilizer mate-
rials to improve water efficiency
through crop response is applicable
to all agricultural crops grown un-
der irrigated agriculture in Arizona.
Hence, the implication, regardless of
crop, is that the proper use of ferti-
lizers ( see picture below ) will provide
a more efficient use of water through
improved growth and /or yields.

Excessive fertilization is as effec-
tive in reducing the efficiency of ap-
plied water by depressing yield as is
the lack of proper fertilization. There -
fore, improper fertilization, either the

of or an excess of fertilizer ma-
terials, will result in an inefficient us-
age of irrigation water.

TABLE I. Effects of Fertilizer on Yield and Water Use Efficiency
with Cantaloups.

Fertilizer

Sizes and Yields
I n Crates per Acre

45's 36's 27's

Total Yield Water Used % Increased
Crates /Acre Acre Ft. Efficiency per

45- 36 -27's per Crate Unit of Water

No Fertilizer 56 81 34
Fertilizer A 42 123 69
Fertilizer B 57 159 34
Fertilizer C 56 104 50
Averages 53 117 47

171
234
250
210
216

. 0132

. 0096

. 0080

. 0095
.0101

0.0
27.3
39.4
28.0
31.6%



PrimOles of Irrigation for!
GRANO PER /OO OF

VEGETAI /VE GROWTH By R. H. Hilgeman and W, D

EARLY
GROWTH

Figure 1. Dia-
gram illustrating
growth periods and
soil moisture re-
quirements for
maximum vegeta-
tive yields.

MODERATE VERY HIGH

SOIL MOISTURE REQUIREMENTS

TIME -10.

The objective in all cultural practices is to bring about conditions most favorable
for maximum yields. To accomplish this desired end, the farmer must adjust
his cultural ractices to the specific plant under consideration.

There are two distinct types of yields. First, the vegetative, unfruitful type il-
lustrated by agricultural crops suck as alfalfa and lettuce with yields being mea-
sured in the volume of plant growth. Second, the reproductive or fruiting type
such as cotton, tomatoes, and small grains with yields being measured in terms
of the amount of seeds or fruits produced.

Irrigation for Maximum VEGETATIVE Responses
To best understand vegetative produc-

tion one must visualize the usual se-
quence of changes in the life cycle of an
annual plant. A plant's life cycle con-
sists of seed germination, vegetative
growth, senescence ( old age ) , and death.
If one is interested in vegetative pro-
duction, he must accentuate the vegeta-
tive growth period by preventing or de-
laying as long as possible the transition
from the vegetative growth period to the
subsequent period of flowering and fruit-
ing. ( Compare figures 1 and 2. )

There are many factors which influ-
ence vegetative growth in plants. The
result of altering any one or more of
these becomes most interesting and im-
portant when dealing with crops which
respond markedly to such controlled en-
vironmental changes.

Cotton or tomato plants are excellent
examples of this group. Either of these
crops can easily be thrown into a vege-
tative

e-
tative unfruitful condition at the expense
of the normal fruiting condition for
which they are grown. On the other
hand, alfalfa may be kept in a vegeta-
tive condition at the expense of fruiting
merely by the proper manipulation of
applied water.

Of the many factors, soil moisture-
irrigation water is one of the easiest
and most effective methods to regulate
in altering the course of growth. Beyond
the period of more or less universal ir-
rigation treatment for all crops, those
crops intended for vegetative purposes
should continue to have a high moisture
level as contrasted with the decrease to
a moderate level for fruiting plants. In
vegetative production it is imperative
that the plants never be allowed to suf-
fer for need of water.

This does not infer, however, that such
plants should receive excessive amounts
of water. Excessive watering will re-
duce water intake due to lack of soil
aeration.

A reduced root system of shallow pen-
etration regardless of cause, makes max-
imum vegetative growth next to impos-
sible. Under such conditions, the plant
is incapable of taking advantage of deep
moisture when the demand for water is
greatest. Further, because of this limit-
ed root system, these plants are unable
to take up enough water to meet the
needs for rapid vegetative growth and
rapid transpiration loss ( water loss
through the leaves ) associated with lat-
er growth periods.

