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THE RIVER-IRRIGATING WATERS OF
ARIZONA—THEIR CHARACTER

AND EFFECTS.

By R H Foibes

INTRODUCTORY

The \\ elfare of an irrigated district depends, not only upon
the amount and constancy of its water supply, but also upon its
quaht} The salts and silts carried in an irrigating water, ac-
cumulating in the soil improve or injure its agricultural charac-
ter according to their chemical nature and their physical effects
In the Pecos Valley, New Mexico, for instance, waters contain-
ing 113 and 152 parts of common salt, and sodium, potassium and
magnesium sulphates per 100,000 of water, have embarrassed the
agriculture of the district, and in some cases have caused the
abandonment of farms J Again, m Riverside Count>, Qahfor-
nia, the waters of Lake Elsmore, containing from 137 to 171
parts per 100,000 of soluble salts, consisting of three-fifths com-
mon salt and one-fifth each glauber's salt and carbonate of soda,
have m three } ears caused the death of orange trees 1

Still again, the character and amount of silt deposited upon
the land is of well-known importance, especially m the semi-arid
Southwest, where, b$ an admirable compensation of Nature,
mudd} irrigating \\aters, in supplying nitrogen and organic
matter, correct the two principal deficiencies of our soils

In "\ lew of such facts as these, quantitative knowledge of the
properties of an irrigating stream has prophetic value for the
district concerned Possessed of such knowledge, we may, for
instance, look forward to the necessity for drainage in order to
remove an inevitable accumulation of alkaline salts, or, again, we
may welcome immunity from the heavy fertilizer bills which the
humid-region farmer must pay

»U. S Department of Agriculture, Eep No 64, pp. 60-61, 70, 75
tOal Bull. 128, p 31
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In the summer of 1899 the Arizona Station began the
of regulaily sampling the three principal irrigating streams of the
Territory,—the Salt, the Gila, and the Colorado rhers,—and the
collection of sundry samples from less important sources

The method of sampling employed is that used in the irri-
gation in\ estimations of the U S Department of Agriculture, in
the determination of silts in ri\er waters, the same method
having also proved acceptable to the U S Geological Survey in
similar work. The apparatus, for the loan of which \\e are in-
debted to Mr Elvvood Mead, of the U. S Department oi
Agriculture consists of a stoppered tin c> Under, 13 inches
long 2 inches in diameter, and holding about 11 /2 pounds
of water This was slung in a wooden support having a handle
b} means of which it was submerged in the stream to be sampled
A wire or cord was attached to the rubber stopper b> means of a.
screw eye In sampling, the tin cylinder, b> means of the sup-
port, was placed from 6 inches to i foot below the surtace of the
water, mouth upstream, and the stopper pulled out b> means of
the cord. When full, the cylinder was quickh removed and
emptied into a demijohn, several daily samples, taken in this
wa}, being combined, and the full demijohns being forwarded to
the chemical laboratory *

For the chemical and physical examination of the large
number of samples thus forwarded, requiring an immense amount
of analytical work, the reader is indebted to Mr W. \V. Skinner,
upon whom, as assistant chemist of the Station, has devohed this
long-continued and tedious labor By him, also, has been done
much of the photographic work for illustrations.

SALT RIVER IRRIGATING WATERS,
This water supply, at present the most important in Arizona,

was sampled under the direction of Mr. W. H Code at the Con-
solidated Canal Compan}^s office near Mesa City, r 2 J£ miles from the
Arizona Canal dam, where the water is originally diverted. Up
to this point the current is rapid and the water supply, between
the Arizona dam and the place of sampling, is little, if at all, af-

*The errors to which this method is liable are illustrated by the fol-
lowing figures
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\taddvnater samples taken hih il, l$()(j dt \dnoas points on the Lonsohddt&l
Canal to s/jou i dridtions m silt content ot \\ aters (hie to sampling in

different parts ot iandls error ot method etc

/ ot d t ion o f s dinp Ic

Main Consolidated Canal, above division £ates,3 feet
below surface

Main Consolidated Canal, above duision gates,6feet
below burface

Ave

Main Consolidated Canal, just below straight diop

Duplicate sample

Consolidated Powerhouse Canal, I mile from du i -
sion grates ^urface Cample, ument about 2
an hour

Ditto, sun pled neai l>ottom
Ave

rts, by vi eight
m 100 000

ot u ater

5051

470

477]

452 J

Variation
7 4 ^

Variation

Variation
7.03

470

( on^ohdated Canal, at Compam'*- off ice < ur rent
about 4 milo«- an hour 4(>0

It appears above that the amounts of silt observed, the samples being
taken within the same hour, varied a maximum of 12 per cent among
themselves, though taken at different times and places. Samples taken
at the same time and place varied less than this. From this it may be in-
ferred that samples taken regularly, in the same place and manner, and
combined in sets of from 6 to 10, are representative in character, being
probably nio^t accurate at time of low water when sediments are finer and
more evenly distributed. The coarser and heavier materials, which are
pushed along the bottom of a stream or canal, principally in flood-time,
are not secured by this method of sampling. These coarse materials are
a very variable fiaction of the total sediment, depending upon local geo-
logy and the -velocity of the stream. Mr. Arthur F. Davis of the U. P
Geological Survev, observed the sands pushed along the channel of the
Ran Carlos River, Costa Rica, to be, during June, 1898, 5,2 per cent; dur-
ing July, 1.7 per cent, during August, 7.1 per cent, by volume, of the
total sediment carried by that river. It is judged that in the muddier
Arizona Hood-caters the proportion of rolling sediments is much less than
that observed in the waters of the San Carlo*5.
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fected by seepage. The samples, therefore, both as to silts and
soluble salts, are representative of the Arizona Dam supply, which
finds its way throughout the valley east of the Gila River
junction.

Samples were taken daily, and combined in sets of from 7 to
10 in demijohns, for shipment to the Station laboratories. Sam-
pling began Aug. r , 1899, and ended Aug. 4, 1900, analytical
work occupying several subsequent months.

The flow of the river during this time was, in some respects
unfortunately, not representative, being the lowest known for
several preceding years. This is shown by the following data:

Data, on montlilj, flow of bait Ri\ er e\pres*e<l in tluni ot din? teet *

Ave, for 12
years pre-
vious to Jan.
1, 1901, ex-
clusive of
1891
From Aug.
1, 1899 to
Aug. 1, 1900

Aag

66.7

69.6

Sept.

55.5

32,9

Oct

68.2

45 1

Vn

63.0

25.8

Dec.

110.0

20.0

Jdn

167.9

26.9

lei)

13(>.l

2^.8

Mar

163.6

2 4 4

ipr Uaj

bo.S 4<>.3

2r>.n 2- b

June
~

22.o

i>.«

July

36.2

b.h

The flow for 1891 is not included in the above statement be-
cause of the enormous runoff of water in the early part of that
year, which gives an abnormal character to tbe averages. The
figures in the above statement show that the actual quan-
tity of water delivered by Salt River, from Aug. i » 1899, to
Aug. i, 1900, was about one-third (345/1022) of the normal
average flow.

The floods of August, September and October, 1899, how-
ever, together with the excessively low waters of the ensuing
summer, brought under observation the extremes in quality of
Salt River water. The excessively dry summers of 1901 and
1902 which have followed, also, gives the year of observation a
more representative character.

*0btained from Prof. A. J. MeGlatcMe and Mr. Frank P. Trott





152 BULLETIN 44.

some timber, and has been greatly changed through the opera-
tions of the mining, grazing and lumbering industries.

All these facts—geological, botanical and industrial—are of
importance as affecting the amount and quality of irrigating waters.

It is significant in this connection that, of the two nearly
equal rivers uniting at McDowell to form the main Salt River,
the Verde is much more abrupt in its rise and fall than the upper
Salt. This fact is admirably shown in Fig. 2, which is a
diagram of the flow of these two rivers for 1898, made up
from the diagrams published by the U. S. Geological Survey.*

It is evident from this figure that, although the highest
floods for this year came down the Verde River, the most uniform
flow and the largest quantity of water came by way of the Salt.
Certain facts relating to drainage in connection with these two
rivers are as follows:

Length of stream above Mt. McDowell,
measured on map over all, at 6 mile
intervals, to crest of watershed

Area of watershed

Elevation of head waters above sea-
level

Contour of watershed

Rainfall of the same general char-
acter, but distinctly greater at the
head waters of the Salt than at the
head waters of the Verde

Precipitation at head waters, 1898

Acre-feet of water discharged during 1898

Rii er

170 miles

6,260 sq. miles

8,000-9,000 feet

More precipi-
tous, especially
at head waters

Ft. Apache
20 6 in.
809,221

Verde Rhcr.

170 miles

0,000 sq. miles

I>T000-7»000 feet

Less precipi-
tous, especially
at head waters

Jerome 13.3 in.
Fresco ttll.9 in.

226,158

With equal length and drainage, but with a steeper water-
shed and greater average rainfall, the Salt River should be ex-
pected to deliver higher floods, as well as a larger amount of
water. This, however, is not the case, the highest floods in
most instances coming down the Verde,

*U. S. Geological Survey, Stream Measurements for 1898, pp. 406-407,
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The condition of the watershed alone can account for the
more rapid drainage of the Verde River. Originally the country
tributary to these two rivers was similar, the higher mountain
slopes and tablelands being forested, and the foothills and valleys
covered with grass. As stated above, however, the upper water-
shed of the Salt River remains in nearly primitive condition,
while the Verde country for thirty years past has been
occupied by sheep and cattle, and has supplied timber for
mines and sawmills. Although this country was originally more
open in character than the Salt River watershed, destruction of
forests and grasses along the Verde has so bared the watershed
as, without doubt, to cause, or at least increase, the rapid runoff
of waters shown by Fig. 2.

CHANGES IN CHARACTER IN THE WATERS OF SALT RIVER.

In those respects which concern agriculture, the waters of
this river, as, indeed, of any Southwestern irrigating stream, vary
greatly both as to the amount of silt carried and the salts dis-
solved in the water. These variations and their relation to the
amount of water in the canals of Salt River Valley are shown in
Fig. 3. page 154.

The amount of water in the canals as shown by the profile
suggests the condition of the river flow. Large amounts of
water in the canals, indicated by elevations in the profile, coin-
cide with floods in the river. During three months of the year
water escaped diversion at the head of the valley and does not
appear in the profile. During August, 1899, 27,000 acre-feet
was thus wasted; during September, 6,400 acre-feet; and during
October 5,700 acre-feet These amounts escaped at the times
indicated by the highest parts of the profile for these three months.
At all other times practically the entire flow of the river at the
Arizona Canal dant was taken into the canal systems of the valley
and appears in the profile. About 90 per cent of the total river
flow for the year was diverted and appears in the profile.

The suddenness with which the amount of water in the
canals increases indicates a corresponding suddenness in the rise of
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Salt River. Subsidence is comparatively gradual, the effects of a
flood lasting for an average of about 15 clays in the more prominent
instances shown in the figure The sensitiveness of the river to
rainfall is also shown by the several small projections, a number
of which correspond to little storms shown on the records of the
Weather Bureau.

SII/TS.

The percentages of silt carried in Salt River waters are
seen by the diagram to vary even more abruptly than the amounts
of water taken from the river The increase in percentage of
silts during the five most marked floods of the year was much
greater in proportion than the increase in river flow This is
consistent with the theoretical fact that the amount of water dis-
charged by a stream of given cross section varies directly as the
velocity of the current, but the weights of particles moved bv
running water vary as the sixth power of the velocity, and in cer-
tain cases more.

The larger portion of the silts found during our examination
of the supply without doubt came by way of the Verde, The
floods of that year appear to have come largely from the water-
shed of that river, as indicated by the rainfall records of the
Weather Bureau and the river measurements of the U. S,
Geological Survey. Within recent years, also, the overgrazed
and lumbered districts of this region are stated to have washed
badly, thus contributing much more mud to the runoff than has
the yet comparatively untouched reservation on Salt River.

The muddy character of the Verde, indeed, is indicated by
the records of the U. S. Geological Survey for part of 1901. *

I'ercentdffe by \\ eight, of silt in the Salt and lrerde rn ers-

1901

Salt Kiver at McDowell..
Verde " "

*elK.

Jan 1-31

026$
0469

Feb 1-15

053$
0874

Feb 16-28

.0120
1569

Mar 1-31

0099^
024

Apr. 1-18

.00021^
00033

*Loaned by Arthur P. Davis, U. S. Geological Survey.
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TABLE I.—SILT AND SALTS IN SALT RIVER WATERS, AUG. I ,
J8Q9-AUG. 4, 1900, REPRESENTED IN FIG. 3.

