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IRRIGATION AT THE STATION FARM
1898 -1901,

By A. J. McClatchie.

INTRODUCTION.

During the past four years, especially during the last half of
that period, much attention has been given at the Station farm to
irrigation from various standpoints One line of investigation
has been the determination of the bes,t method and the proper
time for the irrigation of each crop grown in the region. Another
study has been the amount of water needed by each crop, and the
best procedure for conserving the water applied. The first crop
studied carefully along these lines was the sugar beet. Next,
attention was turned to deciduous orchards. Later, potatoes, corn,
grains, melons, garden vegetables, and other crops were given
consideration. During the past season a beginning was made in
studying the best method of irrigating Egyptian cotton, and the
amount of water needed for producing a crop. Many data have
been obtained that seem worthy of publication at this time, that
they may become promptly available to the farmers of the Terri-
tory. Meanwhile the investigations are being pursued with in-
creasing intensiveness.

WATER SUPPLY.

The Station farm, where were made the records that are the
basis of this bulletin, is situated near Phoenix, just below the
Maricopa canal, in the midst of typical Salt river valley farms.
The surrounding region is devoted to the production of alfalfa,
grain, orchard and small fruits, and vegetables The Station farm
(as are other farms of the section), is supplied with irrigating
water from two canals (the Maricopa and the Grand, which in
this part of the valley run about a half a mile apart) of the four
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main ones supplying with water the portion of the valley lying on
the north side of the Salt river. The practice being to turn
water through two of the four canals for four days and then
through the other two for the succeeding four days, water can be
obtained for irrigation twice during each eight days by contract-
ing for the delivery of a portion through each of the two canals
mentioned above

The amount of water received from these canals fluctuates
very much during the year, varying with the flow of the Salt
river, from which they receive their water. When the river is
high enough to make it possible, water is delivered to farmers con-
tinuously, or during four successive days with an intervening four
days when none is delivered. But as the river falls, the "runs1'
are shortened more and more, until they may have a duration of
but a few hours. Under such circumstances water is available
for irrigation from any one canal upon but one day in eight, and
small plants are apt to suffer for water, if the weather be hot and
dry. By having water delivered through two canals, a farmer
can irrigate strawberries, garden vegetables, and other shallow
rooted crops every four days. This possibility has been especially
necessary during the past two summers while water has been so
low Without water being available every four days, it has been
practicably impossible to maintain a field of strawberries, for
example, through the past three trying summers, and in many
cases a large percentage of the plants of a field have been lost
though watered every four days.

The cause of the fluctuation of the river flow will be indicated
by the following table of the average precipitation at the six
stations in the water shed of the Salt and its tributaries, according
to the available records:

A verage
monthly
precipitation
in inches.

Jan.

1.84

Feb.

1.46

Afar.

1.57

4pr,

0.81

May

0.64

Jttne

0.30

July

2.27

Aug.

2.57

Sept.

1.20

Oct

0.95

A/OF

LOB

Dec

1.90

The variation in the supply of irrigating water from month
to month will be indicated by the following table of tlie flow of
the Salt river during the past thirteen years, based upon the
available records.
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TABLE I.—MONTHLY FLOW OF SALT RIVER IN IOOO ACRE FEET.

Year

1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901

A ver

Jan.

365
30b
210
41
33
17
600
48
335
37
40
26
56

158

Feb

144
560
2175
170
83
32
173
36
170
61
38
26
195

293

Mar.

537
394
300
50
188
86
340
89
70
83
40
24
105

170

Apr

236
109
160
60
86
50
154
70
50
67
44
25
60

90

May

t»
56
150
30
48
40
58
37
88
40
24
28
45

54

Jane

27
30
79
22
13
30
28
20
31
23
17
9
20

27

July A ag".

30
32
46
24
35
30
20
90
49
46
37
6
20

36

25
238
48
18
100
60
57
100
33
49
40
18
59

65

Sept.1 Oct.

31
139
34
27
65
60
30
60
100
41
26
14
17

52

27
160
30
30
46
60
128
170
54
20
38
21
15

61

AOK

34
280
30

Dec.

349
384
40

33 19
35) 38
30
108
60
32
24
25
33
23

57

170
75
50
33
38
25
26
22

97

Total

1871
2688
3302
528
770
665
1771
830
1045
529
394
256
637

1157

It is a significant fact that although the rainfall is heavier in
the watershed of the Salt river during July and August than
during the winter, the flow of the river is usually much greater
during the latter season. The parched condition of the watershed
and the rapidity of evaporation during the hot summer months
are undoubtedly responsible for the failure of most of the rainfall
of that season to reach the valley below. During the months of
December, January and February an average of over three times
as much water is available for irrigation as during the summer
period of most abundant rainfall. But it is naturally during
the summer months that the most water is needed for irrigation.
The season of greatest need is from February to July. During
considerable of this period, especially during May and June, the
river, as will be seen by referring to Table I, is commonly low
and the supply of irrigating water consequently short. This being
the season of greatest growth, it is important tbat crops be sup-
plied with plenty of water. In order to provide for this demand
on the part of the crop, the application of large amounts during
the winter and early spring is practiced by most farmers. This
method is especially useful in the case of orchards and alfalfa, and
can be resorted to for soaking soil intended to be used for spring
crops. Thus, water is commonly applied at the Station farm,
and upon other farms of the region, not when most needed by
the crop, but when it is available. This is a condition that
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naturally exists where flood waters are not stored in catchment
basins along the river. The beneficial results coming from such
a reservoir can be most nearly obtained by using the soil itself as
a storage reservoir. It is hoped that the experiments reported
upon in this bulletin, and others in progress, will help farmers to
realize the possibilities along this line. Next to storage reservoirs
for impounding flood waters, the greatest need of the region is a
better understanding of the best way or ways of obtaining the
greatest return from the water available for irrigation. While
steps are being taken to procure storage facilities in southern
Arizona, all can practice economy in the use of water, and thought-
fully make the best of the existing conditions.

SOIL OF THE STATION FARM.

The soil of most of the Station farm is a clayey, gravelly
loam underlaid with a stratum of gravel. The loam is five to six
feet deep, and the gravel stratum about eight feet thick, beneath
which lies a stratum of fine clay about twenty feet deep. The
loam of a portion of the farm is overlaid with a fine adobe, the
superimposed stratum varying in depth from a few inches at one
side of the section to six to eight feet at the other side. The
adobe soil is moistened more slowly than the loam, and retains
its moisture longer. Both become quite hard, if permitted to dry
without cultivation at the proper stage of desiccation, the adobe
soil cracking as it dries. The period during drying when the
adobe soil may be cultivated is especially short. In the case of
either soil it is very important that a cultivation be given at just
the right time, in order to maintain a proper physical condition
of the soil. Water does not percolate rapidly through the adobe
or the loam stratum; but when it once reaches the gravel, it
passes downward rapidly until the clay is reached. Hence only
deep-rooted crops, such as alfalfa and fruit trees, are much bene-
fited by water that passes beyond the stratum of loam. Determi-
nations of the maximum water capacity of the soil of the loam
stratum show that the amount of water required to saturate it is
approximately two and one half feet. Determinations of moisture
content made from samples taken a few days subsequent to irri-
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gation, when superfluous water applied had had time to settle
away, showed that the soil as it lay above the gravel had the
power to hold about one and one-fifth feet of water. Hence the
latter amount is about what would be necessary to apply to this
soil, if thoroughly dry, to put it into good condition for the
growth of any of the crops reported upon, except the orchard
fruits. Moisture determinations made when the soil was so far
dried out that most crops would suffer for water showed the
presence of a little over one-half foot of water in the loam stratum
of five and one-half feet. Thus the amount of water that might
be economically applied at any irrigation would be theoretically
the difference between 1.2 feet and .5 feet, or about .7 feet. This
agrees very closely with the amount that experience has shown to
be necessary to apply at one irrigation in order to bring soil in
which most crops would suffer to a good state of moisture. Of
course the exact amount will vary with the kind of crop and with
the stage of its development. For instance, crops planted in wide
rows need considerably less water during early growth when
plants are small, than later.

SEASON OF GROWTH.

Although there is no season of the year when some crop or
crops are not growing on the Station farm and on the other farms
of the region, yet there are two seasons during which most are
produced: (i) November to March inclusive, when grains, most
hardy vegetables, and small fruits are planted and make the main
part of their growth; and (2) April to October inclusive, when
melons and other vegetables more sensitive to frost than to heat,
corn, cowpeas, and sorghum make the most of their growth.

But there is no time of the year when some crops are not
maturing and others in the early stages of their growth. The time
when fewest crops overlap in this way is about the time of the fall
frosts that occur about the middle of November. By this time the
summer crops sensitive to frost are either mature or aie killed,and
few of the winter crops are planted. Hence this is the most ap-
propriate time to make a beginning of the crop year. Each irriga-
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tion year reported upon below is considered as extending from the
end of November, 1900, to the end of November, 1901.

RAINFALL DURING YEARS COVERED.

