
A FEW FACTS ON

IRRFJATION 3Y PMPIN

AS PRACTICED ON

H A R.' S

SANTA CRUZ VALLEY RANCH,

lima County, Arizona.







The Santa Cruz Valley Ranch.
o

This Ranch is situated in the beautiful valley
of the Santa Cruz, sixteen miles south of Tuc-
son--the largest city in the territory—and eight
miles from Esmond's station on the Southern
Pacific Railroad, and consists of 2050 acres of
the finest land in southern Arizona. It is as
fiat as a billiard table, with just sufficient in-
clination to the north to irrigate nicely. It is
fenced, ditched, and laid out in lands and has
been under cultivation for the last five years.
The soil is a vegetable mould to a depth of
from eight to fifteen feet and contains no injur-
ious alkali. The land immediately adjoining
this, and belonging to the Mission of San
Xavier, has been under continual cultivation
for the last two hundred and fifty years and as
good crops are produced to-day as on land
freshly broken. This land is particularly
adapted to the Fruits, Nuts and Vines, in the
raising of which Arizona notably excels, and,
unlike California, is capable of drying the raisin
in the open air. The Grape and the Almond
do especially well as shown by those grown on
the ranch, and the writer has raised seventy
bushels of Corn per acre on the same ground
that produced three tons of Barley Hay in the
same year.

Water is obtained to irrigate the tract by
means of a pair of the largest

COMPOUND DUPLEX PUMPING ENGINES
IN ARIZONA,

Of the same grade and economy as those used
in city water works throughout the east. These
were the first engines of that claas that were
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ever brought here for irrigation purposes, and
may justly be entitled to the distinction of
having inaugurated pump irrigation on a large
scale in Arizona, and it was with this plant that
the economy of pumping for irrigation was
demonstrated. These engines are supplied
with water from the subterranean channel of
the Santa Cruz river and during the five years
that they have been in operation the level of
the water in this channel has not varied to ex-
ceed one foot between the wettest and dryest
season; the great advantage of this water sup-
ply being that there is no such thing as a dry
season, the supply being just as great in April,
May and June as in July, August and Septem-
ber—a feature not obtainable in surface ditches
where the supply is always the least just at the
time when it is needed the most, whereas in the
case of the underground supply it is continuons
and uniform the year around; one of the most
valuable points, as too much importance cannot
be placed upon the water supply for successful
irrigation, for, without a CONTINUOUS SUPPLY
THE YEAR Anotrbro, the best of land is valueless
for its best uses.

To illustrate the importance of the above,
allow me to quote the following from the report
of Gen. A. W. Greely, Chief Siena] Officer, U.
S. Army, to the Fifty-first Congress, in which
he says:

"It is a serious error and somewhat prevalent
that one can predicate the necessity of irriga-
tion by simply ascertaining and comparing the
annual rainfalls of various localities. It needs
no elaborate discussion to demonstrate not only
the practical inutility of such comparisons, but
also the certainty that deductions therefrom
must be nearly always misleading and frequent-
ly detrimental.

"To illustrate this point may be quoted the
annual rainfall of Pittsburgh, Pa., (36.71 inch-
es,) and that of Julian, San Diego County, Cali-
fornia, (37.68 inches.) As these rainfalls are
almost identical in amount it would naturally
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be assumed by one not conversant with the
peculiar distribution of meteorological condi-
tions of the United States, which conditions
depend almost 118 much on peculiar locality as
on latitude, that any industry or pursuit in
which rain is an important element would suc-
ceed, as far as water is concerned, equally well
at either place.

'There could be no greater mistake, however,
as the following data of average rainfall for
Julian, Oal., and Pittsburgh, Pa., clearly indi-
cate:

Moirra. _JULIAN. Prrrsn'o.