I

To provide the optimum conditio4
or fruiting parts, it is necessary to kno
all plants and individual plant parts
low a universal pattern. At first the gr
increases and becomes very rapid to p
riod of Growth." After the maximum rt
creases and finally stops.

With vegetative plants the growth 4
of Growth" is of primary considerati
seed formation after the maximum grog
portance. At this time the plant has
ing carbohydrates to supply the fruiting,'Y pp Y

Many factors such as temperature,
processes, but under Arizona conditio
be controlled by the farmer.

To obtain maximum production frcti
vigorous strong plant must be insured.
and extensive root system. This requi
by the root system of the plant be mo

should wet the entire potential root zo

Subsequent irrigations depend upon d

soil temperature at this period freque ,

seeds and young, slowly growing p
Irrigations during this formativ

temperatures as well as to supply
regardless of cause, the plants will s óle

I

It is toward the conclusion of th ,,

normal "Grand Period of Growth" indi
cated on the accompanying graphs the
the irrigation requirements differ mar
edly for the vegetative and reproductiv
cycles. Durin the entire "Grand PeriY During
of Growth" and up to harvest time,
is essential to provide the most favor
able conditions possible for vegetati,
growth and to minimize fruiting tender'
cies. Therefore, during the period wheel

water is being reduced for good fruits
ing, irrigation application should con
tinue at its established high level fai,
vegetative development. Allowing
plant to wilt, even temporarily, will rti
duce vegetative growth.

In the matter of manufactured foodl

rapid growth must be maintained to
prevent an accumulation of carbohydrat( ,

which is so essential in flower and frui
formation and development. When th(
plants are kept in a vigorous growW
condition, the manufactured carb
drates will be used to further roo to

shoot development thus reducing
chances of the reproductive part of
cycle from being initiated.
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tax/mum Production
Department of Horticulture

maximum yields of either vegetative
growth habits of the plant. Growth in
stems, leaves, flowers, and fruits f ol-

rate is very slow. It then gradually
-e an interval known as the "Grand Pe-

growth is attained, it gradually de-

the early part of the "Grand Period
Iith fruiting plants the blossoming and
rate is attained is of paramount im-

number of leaves which are produc-
ons.
and soil fertility influence these growth
moisture is the chief factor which can

h vegetative and fruiting plants, a
this it is necessary to develop a large

at the entire soil mass to be occupied
'herefore, irrigations at planting time

;pecific requirements of the plant. The
the critical factor. The germinating
t instances require warm moist soil.

be used to create favorable soil
. f a limited root system is developed.
internal water shortage causing them

Figure 2. Dia-
gram illustrating
growth periods and
soil moisture re-
quirements for
maximum fruiting
yields.

EARLY
GROWTH

GRAND PER /OD OF VEGETATIVE
GROWTH

CARBOHYDRATE
ACCUMULATION AND
FLOWER PRODUCT /ON

PLANT
SENESCENCE
AND FRU I T

MATURAI /ON

MODERATE L.e VERY HIGH MODERATE LOW

SO /L MOISTURE REQUIREMENTS

TIME

to wilt and resulting in an accumulation of carbohydrates.
These principles can be illustrated by specific examples of successful field

practices. When temperatures are critically high lettuce seeds are germinated by
frequent though not excessive irrigations which reduce the temperature of the seed
bed. Conversely, water is withheld from young, slowly growing cotton plants
during cool spring weather because it chills the soil and checks growth. Cotton
and alfalfa production has been shown to be closely related to the amount of
water present in the subsoil.

After the young plant is established and the `Grand Period of Growth" is initi-
ated, irrigation practices must then be adjusted to insure either a vegetative or
fruiting type of growth.

rigation for Maximum FRUITING Responses
Fundamental soil moisture require -
gnts at different periods during the life
21e of a fruiting plant are illustrated
Figure 2.
With the onset of the "Grand Period

1P Growth," according to the natural
fç aracteristics of the plant, it is essen-

to provide the most favorable con -
odons for rapid growth. Accordingly,
.ogations should be light and frequent
;th the object of maintaining free and

fc.dily available water throughout the
,sire soil area occupied by the roots.

u.With most plants under Arizona condi-
ns ample subsoil moisture is easily

ihintained. The upper foot of soil,
; .sere the major part of the feeder roots
tally occur, however, frequently be-
nes too dry for maximum water ab-

, ption. With row crops, irrigation of
r?,rnate rows at one -half the usual in-

1 for the plant in question may be
to provide more uniform soil mois-
with the same amount of water.

fter the maximum rate of growth has
;n attained and the period of gradual
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reduction in rate begins, the need for
large amounts of readily available waterg Y
is over. The large vegetative leaves are
now producing more carbohydrates than
are required by the growing points so
that reserve materials, such as starches,
accumulate in the plant.