While precipitation may occur at any time of the year in the
vicinity of Phoenix, there are two seasons during which the fall is
heavier than during the remainder of the year, and the consequent
supply of irrigating water much greater. The two seasons are,
respectively, July and August, and from December to February in-
clusive, the rainfall being usually the heaviest during the last month
of the year. The rain and snow falling in the mountains during
the winter rainy period usually furnish an increased supply of irri-
gating water until the end of March. From the latter month until
July the rainfall is light and the supply of water usually gradually
diminishes, becoming very low during June. The summer rains
swell the streams and increase the supply of irrigating water tem-
porarily. Then follow about three months during which the rain-
fall is so light that the supply is again usually less than the demand.

The following table of the average rainfall in inches for each
month of the year, as recorded during the past twenty-six years,
will indicate how the rainfall is distributed through the year at
Phoenix:

Aven

rainfall
1875-1901 1

Feb.

0.74

Mar.

0.61

Apr. May June

0.30 0.15 0.10

Oct.

0.99J 0.95J0.46J0.45

YorJ Dec.\Total_^__ ^

It will be seen that the average monthly precipitation gradually
decreases from the winter rainy season until July, during which
month and the following one the average amount is somewhat
above the average rainfall for the respective months of the winter
rainy season.

The average monthly amount of precipitation being so small,
the amount that falls during any one day is seldom great—too
small usually to be of much direct benefit to growing crops. The
principal local benefit is due to the temporary raising of the rel-
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ative humidity of the atmosphere near the surface of the soil, thus
checking evaporation and causing more of the irrigating water to
be available to the growing plant. If a rain can be followed with
an irrigation, that the moistening of the soil may be continued
downward to the moisture below, then the rain may be a distinct
benefit. In any case, shallow-rooted crops are often temporarily
benefited, but unless a cultivation can follow, the soil at and near
the surface usually soon becomes baked and the crop is often worse
off than before the rain. The crops benefited most by the local
rains are the winter grains. Being shallow rooted, and growing
during the cool time of the year when evaporation is less rapid
than at other times, they often receive considerable benefit from
the rains of December, January and February. Some of the July
and August showers benefit such crops as strawberries, tomatoes,
and other shallow-rooted ones. But the effect of a rain upon a
crop is seldom lasting, and only a small portion of that which falls
can be considered as consumed by a growing crop.

Of greater importance than the local rains are the storms in
the mountains constituting the watershed of the Salt river, the
source from which the irrigating water is drawn. As the mountain
rains usually occur at the same time as the valley rains, the latter
are usually welcomed because of the simultaneous occurrence of
the former, rather than because of their own direct value.

RAINFALL FOR 1898 AT STATION FARM.

Inches Inches
January 10 »... .60 November 26 53
January 13 22 November 27 01
January 27 70 December 9 63
July * 4 20 December 10 .1.31
August 22 30 December 11 02
August 26 70 December 16 02
November 25 07

Total 5.31

The rainfall of the year, it will be observed, all fell during
but five months of it, none falling from January to July, nor dur-
ing September or October. The rain was thus confined almost
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entirely to the two rainy seasons mentioned above. As usual also,
the greatest amount fell during December.

RAINFALL FOR 1899 AT STATION FARM.

Inches Inches
January 11 23 July 24 12
January 12 97 July 31 14
February 2 09 August 3 81
February 3 02 August ^ 0 18
June " 24 29 August * 15 54
June 25 70 September 8 89
July 9 10 October 11 29
July 10 01 October 12 01
July 12 12 October 14 04
July 15 03 , November 14 42
July 18 33 November 22 00
July 19 33 December 18 12

Total <UW

The rainfall of this year was distributed more evenly, fell in
a large number of showers, and exceeded in total amount that of
the year preceding. An unusually small amount fell during
February and December, and an unusually large amount during
June. It will be noted that none fell during March, April or May.

RAINFAtI* FOR 1900 AT STATION FARM.

Tucties Inches
January 4 10 August 3 03
March 13 10 September 1 OH
March 14 13 September 22 01
March 25 03 October 12 20
April 5 5t> November 17 44
April 28 ,39 November 18 H4
May 5 10 November 19 07
July 20 1.30

Total , 4,05

The rainfall this year was abnormally small during the winter
rainy season, but one-tenth of an inch falling during that period.
This was partially compensated for by the unusual rainfall for
April. The rain of July 20 and of November 17-19 was sufficient
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in amount to directly benefit growing crops. It will be noted
that none fell during February, June or December. The total
precipitation was below that of any previous year since a record
has been kept at the Farm.

RAINFA1X FOR 1901 AT STATION FARM.

Inches Inches
January 25 38 July 24 07
January 27 04 July 27 05
February 1 36 July 29 59
Februarys . . . . 02 July 80 02
February 6 68 August 1 06
February 7 05 August 3 97
February 10.: 11 August 4 01
February 11 01 August 5 02
February 24 08 August 11 22
March 8 09 August 12 06
March 31 14 August 13 05
May 14 15 August 17 14
May 29 06 August 29 21
July 2 01 October 29 55
Julv 23 08 Novemberl2 13

Total 4.36

The year was characterized by the unusual number of
showers that fell, especially during February, July and August.
With the exception of the absence of rain during December, as
during the previous year, the precipitation fell during the usual
rainy seasons. The total of the thirty showers was however
smaller in amount than that of any previous year of which there
is a record at the Farm. On very few days did enough fall to be
of much direct benefit to crops. However, during the winter
season, three rains, varying in amount from one-third to two-thirds
of an inch, occurred that would benefit growing grain. But the
total amount, 1.42 inches, is small compared with the amount
required to produce the crop. One of the July showers—that of
the 29th—, and one of the August ones—-that of the 3rd—would
also benefit considerably some of the summer crops, such as straw-
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berries, tomatoes and cotton. Possibly an a\erage of a tenth of a
foot might be counted as the amount of rain utilized by each crop,
m addition to the irrigating water applied during the year. It
will be noted that during March, May and the most of July, the
rainfall on no date was sufficient to wet dry soil to a greater depth
than one-half inch, that none fell during April or June, and none
during the two months from August 29, to October 29.

TEMPERATURE AND RELATIVE HUMIDITY.

The coolest months at the Station Farm are December and
January, during which frosts (occasionally heavy ones) are fre-
quent. During February the weather commonly becomes grad-
ually warmer. It may be considered that this month marks the
beginning of spring. The principal part of the growth of winter-
sown crops is made during the three months that follow. During
these months the weather becomes increasingly warm, the maxi-
mum temperatures, by the latter part of June, ranging from 100
degrees to no degrees F. in the shade. The relative humidity
of the atmosphere decreases as the season advances and the tem-
peratures rise, evaporation consequently becoming very rapid.
During July and August the temperature is higher than during
June; but the humidity is temporarily increased from time to time
by rains, and the weather is consequently often less trying upon
vegetation. From August to December the weather commonly
grows gradually cooler, and the relative humidity usually in-
creases.

The accompanying table of the average monthly temperature
and relative humidity during the four past years will indicate the
changes in the weather from season to season of the year, and
what the weather of the period has been. The temperatures are
those at the Farm, and the relative humidity figures, those ob-
tained at the Weather Bureau at Phoenix:
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TABLE II.—TEMPERATURE AND RELATIVE HUMIDITY.

January. . . ...
February .
March
April
May
June
July
August
September
October
November .
December

Innual Mean

A

1898

46
57
54
70
72
83
89
88
82
70
56
47

68

lean tei

1899

47
51
59
67
70
83
90
86
84
67
58
50

68

nperdtti

1900

53
53
63
62
76
84
90
85
77
69
60
52

69

re

1901

52
55
59
64
73
81
91
88
81
71
61
50

09

Meat

1898

56
41
33
30
27
25
37
44
32
23
35
51

36

? relatn

1899

49
40
32
28
22
32
40
38
31
40
46
38

36

e 1mm i

1900

41
29
38
44
26
16
25
26
30
36
41
42

33

dity

1901

47
59
38
29
30
19
33
43
28
39
49
32

37

It will be seen that the mean annual temperature and the
mean relative humidity differ from year to year far less than the
rainfall. The changes in the temperature from month to month
are, on the whole, quite regular. Only a few marked irregularities
occurred during the four years. One of these was the lower mean
temperature during March, 1898, than during February, and
another the lower mean temperature during April, 1900, than
during March. The coolest month during the four years was
January, 1898, and the warmest, July, 1901. The dampest
month during the period was February, 1901, and the dryest,
June, 1900, the latter year being the dryest of which there is a
record at the Phoenix Weather Bureau. It will be noted that
July has been uniformly the warmest month of each of the four
years.

EVAPORATION.

The rate of evaporation from plants, from soil, or from water,
varies with the temperature, the relative humidity, and the wind
velocity, the rate from soil being affected less by the last factor
than the rate from water. The amount of evaporation from water
indicates approximately the rate of loss of water from crops and
from soil. Consequently evaporation data are helpful in consid-
ering irrigation questions.
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The record of evaporation from a water surface has been kept
at the Farm for but one year. The beginning was made last
April and a record is now being made regularly. The record is
being kept in the usual way from the surface of a tank of water
sitting with the surface even with the surface of the soil. The
results for May to November (end of the last irrigation year), in-
clusive, are given in the table that follows:

TABLE III.—EVAPORATION FROM WATER SURFACE.