January 	 4.81 3.21
February    8. 25 2.62

March 	 9.85 2.85
April. 	 5.98 2.61
May 	 0.73 3.07
June 	 0.00 3.59
July, 	 0.00 4.96
August 	 0.00 3.45
Feptember..... 	 0.00 2.53
October 	 0.55 2.49
November 	 2.23 2.58
December. 	 5.28 2.75

Annual 	 37.68 36.71

"The rainfull at Pittsburgh is substantially
uniform throughout the entire year; the great-
est differences between the separate amounts
for any two months being only six per cent. of
the entire amount for the year. At Julian,
however, daring seven consecutive months,
from the first of May to the last of November,
only nine per cent. of the annual amount falls,
while nearly one-half (48 per cent.) of the en-
tire precipitation of the year occurs during the
months of February and March.

"This leads up to the main point, evident to
every farmer, that the most important charac-
teristic of rainfall (and irrigation as well) apart
from quantity, is its proper distribution
throughout the year."

My object in writing this little book and fur-
nishing the enclosed data is not wholly philan-
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thropic. In April, 1888, recognizing the ad-
vantages that Arizona had over California in
the matter of raising early fruits, I concluded
to embark in the business. To this end I
spent two months in constant travel investigat-
ing the valleys of the Salt river, the Gila, the
Colorado and the Santa Cruz, the principal
water courses of southern Arizona. After a
thorough investigation made in the clryest sea-
son of the year, and after having analyses made
of the various soils and waters and obtaining
all the data possible from every farmer encoun-
tered on the trip, I selected my present location
on the Santa Cruz, not only on account of the
superior analyses of the soil and water, but on
account, as well, of the uniformity of the water
supply and the higher average minimum tem-
perature. I have spent five years' time and a
great deal of money in demonstrating to my
own satisfaction, not only by ruv own experi-
ments, but by a close observation of the work
of others, as to what fruits and vines are best
adapted to our soil and climatic conditions.
During the course of this investigation I have
also become convinced that two thousand acres
of land when planted to fruits is more than any
one man can handle to its best advantage. con-
sequently I have concluded to sell a limited
acreage in 10, 20, 40 or 80 acre blocks, on easy
terms to parties who will improve and orna-
ment the same and make a community in which
it will be a pleasure to live myself.

There is no place in Arizona that offers the
advantages that this does to a person who
wishes to combine health and pleasure with
remunerative business. Our climate is ac-
knowledged to be the best in the united States
if not in the world. We can raise anything
here that can be raised in California, and more.

Our fruit matures from four to six weeks
earlier than in California, and the advantages
that this place has over one under a canal sys-
tem can be readily seen. It is no experiment,
nor is it owned by an inflated corporation. It
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is an individual concern and has been under
profitable cultivation for five years.

The results obtained in the Salt river valley
are an illustration of what can be done here,
and for the benefit of those who have not the
data at hand I append the following tables of
comparison. These tables are taken from the

REPORT ON THE CLIMATE OF ARIZONA.
51st Congress, 2d Session.	 Ex. Doc. No. 287.
By GEN. A. W. GREEDY, Chief Signal Officer,

O. S. A.
The data for the Salt River valley being taken

at Phoenix and that for the Santa Cruz
valley being taken at Tucson.

Mean Maximum and Minimum Temperature Readings
of Government Self-Registering Instruments.

MONTH.

MEAN
MAXIMUM.

" MEAN
MINIMUM.

Plicenx Tucson. Plicens Tucson.

January 	 65.7 66.6 32.2 35.,
Febmary  	 71.7 67.3 35.8 41,6
March 	  .......	 ... 81. 6 75.2 41.0 44.1
April 	 86.8 81.9 46.3 46.7
May 	 94.6 92.2 53.1 55.7
June 	 104.6 ma. 8 59.5 64.2
July 	 107.3 99.0 71.6 74,8
August . 	 104.0 94.1 71.0 73.9
September 	 99.2 91.5 6o.6 67.5
October	 go. I 82.0 50.2 51.6
November ......	 , ... 78.7 69.6 42.4 42.6
December .....	 .	 .... 73.4 65.4 36.6 37.0

Annual Average	 88.i 82.1. 50.0 52.9

It will be seen by the above that the tempera-
ture in the Santa Cruz valley does not go as
low for any month in the year as it does in the
Salt River valley, and it will also be seen that
there is only one month in the year in which
the temperature in the Santa Cruz valley ex-
ceeds that of the Salt River valley, and that is
the month of January, the coldest month in the
year.
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Again from the same source I quote the fol-

lowing in regard to the annual rainfall:
/SONTHLY AND ANNUAL MEAN PRECIPITATION FROM 1 875

TO 1891.

