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SALVAGING WASTED WATERS FOR DESERT -HOUSEHOLD GARDENING

by

Dwayne H. Fink and William L. Ehrler

INTRODUCTION

Newcomers to our Southwestern deserts are struck by the obvious incongruity between the brown,
barren open country and the green -garden, oases -like cities. Commensurately, the local media preach
daily of impending water shortages; yet the cities belie the message with their extravagant use of
water on lush landscapes, fountains, pools, lakes, etc. Seemingly, water conservation is talked of
much, but practiced little.

Nevertheless, there are a number of significant reasons why cities should slow the flow of the
precious liquid. In this paper we look critically at yard -watering using treated city water. We

look at several alternative, (presently mostly wasted) sources for supplying that irrigation water;
and, finally, we consider a number of horticultural plants which probably would be adaptable to the
"new irrigation schedule."

Economics alone may someday force us to stop using treated city water for irrigating yards.
Currently, water is treated and delivered to the Phoenix householder for as little as 3001000 gal.
Three ft of such water for irrigating the 0.1 -acre vegetated portion of a typical city lot costs only
$30 annually. One can't excite much enthusiasm for water conservation with such prices. But costs

are rising: some outlying communities are already paying 60c to $1 /1000 gal for pump water. At such
prices, irrigation water could cost $1,000 /acre /yr or more ($100 for our typical city lot) and these
prices will surely increase as water tables decline, electricity costs rise, and new, more costly
water sources are developed. There also are cities (Schroeder, 1977) which must survive on hauled

water, which runs $10 to $20/1000 gal. So, direct costs alone can force conservation.

Added to these direct water costs are indirect costs. Summer yard watering causes severe

seasonal peaking of our water treatment facilities. Figure 1 shows the monthly water demand at

Phoenix and Prescott for 1977. The summer peaks are 2 to 2 1/2 times minimal winter use -- the
latter primarily being for rather stable household and industrial usage. Water treatment plants

normally are purchased with bonds, paid for with taxes, rather than directly through the water bill.
Summer water peaking concomitantly further aggravates summer electric peaking; so, indirectly, we pay

for water peaking through higher electric bills. Another indirect cost which relates to our story is
the elaborate storm -drain systems installed to remove excess runoff from the streets -- or the flood
damages which result when such drainage systems are absent or inadequate.

Also, the specter of drought always exists. For many western city dwellers, drought became
stark reality in 1977 as they were forced to drastically cut back household consumption and essen-
tially stop watering yards. What happens then to cherished trees and shrubs?

There also is a certain conservation ethic involved. How high does (or should) yard watering

rank on the use -priority list of this only partially renewable resource. Yard watering constitutes

an almost completely consumptive use of water. Furthermore, there is an associated loss of other non-

renewable resources: (1) water- treatment chemicals spewed out on the ground -- and the energy to

produce them; (2) energy for pumping water; and (3) energy to build and maintain facilities to meet

peaking requirements.

The objective of this study was to determine if sufficient water could be salvaged by a typical,
desert, urban -householder from normally wasted sources associated with his /her lot and household to

adequately irrigate a garden and orchard. If enough could be so saved, irrigation with treated city
water would be unnecessary, and summer peaking at water treatment plants could be practically elimin-

ated. Thus, water and energy would be saved, and hopefully, costs reduced. Furthermore, our gardens

would let our householders eat better, and keep physically and mentally fit and recreated --
admirable benefits all.

Contribution from Science and Education Administration, Federal Research, U. S. Department of Agri-

culture. The authors are Soil Scientist and Research Plant Physiologist, respectively, U. S. Water

Conservation Laboratory, 4331 East Broadway, Phoenix, Arizona 85040.
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Figure 1. Total water consumption by Phoenix and Prescott by
month for 1977.

METHODS

We hypothesized a 2000 ft2 house (3300 ft2 total roof area) on a typical one -fifth acre lot in
three cities having climates similar to Phoenix, Tucson, or Prescott, Arizona, and calculated the
amount of water available for yard watering, provided that: (1) only rainfall was available;
(2) rainfall- runoff from covered areas associated with or adjacent to the lot was salvaged (roof,
street, alley, etc.); (3) gray -water from the household was utilized; (4) a portion of the lot was
waterproofed to concentrate the runoff on the untreated portion; (5) various combinations of the above
were utilized to increase the amount of available water. Calculations for Phoenix and Tucson were
made for both the with- and without -pool cases; for the Prescott area, only the without -pool case was
considered.