Unless environmental conditions are
adverse, flower formation is initiated and
vegetative growth is naturally retarded.
At this time slight moisture stresses, not
severe enough to produce serious wilt-
ing, cause an additional check to vege-
tative growth and promote the accumu-
lation of carbohydrates and the forma-
tion of additional blossoms.

Irrigations should be less frequent.
The value of a deep root system with
ample subsoil moisture becomes evident
at this time. As the surface soil drys,
roots in this zone cannot obtain water,
so less is supplied to the plant. When
deep root development has occurred and
moisture is present in the subsoils, suf-
ficient water is obtained by the deep
roots to allow the leaves to efficiently
manufacture food for the developing
fruit. At the same time insufficient wat-

er is present to stimulate vegetative de-
velopment.

During the final stage of fruiting and
plant senescence, the leaves are old and
little water is used, so the soil may be
allowed to become very dry without in-
terfering with yields.

These basic principles are well illus-
trated with the cotton plant. If adequate
water is not provided at the onset of the
"Grand Period of Growth" the entire
cycle is delayed with a consequent re-
duction in yield. Failure to maintain
adequate water after the "Grand Period
of Growth" has started interrupts growth
and may induce premature blossoming.
When ample soil moisture is again sup-
plied, rapid vegetative growth occurs,
squares fail to form, and a large, over-
developed, vegetative, low producing
plant is formed.

Accumulation of carbohydrates dur-
ing moderate stress periods is utilized
by grape growers to hasten the maturity
of the fruit. As the fruit approaches
maximum size, irrigations are withheld,
vegetative growth is retarded, and more
sugar accumulates in the maturing ber-
ries.



Pre -Planting Irrigation
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By Karl Harris
Department of Agronomy and
USDA, Cooperating

In Arizona, pre -planting irrigation
has a greater influence on yield than
any irrigation of the entire season.
This is the time when deep moisture
penetration can be obtained with the
least waste of water by surface runoff
and evaporation.

After the seedbed has been pre-
pared, the crop planted, and one or
more irrigations given, the water in-
take rate is greatly reduced. Under
such condtiions, in most of the agri-
cultural soils of the state, it is very
difficult to get enough water through
the surface layers to wet the soil to
a depth necessary for high produc-
tion.

In areas where salty water must be
used, the pre -planting irrigation af-
fords the best opportunity to leach the
excess salt below the root zone. This
leaching process has made profitable
crop production possible even under
what is often considered an excessive
salt condition.

Percentage of soil moisture used by cotton plants and lost by evaporation from various
depths during the growing season. Water put into the 5th and 6th foot levels at the pre -
planting irrigation is used to insure adequate moisture during the latter part of the season.

The depth of the pre -planting irri-
gation determines, to a minor degree,
the frequency of subsequent applica-
tions. It has a definite influence on
the date of the last irrigation needed
for seed producing crops such as grain
and cotton.

Whenever the plant is either grow-
ing vegetation or maturing its fruit,
water is needed to take care of the
cell structure development. With only
shallow wetting, it is often impossi-
ble to apply water at frequent enough
intervals during the heat of the sum-
mer so that the plant does not suffer.
The water it is able to get from the
deeper depths is the insurance that
will allow the plant to continue to
grow.

If there is a supply of deep moisture
available from early irrigations, the
last irrigation need not be given as
late in the season as would be neces-
sary if only a shallow penetration had
been secured. As the plant approaches
maturity, it still needs water, but not
in the quantity needed during the pe-

riod of most rapid growth. The water
available at the lower depths will take
care of the needs of the plant. There-
fore, abundant supplies of moisture
are not needed in the upper two feet
of soil by the mature plant.

