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FOREWORD

The purpose of the discussion presented in this publication is to aid in
the development of a theory of water use for Central Arizona. It is realized
that changes in water supplies, water sources, land areas and soil conditions
are constantly occurring, and that "water-use" practices must be modified
accordingly. It is not intended that all of the water requirement figures
in Table I, should be accepted as hard and fast guides. Many of the figures
are the result of actual experimentation, but others are based on commercial
experience only. As additional information on water requirements accumu-
lates, this will be included in revised editions.







FITTING CROPPING SYSTEMS TO WATER
SUPPLIES IN CENTRAL ARIZONA

BY CHARLES HOBART

Assistant County Agricultural Agent, Mancopa County, in Collaboration with Karl
Harris,* Bureau of Plant Industry, Soils and Agricultural Engineering

1. Water Is the Deciding Factor in Land Values in Arizona.
Since the supply of land far exceeds that of water, the latter becomes the
deciding factor in land development in most of the state. Even in many of
the irrigated districts of the state, water, in sufficient quantity is not always
available. This fact was recently emphasized by demands for Colorado River
water supplies made at Congressional hearings, by most of the irrigation
districts of Maricopa, Pinal and Yuma counties. It is important, therefore,
that no water be wasted through faulty planning.

2. Water Waste Can Be Reduced by A Choice of Suitable
Cropping Systems. Some cropping systems are a frequent cause of water
waste, and it is intended here to so analyze the climatic and general crop
growing conditions as to show how this type of waste can be avoided.
Briefly, the plan is to fit the acreages m the various crops to the water
supply. Wide variations in this supply exist, as do the methods of its de-
livery. A glance at the map, page 2, indicates the two types of delivery,
gravity — supported by pumps — and pumps only. Each of these systems
will vary in total water supplied, and also in the time this is available.

3. Pumps May Be Used to Produce A Constant Water Flow.
Pumping districts are subject to the danger of an over-use of the underground
water supply, and individual pumps often produce streams so small that
irrigation becomes tedious and expensive. However, pumps approach an
ideal condition of constant flow, which natural streams do not. This is
shown by the necessity of building expensive reservoirs for storage. The
condition of constant flow and what its water will serve in terms of crop acres
is explained later in some detail.

4. Pumps Are Frequently Used to Supplement Surface Water
Sources. The relative importance of the two types of water source for irri-
gation in central Arizona (pumps and gravity supplemented by pumps) is
shown on the map on pages 2 and 3. The dots indicate locations of irriga-
tion wells and the areas served by the two types of water source are shown by
differential shading. It is apparent from the map that the best gravity systems
have needed underground water to supplement surface supplies.

5. A Long Growing Season Increases Water Efficiency. Con-
trasted with the indicated handicaps in the statement made about the relative

*Mr. Harris is cooperating with the Agricultural Experiment Station, University of
Arizona, in irrigation studies.



scarcity of water is the fact that the mild climate of central Arizona permits
plant growth during every month of the year. Illustrating this important
water-crop relationship is a figure on page 5. Such conditions make possible
the growing of crops during the seasons the water situation is most favorable.
It is obvious that such a natural advantage as a wide range of seasons in
which water can be used, should be employed to the fullest extent.

6. Crop Water Requirements and Their Use are Shown in
Tables 1 and 2. As a working tool in fitting crop acreages to water supply,
a table of monthly and yearly water requirements of crop plants has been
developed and is shown as Table 1. In Table 2 is illustrated the distribution
of water from a continuously flowing stream of 100 miners inches. The two
standard cropping systems are compared — the "one crop" and the "diversi-
fied." From available figures showing the actual monthly use of water on the
crops included, the totals, both of the amounts of water used and the number
of acres that could be efficiently irrigated, are shown. The net result is strik-
ing. Of cotton only, there could be irrigated but 180 acres; of alfalfa only,
257 acres. While under the diversified system — including alfalfa, cotton,
small grain and hegari — the total acreage that could be serviced from this
flow would be 340 acres. The analysis appearing in Table 2 may well be
used by irrigation farmers in developing cropping systems, using the facts
about their irrigation source and Table 1 as working material.

7. Many Common Farm Practices Impair Water Use Efficiency.
A brief discussion of some common errors in water-use planning may bring
more vividly to mind the advantage of using methods that make for maxi-
mum crop production with a given amount of available water. In some
newly developed projects, water has been spread over so much ground that
none received enough to satisfy plant needs. As a consequence, the total pro-
duction was lower than if fewer acres had been included and the needs of
the plant more nearly met. For example, a given amount of water may be
spread over 200 acres though the maximum acreage that could be irrigated
properly with this amount may be only 150 acres.