Annual precipitation values used for the three cities selected in this study were: Phoenix, 7;
Tucson, 11; and Prescott, 18 in. Differences are due primarily to elevation: Phoenix, 1,000;
Tucson, 2,400; and Prescott, 5,400 ft. The rainfall distribution for these three cities is divided
about equally between the intense convective thunderstorms of summer and the gentle, low- intensity
rains of winter. Summer rains predominate at the eastern edge of our Southwestern desert and winter
rains at the western and northern edge. Rainfall variations are extreme, and ultimately, may be the
determining factor controlling which plants survive and which perish. Without irrigation, little can
be grown; particularly in Phoenix and Tucson, where creosote bush would be the predominant shrub with
some intermixed cactus at Tucson. Natural vegetation at Prescott is predominantly chaparral and oak
woodland.

Figure 2 is a diagram of the lot and associated rainfall- runoff areas and Table 1 shows the sum-
mation of total, runoff, and runon areas for both the no -pool and with -pool lots. The precipitation

Table 1. Summation of total, runoff and runon areas for the
typical residential lot.

LOT

No pool

Pool (20 x 30 ft)

AREAS

TOTAL RUNOFF

ft2

11,400 6,300

10,800 6,800
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Figure 2. Diagram of the typical city household lot used here
to calculate the amount of salvageable water.

runoff -contributing areas are the roof of the house, driveway, sidewalk, and one -half of the street

and alley abutting the lot. The pool reduces the total area of consideration for the lot, but the
associated decking adds slightly to the runoff area. Runoff efficiency for all water -harvesting

areas was assumed to be 100%.

Average household water use per person per day, and per family (5 members) per year are shown in

Table 2 (Arizona Water Resources, 1977). Total "gray- water" includes household gray -water from bath,

laundry, dishes, and cooking, plus a small amount of miscellaneous outside water used for washing cars,

etc. Gray -water could be made available for yard watering if a double plumbing system were built

into the house.

Table 2. Total average household water use and amount of gray -water
available for yard irrigation (Arizona Water Research Project
Information, No. 18, Nov. 1977).

I. Home use (assumes no yard watering)

gpcdl/ gpf /
A. Inside

1. Toilet 30 54,750
2. Gray -water 40 73,000

B. Outside miscellaneous 10 18,250

C. Total usage 80 146,000

D. Total "gray- water" 50 91,250

II. Available water ft

A. No pool 2.39

B. With pool 3.05

1/ gallons /capita /day

2/ gallons /family /yr (5 members)
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For purposes of planning and calculation it was assumed that: (1) such use of "wasted" waters
was technologically and legally feasible; (2) the lot was sunken and leveled so as to hold and evenly
distribute the water; (3) all water from all sources was completely conserved in the soil- water -storage
profile, i.e., no tank storage, and no water was lost by deep percolation or runoff away from the lot;
(4) all the available water was utilized on the lot for growing horticultural and vegetable plants.

RESULTS

Precipitation

The average yearly water directly available from precipitation for watering our city lot in the
three cities is shown in column A of Table 3. Of course, the amount of available water is the same
whether the lot has a pool or not. Gardens in our three cities can not be maintained on precipitation
alone.

Table 3. Average yearly salvageable water available for irrigating a typical city household lot from
direct precipitation, runoff from covered areas, and household gray- water.

City Pool

Direct
Precip.

A

Water Source

Covered 1/ Gray- ?/
Areas Water

B C A +B A +C A +B +C
in. ft

Phoenix No pool 7 0.58 0.72 2.39 1.30 2.97 3.69
With pool 7 0.58 0.99 3.05 1.57 3.63 4.62

Tucson No pool 11 0.92 1.14 2.39 2.06 3.31 4.45
With pool 11 0.92 1.56 3.05 2.48 3.97 5.53

Prescott No pool 18 1.50 1.85 2.39 3.35 3.89 5.74

1/ Assumes 100% runoff from roof, driveway, sidewalk and 1/2 of alley and street abutting the lot.