The amount of water to apply at the
pre -planting irrigation is dependent
upon several factors such as:

1. Texture and depth of the soil.
2. Rooting habits of the crop.
3. Amount of salt to be leached be-

low the root zone.
4. Amount of moisture already in

the root zone.
In general, roots work deeper in

sandy soils than they do in clay soils,
but the sands hold less water per foot
of depth. Thus, the amount of water
to apply on the two soil types tends to
equalize. The heavy soils should be
wet to a depth of six feet and the
lighter soils deeper. If the soils are
dry, this requires about an acre foot
of water, exclusive of runoff.
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1

Alfa/fu
Irrigation
By C. O. Stanberry
Department of Agronomy and USDA,
Cooperating

It is theoretically possible to double
the hay yields now obtained on the
Yuma Mesa by discreet use of irriga-
tion water and phosphate fertilizer.
The total water actually required for
such production is about half that
currently applied by farmers, but irri-
gations must be more frequent.

Small and frequent irrigations are
the goal on well -drained, coarse -tex-
tured soils. phosphateanIrrigation and osg p p
investigations on such soil were con-
ducted for alfalfa hay production dur-
ing the period 1949 -1953 by the Soil
and Water Conservation Research
Branch, U.S.D.A., and the University
of Arizona. The combination of ade-
quate phosphate fertilizer and small
frequent irrigations resulted not only
in maximum yields, but also in the
more efficient utilization of irrigation
water.

Efficient Irrigation Important
Efficient irrigation is particularly

important for a long- season crop like
alfalfa. High temperatures, low rel-
ative humidity, and large forage yields
require large quantities of water. In
efficiency studies on the Yuma Mesa
three levels of Colorado River water
were used "dry," "medium," and
"wet."

Alfalfa with the "dry" treatment
was irrigated only when the foliage
darkened and tip -droop presaged wilt-
ing. The "medium" irrigation level
was similar to that used by farmers.
Most of the available water in the
soil was used, but plants did not suf-
fer serious water shortages. In the
"wet" treatment only about one -third
of the available water in the surface
4 feet of soil was utilized before an-
other irrigation. Sufficient water was
applied at each irrigation to refill the
soil reservoir to a depth of 6 or 7 feet.
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Yield data were obtained from each
of the 96 plots for a 4 -year period. An
average of 7 cuttings of hay were made
per year. The "wet" treatment ap-
preciably increased hay yields, about
4 irrigations being required to 1 for
the "dry" treatment. Water use, how-
ever, was only slightly greater since
only enough was applied to replenish
the soil reservoir. Small applications
accomplished this in the "wet" treat-
ment, but largèr applications were re-
quired in the "medium" and "dry"
treatments.

Hay Yields Increased
Ten different phosphate levels were

applied in each of the three irriga-
tion treatments. Hay yields were in-
creased markedly by adequate phos-
phate. When associated with fre-
quent irrigations remarkable hay
yields resulted, as shown in the bar
graph above. Only a single initial
fertilizer application was made in
each of the four treatments shown.

Other phosphate treatments applied
annually resulted in little more yield
than single initial applications of 400
or 600 lb. P2O5. A ton of hay removes
about 10 pounds P2O5 from the soil.
For soils on the Yuma Mesa an initial
application of 200 pounds of P2O5 fol-
lowed by maintenance applications of
100 pounds annually will replace
phosphate removed by a 10 -ton crop
of hay.

Irrigation and phosphate levels are
so closely associated that it is diffi-
cult to separate their effects upon al-
falfa hay production. Detailed chemi-
cal studies indicated that the phos-
phate did not move far even in these
coarse -textured soils. Actual move-
ment was proportional to the amount
applied.

The "wet" irrigation treatment
seemed to affect alfalfa production

-:".... ::: .1.: ..... :..
,:. ::::

...... .::.
: : - : :.. : ....'

: : : :
. . . ' . . .

.;.

_ :.: _ :;
:.::

:: :::

:.