Week ending

May 7th
May 14th
May 21st
May 28th
Juno 4th
June llth . .
June 18th
June 25th
July 2nd
July 9th .
July 16th
July 23rd
July 80th
August 6th .
August 13th ,
August 20th

Elaboration
in indies

1.68
1 92
1 92
2 04
2.04
2.16 1
2 04
2.28
2 28
1.92
2 52
2 64
2.52
2 88

72
1.44

H eek entiiHK

August 27th
September 3rd
September 10th . ...
September 17th
September 24th . ...
October 1st
October 8th
October 15th
October 22nd
October 29th
November 5th
November 19th . .
November 26th •
December 3rd

'lOtclI

L\ dpordtion
in inches

U>8
1 .06
1.68
1 80
1.68
1 .56
1.82
1.08
1.08

.84
48

.36

.48
48

JO JO

The total of the seven months—approximately 49^ inches —
was divided among the months as follows:^ May 8.28 inches,
June 9.42 inches, July 11.29 inches, August 6.55 inches, Septem-
ber 7.08 inches, October 4.81, and November 2.05 inches.

The comparatively low evaporation for the week ending
August 13th, due to the humid condition of the atmosphere, is a
striking illustration of how evaporation is modified by such a
condition. It will be noted that though the temperature was
higher during August than during September, the evaporation
was greater during the latter month. This was clue to the fre-
quent showers of August, and the absence of rain during Septem-
ber. From the latter month to the end of the year, the rate of
evaporation decreased gradually, and quite regularly.

The evaporation for December, 1901, to April, 1902, inclu-
sive, amounts to 16.15 inches, making a total of 65,63 inches
for the > ear during which a record has been kept.
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METHOD OF MEASURING WATER.

For measuring flowing water, two different units of measure-
ment are in use: the miner's inch and the second-foot. The
miner's inch is supposed to be the amount of water flowing
through an opening an inch square, under certain conditions. In
most regions where the unit is used, the opening is supposed to
be so placed that there will be a certain depth of water above it,
causing some pressure. The required depth of water above the
aperture varies in different regions from four to six inches, while
in some localities the aperture is not required to be below the sur-
face of the water from which the stream is flowing. There being
a lack of uniformity in the conditions under which a miner's inch
is measured, the amount of water expressed by the term is
plainly not a definite quantity. Moreover, without a complicated
device, it is impracticable to control the depth of water above the
opening; and consequently a miner's inch of water could not be
easily accurately measured out, even if the required conditions
were the same in all localities.

The second-foot is a much more convenient unit of measure-
ment, and is the one that is becoming generally adopted for the
measurement of irrigating water. A second-foot is the flow of a
cubic foot of water during each second of time. Thus, a second-
foot flow of water for one minute would equal just 60 cubic feet,
a second-foot flow for an hour just 3600 cubic feet of water, and
so on. Since the second-foot is always a definite flow of water, a
second-foot flow for any definite period will equal a definite num-
ber of cubic feet of water. It thus becomes easy to compute how
much irrigating water will flow upon a given piece of land in a
given time. Since there are 43,560 square feet in an acre of land,
it will take 43,560 seconds, or 12.1 hours, for a second-foot flow
to cover an acre with water to the depth of a foot. Enough w^ter
to cover an acre a foot deep is termed an acre-foot. The flow .of,
one second-foot for i;2,ithpurs, or of <>n,,e4|.alf a second-foot, for
24.2 hours (24 hours and 12 minutes) therefore equals an acre-
foot. A second-foot flow for 24 hours so nearly equals two acre-
feet (enough water to cover one acre two feet deep, or two acres
one foot deep) that in making computations on farms it may be
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considered as equalling that amount, without the eiror being
great enough to cause the arrival at serious misleading con-
clusions; and in most cases the error would not be greater than
the errors likely to occur in making the measurements of the
stream from which the computations were made. In this region
an "inch*5 is now considered to be one-fortieth of a second-foot,
the latter thus equalling 40 local "inches." In making compu-
tations, a second-foot and 40 "inches" may be used interchange-
ably, therefore.

To ascertain the number of second-feet flowing in a ditch or
other channel, it is necessary to determine the size of the stream
(the area of its cross-section) and its velocity. The area of the
cross-section (the product of the depth in feet and the
width of the stream in feet) multiplied by the velocity in feet per
second will equal the number of second-feet. For example, if
the area of the cross-section of the stream be two square-feet, and
the velocity one foot per second, the flow of the stream would be
two second-feet; or, if the area were the same and the velocity
three feet per second, the flow would be six second-feet.

In ditches with earthen (and consequently more or less irreg-
ular) walls the area of the cross-section is obtained by multiply-
ing the average depth by the average width. The placing of a
flume in a ditch or other channel makes the shape of the stream
flowing through it regular in that part of it, and thus furnishes a
more convenient place for ascertaining the area of the cross-
section. If the flume be made a certain width—as two feet, four
feet, or eight feet—only the depth of the water need be ascer-
tained in making computations.

The velocity of a stream is ascertained with more difficulty
than is the size of it. By means of a float the velocity of the sur-
face may be ascertained quite accurately, and from this the veloc-
ity of the stream as a whole estimated. For example, if a float
be 40 seconds in passing- between two points 100 feet apart, the
surface velocity would be 2^2 feet per second* But the surface
of a stream moves faster than the parts of it that come in contact
with the bottom and sides; hence the velocity of the whole stream
is less than that of the surface,—how much less depending upon
the nature of its walls. For obtaining the approximate flow of a
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stream, the velocity of the stream may be considered as .8 of the
surface velocity. Thus, if the surface velocity be 2% feet per
second, the velocity of the stream as a whole may be considered
as 2 feet per second.

A more accurate means of obtaining the velocity of a stream
is furnished by the instrument known as the current meter. By
its use the velocity of all parts of a stream may be quite accurately
ascertained, and from these data the velocity of the stream as a
whole calculated.

The necessity of obtaining the velocity of a stream to be
measured may be obviated by causing the water to flow over a
weir placed in the channel. By this arrangement only the width
and depth of the stream need be considered. But a measuring
weir can be used only where there is considerable fall in the bed
of the stream to^ be measured, most of the ditches in the Salt
river valley having too little fall for this purpose. The Cippol-
etti weir is the one now generally used where conditions are fa-
vorable.

The following is the most practicable simple method of water
measurement in this region: Place in a straight part of the stream
a plain flume eight to sixteen feet long, and of a definite width.
Then ascertain by a float or a current meter, what the velocity is
when the water flows at each of various depths, in the flume. By
checking the water some distance back of the flume, and letting
pass through definite varying amounts, it can be thus caused to
flow through the flume to the depth of one inch, one and one-half
inches, two inches, and so on, successively. By ascertaining and
recording the velocity of the stream as it flows through at various
depths, the flow of the stream at these depths can be tabulated
and kept for future reference. If the banks of the ditch above
and below the measuring flume be kept in the same condition as
when the gauging of the flume was done, the flow may be ascer-
tained at any time by noting the depth of the water and referring
to the table prepared. The measurement of the depth of the
water should be made midway between the two ends of the flume,
which should be placed and maintained in a horizontal position
in both directions. For convenience, a thin ruled measure may
be tacked to one side of the flume.
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AMOUNT OF WATER USED UPON FARM.

A beginning was made during 1900 in keeping a record of
the amount of water used upon the farm and of that applied dur-
ing the development of individual crops. Unfortunately, the Farm
is not so situated that the measurement and division of the water
that flows upon it is an easy task. The fall of the ditch leading
to the Farm and of the ditches upon the Farm is too slight to
make the use of Cippoletti weirs possible. Hence it has been
necessary to measure the water in flumes placed at the same level
as the bottom of the ditches. The triangular shape of the Farm
has increased the difficulties. However, it is believed that a fairly
accurate record has been kept, and that a close approximate to
the water actually applied has been obtained. As the work of
recording the water has progressed during the two years, experi-
ence has made it possible to make more accurate measurements
and keep more accurate records.

A record of the depth and the duration of each ' 'run*' of the
water flowing through the ditch that supplies the twenty-eight
acres of the Station Farm involved in this report, and a few small
farms lying below it, is made by a water-register situated at one
side of a gauged box placed in the ditch at the upper margin of
the farm. A Y-shaped division box a short distance below the
register separates the portion to which the Station Farm is entitled
from that which is to flow on through the farms below. The
Station contracts with the water company for the deli very of 3 3^3
inches (the amount of its so called water right) from the Grand
Canal, and a varying number of inches from the Maricopa Canal.
The farmers below contract for the delivery of 40 to 60 inches of
Grand Canal water and 20 to 30 inches of Maricopa water. Thus,
when water was flowing from the Grand Canal, and 40 inches
had been contracted for by th,e farmers below, the Station was
entitled to thirty-three and one-third, seventy-three and one-
thirds, or five-elevenths, of the total amount flowing in the ditch;
and when water was flowing from the Maricopa Canal, the Station
was entitled to another definite fractional part of the total amount.
These fractional portions of the amount that, according to the
water-register, passed through the ditch are taken as the amounts
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used upon the 28 acres of the Station Farm during the different
"runs." It is to be understood that after contracting with the
water company, which under our existing system has entire
control of the distribution of the water to users, the Station
has no voice as to thet amount of water that shall pass through
the ditch leading to the Farm, its only prerogative in the matter
being to properly separate its portion from the remainder of the
ditch content.