2/ Based on a 5- member family.

Water Harvested Off Covered Areas

Column B of Table 3 shows how much water can be made available by harvesting the precipitation
from the covered areas associated with the lot. The amount of runoff is substantial -- ranging from
about 3/4, to 1, to nearly 2 ft for the three cities, respectively. If there is a pool on the lot,
slightly more water is available (off the decking) to apply to substantially less growing area.

When the amounts of water from direct precipitation and runoff from the covered areas are combined
(column A + B, Table 3) we see that Prescott has over 3 ft of available water, Tucson 2 to 2 1/2 ft
(depending on pool), and Phoenix only 1 1/2 ft. Three ft of available water should support most horti-
cultural trees and shrubs (Erie et al., 1968) and most summer vegetables. Our Prescott home gardener
thus should have sufficient water for most plants. Our Tucson gardener should be able to have a winter
garden (most winter vegetables require 1 1/2 ft of water (Erie et al., 1968) provided he can store
some water in the soil from the previous summer rains; possibly he can grow grapes and even some
drought -tolerant nut and fruit trees. The Phoenix gardener still wouldn't have enough water from these
two sources to adequately water his yard; he could, however, concentrate the runoff on some portion --
say the front or back yard only.

Gray -water

Gray -water contributions for yard watering (column C, Table 3) are substantial: about 2 1/2 and
3 ft for no -pool and with -pool yards, respectively. The contribution should be nearly the same for
equal sized households, regardless of city. Gray -water alone from such a household should nearly
adequately irrigate our 0.1 -acre lot. Conditions become even more favorable when precipitation is
included (column A + C, Table 3). Available water ranges from 3 ft at Phoenix to nearly 4 ft at
Prescott. Lots having pools get commensurately more water since the runon area is reduced.
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If all three water sources could be gleaned, i.e., direct precipitation, runoff -covered areas,
and gray -water (column A + B + C, Table 3) our lot would be amply watered in Phoenix (3 1/2 to 4 1/2
ft) and excessively watered in Prescott (6 ft). Certainly water would no longer be a limiting factor
for our householder's garden and orchard. The lot could be adequately irrigated without using any
purified city tap water.

Water Harvesting Off Treated Portions of the Lot

If neither gray -water nor runoff from covered areas were used or adequate, our householder could
harvest the precipitation off a portion of his lot to irrigate the remainder. Table 4 shows how much
water would be available with increasing proportions of waterproofed lot area. Proportions refer to
the soil portions of the lot not covered by house, pool, etc.; therefore, available water as calcu-
lated here is the same for both the no -pool and with -pool cases. The advantage of a higher rainfall
is evident: much less lot area need be waterproofed at Prescott than at Phoenix to obtain enough
water. Only 1/2 the soil area was required at Prescott to get 3 ft of available water, whereas nearly
3/4 of the soil of the Tucson lot, and even more of the Phoenix lot need be treated to obtain that
much water.

Table 4. Average yearly salvageable water available for irrigating
a typical city household lot from direct precipitation and
water harvested off treated portions of the lot.

Water source

Treated portion 1/

City Pool 0 1/4 1/2 3/4
ft

Phoenix: no pool 0.58 0.77 1.16 2.32

with pool 0.58 0.77 1.16 2.32

Tucson: no pool 0.92 1.23 1.84 3.68

with pool 0.92 1.23 1.84 3.68

Prescott: no pool 1.50 2.00 3.00 6.00

1/ Portion of uncovered lot treated for water harvesting: assumes

100% runoff efficiency. Values for the zero treatment are from

direct precipitation.

Figure 3 shows the available water when we combine precipitation, runoff from covered areas, and
runoff from waterproofed portions of the remaining lot area. We can quickly determine how much lot
area need be treated to get a prescribed amount of water. For example, at Prescott, no lot area need

be treated to get 3 ft of water, at Tucson about 1/4 the soil surface must be waterproofed, and at
Phoenix about 1/2.