Period

Aue. 1-7
" 8-15
" 16-22
" 23-Sept. 1

Sept 2-9
" 10-17
" 18-25
" 26-Oct 2.. .

Oct. 3-9
" 10-17 . .
« 18-24
11 25-Nov. 1.

Nov 2-8
' 9-15
« 16-23
1 24- Dec. 1

De . 2-8
c 945
*• 16-22
" 23-30
11 Sl-Feb. 16 '

Feb 17-24.
" 25- Mar. 3..

Mar. 4-10
" 11-18 . ...
" 19-26
" 27-Apr. 3..

Apr 4-11
" 12-19 ..
" 20-27
u 28-May 5..

May 6-13
41 14-22
" 23-30
" 31-June 8..

June 9-16
" 17-24
*' 26- July 3...

July 4-11
" 12-19
'* 20-27
" 28- Aug. 4..

Totals

Acre-feet of water
taken oat by canals

during period

18520
12100
6808
5517
8416
9656
5074
3848
4433

20450
8598
6844
5683
5601
7310
7186
6053
6054
5516
6625

40740
6711
5576
5378
5958
6800
6128
7092
6527
6248

11470
9196
6748
4563
3819
2674
2186
1960
1489
1227
2485
2121

307388

Parts bv
100,000

Silt.

832
87

313
27

951
232
26
50
77

714
67
24
24

9
19
11
19
8

26
38

8
5.9
6.2
6.4

24
28
29
11
13
80
33
39
32
13
8
3 6
3.6
4 3

11
147
14

weight in
of water.

Salts.

52
67
71

100
110
130
110
106
111
95
80
94

106
107
105
106
102
101 8
114
113

108
109
115
113
126
91
88

106
109
91

111
109
116
125
132
135
143
142
142
137
157

Total to
oat bv

Silt.

209740
14322
28998

2027
108930
30492

1797
2bl9
4646

198820
7842
2237
1857
686

1892
1079
1565
643

1983
3427

est.10000
731
448
454
519

2241
2302
2761
969

1132
12518
3906
3336
1969
686
302
107
96
87

191
4995
396

675948

ns tdken
canals.

Salts.

13109
10998
6559
7509

12598
17085
7599
5553
6674

26510
9364
8722
8166
8130

10413
10353
8403
8392
8545

10175
est.60000

9862
8258
8414
9164

11668
7556
8454
9422
9273

14172
13294
9974
7180
6500
4803
4014
3361
2891
2883
4628
4588

414716
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Total quantity of silt taken out by canals from Salt River,
Aug. /, 1899-Aug. 4, i9oo.

Although the percentages of silt carried in flood waters were
occasionally high (see Fig. 3), yet the absolute quantity of mud
brought down by the river during this time was without doubt
unusually small, owing to few rains and long periods of low,
clear water. About 85 per cent, by weight, of the total river
sediment taken out by the canals and distributed throughout the
valley was carried during periods of about 38 days in all, when
the river was high and muddy. The total amount of sediments
carried by the canals upon Salt River Valley for the year, includ-
ing the estimate for Jan. ist to Feb ryth, not sampled, was about
676,900 tons. With a specific gravity of 2.6, this amounts to
307,500 cubic yards, or 190.6 acre-feet of solid material, which
would amount to a layer about .02 inches deep on 120,000 acres,
the approximate irrigated area of Salt River Valley. But the
soil occupies about twice the space of the solid silt; therefore, the
sediments applied to Salt River Valley during this year must
have added about .04 or i /25th of an inch to the average depth of
the soils irrigated, most of this deposit, however, being made at
the upper edges of fields and in ditches, the general level not
being appreciabl}" affected excepting in these places of greatest
deposition.

Of interest in this connection are the peculiar, heavy soils dis-
cussed in the Soil Survey in Salt River Valley by Mr. Thomas
H. Means * These soils are about 2 feet deep, underlaid by
sandy loam, and lie in long narrow strips, in many instances under
the remains of prehistoric Indian canals. Mechanical analyses
of these soils show them to resemble the flood sediments of the
river, and indicate the radical and lasting change brought about
in the character of the soil by the deposition of mud through the
operations of ancient irrigators,

Reservoir filling power of Salt River sediments.
The data at hand make it possible to approximate the weight

and volume of sediments brought down by Salt River during
the year of observation.

* Arizona Station .Bull. No. 40, pp. 296-299,
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The total quantity of sediments taken out by tlie canals dur-
ing the year was about 676,000 tons, of which about 85 per cent,
or 575,000 tons, was carried during 38 days of flood waters.
Allowing for a loss of mud down stream proportional to the
escape of flood waters as shown by records furnished by Mr.
Trott, 425 ooo tons are to be added, making a total of 1,000,000
tons of flood-water mud for the year. This is the portion
which may be reckoned with as menacing storage reservoirs,
since, ordinarily, flood waters are stored, along with their larger
percentages of heavy and quick-settling sediments ; while low wa-
ters with small proportions of light, flocculent sediments may be,
and sometimes are. so managed as not to deposit their silt in
storage.

Considering the 38 days of flood waters, it was found that,
by letting them settle until clear, the mud was from 5.6 to 7,5
times the bulk of the solid sediment computed from its weight and
specific gravity. The light, flocculent sediments in low waters,
as read in settling tubes, were much bulkier—in one instance 44
times the volume of the solid sediment. On account of their ex-
treme lightness and manageability, these sediments are hardly to
be reckoned with in connection with water storage.

TABLK II.—SHOWING RATIO OF SOLID SEDIMKNT TO MUD IN SALT

RIVKR FLOOD WATERS.

Date of
sampling.

1899

Aug. 1-7
" 16-22 ..

Sept. 2-9. ,.
" 10-17...

Oct. 10-17....

Per cent by vol-
ume of solid

sediment calcu-
lated from

weight and spe-
cific gravity.

315
.120
.422
.088
264

Per cent by vol-
ume of mud ob-
served in set-
tling glasses.

1 80
.90

2 35
55

1 59

Jime allow ed
to settle for

redding.

30 days
21 "
30 "
10 "
15 t (

Average

Rdtlo betii oen
i olume^ of

solid sediment
dnd mud.

1 5 7
1 7.5
1 5.6
1 t . 3
1 ( 0
1 ( .2

1,000,000 tons of sediment with an average specific gravity
of 2.6 amounts to 282.4 acre-feet of solid material, or 1,750.9 acre-
feet of mud averaging 6.2 times the volume 01 solid sediment.
But, as shown in Fig. 7, sediments continue to settle slowly for
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a long time after the 10 to 30 days at which these estimates were
made ; so that, allowing for a further minimum shrinkage of
about 20 per cent on long standing, which is shown to be likely
by the behavior of Gila sediments, we would have not far from
1,401 acre-feet of compact mud available for silting up a possible
reservoir during the year of observation. As remarked previous-
ly, more of this mud comes from the Verde River than from the
Salt, on account of the naked and eroded condition of its water-
shed.

Assuming that one-third of this 1,401 acre-feet of compact
mud came from Salt River (a liberal estimate), and multiplying
this quotient by a safety factor often, which would provide for a
whole year's muddy water (10 x 38 days) as observed, we have
4,670 acre-feet of mud, which, divided into 840,000, the capacity in
acre-feet of the proposed Tonto Basin Reservoir at 190 feet elevation
of dam, gives a severe minimum estimate of 180 years as the time
required to fill this reservoir with sediment If, however, the over-
stocking of the White Mountain Indian Reservation, by leasing
or otherwise, be permitted, the erosion of Salt River watershed,
as shown by the history of the Verde and Gila Rivers, would in-
definitely increase the sediments, and, barring remedial measures,
correspondingly shorten the life of the reservoir,

Physical character of silts.

The specific gravity of the silts, accurately determined, is for
the most part surprisingly uniform, whether we consider the
coarser or the finer sediments, averaging 2.604 for the year. *

By their power to scratch glass, difficult fusibility, effer-
ve^cence \\ith acids, and appearance under the microscope, these

*The following are the determinations, made accurately in boiled, dis-
tilled water:

Representative sample, Aug. 1-7, 1899, specific gravity 2.644
** " Aug. 8-Sept. 1, ° f i A O

Sept. 2-9,
" 10-17,

" « « 18-Oct, 9,
Oct. 10-17,

« * " 18-Dec. SO,
Feb.l7-May 5,1900,

" " May6-Julyl9,
11 a July 20-Aug. 4,

2.606
2.249
2.639
2.622
2.703
2.641
2,616
2.68
2.638
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silts are found to contain quartz (sp. gr. 2.65), feldspars (sp. gr.
2.55-2.80), carbonate of lime (sp. gr. 2.72), and other minerals
from the broken-down rocks of the upper country. The flood
waters are rich in organic matter swept by the rains from the
earth's surface into the drainage. The microscope shows broken--
down animal and vegetable matter abundantly in these waters;
and the presence of nitrogen in the form of nitrates and nitrites
confirms an offended sense of smell with its evidence of decompo-
sition.

The low specific gravity ot the sample dated Sept. 2-9
(2.249) is at least in part due to the large amount of light or-
ganic matter contained.

Silts vary in average fineness according to the force of the
water which transports them. High, swift currents bring down
both coarse and fine material; slow currents drop the coarser and
heavier sediments and continue with only the lighter and finer
flocculent portions.

Fertilising value of silts.
Enormous quantities of fertilizing materials are contained in

these sediments, mostly at time of flood. Potash, phosphoric
acid, nitrogen in various forms, and organic matter are contained
in valuable quantities. The amounts and Eastern market valua-
tions, for instance, of the fertilizing constituents of silt in three
Salt River flood-water samples, per acre-foot of water, were as
follows:

Total sediments, Ib. ..
Phosphoric acid, Ib ,.
Potash, Ib
Nitrogen, Ib
At Eastern market

valuations would be
worth about

Exclusive of potash,
not usually deficient
in our soils, would
be worth about

And exclusive of phos-
phoric acid, present
in slowly available-
form

4H#. 1-7,1899.

22660
17 ($0.34)
45 ( 2 22)
35 ( 5 42)

, $7,98

. .5.76

542

bept 2- 10, 1899.

25900
73 ($1 46)

267 (13 35)
69 (10 70)

. . $25 51

12.16

10.70

Oct. 10-18, 1899,

19440
65 ($1.30)

171 ( 3 55)
29 ( 4 50)

$14 35

. .5,80

. . , .4,50
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These figures are quite consistent with the often observed fer-
tilizing effect of river mud upon the lands to which it is applied in
irrigating. This value is in large part derived from dead vege-
table and animal matter, especially the manure of grazing ani-
mals which accumulates on the ranges during a dry time, and
is then often visibly carried into the drainage by the sud-
den floods characteristic of the Southwest. The stench of the
first flood waters after a rain, is due to decaying materials of this
character, and it is not impossible that the peculiar, faint
"desert smell" usually perceptible far in advance of an ap-
proaching storm, is due to the same cause.

The fertilizing constituents are not contained entirely in the
silt, but exist, in part, in solution in the water. By the pro-
cesses of decay nitrogen passes from insoluble organic combina-
tion into the soluble forms of ammonia, nitrites, and nitrates, the
latter being available to plant life. Potash, also, in combination
with chlorine and sulphuric acid, exists in solution additional to the
insoluble portion found in the silt. Phosphoric acid is found en-
tirely in the sediments

Those parts which are soluble may be largely lost by drainage,
40 per cent of the waters applied in irrigation in Salt River Val-
ley in June, 1899, having been observed lost by seepage,* neces-
sarily carrying approximately proportionate amounts of soluble
salts with them. The conspicuous amounts of nitrates found in
the well waters of all our irrigated valleys confirms the inference
of loss of soluble fertilizing properties by seepage.

Some idea of the fertilizing power of the river may be gained
jrom the estimates summarized in Table III, based upon the
recorded flow of Salt River and our analyses of a year's daily
samples of waters and sediments.

*U. 8, Geological Survey Water Supply and Irrigation Paper 33, p. 24.
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For the year, therefore, reckoned at Eastern valuations, the
potash, phosphoric acid, and nitrogen taken out by canals from
Salt River was worth about $1,733,000; but this valuation as ap-
plied to the irrigated lands of Salt River Valley may be subjected
to deductions, as follows:

Total potash, probably already
sufficiently supplied in the
soil $1,112,630.00

Phosphoric acid, present in
insoluble form, slowly
available 63,91600

40 per cent of soluble nitrogen
lost in seepage 55,788.00

Total valuation $1,732,624.00
Total deductions 1,232,334.00

Leaving a net valuation of. $500,290.00
worth of the most needed fertilizing materials, contributed to
crops during one year, not counting the great quantities of organic
material whose beneficial effects on the tilth, and consequent
productive power of the soil, are well known. Reckoning on a
basis of 120,000 acres of irrigated lands in Salt River Valley, this
amounts to an average of $4.17 worth of fertilizer per acre, added
quietly and without cost to the soil. Far the larger proportion of
these values are contributed by flood waters, which bring down
the animal and vegetable sweepings, rich in nitrogen and organic
matter, in great quantity from the desert watershed, shown as
follows;

In flood water Aug. 1-7, 1899

Phosphoric
ad, valuation
at2c per It).