:¡:

_:. -
::::::::::::::0:::::::O:::::::::::

... ...... .......
200 400 600

MED

MOISTURE LEVEL
WET

The effect of moisture and phosphate vari-
ables on alfalfa hay yields for the four -year
period 1949 -1952. The numbers 100, 200, 400,
and 600 in the columns refer to the total P205
applied per acre, a single initial application.

favorably by permitting plant roots
to feed closer to the surface, apparent-
ly through an effect upon soil temper-
ature. Tensiometer records indicated
that in the "wet" treatment roots near
the soil surface remained much more
active than in the "medium" and "dry"
treatments.

Thus, some of the beneficial effect
of frequent irrigations may be ascribed
to a larger supply of available phos-
phorus. Large phosphate applica-
tions may be necessary to obtain suf-
ficient penetration and availability of
phosphate under ordinary irrigation
practices.

Soil samples were taken to a depth
of 48 inches before and after each ir-
rigation for a 31 -month period. About
75 percent of the irrigation water ap-
plied was used from the surface 48
inches in the "dry" treatment, where-
as 85 percent was used for the "me-
dium" and "wet" treatments. Average
water use per day during the entire
31 -month period varied from 0.16
inches in the "dry" treatment to 0.21
inches in the "wet" treatment.

Phosphate Applied
Water efficiency studies for a 3-

year period show that the "wet" mois-
ture level required 8.4 acre -inches of
water per ton of hay produced, where-
as the "dry" treatment required 10.2
acre -inches per ton of hay. Phosphate
applications had a greater effect on
the efficiency of water use than did
the different irrigation treatments.
With an abundance of phosphate only
55 percent as much water was re-
quired to produce a ton of hay as with
little phosphate.



Irrigation of
Vegetable Crops

By W. D. Pew, Department of Horticulture

First Application Must Be Heavy Enough
To Supply Deep Soil Moisture for Late Use

In an evaluation of irrigation prin-
ciples common to vegetable crops
there are two features which appear
universal in application in Arizona.
First, the germination ( or first ) irri-
gation must be sufficiently heavy to
supply deep soil moisture for use
when the plants are maturing and
enough shallow moisture to bring
about germination and early growth.

Second, subsequent irrigations must
not follow too closely after nor be too

frequent because they tend to reduce
and concentrate root development.
The reduction and concentration of
roots in the upper zones of the soil
make such plants extremely vulnerable
to rapid drying periods especially
when the plants are absorbing large
quantities of water from the limited
soil area invaded by a limited root
system.

Avoid Water Stress
At no time should vegetables be al-

lowed to go into a serious water stress.
This is especially true after the plants
have been placed in the "Forced
Growth" period following the thin-
ning operation. Curtailments in growth
after this time may result in strong
flavor, toughness, poor color, and oth-
er undesirable features.

Beyond this point of apparent uni-
formity in irrigation practices, diver-
gent programs become necessary for
each crop. For those crops which are
naturally shallow and sparse rooted
( such as celery, onions, and garlic )
the waer application must be care-
fully watched to prevent rapid and
complete drying of the upper zone on
which the roots are depending for
soil moisture.

Crops like carrots and lettuce, which
fall into the intermediate group, must
be allowed an opportunity for maxi-
mum root development so that they
can utilize some of the deeper moisture
during later, heavy demand periods.
This means that frequent light irri-
gations should not be employed dur-
ing the formative period of root de-
velopment.

Those crops which fall into the
third group ( cantaloups and toma-
toes ) must be encouraged to develop
extensive rooting habits. This is nec-
essary because large quantities of

F Figure 1. Quality in Vegetables is
markedly influenced by water applications.
a. Cantaloups. b. Cauliflower. c. Broccoli.

water pass through these maturing
plants in the process of continued
growth and fruit development. Well -
rooted plants of this third group make
it possible for these plants to supple-
ment their shallow water supply by
drawing on the deeper moisture when
a heavy demand for water is placed
on them.

Most vegetables are very sensitive
to adverse irrigation practices. Be-
cause they are normally grown for
human consumption, every effort
should be exercised to produce crops
of highest quality by keeping moisture
levels as ideal as possible. ( See Figure
1. ) This means that plants where the
leaves are used for food, such as let-
tuce; roots, such as carrots; or flower
buds in the case of broccoli, must be
kept in a rapid growing condition to
realize the most desirable marketable
production. On the other hand with
crops like cantaloups, improved edi-
ble quality without any adverse ef-
fects on shipping quality is almost
certain to occur where water is not
applied after harvest begins except on
very sandy soils or under extended
harvest periods.