Months. Phoenix. Tucson.

January. 	 0.56 0.84
February 	 0.87 0.93
March. 	 0.67 0.93
April 	 0.32 o. 18
May . 	 0.12 0.11
June 	 0.09 0.23
July . 	 0.72 2.87
August. 	 /.02 2.37
September, 	 0.65 1.2/
October 	 0.57 0.65
November 	 0.54 0.55
December. 	 1.25 1.24

Annual Average 	 7.38 12. 1 1

Again it must be remembered that our an-
nual evaporation at the surface amounts to 80
inches. This must be provided for by the sur-
face producer and consequently, as is the case
with all other things, it must be paid for by the
consumer, sometimes in cash but generally in
crops, through a scarcity of water just at the
time when the crop most needs it. Whereas
with the underground supply evaporation is
practically nothing, and the water remains in
its subterranean reservoir until it is needed for
actual use, and no expense is incurred in pro-
ducing any water except that which is actually
applied to the land.

CONDITIONS.
I propose to sell 1000 acres of this land in 10,

20,40 or 80 sore blocks, with water right, at a
stipulated price per acre.

WATER WONT.
A Water Right consists of an obligation ou

my part to furnish water to the owner of a
water right, and to the exclusion of all others,
water to the extent of one million gallons or
less per acre per year, at a stipulated price of
$6 per million gallons, or one-half of one cent
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per 1000 gallons: water to be furnished at such
times and in such quantities as it may be de-
manded by the purchaser.

I further bind myself not to sell water rights
in excess of one-half of the capacity of my
pumping plant, thereby holding a contingent
capacity in reserve equal to the whole number
of water rights sold, for the protection of my
customers. Any customer may have more than
a million gallons per acre per year by paying
for the same at the same rate, if he so desire,
as the limit is only put on to protect one cus-
tomer against the encroachments of another, as
a million gallons is double the quantity required
for crops of any description and one-half of it
will not be consumed unless through wasteful-
ness.

A Million Canons.

ii million gallons is 133,333 cubic feet. An
acre of ground contains 43,560 square feet.
Hence a Million gallons of water will cover an
ENTIRE acre of ground over three feet deep.
This, added to our annual rainfall of over
twelve inches, would make over forty-eight
inches. But inasmuch as this water is only ap-
plied when and where it is needed, it would be
equal to at least seventy-five inches of rain, as a
great deal of the rain falls on ground not occu-
pied by the crops and at such times as it is not
needed.

Method of Measuring Water.

The method of measuring water is as follows:
In front of the engine house is a large circular
basin or reservoir, built of cement, in the 3entE:r
of which is a fountain having a 12-inch nozzle.
In the bottom of this reservoir is another pipe.
14 inches in diazeter; these are connected with
the pumping engines and are both inlets, and
the water is forced in through them continually.
Adjoining this reserv3ir and on a lower plane,
is another of the same material. This reservoir
is circular and is just twenty-two feet and nine
Inches in diameter, with perpendicular Fides,
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and its cubic contents are 406 cu. ft., or 3040
gallons, for each foot in depth. This reservoir
acts as an intermediate or measuring reservoir
between the main supply and the main ditch.

An automatic arrangement placed between
the two reservoirs admits the water from No. 1
to No. 2. When No. 2 has filled to a given
height this arrangement shuts off the inlet and
opens the outlet to the equalizer and main
ditch, which are also built of cement. The ob-
ject of the equalizer is to equalize the flow and
make it uniform in the main ditch, although it
comes intermittently from the reservoir. When
the water in No. 2 falls to a given level the
automatic arrangement closes the outlet and
again opens the inlet and continues to repeat
the operation.