(Slowly
available]

6,224.00
Sept. 2-9, 1899 1 12,288.00
Oct. 10-17,1899 26,740.00

The rest of the year Auar. 1, 1899-Aug. 4, 1900..' 18,664 00

Total nitrogen,
valuation at
15%c per Ib.

$109,200.00
94,770 00

105,200.00
246,800 00

Or, stated in a different manner, the value in total nitrogen and
phosphoric acid of i acre-foot of water was:
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For the highest flood water, Oct.
10-17, 1899

For the lowest and poorest waters o!
the year May 6-July 19 1900

For the richest flood water, Sept.
2-9, 1899

/ 'Jiosphonc
acid dt 2c
(slowlv

available}.

$1 30

03

1 47

I otdl nitrogen
dt 15%c.

$5 10

57

11 26

Total

$6 40

60

12 73

These calculations confirm, in a general way, the observed
increase of production, in certain cases, which results in this
region from irrigation, especially with muddy water. The
superior value of the latter, indeed, is so clearly recognized
in some parts of the world that it is commercially rated accord-
ingly. "In the valley of the Durance, France, the turbid
waters of that stream bring a price for irrigation which is ten
and twelve times greater than that paid for the clear, cold waters
of the Sorgues River. It has been estimated that on the line ol
the Galloway Canal in California, land which has been irrigated
with the muddy river water gives 18 per cent better results after
the fifth year than the same land which has been irrigated with
clear, artesian water."*

The fertilizing value, in nitrogen and organic matter, of the
waters of Salt River, together with the prevailing crop, alfalfa,
which is itself a source of nitrogen and humus, may be considered
as a solution, in a general wyay, of the fertilizer question for Salt
River Valley. In special cases the use of artificial fertilizers may
be found necessary ; but for the most part the Irrigator in this
region is fortunately exempt from the labor and expense of arti-
ficial fertilization.

SOLUBLB SALTS.

Fluctuations.

The parts by weight of salts contained in the waters of Salt
River during the year are shown in Fig. 3 to vary much
less than do the sediments. Beginning, during a summer flood,

*Wilaan*s Manual of Irrigation Engineering, p. 42.
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with 52 parts in 100,000, which is the minimum for the year, the
salts fluctuate up to a maximum of 157 parts in 100,000 one year
later. These variations are the complex result of many causes—
among them the geological and surface conditions of the water-
shed, the seepage from up river irrigation, and, especially in
summer, concentration by evaporation.

Usually, high water is fresher in character, but not always.
For the period from Sept. 2dto 17th, during which a flood occurred,
the salts were greater than in the low water preceding and follow-
ing. The alkali in this water was also distinctly black in char-
acter. These circumstances indicate that this flood, which was
due to heavy rainfall on the lower half of the Verde River,
washed large surface accumulations of salts from a black-alkaline
district into the drainage. To a less degree the same holds true
of the small flood from August i6th to 22d. In most instances,
however, during flood time, the soluble salts more or less ab-
ruptly decrease oppositely to increasing sediments. Mountain
rainfall, such as was that of August and October, 1899, and May,
1900, is evidently responsible for this freshening of the water,
as is striking!) shown in the middle section of Fig. 3.
Mountain rainfall in Southern Arizona is more abundant than
upon the level, lower deserts. The higher watersheds, being
better drained, afford fresher water. The less frequent, though
often copious floods which sweep the lower levels, carry much
accumulated soluble salts into the drainage, which is often thus
rendered strongly saline.

Effect of soluble salts on irrigated soils.

This fluctuating percentage of salts in the river is of exceed-
ing interest to these located upon this water supply, for *'alkali31

in Salt River Valley is derived more from the water supply than
from the little-affected virgin soils. It is difficult to state the
danger point for soluble salts in this water supply. The kind of
crop grown, the soil, the drainage, the methods of cultivation and
irrigation, all bear upon such a statement. In general farm-
ing, where drainage is good and the water supply sufficiently
abundant to occasionally supersaturate the ground, a properly
cultivated soil is in no serious danger from excessive accumula-
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tions of salts. The excellent gradients of this district,
the fluctuations in the water level in wells, and the abun-
dant return seepage into the river all show that the natural drain-
age is good; while certain of those lower subirrigated lands, into
which the alkaline salts have risen in excess, are easily available
for artificial drainage. But with scant water supply, surface irri-
gation, and too shallow or infrequent cultivation, these \\ aters, e\ en
on ground of good slope, will in a few years show injury from solu-
ble salts. From June ist to August 4,1900, for instance, Salt River
averaged 139 parts of salts in 100,000 of water One acre-foot of
such water contains about 3,780 pounds of salts. But .25 per
cent in the soil, or 36,000 pounds to the acre four feet deep, is a
more or less dangerous amount of alkali, even though composed
of the least harmful kinds, such as common salt and sulphate of
soda. With an average requirement of about 4 acre-feet
a year of water, it is evident that in the course of a
few years water of this nature will contribute large quantities of
salt to the soil, even though this degree af salinity be maintained
for but part of the time, and allowing for considerable loss by
seepage

In certain orchard districts irrigated from Salt River for S
to 12 years through shallow furrows and not very deeply culti-
vated, accumulations of salts have been observed in uncultiva-
ted tree rows and long standing ridges, amounting to from 12,-
ooo to 46,000 pounds per acre three feet deep. The effects of
these accumulations upon vegetation have been more noticeable
during the summers of 1899, 1900, and 1901, when the river
waters have been unusually low and salty, and, in 1900, when
the climatic conditions have been unusually trying.

It is probable, on the basis of such observations, that, under
the conditions of water supply, drainage and climate found in
the principal irrigated districts in Arizona, and with prevailing
agricultural practice, irrigating waters containing 100 parts of salts
of average composition in 100,000 of water are liable in a fern
years to cause harmful accumulations of alkali. For about 302
days of the year from August i, 1899, to August 4, 1900, the
soluble salts in Salt River exceeded this amount, although it is
to be remembered that this year was exceptionally dry, and the



THE RIVER-IRRIGATING WATERS OF ARIZONA. 167

waters were consequently concentrated for a longer than usual
time. Nevertheless, for a considerable portion of each year these
waters are low and salty in character, and it remains true that their
use (which is unavoidable) must be attended with remedial care.

The tolerance by plants of alkali in our soils is without
doubt greatly increased by the presence therein of large percent-
ages of calcium salts, due to the action of Salt River upon
the soil, as explained below. Calcium chloride and calcium sul-
phate, in particular, have the effect of neutralizing the poisonous
effects of sodium carbonate, and of soluble sodium and magne-
sium salts in general.* This fortunate fact without doubt raises
the amount of alkaline salts which may be permitted in our soils,
far above that which is possible in districts not favored with this
mitigating condition.

Management of alkaline soils and irrigating waters.
By flooding.

Abundant flooding is the surest means of rendering alkaline
accumulations harmless, distributing them through considerable
depths of soil, and in part carrying them entirely away into the
drainage. For instance, a certain orange orchard known to the
writer, formerly somewhat alkaline, was kept in alfalfa two
years, being irrigated by flooding in the usual way. The water,
when scarce, was applied to the tree rows only, these being for
this reason more frequently irrigated. At the end of two years,
in representative borings, the following condition was observed,
the salts found being almost entirely white alkaline:

1st foot
2d foot
3d foot

In tree rou s, more frequently
flooded.

<« in soil.

.081
025

.037

Sa/te per acre

3350 Ib.
in 3 feet.

In middles /£ss fr&qaentty
flooded

fo in soil

.038

.039
043

Sdlts per acre.

4320 Ib.
in 3 feet.

The amount and distribution of salts shown here is not dan-

*Kearney and Cameron in Report 71, pp. 54-55, U. S. Department of
Agriculture.
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gerous, and a marked improvement has been observed in the
condition of the trees since flooding has distributed the salts
through the soil. The growing of certain crops which require
flooding, therefore, results in the leaching down and away of
noxious salts. But in the usual orchard and gardening practice
furrow irrigation prevails, the furrows often being left open for
weeks or months at a time, while in some instances tree rows are
never disturbed From the ridges between furrows and from
tree rows, constant evaporation of soil wrater coming up from
below results in a surface accumulation of salts which continues
to increase as long as evaporation goes on. The conditions in an
orchard worked on this plan were found to be as follows:

1st foot
2d foot
3d foot

I ncultivat&d tree
rows

% in
iOiJ

.305

.099
092

Total i^dlts
per '»j ere

17,900 Ib.
in 3 feet.

temporary ridges

% in
soil

.295
07
.051

Jotdlsalte
per dire

15,000 !b.
in 3 feeet

Puiro\\\ flooded eien
8 (Id) S.

% in
soil

.043

.045
046

rotdi sa/rs
per dcre

4,800 Ib,
in 3 feet.

In this case the accumulations in tree rows and ridges are
sufficient to destroy many tender, shallow-rooted crop plants, while,
as in case first mentioned, the flooded areas are comparatively free.

Where this method of irrigation is necessary, means must be
devised to check the evaporation which causes the troublesome
surface accumulations This is properly accomplished by deep
and thorough cultivation, by means of which ridges are leveled,
furrows are filled and the top soil is so broken and pulverized that
moisture cannot rise to the surface through it. In this way, not
only is the "rise of the alkali'' prevented, but moisture is econo-
mized and root systems are kept down below the the zone of
broken soil.

In many instances the maintenance of ridges is necessary.
Most vegetables are planted in ridges and irrigated through ad-
jacent furrows, the result being a slowly increasing deposit of
alkali in the ridges so long as they remain undisturbed. In the
case of vegetables which mature in a few months, this accumula-
tion may not be disastrous; but in the case, for instance, of
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strawberries, which remain year after year on the same ridges,
the alkaline crusts may become evident to the eye. In a straw-
berry plot on the Station Farm, for instance, two and one-half
years old, the following condition was observed:

On crest of ridge
In bottom of adiacent furrow

^alts in surface
inch

1 20 %
.097

sa#s m & urface
toot

20 <t>
_om

Here the ridge is shown to be strongly alkaline, with an in-
tensely alkaline crust; wrhile the adjacent, frequently flooded ir-
rigating furrow is comparatively free from salts. In the case of
cultures which permit the accumulation of alkaline salts the logical
procedure is a rotation from ridge-culture crops to those grown
by flooding, when, as noted in one instance above, the salts will
be distributed through the soil.

It is interesting in this connection to know that the Pima In-
dians of the Salt and Gila reservations are accustomed to wash out
accumulations of noxious salts by several successive floodings,
when the soil becomes "as good as ever"; and at Quay mas,
Mexico, orange orchards 25 years old are still thriving, though
irrigated with water containing as much as 107 parts of salts in
100,000, 6 of these parts being sodium carbonate, or black alkali.

The method of irrigation employed in these orchards is to
throw up embankments each side of each row of trees, enclosing
a space about the trees 10 feet wide and about 15 inches deep.
This space is filled to a depth of 8 or 10 inches, and the water
allowed to percolate down into the soil. This process, repeated
at intervals regulated bj the demand of the trees for water, keeps
the salts moving down and away into the country drainage be-
yond the zone of possible damage to the trees.

Such instances show that the experience oi irrigators concurs
with scientific observation as to the best management of alkaline
lands and irrigating waters; namely, by flooding and drainage.

The only opportunity for extensive flooding operations under
the Salt and Gila rivers is during the occasional runs of high
water following up-river rains. ' The efficacy of a single flooding
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was tested, in March, 1902, in one representative orchard, a
limited amount of water being available, with the following
result.

Percentages of alkaline (
suits in soil . . . s

1st foot
2d foot
3d foot

Itefore flooding,
(J sets of borings)

.080 %
051
.057

1 tier ] flooding.
(3 sets of borings

.065 %
071

.065

In this instance, the soil being a gravelly loam, the maxi-
mum salt content was shifted from the first to the second foot b}-
one flooding; but it is evident from thefigures that several flood-
ings would be needed to leach the salts out of the surface soil to
the extent shown by the table on page 167,

Subirrigated districts.

In some localities, irrigation on the higher levels has
raised the ground-water in low-lying lands to within wetting
distance of the surface, and the continual upward movement and
evaporation of water from such subirrigated soils leads to extra-
ordinary accumulations of alkali, as is the case south of Tempe,
southwest of Phoenix, along the Gila River below Thatcher, and
near Buckeye. In such districts, drainage ditches are necessary
in order to make flooding operations effective for the removal of
alkaline salts.