Table 1 shows that no reduction in
yield is associated with the withhold-
ing of water during the melon ripen-
ing and harvest period.

Irrigation Method Important
Not only is the timing of irrigation

applications important, but also the
method of application. Irrigation is
normally applied through a sprinkler
system or by the conventional fur-
row method. The latter is by far the
most widely accepted and therefore
the most important at present.

At all times gravity water should
be kept as far from the seed or plant
zone as is economically feasible. Sub-
bing the moisture up through the seed
or plant lines from shallow streams of
water in the furrow will improve plant
growth and yield. This method will
minimize the natural compacting ac-
tion of applied water.

Table 1. Average Yields of Cantaloups in
Relation to the Number of Irri-
gations Subsequent to the Initial
Harvest.

Number of
Irrigations

Applied

Crates per
Crates per Crates per Acre

Acre Acre #45 and 36
#45 Size #36 Size Sizes

Ave. Ave. Ave.
1950 -51 -52 1950 -51 -52 1950 -51 -52

0 103 93 196
1 103 92 195
2 106 92 198
3 99 92 191

TOTAL 411 369 780
AVERAGE 103 92 195
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Irrigation of
Cifres Trees

By R. H. Hilgeman, Department of Horticulture

Grower Must Know Extent of Root System
And Water -Holding Capacity of the Soil

To irrigate a citrus grove properly
the grower must know the type and
extent of the root system and the ca-
pacity of the soil to hold water.

In Arizona, most mature orange and
grapefruit trees are growing on the
sour orange root which penetrates to
a depth of eight feet or more and
spreads throughout the upper two
feet of soil. Because of this exten-
sive, deep root system the soils in
citrus groves may become very dry
before wilting of the leaves occurs.

Measurements of the growth of
fruit and the extraction of soil mois-
ture have shown that when the entire
mass of soil occupied by the roots is
wet fruit growth is rapid. As the soil
dries after an irrigation, the rate of
fruit growth is gradually reduced and
also the rate of loss of water from the
soil. After the available soil moisture
has been removed from the root zone,
fruit growth ceases and the willing

of leaves begins. Thus, fruit growth
is affected at a considerable interval
before the leaves begin to wilt.

A marked reduction of fruit growth
is associated with the depletion of the
soil moisture in the upper foot of soil
to the willing range. To obtain maxi-
mum fruit growth, it is necessary to
irrigate before any portion of the soil
dries to the wilting percentage.

When trees are irrigated so that
rather uniform fruit growth takes
place, the usage of water by the trees
during the year' is correlated with the
evaporation of water from a free sur-
face. Near Phoenix, evaporation av-
erages about 2 inches in January and
about 11 inches in July. A mature
Valencia orange grove uses about 1-
acre inch of water in January and a
little over 6 -acre inches in July. Fig-
ure 1 illustrates this monthly usage
of water.

The irrigation guidance schedule at

Figure 1. Average monthly usage of water by Valencia orange trees growing in the Salt
River Valley. The irrigation guidance schedule shown at the bottom requires an average
41/2-acre inch irrigation on he dates indicated to replenish the soil moisture used by the
tree and lost by evaporation.
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Figure 2. Percentage of total water ex-
tracted from each foot of soil beneath Valen-
cia orange trees at the University of Arizona
Citrus Experiment Station near Tempe.

the bottom of the figure shows the
dates that irrigations of 41/2 -acre
inches of water should be applied to
supply the water required. These
times of application are designed for
medium, sandy loam soils.

The guidance schedule, also, is
based upon average weather condi-
tions ignoring benefits from rainfall.
During abnormally warm periods the
intervals must be shortened, and dur-
ing abnormally cool periods length-
ened. Rainfall will also lengthen the
interval.

Different citrus varieties have vary-
ing water requirements. Grapefruit
and lemons use more water than
oranges, so lesser intervals between
irrigations are needed.