The number of feet and inches that the water
level falls in No. 2 is recorded automatically at
each discharge, and as each foot counts 3000
gallons it is only necessary to multiply the
number of feet by 3 to tell the number of thous-
ands of gallons discharged. Thus it will be
seen that a million gallons of water measured
in this way amounts to a solid column of water
22`.9" in diameter and 333 feet high.

In this way a man can tell exactly how much
water is required to produce different classes of
crops and the relative economy of each from a
water point of view. How many men on the
Pacific coast can tell how much water it takes to
raise a ton of hay or a box of raisins or fruit of
his own production? Hais like the man and
the gas meter—he knows how much he PAID
for, and that is as far as he can go.

By this system a man pays only for what he
gets, and I produce nothing except what I am
paid for and I make a profit on what I produce,
with no wasted over-production to be taken oat
of it. If a munis economical and thrifty in its
use he himself gets the benefit of it and does
not have to help hear the expense of his neigh-
bor's extravagance, as is the case in the present
ditch system.
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The annual rainfall which is generally a

source of annoyance and expense to the ditch
irrigator through the washing out of the ditch-
es, dams, headgates, etc., is in this case a source
of profit to the consumer and no loss to the
producer of water.

The fact is well known that a crop can he
raised here ah, at one year in three without ir-
rigation, and the other two years you can come
so near to raising it that you will fail. Grain
will often commence to head out and then dry
up and die for the want of the single irrigation
that would make an abundant crop. Almost
our entire annual rainfall of 12 to 13 inches
falls in the months of July, August, September,
December, January and February, and this ig
generally enough for these months. It is main-
ly to bridge over the critical period known as
the dry seasons, that all these millions of dol-
lars are invested in canals, dams, reservoirs,
and ditches—the mouths of April, May. June,
October and November, the months whei ..i the
spring and fall crops MUST be planted in order
to get the benefit of the rest of the year. And
these are just the months when the surface
water is the most scarce in this country, for it
must be remembered that this is not like a
northern country where the snows that fall in
the mountains during the winter months keep
the surface streams in the valleys running until
far into the summer.

This country is dependent for ite water sup-
ply chiefly on its local rains, which are absorbed
into the soil and slowly finds its way throm4h.
the sands into the valleys and then slowly
in underground channels to the sea. If it W.a.FE'

not for the loose character of the soil K13 ,I the
fact that the lower strata of the valleys are
composed of loose gravel and boulders .Arizona
would in truth be the desert that she is marlKed
upon the map, as very few of the surface
streams flow except during the rainy season.

As it is these valleys form enormous natrm_11
reservoirs or underground streams, with their
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flow so retarded by the sands and gravel that
even through a succession of several dry years
as in the past two years, no difference in their
level or quantity can be observed. As an illus-
tration let me state that I pump continuously
day and night 2500 gallons per minute, or
3,600,000 gallons a day, out of a single well, size
48 feet. When pumping, the water flows into
the well as it would into a hole dug into a
bucket of coarse gravel and water.

So it will be seen that it is not so much the
quantity of water that is needed as it is to get
it JUST WHEN YOU WANT IT.

How Much Land Will a Million Canons Irrigate.

The question is often asked, "How much will
a million gallons irrigate?"

This is one of the hardest questions in the
world to answer satisfactorily for persons who
have land elsewhere. Difference in character
of soil will make a great difference in quantity
of water required. Difference in location will
make a difference in benefit derived from rain-
fall. Difference in crops will make a difference
in some cases or 5 to 1, alfalfa requiring at least
five times the water that is required for fruits
or vines after being started. The level of the
land can make a difference of 2 to 1. And the
man can waste as much as he pleases, and
various other causes make it impossible for me
to tell what any particular man can do at any
particular place.