Total quantity of salts carried bv the canals from Salt River.

The total quantity of soluble matter taken out by the canals
from the Salt River, as plotted in the upper section of Fig. 3,
was about 425,000 tons for the year, or not far from 3.54 tons to
the irrigated acre in Salt River Valley, more or less according to
the amount of water applied.

Estimating an average loss of 40 per cent of this amount
with the seepage, there would still remain an average of 2.1 tons,
or 4,200 pounds, of salts in the soil, more or less distrib-
uted according to natural conditions and agricultural management.

Or, estimating again, on the basis of fragmentary data, the
average Buckeye Canal supply for 1899-1900 at 150 second feet
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(6,000 inches) of seepage, and allowing that one-third of this
conies from the Gila proper, we have 100 second ieet (4,000
inches) of Salt River seepage reappearing clown the river. The
quality of this seepage remained quite constant, varying in all
samples from 182 parts of salts in 100,000 in February, 1900, to
202 parts in May.

A seepage of too second feet containing 194 parts of salts in
100,000 (the average of all observations) will in 369 days carry
away 193,300 tons, or about 1.61 tons per acre of salts trom 120,-
ooo acres of land, which, as these calculations are made for a dry
year, is probably a conservative estimate of the leaching effect of
irrigation upon the upper Salt River Valley. This leaves an ac-
cumulation in irrigated lands averaging about 1.93 tons, or 3,860
pounds, per acre for the year observed, this result agreeing quite
closely with that by the other method of calculation employed
above. In subirrigated areas this amount may be surpassed; it
may be less than this where drainage is good; in certain cases it
approximates the accumulations of alkali actually observed to
occur as the result of irrigation for a period of years.

Character of soluble salts in Salt Rrcu .

As intimated above, the character of the salts carried bj
Salt River (and their consequent possible effect on vegetation)
varies much from time to time, for causes which in some cases
can be stated.

The principal constituent of the soluble solids is common
salt, about 280,000 tons out of a total of 425,000 tons of soluble
solids for the year, or two-thirds, being carried b} the canals
from the river. The percentage of salt for the most part varies
with the total solubles, the one conspicuous exception being clue
to the flood of September, 1899, when the proportion of salt,
owing to a remarkable change in character of the water, lessened
in amount while the total solubles increased.

At the time of this same flood, also, the water for a brief
while contained a distinct surplus of sodium carbonate, or black
alkali, when evaporated to dry ness. This was an exceptional
condition, however, lasting for only two or three days during the
runoff of a storm on the lower Verde River.
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At all other times during the year the water contained an
excess of hardness, reckoned as calcium sulphate, which, under
proper conditions of moisture, aeration, and temperature, changes
sodium carbonate to other and less harmful forms:

Sodium carbonated-calcium sulphate=calcium carbonate-f-
aodium sulphate.

The amount of this excess of hardness for the year, reckoned
as gypsum, or calcium sulphate, varied, in 100,000 of water,
from .54 parts in a summer flood (August, 1899,) to 16 86 parts
in a summer low water (July, 1900), amounting in all to about
16,000 tons for the year, which, if it were all effective, would
neutralize 12,500 tons of sodium carbonate, which amounts to .1
per cent of black alkali in i foot deep of 6,950 acres of land.

Briefly, therefore, taken the year around, Salt River affords a
salty, hard water, the latter quality to some extent tending to do
away with black alkali under proper conditions of moisture, aer-
ation, and temperature.
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The preceding table affords complete analytical data for the
year, the samples ha\ing been united in sets of similar
character for the complete chemical analyses shown in sections 2
and 3 of the table In general, those waters dating from August

critical understanding of this statement of composition of irrigating
waters.

PARTIAL ANALYSES. Silt, after being washed by decantation, was
evaporated to constant weight at 110 degrees C. "Alkalinity a&
sodium carbonate," and "permanent hardness as calcium sulphate,"
were determined by Hehrier'a method, which consists in adding a measured
amount of dilute standard sodium carbonate solution to a portion of the
water, evaporating to dryness, taking up with water and titrating the ex-
cess of sodium carbonate with sulphuric acid. If less sulphuric acid is
required for this titration than is equivalent to the sodium carbonate em-
ployed, some of the latter is shown to have been changed through reaction
with the permanent hardness of the water; e. g., Ca S04-fNa2 C03=CaC03
+Na2 864 . But if more than the equivalent amount of sulphuric acid is
required, the sample is shown to have originally contained an excess of
alkalinity, presumably sodium carbonate.

This method was chosen because the reaction is closely parallel to
that which may occur in irrigated soils. The sodium carbonate in the
soil or, rarely, in the irrigating water itself, and the permanent hardness
prevailing in our irrigating waters, coming to dryness in contact with each
other as the result of evaporation in the surface layers of soil, must pass
through transformations similar to tho^e in Hehner's analytical process.

By this process nearly all Arizona river waters are found not to con tain
sodium carbonate, that is to say, in excess of the amount required to react
with the calcium and magnesium sulphates and chlorides which in pres-
ence of carbon dioxide may exist in solution in waters at the same time
with sodium carbonate.

At the same time it is to be observed that all these waters have an
alkaline reaction to indicators. With phenolphthalein, this signifies for
the most part a solution of calcium and magnesium carbonates in these
dilute salty waters; with methyl orange it indicates, in addition, the pres-
ence of bicarbonates.

It is judged, however, that Hehner's process gives reliable infor-
mation concerning the final effect of an irrigating water on the soil, in
lessening or increasing the amount of sodium carbonate, or black alkali;
while those methods may fail to do this which titrate the water samples
directly for alkalinity, which in most of our waters is due to cal-
cium and magnesium carbonates and bicarbonates in solution, and
which, on concentration, precipitate as harmless compounds These
latter methods indeed (direct titration with indicators) may show to be
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ist to October 9,1899, at a time when affected by floods,contained
an excess of calcium salts; while those from October 18, 1899 to
August 4, 1900, mostly a period of low water, contained an exces*
of sodium salts.

Nature of the soils irrigated.

POT a proper understanding of the possible effects of these
waters upon cultivated lands, it is necessary to bear in mind
those components of the soils subjected to irrigation, which are
concerned in resulting reactions.

Though ranging from a gravell} loam to dense adobe in
physical character, the soils under Salt River are chemicalh
much alike, containing large proportions of calcium and magne-
sium carbonates and of easily decomposed silicates containing lime,
magnesia, iron, and alumina. The amount of organic matter K
comparatively small. These facts are indicated by the following
averages taken from twenty analyses of Salt River Valley soils. \

Alumina 6.43 per cent
Iron oxide 4.92 "
Magnesia 1.84 "
Potash 82 "
Soda 43 "
Lime 2.37 "
Carbonic acid(combined with lime and magnesia) 1.03 *'
Phosphoric acid 13 u

Water (chiefly) and organic matter 3.57 "

alkaline, waters which in their final effects are the opposite of alkaline,
being neutralizes of carbonate of soda,

Chlovine, and the various forms of nitrogen were determined by ordinary
methods,

COMPLETE ANALYSES. In section 2 of the table the results of complete
analyses are stated by ions ; and in section 3 these ions, for conventional
reasons, are calculated into their possible combinations. The method of
calculation employed is as follows: After stating silicic acid as sodium
silicate and alkalinity as sodium carbonate, the chlorine is combined with
sodium, potassium, magnesium and calcium in order, to such extent as is
possible. Then sulphuric acid is combined with sodium, potassium,
calcium and magnesium, in order. Finally, carbonic acid is combined
to the residual calcium and magnesium.

tArizona Station Bull. 28, p. 98.



THE RIVER-IRRIGATING WATERS OF ARIZONA. 177

The soluble salts in 13 of these soils, which were virgin and
unaffected by irrigation, stated as compounds ©f sodium, average
as follows.

Sodium carbonate, Na2 COa (partly in the form
of bicarbonate) 043 per cent

Sodium sulphate,Na2 S04 . . .023 "
Sodium chloride, NaCl . .036 "

These latter figures, derived from the surface foot of the vir-
gin soil, although they reveal not alarming quantities of alkali,
show the preponderance therein of sodium carbonate and bicar-
bonate, a fact consistent with the granitic character of much of
the country rock from which these soils are formed.

With reference to their reactions with irrigating waters,
the chief characters of these soils are that they contain much
calcium and magnesium carbonates, a small proportion of organic
matter, and a small amount of alkaline salts, largely black in
character.

Reactions possible between our soils and irrigating waters.

The changes which may be brought about in soils of the
above character by a hard, salty irrigating water are at least two
in number:

Calcium and magnesium sulphates and chlorides, under
proper conditions, react with the sodium carbonate, or black alkali,
either originally in the soil or subsequently formed, changing it
to less harmful forms, thus:

Calcium sulphate+sodium carbonate=calcium carbonate-f~
sodium sulphate.

This reaction is beneficial in nature, tending to do away with
the black alkali originally in our soils, changing it into the less
harmful sodium sulphate, and the harmless calcium carbonate.

The well-known gypsum treatment of black alkaline soils is
essentially that shown above, gypsum being a hydrated cal-
cium sulphate. The efficiency of Salt River, if it were all real-
ized, would be sufficient in time to render harmless all of the
sodium carbonate originally contained in our irrigated soils.
During the year, the 16,000 tons, estimated, of calcium sulphate
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carried in irrigating waters from Salt River, had theoretical
power to neutralize the sodium carbonate in about 16,000 acres,
one foot deep, of our virgin soils.

The second change in composition wrought under our con-
ditions of irrigation is through the reaction of the common salt of
the irrigating water with the calcium and magnesium carbonates
of the soil, particularly in the presence of carbon dioxide.

Carbon dioxide in the soil, resulting in large part from the
decay of organic matter, aids this reaction by converting calcium
carbonate into the more soluble and reactive bicarbonate. Then

Common salt-{-calcium bicarbonate=calciura chloride-Hsodium
bicarbonate.

The dearth of organic matter in our soils, with a consequent
smaller formation of carbon dioxide, therefore, probably limits this
reaction in a desirable manner. But the sodium bicarbonate,
formed in the latter case, though comparatively mild in its effects,
may, under conditions not accurately ascertained, change into the
malignant normal carbonate, Na2 CO3) so that its formation is to
be regarded with apprehension. An explanation is suggested
here of the alkaline effect of organic manures upon our limy, salt-
watered soils; for the organic matters in decomposing afford abun-
dant carbon dioxide which in turn facilitates the formation of
sodium bicarbonate by the steps shown above. Here also, the
hardness, consisting of calcium and magnesium sulphates and
chlorides in the river water, should tend to remedy the effects of
this undesirable reaction.

OBSERVATIONS ON THE EFFECTS OF IRRIGATION UPON SALT

RIVER VALLEY SOILS.

Nature of the residual salts.

The various changes explained above, taking place simul-
taneously in the soil, lead to very complex results which, how-
ever, can often be referred to their principal causes.

In a certain district, examined with more than usual care by
the writer, the results obtained illustrate the above discussion.
This district, adjacent to the head of the North-side Crosscut
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canal, has a gravelly loam soil, originally underlaid to a consid-
erable extent with caliche hardpan.

Analysis of a neighboring virgin soil sample, stated in
part, showed, in fine earth:

Lime, CaO 2.07 per cen t ) Forming, in part, cal-
Magnesia, MgO. ..1.09 " - oium and magnesium
Carbon dioxide 85 u ) carbonates.""
Humus 29 l <

Soluble salts in another adjacent virgin soil sample con-
sisted of:

Sodium carbonate, Na2 C03 .. .0021 ~) Showing a preponder-
Sodium bicarbonate, NaHC03 .0336 [ ance of carbonates,
Common salt,NaCI 0058 f as in the 13 virgin
Sodium sulphate,Naa 804 0^)14 J soils averaged above.

This district has been irrigated twelve years, more or less,
the drainage being good. During the past three summers (1899-
1901) the irrigating waters, being of unusually salt}^ character,
have naturally exerted a maximum influence upon the soil, the
products of these reactions, on account of the scarcity of water
and the resulting lack of drainage, remaining in the soil to an
unusual extent.