In other cases, long-continued cropping (without soil building practices)
has depleted the soil. Such soil conditions create a water requirement higher
than normal and the acreage should be adjusted to meet these conditions. It
is a well established fact that as fertility decreases, water requirement in-
creases. Only as much acreage should be planted as will permit the meeting
of the plant's water requirements.

It should also be noted that with a temporarily limited water supply, only
part of the usual crop acreage can be serviced properly.

Sometimes the growing of too many crops requiring most of their water
during the same season has resulted in inefficient water-use. This is because
the available supply could not properly cover so much ground in so short
an irrigation season; or because the canal capacity was not large enough to
carry the required flow, although it would be adequate if the cropping system
included crops employing different seasons of maximum water requirement.

In still other cases, expensive pumping outfits have been used for relative-
ly short periods, to serve a single crop, and have remained idle for the balance
of the year. Here the overhead expense of equipment is a heavy drain on
the net return to the grower.









because of, his financing arrangements. Perhaps the long range view, includ-
ing the efficient use of both soil and water, should receive greater considera-
tion, if a satisfactory job of financing is to be done.

10. Table 1 Shows Monthly Water Requirements of Num-
erous Crops. Discussion of water use should begin with the requirements
of the plants concerned. In Arizona, experiments have been conducted on the
water requirements of cotton, citrus, lettuce and wheat. The findings of these
experiments are organized in Table 1, page 6, to show water needed month-
ly. Additional information, from commercial experience, for five other
classes of crops, also is included. The table is made up on the supposition
that late summer is the logical time for starting the year's irrigation program.
The brackets indicate a wide range of choice for irrigation of crops during
the winter months, but there is little if any choice, in summer.

11. The Monthly Maximum Water Requirements Determine
Acreage. In Table 2, page 7, a continuously flowing stream of 1,125 gallons
per minute (100 miners inches) is assumed in order to illustrate the process
of planning crop acreages that will use the water supply to best advantage.
Such a stream will provide a maximum of 150 acre feet per 30 days. The
table shows how to develop a balanced system through diversification, and
also indicates the relative inefficiency of two one-crop systems, alfalfa and
cotton.

As shown in Table 1, the month of maximum water requirement for an
exclusively cotton system is July, when 0.833 acre feet per acre is required.
The number of acres that can be served readily with this water is found by
dividing 150 (the maximum number of acre feet per 30 days that can be
produced by a stream of that size) by 0.833 (the maximum amount of water
required for any 30-day period). This gives the 180 acres shown near the
bottom of Table 2, opposite "acres per crop."

If the one-crop system is alfalfa, 150 divided by 0.583 (the maximum
requirement of alfalfa for any 30 days) the possible acreage that can be
served is 257. These figures of total-acres-possible-to-serve are shown in
Table 2, opposite "acres per crop."

12. Crop Diversification Increases the Net Duty of Water.
With the diversified crop plan (Table 2) provision is made first for adequate
irrigation of perennial crops such as alfalfa. In most cases, 25% to 35% of
the total acreage planted to alfalfa is sufficient for maintenance of soil
fertility and favorable soil structure. Since the critical time of year is likely
to be May, June or July, careful planning must be done to keep "acre feet
required" within the 150 available for any month (Table 2). In this analysis,
plantings are planned in multiples of 40 acres as far as possible, for ease of
handling. As the basis for the program, 120 acres of alfalfa (35% of the
total acreage) is included. To have another 120 acres in cotton is feasible,
but that will restrict the acreage of other summer-growing crops (in this case
sorghums) to 20 acres. An 80 acre field of small grain works in well because
the water is used in winter or early spring months when not much water is
required for other crops. The total acreage of crops under the diversified
scheme (340 acres), served by a constant stream of 100 inches, is nearly
double that of the all-cotton plan and almost 100 acres above that of the all-
alfalfa plan.
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These adjustments modify the percentage suggested in the diversified crop
plan (Table 3) to give a slightly higher proportion of alfalfa and less cotton
or sorghum. Since land holdings are of various sizes, each farmer must work
out his own rotation problem.

14 Crop Diversification Evens Power Load. With high priced
water, the tendency has been to grow only cash crops. From the standpoint
of commercial suppliers of power to pumping systems or individual pumps,
a cropping system calling for an even demand during the year results in a
cost advantage over systems where large quantities are needed for short
periods only, with little required the rest of the year. All power companies
now make lower rates for uniform use of power throughout the year. The
farmer who grows several crops is better able to take advantage of this lower
cost than the man who grows only one crop.