To determine for my own benefit what it
cost me here for water I measured off five acres
and planted it to Alfalfa m the middle of
March, 1893, (selecting alfalfa as being a crop
that would require the maximum quantity of
water,) All of the water artificially applied to
this five acres has been recorded to date Feb.
20, 1894, and amounts to a little less than (12)
twelve inches over the entire five acres, or as
recorded in gallons 1,620,000, this at five dollars
per million would amount to $8.10 or $1.62 per
acre. This land yielded five tous of hay per
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acre last summer in three cuttings which sold
on the ranch for $13 per ton. This laud will
not require water again until the last of March
and perhaps later and it should yield at least
8 tons in five cuttings next summer.

A Few Items That Will Assist In Computation.

The average annual rainfall in the Santa
Cruz valley is 12.11 ins. Double the annual
rainfall by irrigation will raise two crops per
year of Grain, Beans, Corn, &-c.

On ground well leveled an inch of water
makes a good irrigation. The more rough and
uneven the ground the more it will take.

Two inches of water after cutting a crop of
alfalfa will raise the next crop.

A. million gallons of water contains 133,333
en. feet. It weighs 4166 tons and would fill a
circular tank 10 feet in diameter and over 1700
feet deep.

To raise this quantity or water 60 feet high
requires an energy of over 600,000,000 foot
pounds. This energy is developed from 9ri of
a cord of mesquite wood that costs me laid at
the furnace door $1.50 per cord.

Flat land is cheaper at double the first cost
than rough uneven laud. It is not necessary to
be LEVEL, in fact it is better with a little incli-
nation, but absolute flatness is essential to
economical irrigation, and it is expensive to
make rough laud absolutely flat.

Avoid purchasing MI where the overflow
from higher laud can run over it. for it rains in
this country sometimes and when it does it
generally goes at it in a businesslike way.

Twenty acres well cultivated to general crops
will yield a man with his own labor an annual
income of $1,000. 200 acres allowed to take
care of itself will keep a man hopelessly in debt.
20 acres planted to fruits and vines is all that
an average family can handle to its best advan-
tage without employing outside labor, and
should yield when in bearing an annual income
of not less than $200 per acre.



14
While the same family could handle 160

acres after it is once planted to alfalfa, and it
would yield at the present price of hay not
less than $50 to $75 per acre.

June is the proper month to purchase a
water right and the time spent in investigation
will not be wasted.

Land planted to ordinary crops here yield on
an average per acre from November to May
2 4 tons of wheat or barley hay, at an average
value of $14 to $16 per ton. The same land
yields from let of June to the 1st cf Novem-
ber, 1 ton of beans, average value $50 to $30
per ton or 2500 lbs. corn average value $30 to $40
per ton, or it will yield eight tons of potatoes of
an average value of $20 to $30 per ton and one
ton of beans or »,f tons of corn within 12
months.

Alfalfa after the first year will yield 8 tons of
hay per acre, average value $10 to $14 per ton.
An acre of alfalfa will fatten three head of
cattle three times a year, and the pick of range
cattle sell for 1 3 cents per lb. and hard to sell.
Alfalfa fattened cattle sell for 3 cents a lb. be-
sides increasing about one third in weight, and
they have to be shipped into Tucson in order
to get them. Nearly all the lard and bacon
consumed is also shipped in from the east.
Nearly every thing that is consumed in Tucson,
which is the distributing point for Pima county,
is shipped in from outside points and the above
values are just what it costs on an average for
merchants to lay the material down in carload
quantities. A single firm in Tucson ships in
annually over 2,000 tons of grain, hay, beans
and potatoes in addition to what they purchase
of home producers, and there are six other large
firms engaged in the same business, besides
nearly thirty retail concerns. The question
naturally arises: Well, why don't you raise this
produce yourselves and keep this large amount
of money within your own county limits? The
answer is simple; these crops cannot be raised
without water. We have practically no surface
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water in Pima county at the time of year when
it is absolutely necessary to have it to produce
these crops. There are less than 7,000 acres of
land under cultivation in Pima county and this
does not produce one half what it is capable o?,
through lack of water when it is absolutely
necessary that it should have it. To produce
water here economically it is necessary to pro-
duce it in large quantities and this involves
great expense and consequently the command
of large capital, and those who would willingly
produce it if they could are unable to do so.
A large proportion of the laud now cultivated
is in and around Tucson and is devoted to the
raising of fresh vegetables which are sold fresh
from the garden every day in the year.