The average composition of the soluble salts in 9 samples
of soil taken to a depth of 3 and 4 feet, February, 1902, in
this district was as follows:
Total soluble solids determined in soil .17 per cent
Consisting of: Percentage of *}

* n hole salt. •
Na2 C03 (sodium carbonate) 5.25
NaHC03 (sodium bicarbonate) 22.95
NaCI (common salt, calculated from Cl

not combined with Ca) 24.96
ls (calcium chloride, calculated from
lime determined) 27.78
S(>4 (sodium sulphate, calculated
from sulphuric acid determined).. .19 05 j

Showing a prepon-
derance of chlorides

and sulphates.f

* Arizona Station Bull. 28, soil 11, p. 80.
fThe data from which this table is calculated are as follows:

% in soil.
Na2 C03 (by direct titration with phtln) 0089
NaHC03 (by direct titration with m.o.) 0389
01 (by titration with standard AgN03 ) 0557
Ca (gravinetrically) 017
S04 (gravinetrically) 023
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Complete analyses of two other samples from the same local
ity re\ ealed tlie following composition

» % in soluble *>altb

Surface foot in
tin alkaline \pot
containing ()9 c

c
ot so/aWe salts m
soil

Surface 2 teet,
i samples, d\er

dgwg 21 %ot sol-
uble sd/fs in so//

fe odium carbonate 31 1 50
Sodium b i c a r -

bonate .
Sodium chloride .
Sodium sulphate .
Potassium chloride
Potassium s u 1-

phate
M a g n e s i u m

chloride . .
Calcium chloride..
Calcium sulphate
Calcium carbonate

2 20
43 22

11 50
63 SO

2 lt>
"2*90

7 26
39 78
3 b2

5 92

7 84
7 28

Showing a pre-
, ponderance of

chlorides and
sulphates.

These analyses indicate that, although a large increase of
soluble salts in the soil has taken place, this increase has mainly
resulted from addition of chlorides and sulphates; while carbon-
ates seem not to have increased in absolute amount. The large
amounts of calcium and magnesium chlorides formed in different
instances point to the action of common salt in the river upon
calcium and magnesium carbonates in presence of carbon dioxide,
but it would seem that the carbonates formed at the same time
are kept under control by the remedial hardness of the river
water.

Disintegration of limy katdpan.

The high percentages of common salt in these soils are to be
referred to the river, and to this constituent, and, to less extent, sod-
ium sulphate, is to be attributed the softening and breaking up of
the deposits of limy hardpan, locally known as caliche, which
underlie the surface from a few inches to a few feet in this region.
Calcium carbonate, of which this caliche is largely composed, is much
more soluble in solutions of common salt and sodium sulphate
than in pure water. After years of irrigation, therefore, it is
found in both the Salt River Valley proper and in the Buckeye
country, that this ha^dpan has often quite disappeared, leaving
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only white, gravelly fragments to mark its former position in the
soil. The failure of irrigation to dispose of caliche in certain
other districts is explained by the much less salty character of
the water.

This disintegration of caliche, of course, marks an improve-
ment in drainage conditions, which, in turn, means a readier re-
moval of accumulations of alkaline salts.

Effects of wate*-movement upon composition of salts.

The composition of the salts found in a certain irrigated soil
varies greatly through the agency of drainage and evaporation,
Drainage and evaporation in large part control the movements of
water downwards and upwards through the soil; but some salts
move with the soil water more readily than others, leading to
their very different distribution. This truth is shown in the fol-
lowing statement, representing many cases of the same nature.
The statement shows the amounts of different salts found at dif-
ferent depths down to four feet in two columns of soil, one
taken from a tree row which had not been disturbed for years,
the other from an adjacent deep furrow frequently flooded:

1st foot
2d foot
'Id foot
4th foot

Sodmm
carbonate.

Tree
row

,002
002

.003
003

Fur-
row.
.017
,023
.010
.

Sodium Chlorine as
bicarbonate, \sodium chloride.

Tree
row.

.015
020
022

.025

Fur-
row.

.057

.062

.033

Tree
row.

.662

.157

.087

.064

Fur-
row

017
.011
.017

Sulphuric acid as
sodium sulphate.

Tree
row

054
.027
020

.013

Fur-
row

Here it is seen that in the sample taken from the tree row,
where evaporation and consequent upward movement of soil-wa-
ter has continued for a long time without interruption, the chlor-
ides and sulphates have concentrated at the surface, while the
sodium carbonate and bicarbonate have not; indicating a more
rapid rise of the former salts. In the furrow, consistently, the
carbonate and bicarbonate are found washed down to a maximum
in the second foot only, while the chlorides appear to have been
more thoroughly carried away. This more rapid movement of
certain salts, especially calcium chloride, leads in certain instances
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to its concentration in quantity, especially at lower levels
where drainage conditions are favorable.

As found by Mr. Means in his soil survey in the Salt River
Valley (Bull. 40, Ariz. Station), wet looking spots caused by
accumulations of calcium chloride in the soil are frequently to
be observed; and samples of such soil have been submitted to the
Station in the belief that the persistent, dark, wet appearance
thereof, due to the attraction of atmospheric water by the calcium
chloride, was evidence of much desired natural oil.

GILA RIVER IRRIGATING WATERS.

The Gila River, under the direction of the late Judge \V.
H. Benson, was sampled daily near the head of the Florence
Canal. Sampling began November 28, 1899, and continued
nearly all the time that water flowed until November 5, 1900, the
daily samples being taken in the usual manner and combined in
sets of 7, in demijohns. No record of the flow of the Gila for this
period is available, but the volume of water during this time ranged
from practically nothing,from March yth to about July 20,1900^0
considerable floods in August and September, 1900. A max-
imum range in the character of the water was therefore ob-
served, although as a whole the year was dry and the river low.

GILA RIVER WATERSHED.

The Gila River watershed above the head of the Florence
Canal embraces some 17,834* square miles,extending eastward well
into New Mexico, and southeast by the San Pedro Valley into
Mexico. This expanse is for the most part a succession of origi-
nally grassy and brush covered valleys, and bare mountain
ranges more or less covered with forest growth above an altitude
of 5,000 feet. This watershed averages somewhat lower than
that of the Salt River, contains more level or gently sloping ter-
ritory, the rainfall is less, and although the area is greater, the
runoff of the Gila River is less than that of the Salt.

*U. S. Geological Survey Reports.
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Gild ami ^alt rivers comparer/.

183

| 4rea of
1 watershed

Gila Rivei
above
Buttes

Salt Rivei
above Mt.
M c D o w -

ell.

17,834 sq. mi.

12260sq. mi.

1 veraze
ram fa] I.

15,25 Inches.
(13 stations.)

16.59 inches.
(6 stations ) a.

A verage dnnual runoff
Indies from
watershed

.49 inches.
(5 yrs data.)

1.56 inches.
(11 vrs. data )

4 ere- fee?.

469,093 b.
(5 yi*b. data.)

1,022,600 c.
(11 yrs. data.)

a. Ariz. Sta Bull. 37, p. 210.
b. U. S. Geol Survey Water-supply andlrr. Paper 33, p. 30.
c. 1889-1900 exclusive of 18917 this Bull., p. 150.

CHANGES IN CHARACTER IN GILA RIVER WATERS.

The runoff of the Gila has been greatly affected within
recent years by the operations of stockmen upon its watershed
Consisting of at least 90 per cent of open and originally grass-cov-
ered country, this region has at times been so hea\ily overstocked
that the grasses have everywhere been depleted, and in some dis-
tricts practically destroyed. The rains, coming upon these bared
and trampled ranges, fall with but little obstruction into the
watercourses, giving rise to sudden and violent floods of great
erosive power, which carry enormous quantities of sedimentary
matter. This manner of runoff, in which the watershed does
not long remain wetted by storms, results in less seepage and
after-flow, leaving a smaller and probably saltier stream in times
of low water than formerly. The washings from alkaline flats
here also, as in the case of the Verde River, have marked effect
upon the character of dissolved salts,

In consequence of these conditions, the waters of the Gila
vary extremely, not only in quantity, but in the amount of silt
carried and the amount and nature of the salts dissolved.

GILA RIVER SILTS.

No measurements of the river being available for the time
of our sampling, the absolute quantity of silt carried by the river
is not known, the reader being referred to the data published by
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TABLE V —SILT AND SALTS IN GIXA RIVER WATERS NOV 28,
1899, TO NOV 5, IQOO, REPRESENTED IN FIG 5

1 enort

No\ 28 De( 4
Dec 5-11, 1899

4 12 18
" 1925
" 26 Jan 1

Jan 28 1900
" 11 18

Feb 1 7
14 8 14
" 1521
11 2228

Mar 1 7

Silt
parts in
100 000

73
56
36
58
78
55
36

16
9

15
S

12

$>alts
parts in
100 000

1200
1196
1202
1166
1104
1126
118 0

1158
1130
1128
113 8
112 4

Period

iug 1-7
" 8 14
" 15-21
" 2228

Sc pt 1 7
' 814
' 15 21

4 22-28
' 29 Ott 7

Oct 8 14
' 1521
" 22 2S
' 28 Nov 5

8ilt
parts m
100 000

7534
4380
159
75

2959
9406
7620
1937

29
23
52

40b
293

Sa/fs
parts in

100 000
69
394
888
962
394
544
484
460

1102
1106
1040
104 6
113 2

the U S Geological Survey* in which, for instance, the average
solids for all stages of now, is estimated at 2 per cent by weight,
or 10 per cent by volume, of mud

The same authority, on a basis of mean annual discharge of
469,093 acre-feet at the Buttes, estimates the total volume of
solid sediments annually cained by this stream at 9,382 acre-feet.

The variations in the percentage of silt and salts from time to
time is indicated in Fig 5 Comparing this diagram with the
corresponding diagram lor Salt River in the middle section of
Fig. 3, the enormously muddy character of the Gila water is at
once evident, reaching a maximum of 9 41 per cent by weight of
sediments. The floods from which these samples were taken oc-
curred after an unusually prolonged drought, the up-country ranges
being then in a most dusty and trampled condition The tribu-
tary valley s of the Gila, also, especially the San Simon and the San
Pedro, are badly washed and erode with e\ ery run of water, thus
adding to the light surface material swept into the drainage
The amount, by volume, of certain of these flood water sediments
is shown in Fig ? The samples there portrayed contained,
after standing in wide graduated glass cylinders one day, from
over 9 to more than 36 per cent, by volume, of mud Settling
very rapidly at first, but more gradually after the first few days
the \ olumes of these sediments after one year ranged from over 5

*Watei Supply and Irr Paper No 33, by J B Lippmcott.
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to more than 17 per cent These facts justify the statements
often made by farmers regarding the muddy character of the Gila
River, which, indeed, on occasion, is probably the muddiest river
in the world (see cover cut) For instance, Mr. H states that
in August, 1898, being interested in lands near Buckeye, he in-
vestigated the Gila River water, finding that \arious samples
gave one bucketful of silt in four bucketfuls of water, after evap-
oration The same experimenter "turned the water into a basin
100 >ards long, 12 yards wide, and ij£ feet deep, filling it with
sediment in 3 weeks."

Another farmer, Mr. B. of Thatcher, Ari/ , having a little
\\ater to spare, threw an embankment about 3 feet high across the
lower end of a piece of rough land, and turned in his mudd}
water In 6 weeks the embanked space was level full of mud,
and, being drained, has given him a fine field of fertile soil

The exceedingly muddy character observed is without doubt
quite recent, according to the testimony of those who have irri-
gated many years under this stream, being caused by the exces-
she numbers of cattle at times permitted on the grassy water-
sheds of this river. Cause and effect are here so directly connected
as to permit of no question, as when a cattle trail deepens into a
gulh with running water, or as when an overgrazed valley bot-
tom is converted into bad-lands by the combined action of cattle
and flood wateis Erosion of this character, destroying the
grazing country, changing the nature of the water supply, and
introducing an element of doubt into prospective storage reser-
voirs, is at once disastrous to stockmen, farmers, and investors.

The very gradual settling of the sediments after the first
few days indicates that it will take a long time for it to approach
the solid condition. For instance, in the solid condition, the
sample for August 1-7, as calculated from weight and specific
gravity of sediment, should have a volume of 2 78 per cent of
the water. After one month the volume of this sediment was
22.2 percent of the water, while after one year it was 17.4 per
cent. The final bulk, as indicated bv Fig. 7 and by Table VI,
will gradually decrease through a long period of years
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TABLE VI.—SHOWING AMOUNT, PHYSICAL CHARACTER, AND RATE
OF SETTLEMENT OF GILA FLOOD-WATER SEDIMENTS.

Date of
sample

1900
Aug. 1-7

Sept. 1-7

Sept
814.

Sept.
15-21.

Sept
22-28.

Per cent
by w sight
of sedi-
ment.