15. Cheap Water Encourages Diversification. With the coming
of Rural Electrification programs to districts not served by electricity at the
present time, cheaper water may be possible due to the substitution of a few
large generating units for many small ones. Cheaper water should encourage
diversification in those areas, because of the greater practicability of using
water for soil building and other low-return crops that fit well into the
rotation.

16. Pump Supplies and Gravity Flow Differ in Some Respects.
Reference has been made to the types of water supplies existing in central
Arizona. Since we have mentioned the idea of increased acreages, through
diversification, that can be served by a constantly flowing stream, the question
arises as to its application under the two types of water sources.

Almost a direct application can be made to pump streams, with allowances
made for heavy canal seepage loss, and more time allowed for servicing and
repairs than is indicated. The limiting factors of pump development are
costs of pumping and the extent of underground water supplies. That pumps
are responsible for considerable land development in central Arizona is shown
by the map on page 2. An equitable code governing use of under-
ground water is needed to develop this resource in orderly fashion, and with-
out danger of water exhaustion.

The problem is more complicated under gravity plus pumps. We should
not assume that storage projects can increase acreage by diversification or
that stored water behind dams in central Arizona is more efficient than in
other climates. Storage is necessary because of the extreme variability of flow
in natural streams, and stored waters are distributed universally by per acre,
yearly allotment. The main advantage of mild climates to operators under
storage systems is the flexibility of cropping systems already mentioned.
Stored water may be considered as a bank for conserving water against time
of need. The operation of most storage systems depends too, on the assump-
tion that not all the customers will want their water at the same time. If a
storage system were operated on the principle that all farmers would call for
the peak requirement of any one crop during one month, the expenditure for
larger canal capacities would increase the capital investment of the project
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tremendously. Therefore, diversity of cropping under storage systems is
inferred by designers of canal systems. Any district or canal branch that fails
to recognize this, will suffer accordingly. Pumps under storage systems
simply augment surface supplies of water. The primary tools in arranging
cropping schedules under storage systems are the particular rules of water
delivery of the irrigation district concerned, and Table 1 or a special set of
factors to meet extreme conditions.

17. Year-Round Cropping Increases Efficiency of Irrigation
Systems. As already noted, central Arizona harvests some crop in every
month of the year: the figure on page 5 illustrates the fact. Not only is this
true, but the mild winters permit the irrigation of all crops or fallow land at
any season that may prove desirable. It is thus apparent, that a canal system
or other irrigation equipment, operating under all-season growth conditions,
can handle a water load with greater ease than were it necessary to deliver
and distribute the full supply within limited seasons. This, of course, is more
true of the irrigation district than of the individual ranch, but it also works
here, when year-round cropping fits into the general farm plan. Most truck
crops have their high water demand during the fall and winter, while cot-
ton, sorghums, melons, alfalfa and citrus show a high summer season demand.

18. The Soil Storage of Water Increases Both Water and
Canal System Efficiency. The fact is generally recognized that the soil
is the cheapest and most efficient type of water storage. Water placed in the
soil to a depth of four to six feet during the off season for irrigation, results
in a greater efficiency per unit of water, than when applied in two or three
lighter irrigations during the growing season. Fallow land may be irrigated
in January or February when the intention is to plant cotton or other summer
crops. The same is also true in the case of alfalfa, tree fruits and similar
plants that are deep rooted and favored by a constant and steady supply of
moisture. Water, in commercial amounts is lost from the soil by evaporation
only from the top four to six inches — the deeper water remains "stored."
Such a system of water use reduces the number of irrigations and therefore
the run-off and surface evaporation loss, since losses from both of these causes
are proportional, not to the amount of water used, but rather to the number
of times the water is applied. Here then is another means of reducing water
waste.

19. Climate Influences the Duty of Water of Flowing Streams,
If flow in the streams of central Arizona were constant much more use in
crop production could be made of equivalent amounts of water, than in more
rigorous climates where crops grow only a few months of the year and the
flow is unused in winter. Table 5, page 14, is an extension of Table 2, using
several different sizes of stream and the additional crops of citrus, small grain
and sorghum. A study of Table 5 shows that the water demand of cotton or
sorghum approaches that of crops in climates where growth is restricted to a
few months of the year. The figure on page 5 emphasizes the point that crop
production in such climates as has central Arizona is possible every month
of the year, and proper combinations of crops would permit servicing greatly
increased acreages with a stream of constant size, if such streams existed.
Other one-crop systems like alfalfa, are more nearly year-round crops, with
water demand fairly constant through the year but not excessive seasonally.
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Therefore the number of acres of alfalfa that can be grown with a given flow
is intermediate between cotton or sorghum and the diversified system.