The amount of water used upon the twenty-eight acres of
the Station Farm supplied with water from the ditch mentioned
above, during each month of the period during which a record
was kept, is as follows:

IV.—IRRIGATING WATER RECEIVED AT FARM.

1900

June
July
August. . .
September
October
November
December

Total

1901
January
February
March
April
Mav

July

September
October

December

Total

Amount received
from

Grand canal
ACRE FEET

3 15
2 80

11 85
6 10
5 40
3 20
4 35

37.85

12.50
13.20
13.10
10.20
8.05
3.85
6.45
7.65
3.00
4.50
3.55
3.20

89.25 a. ft

Amount received
from

Maricopa canal
ACRE FEET

6 10
6 25
6 75
8 15
290
6 10
4 05

38.30

5.10
9.80
8.90

10.00
5.55
4.45
2.50
9.95
3.40
3.60
2.60
3.30

69.15 a. ft

Total amount
received

ACRE FEET
9.25

10.05
18.60
14.25
8.30
9.30
8.40

76,15

17.60
23.00
22.00
20.20
13.60
8.30
8.95

17.60
6,40
8.10
6.15
6.50

158.40 a. ft.

A comparison of the above amounts of water received from
month to month at the Farm with the rainfall record and the
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river flow during the period will show that there is a more or less
close relationship between the three. In the main the flow of
water in the ditch fluctuated with the flow of the river, as modi-
fled by the storms in its watershed No rain falling during
December, 1900, the amount of water available for irrigation was
unusually small. The rains of January, 1901, increased the flow
of the river and of the amount of water in the canals. During
February, owing to heavy rains in the watershed of the river, the
maximum amount that the canals and irrigating ditches would
carry was distributed to the farmers. The amount received at
and used upon the Farm during that month was, according to the
water register, 23.0 acre feet, sufficient to cover the entire 28 acres
with water .82 feet, or nearly ten inches deep. A large part of
this was used upon the orchards, which were irrigated heavily
duringthe winter Duringthe succeeding two months, owing tothe
melting of snow in the mountains and to light rains, the amount
delivered at the Farm continued high, the amount received during
the first four months of the calendar year 1901 being over one-
half of the total amount received during the year. During May,
June, and the most of July, IQOI, the amount received gradually
decreased. The rains of the latter part of July and of August
increased the flow in the canals, the amount received during the
latter month equally that of January. During the remainder of
the year, with the exception of a brief period following the
October rain, the flow remained low. The times of the year
when the small amount received affected field operations most
was during the latter part of May, during June, July, and again
during September and October. The weather being warm and
dry during these months, an increased rather than a diminished
supply of irrigating was needed, emphasizing the importance
of having stored for summer use, the water that flowed down
the river to the ocean during winter.

The total amount received at the Station Farm was only a
small portion of that contracted for with the canal company.
Experience having shown that only a small proportion of the
amount contracted for is delivered, farmers have adopted the
custom of contracting for and paying for the delivery of much
more than they could possibly use, if the amount contracted
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for were actually delivered to them. The times of making these
contracts with the canal company is September 15 and May 15.
It being especially important that operations at the Station Farm
be not interrupted by a shortage of irrigating water,, the aim has
been to contract for enough to as nearly meet the requirements
as practicable. Hence, during September, 1900, the delivery of
43^ inches, or a little over one second foot, was paid for by the
Station in advance at $2.25 per inch, a total of $97.50 tor the 28
acres, or $3.48 per acre. The payment of $53.35 for so-called
water-rights makes a total of $4.67 per acre per year for the irri-
gating water used. The total amount received from September
1900 to August 1901, inclusive, equalled an average of 14 25
acre feet per month, or a continuous flow of approximately 9.6
inches, instead of the 43}^ inches contracted for. Even during
February, 190 c, the month of greatest flow, when all canals and
ditches were carrying the maximum quantity that their capacity
enabled them to carry, only an equivalent of 15^ inches continu-
ous flow was received at the Farm, indicating that it would not
have been possible under any circumstances to have delivered to
all consumers the water for the delivery of which each had con-
tracted and paid, through the canals the company were operating.

The total amount used upon the Station Farm equalled an
average of 6 o acre feet per acre for the year. This amount is
somewhat larger than would be necessary to produce the same
yields during an average year, as the weather conditions of the
period were somewhat trying. It is also to be understood that
upon several fields, two crops were grown during the year, in one
field melons and corn following potatoes, and in another corn fol-
lowing melons. Furthermore, to part of the orchard more water
than was essential was applied during the winter when the supply
was in excess of the immediate demands of the growing crops.
The fluctuation of the water supply causes a much smaller crop
return than would be obtained from the same annual amount de-
livered as needed during the year. Or, to state it another way,
the same results as those obtained during the year might have been
obtained with a considerably smaller water supply, had it been
delivered as the crops needed it, Six of the twenty-eight acres
lay idle from May to November because of the water supply being
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insufficient during these months to cultivate all the farm; and the
yield of several crops would have been greater, had it been always
possible to apply water at the most advantageous time.

AMOUNT OF WATER APPLIED TO INDIVIDUAL CROPS

A record has been kept of the water applied to the principal
crops grown upon the Station Farm during 1900 and 1901. For
determining the amount applied at each irrigation, gauged flumes
were installed at necessary points upon the Farm, and the length
of time water ran upon a given crop at each irrigation, and
the depth in the box, noted and recorded by the employee
doing the irrigating. From the records thus made are com-
puted the amounts applied to the crop. During 1900 no attempt
was made to ascertain the cost of production and the gross value
of the crop, as was done during 1901.

RECORD FOR IQOO.

Three of the crops harvested during this year were sown
during November and December of 1899. * Most grain sowing
is done during the above months, but the planting of beets dur-
ing that period is unusual. Had cold rainy weather followed the
sowing of the beets, they would not have fared so well.

TABLE V.—CROP RECORD FOR I9OO.

Crops

Barley hay . . ,
Wheat hay . . .
Cowpea hay . .
Wheat (grain)
Sugar beets.. .
Sugar beets. . .
Potatoes
Potatoes
Watermelons . . .
Cabbage
Cabbage
Onions
Green peas

Date
of

planting

Nov. 7
Nov. 10
June 6
Nov. 4
Dec. 26
Jan. 23
Jan. 17
Feb. 7
Mar. 17
Aug. 11
Sept. 29
Sept 16
Nov. 28

Date of
firt>t ir-
rigation

Nov. 10
Nov. 11
June 9
Nov. 5
Apr. 1
Apr. 3
Feb. 17
Feb. 17
Mar. 29
Sept. 15
Nov. 22
Sept. 16
Dec. 10

Date of
last irri-

gation

Mar. 18
Mar. 19
Sept. 9
Apr. 14
June 26
July 15
May 2
May 2
July 15
Feb. 25
May 9
July 11
Mar. 22

Number
ot irri-
gations

3
4
9
4
5
5
4
4

13
16
16
29
6

Depth of
B ater

applied
FEET

1.6
2.1
3.8
2 2
2.5
2.5
2.0
2,0
3.2
5.0
5.0
6.2
2.4

Date of
ftar vest-

ing

Apr. 8
Apr. 20
Sept. 19
May 10
Julv 30
Aug. 10
Mav 25
Mav 31
July
Jan- Mr
M r - My
July
April

Yield
per
dcre
LBS.

8400
6800
7200
2400

29000
21000
4000
3200

26000
14000
13400
5200
4400
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In the above table, there is included in the amount of water
applied to produce the crop the water applied previous to plowing
the land for the reception of the seed. This amount was usually
about .6 of a foot. To be sure, much of it would be lost before
the crop would be sufficiently developed to begin to use it, but
this irrigation previous to plowing is in most cases a necessary
part of our farming operations, and the water thus used should
be counted as part of that necessary for producing any given
crop.

The atmospheric conditions seemed to be unfavorable for the
proper development of man}- crops during the spring of 1900,
causing low yields, regardless of the amount of water applied.
Hence many of the yields (especially of vegetables) cannot be
considered indicative of what the same amount of water would
produce during an average season.

RECORD FOR 1901.

In addition to keeping a record of the water applied during
the growing of a crop, a record was made of the amount applied
previous to planting the crop. In some cases, as of melons and
corn, part of this amount is applied previous to plowing and part
of it after plowing, a short time before planting the seed As was
noted in the case of the previous year, two of the grain crops
were sown during the previous year.

From a record kept of the work done on each crop, and
from data secured from farmers, an estimate, believed to be fairly
accurate, was made of the cost of the production of each crop
grown during 1901.