Analyses of Water and Soll taken from the
Hartt Ranch.

UNIVERSITY OF ARIZONA,
Agricultural College and Experiment Station.

CHEMICAL DEPARTMENT:
C. B. COLLINGWOOD, Chemist.

TucsoN, Arizona, March 12. 1892.
Analysis of water from Hartt's Ranch to determine val-

ue for Irrigation or Boiler purposes.
Total Residue ou Evaporation, at temperature of

boiling water	 26.0
Loss by ignition at low red heat, combined water

and organic matter  	 4.5
Color on heating, showing presence of organic

matter	
*

..	 ...... . .	 None
Residue soluble in water, common salt, Glauber's

salt, etc  	 8 o
Residue insoluble in water, but soluble in acid,

lime, etc	13.5
Residue insoluble in acid, silica—sand	 . .....	 3.5
Analysis of water soluble residue—
Sodium Chloride—common salt	 1.6
Sulphates of Sodium Magnesium and Potassium,

Glauber's salt, etc	 5.6
Analysis of acid soluble residue—
Carbonates of lime and magnesia ..	 9- 5
Sulphate of lime—gypsum  	 0.5
Residue insoluble in acid-

.	 3.5
To interpret a water analysis compare the amount of

total residue, residue soluble in water, and residue insol-
uble in water. The amounts are given in parts per one
hundred thousand and in grains per gallon (437 grains
per ne—Sb pounds per gallon). In the former case if a
water has one part per hundred thousand it means that
if one hundred thousand pounds (ii,s.90 gallons) of water
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were evaporated to dryness, one pound of solid residue
would be left. In other words, if an acre were covered
to the depth of one inch with water containing s part
per hundred thousand on evaporation it would leave 2.26
pounds of solid matter in the soil. The number of acre
inches used, multiplied by total residue of the water
multiplied by 2.26, will give the amount of solid matter
left in the soil in the course of a year.

The interest of a water analysis centers in two points—
the amount and character of total residue. Other things
being equal, the less residue the better for the purposes
of irrigation or boiler use.

For Boiler Use—A large amount of insoluble residue
causes an incrustation in the boiler. This;incrustation is
harder and more difficult to remove in case the water
contains much gypsum. Large amounts of soluble sol-
ids, especially carbonate of soda, cause frothing.

For Irrigation Use—The amount of residue insoluble
in water has no harmful effect. Residue soluble in
water remains in the soil as soluble salts or alkali. Of
these common salt and soluble sulphates which cause
white alkali, are harmless except in large quantities.
Carbonate of soda (sal soda) which causes black alkali, is
exceedingly corrosive to plant growth, and in quantities
larger than two parts per hundred thousand must be
looked on with suspicion. Land irrigated with such
waters will be benefited by an application of one hun-
dred pounds per acre, of gypsum. Water having, gyp-
sum never contains carbonate of soda.

The above is a good water for either domestic or irri-
gation purposes, free from substances injurious to plants
or animals. Water of this kind could undoubtedly be
used indefinitely without.any harmful result.

C. B. COLLHNIGWOOD.
TUCSON, Arizona, January 31, 1894.

PROF. F. A. GULLEY, Director of Experiment Station.
Dear Sir:—An examination of the soils taken from

several places and at different depths on the ranch of
Mr. Wm. Hartt, showed that the soil was a fine deep
loam of good tilth. The amount of humus, or organic mat-
ter, is very large and as the soil contains all the elements
of fertility in large quantities it will yield good crops fir
many years. There is no injurious soluble matter dr
alkali and none need be anticipated as the water is of a
superior quality free from alkali. Respectfully.

C. B. COLLINGWOOD

For further particulars apply to

WM. A. HARTT,
Tucson, Arizona.
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