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AN EXAMINATION OF THE SOIL OF THE MESA NEAR YUMA, AND
OF THE WATERS OF THE COLORADO.

The investigations of which this Bulletin is a record, were
undertaken at the reqiiest of Mr. H. W. Blaisdell, of Yuma.
Primarily it was an investigation in regard to the agricultural
possibilities of the soil of the mesa south of ¥Yuma. As the land
was to be irrigated with water from the Colorado river, a daily
examination of this was undertaken. Since the first of August,
1892, one pint of water has been taken each day from the river at
Yuma railroad bridge, and evaporated. ‘The sum of the daily
residues for each month has been weighed and analyzed. The
result is given in the accompanying tables.

THE S80I, OF THE MESA.

The soil of the mesa is of sedimentary origin, and varies
principally in the proportion of fine and coarse material. ‘Table
1 is a partial mechanical analysis representing samples of
extremes of these types. No. 1, the coarse sand, is more
easily permeated by water, while No. z will Ionger retain
moisture. No. 3 is Colorado river sediment for October,

TABRIT.E I.

YUMA MESA.
SHDIMENTS. DIAMETFR | “Ng. 1, Na, 2, |<olorade
In Mm. |;ogrge’ | Hine Sediment
. 0.04 inches. Sand Sand | ocT'R.
Gravel and coarse sand_____ .5 {Iz2.32 1680 | ...
Medium sand .5 —.25 [ 45.73 ] 31.60 |
Fine sand 251 [25.53:27.40 | ...
Veryfinesand. ... ... .] .1 —o5]| 851 9.70]|11.34
Silt e 0501 | 2,61 4.00 | 26.58
Fine silt . .01~-.005 2.80| 4.45] 30.16
Clay by difference, I L 2.48 | 6.05 | 31.92

These anatysesmwere made by the Oshorne beaker-eleutriation methed.
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By far the larger part of the mesa is like sample z, and,
under ordinary circumstances, would be preferred, but when
the water to be used for irrigation with the large amount of
sedimerit is considered, any objection to the coarse sand
vanishes. (See Table IV.)

The ground water at a distance of about go feet, probably
does not differ from ground water in the immediate vicinity,
which, while somewhat salty, is too far removed to become a
factor in plant growth.

At distances of from 1 to 8 feet are strata of fine material
containing appreciable and in some cases large quantities of
clay. The strata are more impervious to water and have
caught the soluble salts leached out of the soil, I have
examined them carefully with especial reference to the injur-
ious effect of alkali on plant growth. ‘T'he resalt is tabulated
as follows :—

!| PER OT. | PERCT. | PERCT. | PERCT.
CLAY STREAKSIN B R.CUT. ;| goluble | Na ©F | Nag Soq

Na. 2, 8 &

4 Nag COy
Y Mafter. i
i — —
| - !
No, 1. 4 ft. under surface !| .75 | a.15 § .10 ! Trace
. TRREE |

.60 | 0.15 l Trace

The amount of soluble salts in these samples does not
show sufficient alkali to be detrimental to plant growth. The
amount of sodium carbonate, the most injurious ingredient of
an alkali soil, is so small as to be entirely harmless, and when
by irrigation it permeates the soil above, will be inappreciable,
T have no hesitation in saying that there will be no danger
from alkali in this soil. ‘These fine sediment and clay strata
are, on the other hand, very wvaluable, as they will act as
couservors of moisture by establishing water tables,

A chemical analysis shows the soil to be by no means
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TABILE II.

deficient in plant food, but like many soils in the arid region,
it is inert, and needs to be mixed with aétive fertilizing
material and organic matter in order to be brought into good
‘The analysis made in this laboratory is given, accom-
panied by the analysis of a soil from Fresno, Cal., made in the
laboratory of the California Experiment Station :

COMPARISON OF THE ANALYSIS OF THE FRESNO AND
YUMA HEIGHTS SOIL.

FRUITVALE | BLAISDELL
TRACT, HEIGHTS,
Fresno, California.| Yuma, Arizona.
Coarse material, 0.5 mm___| 9.90 14.56
Fineearth . . ... ! gr.00 85-44
ANALYSIS OF FINE EARTH, | ;
Insoluble matter 67.34 } 78.91| 74.55 } 84.30
Soluble silica, 11.57 .75
Potash - 0.8z 0.64
Soda . 0.29] 0.32
Lime . 1.14 4.57
Magnesia 1.58 0.51
Oxide of fron ... 7.51! 1.07
Aluminia i 6.30] 3.28
Phosphoric acid ... .. : 0.07 0.07
Sulphuric acid ‘ 0.01 0.01
Carbonic acid____. . 3.73
Water and organic matter“| 3.28 1.50
|

The analysis

of the Fresno soil was made in the laboratory of the California
Experiment Station by Dr. Hilgard; the analysis of the Yuma soi
labortory aofthe Arizona Experiment Station hy Dr. Hilgerd's method.

was made in the

As the soils are in many respects similar, Dr. Hilgard’s

remarks are copied from the report of the California Experiment
After speaking of the geological
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formation of the soil, he says: ‘It will be seen that this soil
‘‘differs quite materially from all the soils of the immediate
“neighborhood of Fresno thus far examined, the only point of
‘““agreement being similar proportions of lime, &af # is
“malerially vicher in both potash and phosphoric acid ¥ * %
‘ Its supply of humus is not high and hence, on cultivation,
‘“ the addition of vegetable matter by green manuring, or the
“‘ use of nitrogenous fertilizers would probably be called for.”’