7.53

296

9.41

7 62

1 94

Specific
gravity of
sediment

2.71

2.63

2.66

2 66

269

Per cent by volume ot sediment
If far settling

1
Day

36 4

10 0

33 2

21.0

9 2

T
Aij s

25 2

7 6

24 0

16 0

7 0

M n li

22 2

1
} ear

17 4

6 6 5 6

21 8
S inos.
17 8

so//</ se<//
ment ta/-

cu Idled
from \\ t

dnd sp f?r

2.78',

1.12

3.53

S mot-
14 2 11 8 286

6 0
1 \ear

5 2 .72

Ratio be
t uec /2 1
\r t o /

dUd SO/I(/
to /

3 f>,2i>

1 5 0

1 3 04

1 It 12

1 7 *JU

The reservoir -filling power of a sedimenit, therefore, must be
estimated in connection with the factor of time, varying, in
the case of the maximum silt shown in Fig. 7 and In Table
VI from 36.4 per cent of the volume of water after one day,
to 25.2 per cent after 7 days, to 22.2 per cent after one month, to
17.4 per cent after one year, and approaching a final, solid 2.78
per cent in many years. In view of the great differences between
observed volumes and possible final volumes, and the long pencils
of time which are considered in connection with the life of
reservoirs, these considerations are essential

Physical char aiter of Gila

The immense quantity of sediments, at flood time, and the
higher average quantity at low water, as well as microscopic ex-
amination, show the sediments of the Gila to be finer than those of
the Salt River, — a fact which agrees with the greater length and
more gradual fall of the Gila and, in particular, of its main and
perhaps muddiest tributary, the San Pedro.

The character of the sediment varies much, also, with the local-
ity from which it is brought. The dark mud of the San Pedro, the
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*«f
45,-

l/o/ume of 3 ed t merit

in siven-day sam/ttes

of Gila Hii/fr flood-vsattrj

"big 7 Volume and rate of settlement of sediments in three representative Gila Ri\er flood v\ aters

yellow detritus from the San Simon, and the black sediments
from the extreme upper Gila, are all distinctive.

The specific gravities of the solid material averaged 2.672,
varying from 2.58 to 2.766. Quartz, mica, and a varied assort-
ment of minerals were evident by microscope; and organic matter
was abundantly visible in flood waters, being also shown by the
excessive nitrogen contained at these times.

Fertilizing value of Gila silts.

Potash, phosphoric acid, and nitrogen are all contained in
notable amount in these sediments, the potash, however, being
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of secondary \ alue in soils already rich in potash Nitrogen sup-
plies the chief need oi our irrigated soils for a fertihrer, phos-
phonc acid also being valuable Table VII states the quantities
per acre-foot of fertilizing constituents for different periods

As shcmn in this table the nitrogen alone ranges from 3 58
to 173 70 pounds in one acre-foot of water At 15}^ cents a
pound this runs from $ 55 to $26 92 in value, at Eastern rates,
of much needed fertilizing material Most of this is combined in
organic forms, ^hich, decomposing, should yield their nitrogen
graduall}7, as needed to growing crops Considering that from 2
to 5 feet of water may be used each year, the unfailing fertility of
lands irrigated with such wateis may be understood

The phosphoric acid, also, varies from i 8 to 352 05 pounds
in an acre-foot of water It is contained entirely in the sedi-
ments in an insoluble form, but slowly available to plants, and its
\ alue is theiefore less easily estimated

SOLUBLE SALTS

As seen in Fig 5 the dissolved solids in the Gila \ ary
horn a small amount (39 4 parts in 100,000) in time of flood, to
marked salinity (120 parts) in time of low water For 59 days
ot the partial year under observation, the total solubles were less
than 100 paitsm 100,000, and for 138 days, more

The character of these salts varies markedly with the stage of
flow Low \\ aters are hard in character, containing chiefly com-
mon salt, calcium sulphate or gypsum, and calcium and magne-
sium carbonates, but no excessof sodium carbonate or black alkali.
Flood \\ aters, on the other hand, are distinctly black alkaline,
being of this character for six weeks of the highest water during
August and September, 1900 The weather maps show that the
Gila floods of August and September, 1900, both originated in
the largely granitic watershed of the San Pedro and in the less
known country of the far upper Gila granitic rocks being a lead-
ing source of sodium carbonate

The discussion beginning on page 165 concerning the effects
of the soluble salts in Salt River on soils, apply to the Gila, as
the two rivers resemble each other in the salinity of their waters
and in the character of the lands to which they are applied. The
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principal district irrigated by the Gila is the Solomonsville Valley,
comprising about 45,000 acres under ditch, and extending from
above San Jose to below Ft. Thomas. This district is about 40
miles long and from i to 3 miles wide. The narrowness of the
irrigated area, sandy soil, and the steep grades, insure excellent
natural drainage. Seepage has brought the water-level near the
surface in some places, causing accumulations of alkali; but these
are bo located that drainage is easily possible.

For these reasons the alkali question on the Gila, in spite of
the salty and sometimes black-alkaline character of that river, is
probably never to be difficult to manage. The Pima Indian
practice of flooding to get ricl of alkali, alluded to previously, is, in
most situations, a sound precedent for the white farmer.

BUCKEYE WATER SUPPLY.

The Buckeye Canal, which heads below the junction of the
Salt and Gild rivers, and below the affluent Agua Fria, is for the
most of the time supplied by seepage waters from the irrigated
districts higher up on the Salt and Gila rivers. Only in time of
flood doe.s muddy water escape diversion and reach the lower
country. The irrigating waters of this district, therefore, are
chiefly seepage, and their composition is of interest in connection
with the reactions of the up-river irrigating waters upon the,soil.
Daily samples were taken at Mr. Jas. Day's ranch near Buckeye,
from May 10 to June 21, 1900, and analyzed in the chemical
laboratory. These waters were very uniform during this time,
ranging from 190 to 202 parts of soluble salts in 100,000.

The average of partial analyses, and the complete analysis
given herewith, shows this water to be very hard and salty, but
not black alkaline. Because of the presence of magnesium
chloride this water resembles the prevailing type of alkali in the
irrigated districts above, containing magnesium and calcium
chlorides, this coincidence indicating seepage from the upper to
the lower district. Salt River waters at the Arizona Dam also,
when low, sometimes have this character; but they in turn are
influenced by the seepage from irrigation on the Verde.



194 BULLETIN 44.

TABLE IX.—COMPOSITION OF SALT AND GILA RIVER SEEPAGE.x

Samples from Buckeye Canal, J miles west ofBuckeve.

Silt, per cent by weight
Soluble solids, parts in 100,000

Containing:
Chlorine, stated as common salt, NaCI
Alkalinity, stated as sodium carbonate,Na2
Hardness,stated as calcium sulphate,CaS04

Nitrogen, parts in 1,000,000:
Total nitrogen in silts and water
Nitrogen in nitrates
Nitrogen in nitrites

Rucke\e Canal \vdter
Summer beepane, d\ •
erafie of <) \\cekh
composites.

May 10-June 21,1900

.OQ4K
197.2:5

Complete analysis of soluble solids, stated by ions,.

Sodium, Na
Potassium, K. .
Magnesium, Mg
Calcium, Oa ...
Chlorine, 01....
Sulphuric, 864 .
Carbonic, CO^ . ,
Silicic, Si03 . . . .

Complete analysis of soluble solids, calculated to compounds.

Sodium carbonate, Na2 CQ^
Sodium silicate, Na.z Si03
Sodium chloride, NaCI
Potassium chloride, KC1
Magnesium chloride,
Magnesium carbonate, MgCOs
Calcium sulphate, CaS04
Calcium carbonate, CaCOs

1 10
.85

None

49.2:}
1.13
5.72

12.04

18.SH
5.42

2.13
9.34

11.7<i
2CUM
17.157

The gradual increase of soluble solids from higher to lower
points on Salt River also points to the accession of saline seepage
from irrigated districts.

For instance, the river from the Arizona dam to the Buckeye
head-gate was sampled February 24-25, 1900, with the following
results:

Distance below
head of valley.

0 miles
17 "
28 "
43 "

Salt River at Mt, McDowell
Salt River at Tempe
3 milea below Phoenix
At head of Buckeye Canal

Totdl soluble salts,
par'ts in 100,000,

102
118
ISO
182

*See note on methods of analysis, pp. 175-177.
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The salty character of the Buckeye supply Is fortunately off-
set by excellent drainage conditions. The lands under the Buck-
eye Canal are some twenty miles long and but one to three miles
wide, adjacent to the Gila. These soils are sandy loams, permea-
ble to water.

Under such conditions, with occasional, fresh flood waters,
or even with an abundance of salty waters, the land may be bor-
dered up and flooded, and alkaline accumulations may be leached
away. The alkaline strip extending, half to three-quarters of a
mile wide, lengthwise of this district, as has been pointed out by
Mr. Means in the Soil Survey, is easily reclaimable by means of a
drainage ditch. These measures have been undertaken in certain
instances with success by Buckeye farmers, and upon the contin-
uance of such practice depends the future of large areas within
this promising district.



jg6 BULLETIN 44.

COLORADO RIVER WATERS

The Colorado River was sampled at Yurna in the usual man-
ner, under the supervision of Mr Herbert Brown. Samples
were taken daily, January 10, 1900, to January 24, igoi, from a
point on the Arizona side against which the ruer flowed, below the
junction of the Colorado and the Gila. Excepting at hi^h flood,
however, the Gila is dry for long distances above Yurna and onh
occasionally has any effect upon the waters of the Colorado. So
far as can be learned, the Gila did not reach the Colouido during
the \ear of our observations. -

WATKRSIIFD.

The Colorado River, which, including its principal tributan,
the Green, is some 2,000 miles long, drains an area of about 225,-
ooo square miles. The upper two-thirds of this area, tributan
to the Grand, Green, and lesser rivers in Colorado, Utah, and
Wyoming, is a high plateau furrowed with deep canons, and
ridged with high mountain chains \\ hose forest co\ ers and melt
ing snows insure an abundant flow of water, mostly during Ma\
and June, at the very time when the more local streams in AnV-
ona are lowest.

The lower third of the watershed is lower lying desert coun-
try, draining into the Colorado mainly through the San Juan,
the Little Colorado, the Virgin and the Gila rheis. Fai the
smaller part of the volume of the main river comes from these
tributaries, although, during rainy seasons these desert streams,
because of their salinity and the enormous quantity of mud which
they carry, greatly affect the character of Colorado waters.

From about Sept. ist to about March ist of each > ear, except-
ing for occasional floods, the river is low, reaching a minimum
flow of about 4,000 second feet during that time. In March and
April, when melting snows are first in evidence, the river begins
to rise, gradually attaining its maximum, usually about the first
of June, of about 50,000 second feet. From this time on the flow
gradually sinks again to a low stage in August and September.
From time to time throughout the >ear> especially in the summer
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T ig S Prohle o f i cp i esentatixe annual flow of the Colorado River estimated from available data *

season, the river is subject to sudden small rises originating in
torrential downpours on the Arizona watershed; but the manner
and character of these floods distinguish them from the main
river flow. The normal flow, estimated on fragmentary data and
resulting from an average runoff of about 1.25 inches of rainfall
from the watershed, is not far from 15,000,000 acre-feet annually,
sufficient to irrigate nearly 4,000,000 acres of land.

On account of the depth of its canons, the waters of the
Colorado are but little available for irrigation until its lowei

*Data kindly loaned bv J. B. Lippincott, Los Angeles, CaL, as follows

flare

•Vpr 18 1895
Julv 10, 1895 .
Mav 20 1896
Jan. 17, 1895
" 9,1902 .. . .

Feb. 20, 1902
Mav 30, 1902
An«. , 1875
" 20, 1875.

March 15-20, 1876

Observer

J, B, Lippincott

Davis- and J. B. L.
J. B, Lippincott

S. G. Bennett

Army engineers

U (C

in \ecQttd-
feet.

21,094
45,533
57,903
9,737
3,037
3,239

38,400
18,410
11,610
7,659

Place

Yum a

Stone's Ferry
Camp Mojave

Yum a
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courses are reached. The Imperial Canal, which heads nine
miles below Yuma on the California side, and \\ hich proposes to
irrigate 500,000 acres in the Sal ton basin," is the largest irriga-
tion enterprise on the Coloiado, and this and an increasing num-
ber of similar ventures, both present and prospectne, are con-
cerned in the quality of the water supply.

COLORADO SILTS.

I'anahon* in amount.

The sediments carried by the Colorado River, as shown in
Fig. 9 and in Table Xl^are more constant in amount than those
of the Salt and Gila rivers, a fact consistent with the \ asth
larger and more diversified watershed and, consequently, the less
variable flow of the river-

Beginning with January, the regular low winter water aver-
ages about 62 parts of sediment in 100,000 of water during Jan-
uary, February, and March. These sediments are probably
chiefly the result of erosion upon the upper river channel, rather
than surface sweepings into the drainage. During April, as the
river rises with the melting snows of its highest watershed, and
its erosive power increases, the sediment rises to an average of
112 parts; during the highest waters of May and June, to an av-
erage of 374 parts; decreasing with the lowering waters of July
and August to an average of 122 parts. The summer rain-storms
of September, October, and November, partly within Arizona,
bring the silt to its maximum (2,072 parts, Oct. 8-13}, after
which the quantity sinks to the normal amount for winter
waters, averaging 151 parts in 100,000 during the two months
ending Jan. 24, 1901,

Physical charade?.