Irrigations Vary
About 33 percent of the water used

by the tree is removed from the sur-
face foot of soil, whereas only 7 per-
cent is obtained from the sixth foot
( Figure 2 ) . Therefore, it is not nec-
essary to apply the same amount of
water at each irrigation. About 4 ir-
rigations are required per year to
maintain ample moisture in the sixth
foot of soil. A program of 2 light
irrigations followed by one heavier
one can be used.

Many groves, particularly those
growing in heavy clay type soils con-
taining much caliche, tend to develop
iron chlorosis ( yellow leaves with
green veins ) when the soil moisture
is maintained at the constantly high
level. It has been possible to pre-
vent this condition by allowing the
soil to become dry between irrigations
once or twice during the late summer
or fall. This restricts total tree growth
and slightly reduces the ultimate size
of the fruit. At present this appears
to be the most practical method of
preventing and curing this condition.



Farming

Salty
Land

All soils contain some soluble salts.
In areas of adequate rainfall, these
salts usually are leached away from
normal soils just about as rapidly as
they are formed.

In areas of low rainfall such as Ari-
zona, however, soluble salts have a
tendency to accumulate. This is es-
pecially true in locations where sub-
soil drainage is poor or where the ir-
rigation water contains an excessive
amount of salts.

Plants absorb very little of the salts
contained in irrigation water. As

A 1 -inch rain drove the salt down into the
root zone and killed the smaller plants at
left. The larger plant at right was not seri-
ously injured.

By Howard E. Ray
Agricultural Extension Service

All Soils Contain
Some Soluble Salts

The greatest salt concentration resulting from this every- other -row irrigation was
directly in the cotton row.

water is taken into the plants or evap-
orates into the air, the salts remain in
the soil. The accumulation of salts
may become so great that normal
crop growth cannot occur. Soils in
such a condition are called saline soils.

Saline soils, to produce crops prof-
itably, must receive careful manage-
ment. All operations must be aimed
toward keeping the concentration of
salts in the plant root zone as low as
possible. Irrigation anal seedbed prep-
aration are two of the important fac-
tors to be considered.

Leaching ( washing ) the excess salts
down through a soil by a heavy irri-
gation is the only practicable means of
reducing the salt concentration in the
root zone. It is possible to reduce the
concentration of salts in a soil in this
manner even though the water being
applied is also rather high in salts. On
saline soils, then, periodic heavy
leaching irrigations are essential. These
often can be combined with a pre -
planting irrigation.

For effective leaching, the water
must be spread and must penetrate
uniformly over the land. This can
best be acomplished on land that has
been properly leveled. Some form
of flood or basin irrigation should be
used so that the entire soil surface
will be covered with water.

In preparing the land, use the least
amount of tillage which will provide
a satisfactory seedbed. This will vary
somewhat, depending upon the soil
being farmed. Excessive tillage tends
to powder the soil and results in a
slower rate of water penetration.

Salts Move With Water
Salts tend to move with the water

in the soil and to become concentrat-
ed at the highest point of the bed or
hill. Therefore, when beds are formed
for row crops and the field is irrigated,

1

the salts may become so concentrated
in the top of the bed that the young
seedlings cannot survive. ( See picture
at left above. )

If the crop is planted on the side
of the beds or on the level, however,
the salt concentration may be enough
lower that a good stand will be ob-
tained. Research conducted in Cali-
fornia by U.S.D.A. workers showed
that under saline conditions, planting
on sloping beds increased consider-
ably the chances of getting a stand
of cotton and sorghum.

Danger to Young Plants
Row crops planted on top of the

beds are also susceptible to damage
from rains coming soon after an early
irrigation on salty land. The rain
drives the salt directly down into the
root zone of the young plants and may
kill them. Older plants can with-
stand such stress to a greater extent.
( See picture below at left. )

Salt damage may occur as a result
of irrigating too early in the season if
the crop is planted in the top of the
bed. If insufficient water is applied
to wet the soil across into the dry
furrow when irrigating only every
other row, the maximum salt concen-
tration will be found in the crop row.
An example of this is shown in the
picture at right below.

Organic Matter Helps
Organic matter helps to keep the

soil from running together and aids
in obtaining rapid water penetration
and aeration. Crop residues and barn-
yard manure are excellent sources of
organic matter which should be re-
turned to the soil wherever possible.
Green manure crops may also be
needed from time to time.
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