The gross value of the crop per acre was estimated chiefly
from a record of actual returns from produce sold. In case a
crop, or a portion thereof, was not sold, it was credited with
what it would have brought upon the market at the time it was
harvested.

It will be observed that some crops give a much higher net
return per acre foot of water applied than others. This is a
matter of considerable importance to a water user. It is to his
interest to obtain as large a net return from his investment in
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water as possible. It is to his interest to grow, to the extent the
market will warrant, the crops that will give him the greatest net
return for the water used. If potatoes, or tomatoes, or melons
give a higher net return annually than grain, then to grow one of
the above instead of grain would be a good business policy.

It is also important that such a variety of crops be raised as
will result in using the water available, at all times of the year.
Grain requires water during one part of the year, potatoes during
another, melons during a later portion, and corn and some other
crops during still later parts of the year. Diversified farming is
likely to result not only in using the water throughout all the
year, but in higher net returns from the water used.

The individual farmer is interested in the net returns he ob-
tains, but the community is equally interested in the gross re-
turns from a crop. A large gross return ordinarily indicates that
a large proportion has been of necessity spent for labor. A crop
that furnished labor for a large number of workmen is a more
valuable one to a community than one grown with little labor.
The more laborers required at farming operations, the greater
the demand for all that the merchant has to sell, and all that the
farmer is producing. The longer the region is cultivated, the
more evident it is likely to become that much can be accomplished
along the lines of material progress, by more diversified and more
intensive farming.
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METHOD OF IRRIGATING VARIOUS CROPS

Most irrigating is done in the region by one of two methods -
through furrows, or by flooding. The furrows ma\ be permanent
or temporary Plants such as strawberries and small vegetables
that require the frequent application of small amounts of water
are by most growers irrigated through furrows that are more or
less permanent Some farmers break up b\ cultivation the crust
that forms on the surface, while Others simph hoe from the fur-
rows and the intervening ridges the weed's that grow there This
method of inigation should be resoited to only in the case of such
crops and under such climatic conditions as make it difficult to
irrigate by any other method.

Running water through temporary furrows that are cultivated
u p after each irrigation is to be preferred wherever practicable.
Experience at the Farm shows that this is the method by which
all crops that can be so irrigated should be irrigated. The water
applied penetrates the soil, and a smaller percentage is lost by
evaporation than by any other method. Since the soil mulch
formed by cultivation prevents the rapid escape ofmoisture, crops
will need less frequent irrigation by this method than by any
other.

In irrigating by the furrow method it is important that the
streams permitted to run in the furrows be small. Just enough
water to cause the stream to creep slowl} along should be turned
down each furrow. The soil will thus become thoroughly satu-
rated and little water will escape at the lower end of the field.
The more slowly the water makes its way down the furrows, the
better, provided it gets through during the time that irrigating
water is available. If so large a stream is permitted to run in
each furrow that the water reaches the lower end quickly, the
sides are thus made less pervious, and a large percentage of the
water escapes at the lower end —water that would percolate inco
the soil, if it ran more slowly. For equalizing the flow of water
into the upper ends of the furrows, straw or other similar coarse
material will usually be found serviceable. If something is not
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used to Drevent the washing of the soil, the tendency is for too
much water to find its way down some furrows, and too little
down others.

In the case of crops that cover the ground, such as alfalfa
and grains, flooding is the method in general practice. In this
region these crops are flooded by running a large stream of water
between two ridges (commonly called "borders") thrown up with
a plow, about thirty feet apart. Between these two ridges the
water being applied spreads out into a broad shallow stream that
flows the length of the field. Waste ditches at the lower end of
the field carr> off water that flows from the ends of the lands
The first time a field is irrigated after sowing, and to some ex-
tent at later irrigations, it is necessary to impede the progress of
the stream of water and cause it to spread over the whole surface,
where, on account of the slope of the land, it is inclined to run in
a narrow stream. This is done by throwing up across its course
earthen ridges called "tappoons " If these tappoons are properly
made they will usually cause the water to flow where it is desired
during several subsequent irrigations.

Before plowing unoccupied land it is commonly irrigated b>
flooding. Experience at the Farm shows, however, that a better
way is to run the water through furrows made two to three feet
apart, the distance apart depending on the nature of the soil and
the length of the field. The more slowly the soil takes water,
and the shorter the field the nearer together the furro\\s
need to be. At the Farm these furrows are made with an
adj ustable three-shovel furrower, by means of which the land can
be furrowed as rapidly as it can be ridged ("bordered") Less
water is* required by the furrow method, less labor is required to
handle the water, and less water is lost by evaporation. More-
over, the whole surface of the soil does not become crusted over
or baked as it dries, as does land that is irrigated by flooding. In
some cases land may be too hard to furrow, and flooding be
therefore necessary.

In discussing the irrigation of individual crops in the pages
that follow, the methods recommended are those that experiments
at the Farm indicate are best. Under different soil and climatic
conditions, somewhat different methods would probably prove
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more satisfactory in many cases. However, it is believed that
the general principles stated will apply under all conditions.

ALFALFA.

Alfalfa seed may be sown in dry soil or soil that has been
previously irrigated, the latter method being usually preferable.
It is better to have the soil in such condition as to moisture and
tilth that the seed will germinate and the young plants appear
without further irrigation being necessary. If the soil was dry
when the seed was sown, or is not sufficiently retentive of mois-
ture, or if, on account of the nature of the weather that follows
seeding, the soil dries before the plants appear, water should
be applied as promptly as practicable. The young plants must
have plenty of water in order chat a good stand may be secured

The seeding may be done at any time during the period from
October to March inclusive, but the best times are October ist to
November loth and January i5th to the end of February. The
young plants being sensitive to both low temperatures and ex-
cessive heat and aridity, a good stand can best be secured from
the use of a given amount of water by sowing during the seasons
above recommended.

After the young plants appear, they should be given water
frequently enough to keep them growing steadily. The applica-
tion of water twice a month, during the first three months is
usually ample to secure a good stand. If sown during the winter
season mentioned above, a light crop may be cut three or four
months after sowing. After this, the application of water once a
month is sufficient the first season. It is probably not economical
to apply much water during November and December, but be-
ginning with January, water may be applied freely to advantage,
under the conditions existing in the region of the Farm. Where
water is available at all times of the year when needed for alfalfa,
it will probably be better in most cases to postpone the free appli-
cation of water until the first of February. Alfalfa being very
deep-rooted, water to the depth of two feet may be applied to ad-
vantage just before, or during the early part of the growing
season. After cutting the first crop, water may still be applied
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freely to advantage. After cutting the second .crop the applica-
tion of one-half to two-thirds of a foot of water will be sufficient
for the production of each subsequent crop. But the amount that
will be necessary to secure a good growth during the summer,
will depend very much upon the amount applied during the
winter. If the field has been thoroughly wet during the latter
season, two good crops can usually be cut without irrigation be-
tween the first and second cuttings; and in some cases a third, or
even a fourth crop can be cut During the cutting season, the
best time to apply water is a few days previous to mowing. By
this method, the new growth starts promptly after each crop is
removed.

Alfalfa is especially adapted to a region with a fluctuating
water supply, such as we have. When once established, the crop
produced varies with the water applied, within certain limits,
Water may be applied freely during the winter when it is abund-
ant, and withheld entirely during the summer. In fact it will
live during several average years without the application of any
irrigating water. One field that has been under the observation
of the writer has not been irrigated for over four years, yet many
of the plants are still alive, a crop having been cut each spring
the first two of the four years. Up to a limit of about six crops
of two tons each, the amount that a field of alfalfa will yield in-
creases with the quantity of water applied. A total of four to six
feet can be applied to advantage during the year It is not easily
killed by drought, but it thrives under and responds to irrigation
as satisfactorily as does any crop grown.

BEETS.

The method of providing for the irrigation of sugar or garden
beets depends upon the time of the year they are sown. If planted
during the cool part of the year,—November 15 to the first of
March—they may be sown just as they are in regions where they
are not irrigated, and furrows subsequently made for their irriga-
tion. But if they are planted at other times of the" year, it is
necessary to sow the seed along previously made furrows, or to
make furtows as the sowing is done, since a good stand cannot be
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secured during dry weather without irrigation. If the seeding is
done during the cool part of the year, the crop will need no irriga-
tion for a month or two If the seed be sown during the warm
weather of early fall, the crop will need frequent irrigation until
cool weather arrives. If sown during the warm weather of spring,
irrigation will be necessary during the entire period of growth. It
is not usually advisable to sow either sugar or garden beets so
late in spring that they must be grown entirely by irrigation

Beets do best sown during September, October, January, and
February. At whatever times during these months the seeding
is done, the crop makes the most of its growth during the cool
part of the year, and is grown with, a comparatively small amount
of water. During ordinary years, the greater yield will be ob-
tained with the same amount of water, the earlier they are sown
after the coldest weather is past. The coldest weather of the
winter 1899-1900 occurred before Christmas, and the beet sown
December 26 produced better results than those sown later and
given the same amount of water. The year previous, those sown
during January produced a larger yield than those sown during
either December or February and given the same amount of water.
The same year a yield of nearly ten tons per acre was secured by
the use of about one foot of water previous to sowing the seed and
of about ,5 of a foot applied about two and one-half months after-
wards— i 5 feet in all. This was in a fine adobe soil quite reten-
tive of moisture. To produce the same crop in a gravelly porous
soil required the use of nearly three feet of water,

CABBAGES.