A comparison of the analyses will show for the Fresno
soil a higher percentage of iron and alumina, the latter show-
ing more clay., ‘This is a small matter when the character of
the irrigation water is taken into consideration. The Yuma
Heights soil shows a nearly equal percentage of potash, an
equal percentage of phosphoric acid, and a far higher percentage
of lime. 'This is of great importance, as it will tend to render
green manuring quickly effective by the action of lime on
organic matter.

To summarize; the soil is warm, easily drained, free from
alkali, deficient in humus, but not deficient in plant food. If
stpplied with active fertilizing material, and organic matter, it
it especially adapted to early fruits and vegetables. The
peculiar climatic conditions, infinenced as they are in this case
by the topography, leave no room to doubt that citrus fruits
can be successfully grown, and that vegetables can be brought
to maturity earlier than in the surrounding country.

Ii. THE WATERS 0f THE COLORADO RIVER.

The accompanying Table (Table III} gives the resuits of
the analyses of the daily samples of the Colorado river water,
during the months from August to February, inclusive :



TARI® Iir

ANALYSIS OF COLORADO RIVER SEDIMENT.

Sanlp!es taken daily, Analysis made each month. ATG. SR, OCT. 1 Nov, l DEg, J Jan, ‘ FEB. ’ AVE'GE.
Residue expressed in parts per 100,000 _ __{| 414 [ 205 [T027 | 232°[ 2017 1637 28 361
Restdue solubie after evap. expressed in parts per mwoobfl 20 | 34 3t 23 36 "33 ‘Ig 28
Parts of water to ong part of sediment_ 3} 242 ) 488 97 | 4317 497 | 613 | 348 | 388

ANALYSIS OF RESIDUE. ]
Sand, silica, combined water & organie matter| 68.66 |69.14 67.75 {74.20 {#7.40 168.42 170.85. 7119

Oxideofdron o | 420 ] 2.90 | 4.52 | 2.73 { 2.65 | 2.32 | 3.04 | 3.32
Alumimda o | 1028 | 8.42 113.32 ] 5.74 | 4.92 [10:40 [6.00 [ro.01
Lime X i #3071 7.50-T 5.951 6.88 | 8.25 | 8.30 | 5.86 | 7.15
Magnesgia _. . k220t 24: i 332 | 2004 | 2.37 | 200 | 2.x0 | 2.39
Soda soluble in water __ ' 2.44 1 6.30 | 1.30 | 6.57-1 318 ["5.77 | 371§ 418

Soda soluble in acid-_ . . ...

fi 1.74 | 1.40 | 1.59 | 0.96 | 0.61 | 1.83 ) 0.39 | L.22
Potash soluble inwater .

L o1g}020{012}| 021 ]0t1]o1g|e20] 0.16

Potash soluble in acxd 1.69 | 1.30 | 1.43 ) 0.83 | 0.66 | .62 [ 0.82 | 1.05
PhOSPhOI’iC acid ] 016 ] 0.15776.16 | 0.13 | 0.27 | 0,12 [ 0.18 | 0.17
Nitrogen .2, ... . .. . .| 0086 o0.070 0.094] 0.082! 0.075 0.093 0.086 0.083

I'he water soluble alkalies (soda and potash) are in the form of sulphate ot chloride “witli  only
a slight trace of carbopate. The presence of calcinny sulphiate {gypsurm) fhsures the absénde of
apprec:lable quantities of carbonate of soda.



TADRDLE IV.

POUNDS OF FERTILIZING MATERIAL DEPOSITED BY THE EVAPORATION
OF ONE ACRE INCH (27752 gall.) OTF COLORADO RIVER WATER WITH
THE VALUE OF THE FERTILIZING MATERIAL:

{An acre inch is the amount of water pecessary to cover one acre gne inch in depth.  The amounut of
fertilizing material de%omted in the sgil could be found by 1nu1hp]ymg the figures in this table
Y | the numbel of 1uches used to produce a eropl.