The nature and appearance of these sediments varies with
the predominating influence, from time to time, of various tribu-
taries. When the flow comes almost entirely from far tipper
sources, as in April, May, and June, the sediments are reddish-
gray in color; when summer floods set bad-lands tributaries in

^Prospectus of the Imperial Land Company,
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motion, such as the San Juan and the Little Colorado, those notica-
ble yellow and and red colors are observed which doubtless ga\e
the Colorado Its name. Under the influence of the OIK the
river below Yuma sometimes becomes repulsively black

As observed in the laboratory the Colorado sediments appar-
ently vary in the density of the mud thev form according to their
derivation. The mud brought down by the regular, annual high
waters, May ist to July 2yth, after settling twenty days axeniged
4.49 times the volume of the solid material, while that \\hioh in-
cluded the muddy flows from desert storms, Sept. 26th to Dec. i^th,
averaged 9 52 times the volume of solid sediment. The eroshe
sediments from can} on country in the form of mud are, there-
fore, more than twice as dense as the desert sweepings from the
flats. The specific gravity, accurately determined, varied trom
2.581 to2.694, averaging 2.645 for determinations antnnt; tin-
year's flow,

Total quantittes of silt

The unsurveyed state of storage reservoir sites on the Colo-
rado makes the quantity of silt in the river of less economic inter-
est at present than in the Salt and Gila rivers. The average acre-
foot of Colorado river water for the year of observation carried
7,291 pounds of silt, varying from 1,182 to 56,410 pounds as
shown by 6-day composite samples. Four acre-feet of water,—
about the average amount required to irrigate an acre of ground
one year,—would contain about 29,160 pounds of silt, or .67
pounds to the square foot, which would amount to an average,
approximately, of .048 inches of solid matter, or about one-tenth
of an Inch of soil.

On the basis of the profile constructed from available data for
the volume of flow of the Colorado*, and of the > ear's silt
determinations made in this laboratory, it is estimated,
conservatively, that the river during 1900 brought clown about
61,000,000 tons of sedimentary material, which, condensed
to the form of solid rock, is enough to cover 26,4 square
miles one foot deep; or, to make 53 square miles of dry.

*See Fig. 8 and foot note, p. 197.
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alluvial soil one foot deep; or, to make about 164 square
miles of recently settled, submerged inud one foot deep, reckon-
ing the whole amount of mud for the year to average 6.2 times
the bulk of the solid sediment. With the aid of such figures it
is possible to understand the agency of this river in shutting off
with its deposits that arm of the ocean which afterward became
the Salton Basin, and in creating great areas of fertile delta lands
along its lower courses.

Fertilizing value.

The fertilizing value of these silts, as in the other rivers discus-
sed, chiefly resides in the nitrogen they contain, although potash
and phosphoric acid have also been estimated.

For the different periods of flow for the year, the pounds per
acre-foot of water of various fertilizing constituents found, were
as follows:

TABLE X. - AMOUNTS PER ACRE-FOOT OF PHOSPHORIC ACID,
POTASH AND NITROGEN IN COLORADO SEDIMENTS AND
WATKRN JANUARY IO, 1900 TO JANUARY 24, IQOI.

Phosphoric acid, Pa
Os, in sediment

Potash, K2 0, in sed-
iment

Potash, Ka 0, soluble
in water

Nitrogen in sediment
Nitrogen soluble in

water .. . . . .
Total nitrogen.

Value per acre-foot of
total nitrogen at

>£c per lb ....

Jan. 10-
March J6,

1900

Ib

2.26

1634
!

1

33.12
1 .032

3.099
4.131

$ .64

March
27-.

Ib.

5.99

25.05

b8 33
2.87

1.79
466

$ 72

May 1-
Julv 11

Ib

sir
n>

\

1089

5999
May 1-

fune
JO.

3349
4.92

1.69
6.61

$102

3.27

Oct. 13.

Ib.

43 5d

14 70 j 444 60
Julyl-

*/£
4220
1 64

1.75
339

AJf

57.%
3.29

1.83
5.12

$ 53 $ -79

Oct. 14
Dec. 1.

Ib.

18 51

134.75

Sep. 27
Nov. 14

69.69
17.39

2.57
1996

$309

Dec 2-
Jan. 24

1901

Ib.

408

288.6

Nov. 15-
Jan. 24.

39.75
3.98

2.17
6.15

$ .95

Considering nitrogen only, therefore, the waters of the Colo-
rado are seen to have a fertilizing value of from 53 cents to $3.09
per acre-foot. Fotir acre-feet of average quality would have a
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value in nitrogen, at 15^ cents, of $4.44, which is, without
doubt, largely realized upon the nitrogen-barren soils to which it
is applied.

SOLUBLE SALTS IN COLORADO RIVER WATERS

Fluctuations.

Beginning with the year, during January, February, and
March the winter waters ranged from 88 to 101 parts of salts in
100,000 parts of water, averaging about 93. During April, as
the river began to rise with the water from distant melting snows,

TABLE XI.—SILT AND SALTS IN COLORADO RIVER WATERvS PROM

JANUARY 10, 1900 TO JANUARY 24, 1901, SHOWN IN FIG. 9,

Period.

Jan. 10-15, 1900 ..
« * 16-21
" 22-27
" 28-Feb. 3. . . .

Feb. 4-9
" 10-15

4 1 19-23
" 24-Mar. 2. .

Mar, 3-8,...
" 9-14
" 15-20 ..
" 21-26 . . ..
" 27- Apr. 1. ..

Apr. 2-6
u 7-12
41 13-18 . . ..
" 19-24
u 25-30

May 1-6 ...
" 7-12
" 13 18
" 19-24
" 25-30...... .
" 31-June 5. .,

June 6-11
" 12-17
" 18-20
" 24-29.,..
" 30-Julv 5. ..

July 6-11..:..

Silt, parts,

100,000.

64
88
58
63
65
53

66
64
57
47
57
67

157
100
94
96

112
115
207
253
552
540
442
404
333
366
386
258
272
272

Salts,
part? jn

100.000.

91
99

100
101
91
89

90
90
92
92
90
91
88
75
66
62
59
55
52
53
37
31
26
24
27
25
25
21
24
26

Perio i

July 22-27
t k 28-Aug. 2

Aug 38 . . . .
" 9-14 . ...
" 1520
" 21-2f>
* * 27-Sep. 1

Sep 2-7
u 8-13 . ...
" 14-19.
" 20-25. .
u 26-Oct. 1

Get 2-7

'* 14-19 ....
« » 20-25 .
" 26-Nov. 1

Nov 2-7
'* 8-13
< « 14-19
*' 20-25
4 * 26-Dec "i

Dec. 2-7
11 8-13
" 14-19
i{ 20 25
tl 26-31

Jan 1-6 1901
" 742.. .
" 13-18
" 19-24, ....

bill, parts,
m

100,000

123
94
t>7
57
44
48
74
74
83
51

864
2049
2072
1200
245
285
235

721
234
463
302
126
86
87
80

112
65
58
m

p
1000,000

44
46
31

68
f>4

77
86

123
125
118
100
100
100
86
82
83
73
82
88
98
86
88
87

88
97
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the flow became purer in character, averaging 67 parts for that
month. During May and June, while the river was at its highest
from this cause, the water averaged but 32 parts of solubles;
then 36 parts from July i to August 21; rising with low sum-
mer water to an average of 71 parts from August 22d to Septem-
ber 25th. Under the influence of rains in the latter part of Septem-
ber, at least partly on the watershed of the Little Colorado, the
soluble salts increased during the time from September 26th to
November iQth to an average of 105 parts in 100,000, falling to
87 parts thereafter until January 24, 1901.

The high soluble salts contained in the flood waters of Octo-
ber, running up to 125 parts in 100,000, are manifestly the re-
sult of heavy downpour upon salty watersheds, with a resultant
sweeping of salts into the drainage. On the contrary, the flood
waters of May and June, originating in high mountains, are very
pure, as low as 21 parts in 100,000 being observed for the period
June 24-29. For two whole months, May 25th to July 27th, less
than 27 parts-of soluble salts in 100,000 were observed.

At times of low summer and winter water the river is saltier,
ranging in the vicinity of 90 parts of salts in 100,000. At such
times this is probably due, largely, to the influence of saline
tributaries. The nature of this influence is suggested by the char-
acter of the Little Colorado and certain of its affluents, as follows:

Clear Creek at low
water, week ending
No?. 7, 1901..

Little Colorado, upper
ditch at St. Joseph,
week ending Nov.?,
1901

Little Colorado* lower
ditch at St. Joseph
week ending Nov. 7,
1901..*....

Chevelon creek at low
water, July, 1901...

Little Colorado at
Sunset, at low water
July, 1901

7 'otal soluble
salts, parts in

100,000.

124

111

70

243

411

Common salt.

95

56

29

195

339

Hardness
reckoned as
calcium sal-

pnate,
CafeO4-

15

6.8

10.7

24

Sodium car-
bonate,
NaaCOa.

5,1
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Although the little Colorado and its higher tributaries
(Show Low, Mineral, Silver, and other creeks) rise in the moun-
tains of eastern Arizona, and are stated to be fresh at first, they
rapidly become saline in their lower courses.

During the time of observation the Colorado River for onl)
50 days contained more than 100 parts of salts in 100,000, and
during 330 days, less.

Character of the salts in Colorado River waters.

At no time during the year of observation did the Colorado
River contain an excess of sodium carbonate, differing in this
respect from the Salt and Gila rivers in time of flood As far as
can be learned, the Gila did not run down to the Colorado during
the time of sampling, but it is not impossible that on rare occa-
sions, the black alkaline influence of Gila floods may be ob-
served in the Colorado.

Sulphates, calculated as sodium, potassium, and calcium sul-
phates are the predominating salts in Colorado waters, both
flood and low. According to calculated compounds, harmless
calcium sulphate constitutes the major part of the sulphates.
Common salt usually stands next in quantity, then the bicarbon-
ates of calcium and magnesium.

Considered as a whole, the soluble salts of the Colorado
River are not only mild in character, but contain large amounts
of permanent hardness, reckoned as calcium sulphate, ranging
from 2.7 parts to 36.5 parts in 100,000 in various samples, and
averaging 12.9 parts for the year. 12.9 parts-in 100,000 is equal
to 351 pounds in one acre-foot of water,— enough to neutralize
274 pounds of sodium carbonate, under proper conditions of
moisture, temperature, and aeration, in black-alkaline lands.

The freshness of the Colorado, and the mildness of its salts
are fortunate compensations of Nature; for theSalton basin, where-
in these waters are now appropriated for irrigation, contains great
areas of alkaline lands* which can, in part, only be reclaimed by
leaching out the salts and carrying them away through suitable
drainage systems It is stated that such drainage may be se-

*See Circular No. 9, Bureau of Soils, U. S. Department of Agriculture.



TABLE XII.—COMPOSITION OF THE WATERS OF THE COLORADO

RIVER.

Camples tdken at Yuma,
Arizona,

1
Silt, per cent by weight
Soluble solids, parts in

100,000
Containing:

Chlorine, stated as
common salt, NaCl. . .
Alkalinity, stated as
sodium carbonate,
Na2 C03
Permanent hardness,
stated as calcium
sulphate, CaS04

Nitrogen, parts in 1,000,-
000:

Total nitrogen in silt
and water . . ,
Nitrogen in nitrates. .
Nitrogen in nitrites.

2
Sodium Na
Potassium, 1C
Calcium, Ca.
"Vlasznesium IVIs? , .
Chlorine, 01
Sulphuric S04
Carbonic, COs
Silicic, Si03

3
Sodium carbonate, Na2C<>3

** silicate, Na2 Si03 .
4 4 chloride, NaCl
'* sulphate, Naa S04

Potassium sulphate,
Ka S04

Magnesium sulphate,
TurffaA.

Magnesium carbonate,
MnC03 • • • •

Calcium sulphate, CaS04
Calcium earbonate^CaCQs

, 
Lo

w
 w

in
te

r 
w

at
er

s.
, /

an
. 

lO
-M

ar
. 

26
, 

19
00

.
\ R

is
in

g 
su

m
m

er
 

w
at

er
s

du
e 

to
 m

el
ti

ng
 s

no
w

s,
1 e

tc
. 

M
ar

. 
27

 '
-A

pr
. 

31
.