After the plants have been raised in beds in the usual way,
they are set along furrows that have been recently wet or through
which water is run immediately after setting. In either case the
individual plants are usually watered by hand as they are set.
Plants are set out from September to November inclusive, and
during January and February, from seed sown a month or two
previous. The furrows along which they are set are usually per-
mitted to remain until the plants are well established. They are
then cultivated up and made afresh for each subsequent cultiva-
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tion. During the early stages of growth they are run near the plants,
but later are run mid way between the rows. Reference to Table
V will show that cabbages require a large number of irrigations.

While this crop is grown mainly during the cool part of the
year, when evaporation is comparatively slow, >etthe large part
of the soil left unshaded by the crop, there being thus little check
to evaporation therefrom, and the shallow rooting of the plants,
thus requiring frequent irrigation, cause the need of a compara-
tively large amount of water to produce a crop. Also, in order to
thrive, they need to have the soil kept moister than do many other
crops. It will be seen that a total of five feet was applied during
the sixteen irrigations.

CORN.

Corn is planted in soil that has been previously irrigated,
in some cases with a combined lister and drill, but more
usually along small furrows through which water has been pre-
viously run, and that are left for the first irrigation. Some farmers,
however, drop the seed into each third or fourth furrow, as the
land is plowed. When the corn has come up and the water applied
previous to plowing and planting has evaporated, furrows are run
between the rows for subsequent irrigation.

For table use, corn is planted during February, March, July
and August. Field corn is planted during July only, in this region.
When planted at this time four to six irrigations of about 0.4 of a
foot each are necessary to produce a crop. It will be noted by
reference to Table VI that all the water the corn grown during
1901 received was applied during the first two months after plant-
ing, no irrigation being needed while it is maturing its ears. It
will also be noted that the total amount applied was just about
the same as that necessary to grow a crop of wheat.

COWPEAS.

Cowpeas may be planted in hills along furrows that have been
previously moistened, and through which they are irrigated the
first time; they may be sown in drills, and irrigated through
subsequently made furrows; or they may be sown broadcast,
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disced in, and irrigated by flooding. Whatever the method of
planting and irrigation, they require quite frequent irrigation.

The amount of water necessary to grow a crop of cowpea
hay is so great, as compared with the amount necessary to pro-
duce the same amount of alfalfa hay, a nitrogeneous forage ol
equal value, that its production can scarcely be profitable in any
part of the Territory where the amount of water used is an object.
The need of this great amount of water is due to the fact that the
plant must pass through all of its stages from germination to
maturity during the warm part of the year when the loss of water
from the luxuriant foliage and from the soil is rapid. The same
amount of foliage produced during the cool part of the year would
not require much over half the amount of water needed during
the summer. However, where the water supply is ample, cow-
peas may be grown to advantage between two crops of grain.

GRAIN.

There are two methods of putting in grain in southern Ariz-
ona. Either the fields are plowed quite dry and, after being har-
rowed, seeded in this condition; or the fields are thoroughly irri-
gated before plowing, and the seed sown in moist soil. If the
former method is used, irrigation as soon after sowing as possible
is necessary to cause germination of the seed. If sown in moist
soil and covered deeply with an ordinary harrow or with a disc
harrow, it will usually germinate well and make a good stand
without irrigation following the sowing. The results from the
two methods of putting in grain are consequently quite different.
Irrigating the dry soil after sowing the grain causes it to bake
and the surface to remain in a hard condition, unless a harrow is
run over the field before the grain is too large to be injured; and
in any case, the condition of the soil is such that another irriga-
tion will be needed before that sown in moist soil will show the
need of water. The compacting of the soil by the irrigation fol-
lowing seeding causes a loss of moisture more rapidly than from
the fields sown in the other way; hence the consequent need of
earlier and more copious irrigation. Fields in which the seed is
sown in moist soil usually need no irrigation for two or three
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months, during which the grain will make an excellent growth
and send its roots deeper than in soil that has been irrigated soon
after the sowing of the seed. By the time the moisture stored in
the soil before sowing is evaporated from the soil and from the
plants, the surface of the field will be covered by the growing
grain. Consequently when water is applied, evaporation from
the surface of the soil is riot as rapid as it would be from bare
soil; and the soil does not bake, as in the case of that irrigated
when bare. Hence, the soil of such fields remains in much better
condition than that in those irrigated soon after seeding; and the
grain has an opportunity to make a better growth and give a
larger yield.

It will be noted by referring to Table VI that the wheat sown
in moist soil not only required less water to bring it properly to
maturity, but gave a greater yield. The amount of water
used was about a seventh greater on the field sown dry, while
the yield was about a seventh less than from the other field.
This makes quite a difference in the net returns per acre, as well
as in the net returns per foot of the water applied.

Grain sown in soil that has been thoroughly moistened to a
depth of two or three feet, by the application of one-half to three-
fourths of a foot of water, will need no irrigation until March or
April—depending on the season,—and will need but one or two
subsequent irrigations to produce a good crop. As long as the
young grain is making a thrifty growth, water should be with-
held. When it begins to wilt slightly during the heat of the day,
or about the time it begins to send up grain stalks, water should
be applied. The last irrigation should be given just about the
time the grain is in the milk. If given water between these two
irrigations, it should receive only enough to keep it growing
thriftily, but not enough to make it unduly rank.

It will be observed that the amount of water used in growing
grains is comparatively small. This is due to the time of the
year during which these crops are grown here, the season of
sowing extending from the early part of November to the middle
of February. The summer being too hot for them, they are
grown during the cool part of the year, the most of the growth
being made from January to April, when evaporation is com-
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paratively slow. Crops of grain are sometimes grown with the
application of much less water than given in the tables. As stated
above, it is necessary either to irrigate the soil thoroughly before
plowing or to irrigate soon after sowing the seed. With one irri-
gation subsequent to this, a good crop can sometimes be grown
in soil retentive of moisture, the total amount applied not having
exceeded one foot. This possibility of growing grain here during
the cool part of the year enables us to produce a crop with less
water than in cooler, less arid states, where the crop is grown
during the warm part of the year.

GRAPES.

The first season after setting, grape vines need frequent irri-
gation throughout the season, to enable them to become well es-
tablished. Two irrigations a month will be beneficial in porous
soils, and one irrigation per month should be given in most other
soils. The second season, the vines will do well with less frequent
irrigation. During later years, the greater part of the water
needed to produce a crop may be applied during the winter—from
January to March inclusive. Water to the depth of two feet
may be applied to advantage in most soils, during this period

When the blossoms begin to open, water should be withheld
until the young fruit is about the size of peas. One or two
thorough summer irrigations will be ample to produce a good
crop. No water need be applied from August to January. The
total amount needed during the year is not over three feet,

MELONS.

Melons are planted during March along previously moistened
furrows. For watermelons, the furrows are made eight to ten
feet apart, and for muskmelons, about six feet apart. Water is
run through the furrows, and about two days later the seed is
planted along one side, just above the water line. During favorable
weather no further irrigation is necessary until after the young
plants appear. But if the weather following planting be too cool
for the germination of the seed, the soil about them will often
become too dry. In such a case, an irrigation a week or two after
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planting will be important. After the first irrigation, the furrow
should be cultivated up, and a fresh one made for subsequent irri-
gations, which should occur about twice a month during the first
two months. Thereafter more frequent and more copious irriga-
tion will be desirable.

While watermelons and muskmelons require a large number
of irrigations during their growth, the amount applied to the
crop is not correspondingly large, as is shown by the record of
the water applied to the watermelon crops grown during the past
two years. This is due to the distance between the rows and to
the fact that during the early part of their growth only the furrow
along which they ate planted is moistened. Thus, during the first
half of the life of the crop, only a small portion of the soil is kept
moist; and at no part of its growth is all the surface commonly
moistened. Furthermore, the vines grow so rapidly that un-
doubtedly a larger proportion of the water is used by the plants
and a smaller proportion lost from the soil than is the case with
many crops. The covering of the surface by the vines would
also cause less loss from the soil. Thus, a crop consisting of a
product containing a large amount of water is produced with an
amount of water that is smaller than might be expected.

ONIONS.

Onions are irrigated through furrows, or by flooding, the
former method being preferable in most soils. Seed is sown
during September and October, either broadcast in beds from
which they are to be transplanted, or in drills 18 to 24 inches
apart. Prom the time of planting until near the time of harvest-
ing they need to be irrigated frequently and to be cultivated after
each irrigation. As stated in Table V, the crop of 1899-1900
received twenty-nine irrigations.

The growing of onions involves the use of a large amount of
water, as well as the expenditure of much labor. Though they
are shallow-rooted and do not require that the soil be deeply irri-
gated, they must be irrigated through such a long period—about
ten months—that a large amount of water must be applied to
produce a crop. A large percentage of this is lost by evaporation*
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It will be observed that only about two-tenths of a foot was
applied at each irrigation, enough to wet the soil only eight to
ten inches deep. Nearly all of the water of the upper two or
three inches would be lost by evaporation, as well as considerable
of what reached the soil below this stratum.