20. Increasing the Acreage May Result in Decreasing the
Total Economic Yield. While the main emphasis has seemed to be di-
rected towards increasing acreages, many instances are known where water
resources have been wasted by spreading it over too much ground. Storage
projects with normally good water rights have been reduced at times to
allotments of two acre feet per year or less. In attempting to service the full
acreage, operators frequently have reduced the amount used per irrigation. In
some cases this has dropped as low as two-acre-inch applications. So small a
quantity, especially when used on fairly heavy ground, is largely wasted.
About half of that amount is lost through surface evaporation, and much of
the rest is lost because the water does not penetrate to working roots. If
the farmer is faced with reduced water supplies, and it is felt that full acreage
must be serviced, more effective use of water can be secured by increasing
the time interval between irrigations and using amounts large enough to
reach the effective root zone. However, with reduced water supplies (and no
possibility of increase) careful reduction of acreage will result in greater total
production from the limited water, than if this were spread over the entire
land holding.

New irrigation developments are especially liable to spread water over too
large an acreage. Much failure and financial loss could be avoided by using
the type of analysis suggested here, after first deducting evaporation, canal
seepage, and distribution losses incidental to the operation of an irrigation
system.

21. There Are Other Considerations in Cropping System
Decisions. Perhaps the previous discussion has over-simplified the problem
of planning crop acreages. It is recognized that there are additional factors that
need consideration. Among these are: (1) labor requirements of various
crops; these may change rapidly through technological advances, (2) ma-
chinery requirements in relation to size of farm unit, and (3) net returns
from different systems, under various price levels of the products. All of
these should play an important part in determining the final cropping system,
but they must be left out of this discussion, for lack of basic information
concerning them.

CONCLUSION

22. The Wise Use of Water Resources Is A Real Responsibility
Where Water Is the Main Source of Land Values. Granted that
financial return must largely determine planting schedules, the soundness of
irrigation plans also should be considered. Since water supplies vary from
year to year, and in the time of year they are available, cropping analysis
must be a changing process, constantly dependent on water outlook. Off-
season irrigations and water storage in the soil are further means that can
be used to avoid waste, by increasing both the efficiency of the distributing
systems and the net duty of water. Producers would do well to grow several
crops suitable to their limitations in size of units, not only as insurance to
themselves, but, through the more efficient use of the total water supply
and the distributing system, for the general good of their irrigation districts.
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APPENDIX

23. Calculating Water Use Problems. Most irrigation districts is-
sue charts of hours of water run against sizes of head to help compute water
amounts without lengthly calculation. If these aids are not available, a simple
formula may be used to get the answers to several types of problems.

Bear in mind "The Rule of Ones": One second feet of water running
over one acre will cover the ground one inch deep in one hour.

Also recall the water-measurement relations, shown in Table 5, that: One
cubic foot of water per second is the same as one second foot, which is the
same as 40 miners inches, which in turn equals 450 gallons per minute.
These are simply different measurements for the same volume of water.

Now assume: That Q (for Quantity) equals the number of second feet of
water available: That T (for Time) equals the number of hours the water is
on the ground: That D (for Depth) equals the depth of the water on the
land—in inches: and, that A (for Area) equals the numbers of acres to be
irrigated. Then, the formula will read:

QXT = DXA

From this basic formula, any one of the factors named can be calculated
when the other three are known. Thus there are four formulas that can be
used: They are:

DXA DXA QXT QXT
Q= T = D = A =

T Q A D

EXAMPLES

(1) How large a stream will it take to give a 6-inch irrigation to a
40 acre field in 30 hours?

(Since the formula requires that Q be expressed in second feet, conversion
to miners inches requires that the answer be multiplied by 40; conversion to
gallons per minute, that the answer be multiplied by 450)

(D) (A)
6 X 4 0

Q— i^s second feet or 320 miners inches or 3,600 gal. per min.

(T)

(2) How long will it take to apply 12 inches to 40 acres with 100 miners
inches of water?

(Converting from miners inches to second feet for use in the formula,
divide 100 by 40, or 2.5 second feet)

(D) (A)
12X40

T = =192 hours
2.5
(Q)
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(3) How many acre inches will a stream of 1,350 gallons per minute
deliver on a 30 acre field in 48 hours?

(Converting from gallons per minute to second feet for use in the formula,
divide 1,350 by 450, or 3 second feet)

(Q) (T)
3X48

£)— =4.8 acre inches
30
(A)

(4) If only 12 hours of water are remaining at the end of the irrigation
season, how many acres can be covered with a 4 acre inch application, if a
100 inch stream is used?

(Same conversion problem for Q as in Example 2)

(Q) (T)
2.5X12

Am =7.5 acres
4

(D)
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