H
ig

h 
su

m
m

er
 

w
at

er
s

du
e 

to
 m

el
tin

g 
sn

o\
\ s

,
et

c.
 

\J
ay

 1
 -J

un
e 

29
,

Lo
w

 \
\a

te
rs

 
af

te
r 

m
el

t-
in

g 
of

 sn
ow

s.
 

Ju
ne

 3
 0

-4
u

g
. 2

6
.

Su
m

m
er

 w
at

er
s 

af
fe

ct
ed

\
by

 lo
ca

l f
lo

od
s.

 
A

ug
. 

\

su
m

m
er

 fl
oo

d 
w

at
er

s
fr

om
 A

ri
zo

na
. 

O
ct

. 
2-

N
ov

. 
19

,

L
ow

 w
in

te
r 

w
at

er
s.

N
ov

. 
20

- 
Ja

n 
24

f1
90

1.

Partial analysis.
.0625

92.95

33.76

14.03

1.52
1.15

traces

.1122

67 4

22.4

16.28

1.71
.66

traces

.374

32.16

7.4

605

2.43
.62

traces

.122

36.1

11.45

5.03

1.25
.64

traces

.278

71.4

25.9

11.22

2.71
.67

traces

.933

104.5

28.2

27.35

7.33
.99

traces

.1513

87.1

30.4

12.22

2.26
.80

traces
Complete a.n<il\ sis of soluble salts, stated bv ions,

Parts in 100,000 of water.
18.98
1.07
7.49
3.14

20.50
26.10
7.35
4.59

15.34
2.08
4.86
200

1388
1938
8.36
2.10

5.49
1.02
4.23
1 15
4.48
7.16
7.21
2.13

763
1.29
457
1.21
6.91
762
7.73
3.28

14.63
1.77
7.66
2.21

15.76
19.68
9.95
2.34

1817
2.13

12.45
2.80

17.45
35.64
12.18
2.23

15.95
1.22
9.17
2.80

18.06
23.81
10.66
2.08

Complete analysis of soluble salts, calculated to
compound's. Parts in 100, 000 of water.

7.36
33.83
8.89

2.38

1 01

10.29
25.46

3.37
22.90
15.58

4.64

7.00
8.91
5.60

3.41
7.40
3,97

2,28

4.03
4.56
7.22

5.26
11.40
3.58

2.87

4.24
5,13
7.65

8.75
26.00
9.19

3.94

7.74
16.01
7.38

3.58
28.80
16.89

4.75

9.80
30.60
8.63

3.34
29.80
9.10

2.72

9.80
22.89
6.10
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cured into the bottom of the great Salton basin, and the excellence
of these waters will make them most effective for this purpose
when industrial conditions will permit the installation of drainage
for this region.

A COMPARISON.

The Colorado River is in many.respects remarkably similar
to the historic Nile. Like the Nile, it rises in a distant, moun-
tainous country; its lower courses traverse a subtropical and
nearly rainless desert; and both rivers empty into great land-
16cked arms of the ocean at a little less than 32° north latitude.
Like the Nile, the Colorado has, for long distances along its lower
courses, created a narrow ribbon of fertile soil in the midst of
the desert through which it flows, and has deposited a great al-
luvial delta between Vuma and the Gulf of California. This
delta is chiefly Mexican Territory. Like the great river of Egypt,
the Colorado is subject to an annual summer rise sufficient to
overflow great areas of its border and delta lands. These high
waters are rich in fertilizing sediments, are exceptionally free
from alkaline salts, and come at an opportune time for irrigation.
When the Colorado floods are less than normal, the Yuma In-
dians fail of satisfactory crops, just as do the Egyptians with a
low Nile.

Although the climatic conditions in winter are slightly more
severe in the Colorado Delta than in that of the Nile, yet these
two regions closely resemble each other agriculturally. Some
common products are (or may be) alfalfa, wheat and grains of the
sorghum class; the date palm, fig, orange, olive, and pomegran-
ate; cotton, melons and sugar cane.

When the Colorado is understood and utilized as success-
fully as is its greater and better known parallel, it will be recog-
nized as the American Nile, the creator of a new country for the
irrigator, and Mother of an Occidental Egypt.
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Graham Mountain contained marked excess of sodium carbonate.
The flood waters of the upper Gila do not \&ry materially in sal-
inity or in character of salts from those sampled farther
down, near Florence. The Pima and San Jose ditch waters, at
low stages of the river, are seen to contain large amounts of salts.

The Santa Cruz waters, both flood and low, are *=een to be of
low salinity; but complete analysis of the low waters used for
irrigation indicated excess of sodium carbonate.

The Rillito water, which is a mountain water, is very
fresh in character, though containing a slight excess of sodium
carbonate.

SUMMARY.

1. With reference to the quality of their \\aters for iiriga-
tion, the livers of Arizona are \en changeable in character,
varying in silt and salt content with the nature and condition ot
the watershed, with the amount and location of rainfall, with
climatic effects such as evaporation and temperature, and under
the influence of up-river seepage.

2. With reference to the general character of their drainage
waters, the watersheds of the Salt, the Oila, and the Colorado
rivers may be divided into; i. The mountainous, more forested
portions with greater rainfall and better drainage; and, 2. The
more level, desert portions, receiving less rainfall, and less per-
fectly drained.

3. The areas and runoff of these three watersheds are, ap-
proximately, as follows:

!

Salt River., . .
Gila River
Colorado River i

imiof^*™.

1 2,260 sq. mi.
17.834 " '«

2:25,000 " '•

Total runoff

Inches from
u titer&hetl

1.56
.49

1.25

1 ere- feet

1,022 000
41)0 000

15,000,000
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4. The mountain flood-waters in these rivers are less saline
and usually contain less silt than the desert flood-waters, which,
resulting as a rule from torrential downpours, sweep immense
quantities of alkaline salts and erosion sediments into the drainage.

5. Low waters in all cases contain higher than the average
proportions of salts, partly, especially in summer, because of con-
centration by evaporation, and largely because of the predomi-
nance at such tiroes in these streams of seepage waters, both
natural and, in some cases, from up-river irrigation. The
amounts of sediment in low waters is very small.

6. The highest and lowest percentages of sediment, by
weight, found in the three principal rivers under observation
were:

In Bait River
In Gila Iliver.
In Colorado River.

Time of sample.

Sept. 1-9, 1899
Sept 8 14,1900
Oct. 8- IB. 1900

\Ja \imnm
in Hood
water.

Mlfo
94%
2.072

Time of sample.

June 17-Julv 3, 1900
Feb 22-28, 1900
Sept 8 13, 1900.

Minimum
in low
water.

.0036*

.0082

.0320

7. As suggested by the maximum percentages of sediment,
the silting up of reservoirs and ditches would be greatest under
the Gila River, next greatest under the Colorado, and least under
the Salt River, for the years of observation.

The percentages by weight of sediment in the total runoff of
the three rivers for the year-periods of observation were, approxi-
mately:

In the Gila (estimated by U. S. Geological Survey) 2.00 per cent
In the Colorado (data in this bulletin) 30 "
In the Salt River (data in this bulletin) 21 "

Jnit the sediments in Salt River for this time were much less
than normal.

8, The quantities of sediment available to be transported by
flood-waters are affected both by geological conditions and by
industrial operations upon the watersheds. The sediments of
the Colorado are probably in larger part directly erosive in char-
acter, coming mainly from the canon and bad-lands country.
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The excessive sediments of the Gila are in large part the sweep-
ings from overstocked grazing ranges, and the detritus from val-
leys whose erosion is the result of overgrazing. The compara-
tively small amounts of sediments observed in Salt River are in
part due to the reservations which protect the upper Salt River
watershed.

9. The color, specific gravity, fineness, flocculence, and
mineral nature of river sediments are all traceable to watershed
conditions. The Colorado is notable (part of the year) for its
dense, highly colored sediments and the Gilafor its flocculent, more
usually black sediments, sometimes exceedingly rich in organic
matter. The Salt River sediments more nearly resemble thcxse
of the Gila in physical character, but are perceptibly coarser.

The specific gravities of solid sediments were observed to
vary:

In Salt River from 2.249 to 2.703, averaging 2.604
In the Gila River " 2.580" 2.766, " 2.672
In the Colorado River... " 2.581 u 2.694, " 2.652

10. The bulk of mud in flood waters, as.compared with that of
solid sediments, was observed to vary, after from 10 to 30 days
settling:

In Salt River... fro in 5.6 to 7.5 times as great, averaging 6,2 times
In the Gila

River " 5.0 li 8.3 •' " " " 6.7 u

In the Colo-
rado River... " 4,5 " 9,5 " " " " 6.2 u

These mud volumes are subject to slow contraction, during
long periods of time, amounting to 20 per cent and upwards.

11. The fertilizing value of these sediments mainly depends
upon the nitrogen and organic matter they contain. Potash and
phosphoric acid were also estimated, the former being already
abundant in our desert soils, and the latter being in slowly
available, insoluble form in the river waters. All fertilizing
materials are most abundant in time of flood, greatly decreasing
at time of low water.
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The variations in quantity and value of nitrogen in the Salt,
Gila, and Colorado rivers, for the time of examination, are shown
in Fig. 10, herewith.

12. The quantity of salts carried per acre-foot of water dur-
ing times of observation is shown in Fig, i t . Under the agri-
cultural conditions which obtain in Southern Arizona, it is judged
that 100 parts of salts in 100,000 of water, or about 2,700
pounds per acre-foot, is an objectionable but manageable degree of
salinity in an irrigating water. On this basis, the three rivers
show the following number of days above and below this limit of
salinity, respectively, during stated periods:

Salt Rivet Au«- 1 1899-Aii"1 4 1900

Gila River, Nov. 28, 1899-Jan. 18, 1900; Feb. 1-
Mar. 7, 1900 ; Aug. 1-Nov. 5, 1900

CVorado River, Jan. 10, 1900- Jan. 24, 1901.

A have 21 '00
pounds pei
acre foot

302 days

138 "

50 "

lielo\\ J700
pounds per
dt,r&-tooL

67 davs

59 "

330 "

13. The character of the soluble salts of the Salt, Gila, and
Colorado rivers is usually "white alkaline'1 in excess, consisting
mainly of chlorides and sulphates of sodium and calcium. The
Salt and Gila rivers only, during some but not all floods, have
been observed to contain an excess of sodium carbonate, or black
alkali, evidently swept into the drainage from overlying water-
sheds.

14. These * 'alkaline" salts In part accumulate as such in
irrigated soils, and in part are changed by reactions within the
soil itself. Their distribution is effected by the movements of
soil water through seepage and evaporation.

15. The tKO principal reactions occurring between the sol-
uble salts of these irrigating waters and the soil are:

1. Common salt in the water+ealcium carbonate in soil "{-carbon
dioxide derived from air, water, and decay of organic xnatterp~caluium
chioride-f-sodium bicarbonate.

Sodium bicarbonate, formed as above, probably changes, in
part, to the more poisonous sodium carbonate, under the condi-
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tions of dryness and temperature sometimes observed in arid,
sub-tropical surface soils.

2. Permanent hardness, stated as calcium sulphate, in the water
-j-sodium carbonate=sodium sulphate-fcalemm carbonate.

Of these two reactions the second tends to neutrali/e the
results of the first. The net result depends upon the circumstan-
ces controlling the two reactions, sometimes leaving a preponde-
rance of llblack" and sometimes of "white" alkaline salts in
the soil.

16. With the agricultural conditions found in Southern
Arizona, including calcareous soil, variably salty irrigating waters,
good drainage and great evaporation; gravelly loams, after 8 to 12
years irrigation from Salt Ri\er, through shallow furrows and
with shallow cultivation, have been obsened to accumulate
amounts of alkaline salts near the surface of the soil, injurious
to the more susceptible crop plants and trees.

17. The best method of distributing alkaline accumulations
is by flooding, thereby lessening the concentration of the salts to
an uninjurious degree This may be done by growing crops upon
affected ground requiring irrigation b}^ flooding, as alfalfa; or by
using (preferably) fresh river waters, \\here available, in suf-
ficient amount to effect the distribution or removal of salts.

18. The "rise of the alkali" from the use of salty irrigat-
ing waters may be controlled in large part, where practicable, by
deep irrigation, especially through subsoiler furrows. This method
economizes "water by lessening surface evaporation, and at the
same time hinders the accumulation of salts at the surface*

19 Deep and thorough cultivation must follow and supple-
ment deep irrigation, as this prevents the return of salts to the
surface.

20. Drainage systems will be found necessary to the removal
of excessive accumulations of salts in certain districts which are
snbitrigated by the seepage from higher levels. The disintegra-
tion of caliche, or limy hardpan, through the action of salty
irrigating waters is a circumstance favorable to drainage.