ORCHARDS.

Since it is important that trees be properly irrigated from the
first, it will be well to begin the discussion of orchard irrigation
with the setting of the trees. During the first >ear, all varieties of
fruit trees, whether deciduous or citrus, need to be treated in
about the same manner.

Before the trees are set, furrows are run near the lines of the
tree rows for the early irrigations. Usually water is run through
the furrows before the trees are set, and as soon thereafter as
practicable. The furrows should be cultivated up within a
month, and fresh ones made for each subsequent irrigation. The
young orchard should be irrigated only along the tree rows, and
the soil should be kept moist to a depth of several feet. This will
induce the trees to send their roots down deeply, instead of out
laterally near the surface. Deep irrigation followed by deep cul-
tivation will prevent the growth of roots near the surface. Since
much depends upon the treatment of the orchard during its early
growth, it pays to give the trees special attention the first season.

As the trees get older they will need less frequent irrigation
during the growing period, and more of the water may be applied
during winter. After they are four or five years old, at least three-
fourths of the water needed may be applied to deciduous trees
during January, February and March. The remainder needed
may be applied when water is most abundant during summer*
The furrows do not need to be cultivated tip after each winter
irrigation; but they should be renewed as often as once a month,
if a green manuring crop is not grown in the orchard. Such a
crop is an excellent check to the flow of the irrigating water, as
well as a benefit otherwise. When the winter irrigation is finished,
the soil should be thoroughly cultivated to a depth, of eight to
twelve inches, and the surface be permitted to remain dry until
the time of the summer rains.
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Where the soil is of the proper character, the tree roots pene-
trate to great depths, enabling them to thrive though the surface
stratum be quite dry. In the Station orchards, their roots are
abundant at a depth of 12 to 16 feet, and many of them penetrate
to a depth of more than 20 feet. This characteristic makes it pos-
sible to store in the soil during winter much, if not all, of the
water needed to produce a good crop. To one orchard at the
Station Farm, all of the water used by the trees during the past
three seasons has been applied from December to March, while
the trees were dormant above the surface. That they were not
dormant beneath the surface was shown by an examination made
February 20, 1900, revealing that at a depth of xoto 16 feet even,
young roots three to six inches long had already grown.

As demonstrated by experiments reported on in Bulletin No.
37, a deciduous orchard mav be kept in excellent condition, and
will produce good crops of fruit, if irrigated during the winter
only. In fact, the results from the winter-irrigated orchard were
better than from the same orchard irrigated during earlier years
through the summer, and better than from other similar summer-
irrigated orchards the same seasons.

Aside from the difference in the results obtained, and the
amount of labor involved, it should be taken into consideration
that the water available during the winter has a much less value,
upon account of its comparative abundance, than the water avail-
able during the summer. Even if a greater amount were used
by the winter irrigating plan, it would still be the cheaper
method.

Citrus orchards, upon account of being evergreen, need some-
what different treatment than do deciduous orchards. In deep
soils a large part of the water they need during the year may be
applied during the winter, as recommended for deciduous orchards.
But they commonly need more water during the summer than do
the latter. However, it does not seem to be wise to give citrus
trees sufficient water during summer to keep up a fresh growth
during the hottest weather of July and August; and from October
15 to December 15 water should be withheld entirely. Fresh
growth made during the middle of summer is apt to be injured
by heat, and growth made during the late fall is apt to be injured
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by cold. The best time to induce unprotected citrus trees to
make growth seems to be from March to June inclusive.

PEAS.

If sown from November 15 to February 15, peas maybe
planted just as they are in regions where they are not irrigated,
and furrows for irrigation made after the peas have made some
growth. To make this possible, the soil in which they are to be
sown should be thoroughly irrigated, and well plowed and har-
rowed previous to sowing. As long as they are making a thrifty
growth, it is best to withhold water.

If sown at other times of the year than the season mentioned
above, it will usually be necessary to sow the peas along previously
made furrows, or to make furrows directly after they are sown.
Running water through these furrows is usually necessary to
bring the peas up during the warm weather of early fall and earl>
spring. In whatever way or at whatever time they are so\vn, it
is best not to keep the soil too wet, and to cultivate it after each
irrigation.

POTATOES.

At least half of the watei necessary to produce a spring crop
of potatoes may be stored in the soil before the field is planted.
If two-thirds to one foot of water (the amount necessary depend-
ing on the condition of the soil) be applied and the soil plowed
deeply and well harrowed just before planting, potatoes may be
planted here during winter in just the same manner as they are in
regions where they are not irrigated, the field harrowed level,
and no further attention be given them for about two months. If
weeds appear, or if rain occurs, however, it is best to harrow the
field once or more during these two months.

The best time to plant in this region is usually early Feb-
ruary, and the plants should appear about a month later. If the
soil has been put into proper condition previous to planting, pota-
toes will usually produce a better crop if not irrigated until early
in April. For irrigation, make furrows midway between the rows
(which should be 30 to 36 inches apart) with a good-sized shovel
plow. Turn a small stream of water down each furrow and per-
mit it to run four to eight hours, the time depending upon the
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though irrigated freely, a satisfactory crop cannot be secured at
this season.

The winter-planted crop of potatoes, since it makes the most
of its growth during cool weather, is produced with a compara-
tively small amount of water,—less than in some cooler regions
where potatoes are necessarily grown during the summer. A
total of 1.5 to 2.0 feet of water is ample to produce a good crop in
most soils. The tendency with many growers is to apply too
much water and to give too little cultivation. The amount of water
mentioned above, with proper cultivation, will produce a better
crop than double the amount without cultivation. Too early irriga-
tion tends to cause too rank a growth of tops, without the forma-
tion of as many tubers as if the plants were not irrigated. It is
better to permit the potatoes to continue growing in the mellow
soil in which they were planted, as long as they are growing
thriftily, than to compact the soil by too early or too excessive
irrigation. The less water the crop can be grown with and the
more thoroughly it is cultivated, the better will the quality of the
tubers be.

The potatoes planted January 9th, 1901, as will be seen by
referring to Table VI, gave a lower yield than those planted
February ist. This was due to the frequent frosts that occurred
during March. Those planted earlier were larger when the frosts
came and consequently sustained more injury than those planted
later. On the other hand, those planted the latter part of February
did not have sufficient time to make a full growth before the
warm weather of May, and consequently did not give so large a
yield as those from either of the other two plants. Judging from
the experience of the past four years, during average years a
larger yield from a given amount of water applied may be expected
from potatoes planted during early February. During mild
winters a heavier yield may be secured from potatoes planted
about the middle of January, but during no year, according to
our experience, is it wise to postpone planting much after early
February, if a full return from the water applied is to be expected.
The two objects to be kept in mind are the avoidance of the
March frosts and the securing of the principal growth of the crop
before the heat of May. The attainment of these two objects is
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not always easy. If planted too early or covered too lightly, they
are apt to be injured by frosts in March. On the other hand, if
they are planted so late or covered so deeply that they are not
nearly full-grown by May, they will not produce a satisfactory
crop, no matter how much water be applied to them.

PUMPKINS AND SQUASHES.

Pumpkins, squashes, and cucumbers are irrigated in the
same manner as are melons. Furrows are made four to eight
feet apart, water run through them, and the seed planted along
one side when the soil is sufficiently dry.

The only squashes cultivated generally in this region are
the early bush varieties. These are planted in February and
March, and produce their crop before the heat of summer. The
common winter squashes grown so extensively in the north are
grown very little here, as they do not endure well the heat of our
summers, no matter how much water is applied to their roots.
Instead of these squashes is grown the Cashaw Pumpkin, which
does well here, and keeps well through the winter. For winter
use it is planted during June, and from the time of planting until
fall needs frequent irrigation.

Cucumbers are planted at about th€ same distance and irri-
gated in about the same manner as muskmelons. They are
planted during February and March, and from that time on need
quite frequent irrigation. They do not usually produce many
pickles after the heat of June. For a fall crop they may be planted
during June and July, in which case they will need frequent irri-
gation.

SORGHUM.

The seed of sorghum is sown in the bottom of furrows during
May, June and July, a light covering of earth thrown upon the
seed by dragging a bush through the furrows or by turning a
light furrow with a plow, and water run through the furrows
soon after planting. Some growers leave these furrows per-
manently and run water through them every 10 to 15 days. The
better way, however, usually is to cultivate up the furrows after
each of the early irrigations, and make fresh ones for each subse-
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Whatever the method of subsequent irrigation, the procedure
in setting the plants is much the same Water is run through
the furrows, the plants set along the water line a few days after-
wards, and water again run through the furrows as soon as practi-
cable. In the case of the endless ditch arrangement, the water
run through before setting the plants usually fills the furrows
about half full; hence the plants are set about midway between
the bottom and the top of the ridges. Along the open furrows
the plants are set near or at the edge.