Similar calculations could be done for any location, any size lot and any combination of wasted
water sources; all that's needed is some measure of the rainfall and the amount of household gray -
water, and the relative lot areas involved. Some adjustment would have to be made for runoff
efficiency, since water -harvesting treatments rarely yield 100% (Fink and Frasier, 1977). For

example, asphalt and wax treatments commonly yield about 90% runoff, and concrete, 60 to 80 %.

The biggest unknown, of course, is the rainfall variability (both amount and frequency). At

Phoenix, for example, yearly rainfall since the 1870's has varied between 3 and 20 inches (Green and
Sellers, 1964), and there have been periods of from 6 to 9 months with little more than a trace of
precipitation. Such variability could seriously limit the type of plants that could survive, much
less produce, if limited to local rainfall and rainfall- runoff. Parsimonious application of gray -
water at such times could keep the plants alive and producing. Of the sources listed, gray -water is

the most reliable, both in regularity and quantity. Of course, on -lot tank storage could also be
added to smooth out rainfall vagaries, but costs of the tank and associated pumping would seriously
erode any economic advantage of the "wasted waters" system.

Adaptable Plants

We restricted ourselves here to food -producing plants, divided them into perennials and annuals,
and tried to reason what physiological properties would best ensure survival and production. We

believed that the perennials must be extremely drought tolerant to survive extended dry periods, must
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Figure 3. Salvageable water from precipitation, covered and treated
portions of a typical city lot in three Arizona cities,

be deep rooted to exploit soil- stored water, and should fruit early in the season before the soil
moisture stored from winter rains was exhausted. These plants possibly would then enter a semi-
dormant state until summer rains began.

Annuals (vegetables) were divided into low desert and high desert types. In the low desert
regions vegetable gardening probably should be limited to the winter season. Winter vegetables, of
course, are frost tolerant, have a low consumptive water requirement, and are quick maturing. Low
temperatures in the high desert preclude winter gardening. It seems logical that the summer vege-
tables selected for the high deserts should be early maturing and /or drought -tolerant to survive the
period between depletion of winter soil moisture and advent of summer rains.

Table 5 is a list of fruits, nuts and vegetables that might best work for this gardening scheme.
Certain of the fruit and nut trees (carob, date palm, fig, grape and olive) have been grown in arid
environments for centuries and are renowned for their drought tolerance. Others, such as apricot,
peach and almond have been considered (Cohen, et al., 1968) but little is yet known of their drought
tolerance, or water consumptive use. Any of the cold -tolerant vegetables should grow in the winter
garden. Two early maturing perennial vegetables worth considering are asparagus and Globe artichoke.

SUMMARY

Cheap, plentiful water at the tap keeps our Southwestern city landscapes green and lush. But
what would happen if water prices markedly increased, or severe drought struck, or for some other
reason yard watering was prohibited? Would grass and trees die, and home gardening cease?

We have demonstrated that homeowners in our Southwestern desert cities probably could maintain
their gardens and orchards by using only presently wasted water from direct precipitation, runoff
gleaned from covered areas associated with the lot (roof, sidewalk, street, etc.), household gray -
water, and runoff from portions of the lot treated for water harvesting. These sources could be used
singly or in combination to obtain the required amount of water. The actual amount available will
depend on the precipitation, runoff and runon areas, runoff efficiency of the contributing area, and
the number of people in the household. A number of horticultural plants are suggested that should
best fit such an irregular irrigation scheme.
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Table 5. Horticultural plants for a southwestern- desert garden if
irrigated only with salvageable waters.

I. Fruits, nuts vines (estimated 2 to 3 ft water requirement)

Apricot Olive

Carob Peach

Date Palm Plum

Fig Pomegranate

Grape
Jujube
Loganberries
Nectarine

II. Winter vegetables for low desert

A. Annuals: October to March (1 to 1 1/2 ft water requirement)

Beet Kale

Broccoli Kohlrabi

Brussels Sprouts Leek

Cabbage Lettuce

Carrot (leaf)

Cauliflower (head)

Chard Mustard

Chinese Cabbage Onion

Collards Parsnip

Dandelion Peas

Endive Radish

Garlic Rutabaga
Shallot

Spinach
Turnip

B. Perennials: (estimated 1 1/2 to 2 ft water requirement)

Artichoke
Globe (harvest May -June)

Asparagus (harvest March -April)
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