Total residue, 2.32T 1 525 | 45%
Clay .|| 264 984y 773| 75 56 06 | 262 || 204
Lime_ 68 351 138| .36 28 31 38 [ 58
Phosphorlc ‘acid .50 | 0.551 3.70| 0.68 | 1.23 | 0.43 | I.18 l 1.32
Available potash; 1.31 0.93 2.79 | ©.I0 | 0.50 | 0.55 | L.2I |' 1.20
Nitrogen ‘ 0.81 33| 218} 043 | ©.3¢4 | 0.34 0.56 |l 0.71
C%’?E:{‘i‘r?r‘e:?ﬂﬁ } i Jo. 28.;(] ,S‘o 128|8o. 7:5 Fo.réo $o 153 o, ro7 ,S‘o 217 I,?o 252

Stancea — s — s g vy R ———— [p—

................

HSTIMATED VALUE OF FERTILIZING MATHERIAL,

(Large quantities of commercial fertilizers are being used in all the Stutes gast of the 1\113-;1391Ep1 tiver..
sl?he sellin f?ﬂce is determined by the amount of Nitrogen, Phosphoric Acid aud Potash which they
contain. ese substances have a fixed and definite value, At present Nltrogen i worth «
per pourd., Fhosphoric acid 6e. per pound, Potash 4o, per pound, These figures are use
calcu]anng these tables).

per Cz[Per CrfF
Nit'en|Poy'sH
e e e _1 ——— .
Barnyard manure ... ..|lo.47 t0.58]0.36 $2 49
Col. river sediment, average for 7 months __ lo. 083 1.21 | 0. 17 o 60

Pur:s VALT.uh PER TON

Analysis and Fertilizing Valoe, per ton of
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Comparison of Amount of Sediment in Rivers Expressed in
Terms of Ratio of Dry Matier to Weight of Water:

Colorado Run {Average of 7 months) v o277

Mississippi oY 1500
Nile ..¥ 1900
Danabe ... 3060

Table IV. shows the amount of fine silt added to the soil,
and gives the commercial value of the fertilizing materials, The
plant food added by the water is nearly all in an available con-
dition, and contains no substances which will be detrimental to
vegetation. Targe as this amount is, it but inadequately
expresses the value of such material, because of its mechanical
effect upon the soil. The clay and silt added will in a few
years completely change its texture, and from a light, sandy
soil, it will become a fine loam of good strength and capable of

a high state of cultivation.
There would undoubtedly be added, the first year, with

the water, sufficient plant food to make sure of a crop of
alfalfa, While it is still an open question as to how much
nitrogen this crop derives from the air, it certainly has the
power of rendering available more inert plant food than most
crops, especially in the presence of a large quantity of potash.
In that sandy soil the roots will penetrate many feet, bringing
together the inorganie food and supplying the soil with a large
amount of humus, the carbon of which is certainly drawn from

the air. :
An example of the value of alfalfa is shown on the Uni-

versity grounds. On virgin soil of no great richness, and but
seven inches in depth, with water free from appreciable quan-
tities of fertilizing material, alfalfa made a good growth. After
seven months, during which four crops were cut, there still
remained in the stubble and roots, seven thousand pounds per
acre of dry matter containing 214 per cent. of nitrogen. Below,
the soil was a hard lime cement, and the roots had in- places
actually penetrated this, and were getting the plant food con-
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tained in i, ‘This year the soil is in good condition, and now,
March 2418, the 41faTfa s bd‘?ﬁches,‘high. In the soil of the
Vusha® tdesd, the roots will ‘penetrate as many feet as they did
inches in this soil.

'Ifﬁé:mesa soil especially needs plant food and erghnic mat-
ter. Fhe former will be supplied in the river water, ‘the latter
in a crop, af alfglfa plowed wmder. It has long been known
that the fertlity of land. irrigated with river water which'con-
tained large quantities of sediment, was practically inexhausti-
ble. ‘The rich, oyeiflowed lands ofithe Nile have retained.their
fertility from time immmemorial. By the aid' of a .«complete
chemical analysis of the Colorado River water, extending over
a period of sqven momths, we fan spegk with certainty of it
value as a fertjlizer, and know that to supply a given amount
of fertility,, it is only necessyry.tp supply a definite, easilyical-
culated amount of water. As the water anust in, this climate be
appligd inorder to grow a crop, the material for practieally in-
exhaustible fertility is:givem fitee of ail additional expense:

Simce the first of March, 18¢2, daily samples have bedn
taken of the Colotado at Wuia, the Gila at the head of the
Mohawk Canal, and the Salt River at 'the head of the Arizona
Canal,  The samples will He sent to this laboratory and ana-
Iyzed, : 4nd. at the end of the yeat the tesults will be published.
These exanmiinations of the waters of our great irrigation
gources, will . he followed and/suppléemented by investigations of
the soils to which the water is to be applied.

I Géologiral fdrmation ‘as bearing upon the permanency

of plant’ food, and stricture g sub-soil,

II.  Water relations a5 affected by Sneness of partldles.

ITI, Amount of soluble salts and best method of treating

ils too heavily charged.

All communications should be addressed to Agricultural
Estperiment Station, “Tucson, Arizona,

£. B. COLLINGWOOD