For the first few weeks subsequent to the first irrigation after
setting, water should be applied often enough to keep the soil
about the roots constantly moist. When the plants have become
established, the soil about them does not need to be kept quite so
moist, but should never become very dry. The frequency of irri-
gation necessary will depend upon the nature of the weather. Dur-
ing the cool weather of winter, irrigation twice a month will be
sufficient. During March, April and the early part of May, irri-
gation once in eight days will ordinarily be sufficient. From the
latter month until October, strawberry plants should receive water
once in four days. During the remainder of the fall months, once
in eight to twelve days is sufficient.

The advantage of the endless ditch arrangement is the con-
venience of irrigation, especially upon uneven ground. The prin-
cipal disadvantage of the arrangement is the difficulty of cultiva-
tion, due to the unevenness of the surface and the usual shortness
of the rows. Experiments in the irrigation of this crop are not
yet sufficiently extensive at the Station Farm, to determine defi-
nitely what the best method is; but the indications are that irriga-
tion through long, shallow furrows is the preferable one.

TOMATOES.

Tomatoes are grown to the best advantage in this region by
planting the seed along furrows through which water has been
previously run, in the same manner as corn is planted. They
may be planted during February or March, and from the time of
planting until the plants attain some size, need quite frequent
irrigation After the plants have attained a sufficient size to
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shade the soil about them, they may be irrigated less frequently
through furrows that are made further from the plants than at the
start. If the crop is to be maintained throughout the summer for
the production of fall fruit; it will need frequent irrigation during
the hot weather of July, August and September. After these
months the irrigations will need to be less frequent than during
the heated season.

VEGETABLES (Small Garden).

Small garden vegetables, such as carrots, lettuce, radishes
and spinach, not discussed above, are commonly sown along small
furrows, through which water is run immediately after seeding.
The seed being small, it is not usually practicable to cover them
deeply enough to prevent the soil about them drying out before
they germinate. During favorable weather, however, they may
be brought up by sowing the seed in well moistened soil, espe-
cially radishes and spinach. Carrots are sown in October, No-
vember, and January; lettuce during September, October, Novem-
ber, January and February; radishes from September to April, in-
clusive; spinach from September to February, inclusive. From
the time of sowing until ready for use, they all need frequent ir-
rigation to keep them growing thriftily, and thus produce satis-
factory table articles. In all cases, the irrigating water should
not be permitted to flow over the surface of the soil about the
plants. If the seed has been sown along small temporary furrows,
the soil should be cultivated or hoed after each irrigation. It is
not practicable to cultivate much with a horse, if the seed is
sown along the side of the large permanent ridges, employed by
some growers; but the vegetables can be at least hoed after each
irrigation. From May to August inclusive, the warm dry weather
causes it to be impracticable to grow any of the smaller vegetables,
no matter how much water is applied to their roots.
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IMPORTANCE OF USING WATER ECONOMICALLY.

The economic use of water is of the greatest importance in
such a region as ours. As individuals, farmers are interested in
producing as much as possible by the use of the water available;
and as citizens of the community they are, or should be, inter-
ested in seeing as large a crop production as possible from the
t otal water supply. To every member of an agricultural com-
munity, whether a farmer or not, the economic use of water is of
vital importance. Under our conditions, the total amount of farm
products, and consequently the wealth of an agricultural region,
is limited by the amount of available irrigating water.

In humid regions, land is of first importance to an agricul-
turist. Here, water is of first importance. There, the amount
and the fertility of the land possessed by a farmer determines the
amount of produce he can grow. Here, a farmer's operations
are limited by the amount of water available when needed. The
amount of produce he will grow is further limited by the manner
of using the water available.

In Arizona there is no prospect of the water supply ever being
sufficient to irrigate all the irrigable and tillable lands. No matter
how much provision is made for the storage of flood waters, the
supply of irrigating water will still be insufficient for all the
available land. A few small isolated localities in the Territory may
always be provided with all the irrigating water needed; but for
by far the greater part of the agricultural lands, the water
supply will be far less than the demand, and the economic use of
water will always be of first importance.

For the reasons above stated, it is to the interest of all farm-
ers, as well as all others interested in the welfare of the Terri-
tory, to do all in their power to acquaint themselves with the
best methods of irrigation. In general, the best methods of irri-
gation are those that result in the passage out through other
channels than the crops of as small a percentage as possible of the
water applied to the soil. The principal losses of irrigating water
are through percolation and evaporation. That part of the water
that passes downward beyond the reach of the roots of a crop,
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and does not return, and the part that escapes directly from the
soil into the atmosphere, do not benefit the crop. Only the por-
tion of the water that passes into and through the crop benefits
it. Some of the latter portion may not be beneficial, however. A
crop may contain and may permit to evaporate from the surface of
its leaves more water than is desirable. From the above, it will
be evident that in using irrigating water, two objects should be
kept in mind.— the application of no more water than will result
in a benefit to the crop, and the prevention of loss of water by
percolation and evaporation from the soil in which the crop is
growing. How to best accomplish these objects is worthy of the
study of not only all farmers, but of all others interested in the
development of the Territory. The subject is necessarily one of
perennial interest to all.

It is because the writer has felt the great importance of a
thorough study of the economic use of water that so much atten-
tion has been given the subject at the Station Farm. The best
method of irrigating some crops seems to be pretty definitely set-
tled. Concerning the irrigation of others, much is yet to be
learned. The intention is to continue the testing of methods,
with a view to determining as promptly as practicable the best
method of irrigating each crop grown in Arizona. Criticism of
the methods outlined in the foregoing pages, and any suggestions
that are the result of experience or observation will be gratefully
received.

SUMMARY AND CONCLUSION.

1. The Station Farm, as do other farms with which it
prorates, receives its irrigating water from two of the main canals
of the valley.

2. The amount received fluctuates from week to week
with the flow of the Salt river, the source of the water.

3. Following heavy rains in the watershed of the river,
the Station Farm, in common with other farms of the valley, re-
ceives a continuous flow for several days or weeks.
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4. During dry times of many years, water is received but
a few hours once in eight days from each canal.

5. The shortness of the "runs" during dry, warm weather
is the reason for contracting for the delivery of part of the water
through each of two canals.

6. The rainfall in the watershed of the Salt river is
heaviest during July and August; but, owing to the aridity of the
soil and of the atmosphere at that time, the river flow is not as
great as during the winter when over a third less water falls per
month.

7. It is during the periods of smallest flow that irrigating
water is commonly most needed, making essential the construc-
tion of storage reservoirs to equalize the flow of the river.

8. Without storage reservoirs, the most rational procedure
is to store in the soil during the periods of heavy river flow, as
much water as practicable, and to irrigate all crops in the most
economical manner during periods of scarcity,

9. The average annual rainfall of the region in which the
farm is located is a little over seven inches.

10. With the exception of a few of the rains of winter,
local rains are seldom of direct benefit to crops, and in many cases
are a decided injury.

ir . The rainfall for the four years covered by this publi-
cation has been considerably below the average.

12. The mean annual temperature at the Farm has been
68 to 69 degrees Fahr., during the past four years, and the mean
relative humidity 33 to 37.

13. The total evaporation from a water surface for the, one
year during which a record has been kept was 65.6 inches, evap-
oration being most rapid during July, and slowest during Decem-
ber and January.

14. For measuring flowing water, two units are in use:—
the miner's inch and the second-foot. The latter is the most satis-
factory unit, equalling in Arizona 40 inches.
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15. An acre-foot is enough water to cover an acre one
foot deep. A flow of a second-foot will cover an acre approxi-
mately two feet deep in 24 hours, thus equaling approximately two
acre-feet per day.

16. In measuring a stream of water, the depth, the width,
and the rate of flow are the factors to be taken into consideration,
the dimensions being determined by measurement, and the rate
of flow by floats or by a current meter.

17. The total amount used upon the Station Farm during
1901 was approximately 6.0 acre-feet per acre, more than neces-
sary being applied during winter, and the available supply during
summer being inadequate.

18. Of the crops of which a record was kept during 1900,
barle)r received the smallest amount of water, and onions
the greatest. Of the crops grown during 1901, potatoes received
the smallest amount of water, and strawberries the greatest

19. The two principal methods of irrigation are by flood-
ing and through furrows, the former being used in growing grains
and alfalfa, and the latter in growing most other crops.

20. Grains, and potatoes and some other large vegetables,
should be planted in moist soil, and then will need little or no
water during the first two months after planting,

21. Alfalfa should be irrigated frequently throughout the
first year, after which much of the water needed may be applied
during winter.

22. Cabbages and strawberries are set along previously
moistened furrows, and need throughout their period of growth
frequent irrigation.

23. Corn, melons, pumpkins, squashes, cucumbers, and
tomatoes are planted along previously moistened furrows that are
cultivated up after a stand is secured, and fresh ones made for
subsequent irrigations.
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24. Orchards and vineyards need irrigation throughout the
summer, when young, but when established, most of the water
needed by them may be applied during winter.

25. Owing to the amount of irrigable and tillable land in
Arizona being greater than can be irrigated with the water supply
furnished by our rainfall, the economic use of water will ever be
of vital importance to the Territory.


