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IRRIGATING SEDIMENTS AND THEIR
EFFECTS UPON CROPS-

By R. H. Forbes.

In May, 1904, at the request of interested land owners, the
writer began an inquiry into the relations between irrigating
sediments and farm crops, giving particular attention to the ef-
fects upon crops of mine tailings which, finding their way into
the Gila river from concentrating plants upstream, are carried
clown upon irrigated lands below.

In pursuit of this inquiry, a number of unexpected facts have
become evident and the investigation has grown both in scope
and in detail until it has become necessary to classify the results
and present them in a series of publications. The fertilizing and
physical effects of sediments upon soils are discussed in this bul-
letin ; the toxicity of copper compounds upon crops will be
treated in a forthcoming publication; and certain plant diseases
whose effects are sometimes locally attributed to mining detritus
or to copper compounds, will be later studied in detail.

The writer is aware of the incipient controversy between the
farmers and miners of Graham county concerning the effects up-
on crops of the sediments and mine tailings carried by irrigating
waters in parts of that region. Unusual pains has, therefore,
been taken to present an accurate, impartial and systematic
statement of facts relating to the subject of this bulletin.

GENERAL CONSIDERATIONS.

Arid-region rivers in general, among them the irrigating
streams of our own Southwest, carry, usually, large amounts of
sediments, more particularly in times of flood. This is due to
various factors. The physical character of many desert soils
is such that they erode readily, being at the same time little pro-
tected by vegetal cover. In grazing regions, these conditions
are often aggravated, particularly during dry seasons, by grazing
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animals, whose hoofs break and pulverize the soil surface, and
which consume or destroy an already sparse vegetation.

In former times, before the advent of stockmen upon South-
western ranges, and of miners and lumbermen in the mountains,
the native cover of herbaceous vegetation, and of forest growth,
greatly restricted runoff of storm-waters and erosion. This was
especially true along stream-courses and in the bottoms of val-
leys where, by reason of moisture conditions, a heavier growth
of perennial grasses, shrubs and trees developed which retarded
and filtered storm-waters to such an extent that they caused lit-
tle erosion and remained comparatively clear.

During the last thirty-five years, however, woodcutters have
made inroads upon the forests, grazing animals have depleted
the grasses, and in many places wagons and cattle have worn
deep roads and trails along lines of water-flow. From these now
bared and broken desert surfaces, the rainfall gathers with great
facility into heavy, cutting floods loaded with detritus.

In certain localities, also, large quantities of mine tailings are
added to stream-flowT, creating locally abnormal conditions oi
sedimentation.
AMOUNTS OF SEDIMENTS CARRIED BY SOUTHWESTERN RIVERS.

A statement of the amounts of sediments carried by the Gila,
Salt and Colorado rivers in the course of a ytar gives an idea oi
the erosive activity, under present conditions, of these streams.
From determinations of the silt content of these rivers by the
Arizona Experiment Station, and from data on flow afforded by
the U. S. Geological Survey, the following estimates are derived :

Gila at Ilorence...

Salt at McDowell..

Colorado atYuma.

Period observed.

Nov. 28, 1899, to
Nov. 5, 1900.

Patts by wt.
ot sedirrents in
100,000 of water

Aug. 1, 1899, to
Aug. 4, 1900.

Jan.l , 1904, to
Dec. 31, 1904.

Total tons of
solid matenal
carried tu 1 yi.

8 to 9406

3.6 to 951 1,100,000 544 acres
1 ft. deep

58681acie^
i 1 It deep

Factors: Specific gravity of sediments, Salt river 2.6, Colorado
river 2.65. Weight of soil per cubic foot, 93 lb.

84 to 3263 120,961,000

Sol id mate-
rial calcu-
lated todi v
SOU. *
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The extreme and average amounts of sediments contained in
one acre-foot of water from these three stiearns during the same
periods are as follows:

Gila at Florence

Salt at McDowell

Colorado at Yuina

Mm imum silt per
acre-foot of water,
111 tons.

.11

.05

1.14

Maximum silt per
acre-foot at watei»
in tons.

128.03

12.95

44.42

Aveiaye silt per acte
loot ot water, in tons.

19.23

J.20

9.62

Calculating upon four feet of water a year required for irri-
gating, and upon the average silt per acre-foot of water shown
above, the sediments, annually, per acre of lands irrigated from
these streams may be expressed as tons of solid material, or cal-
culated to inches of soil, as follows:

Tons of sediment m four |Thickness in inches, ol
a\e1ag-e acre-feet of sediment in four aveta^e

v. ater. acre-feet of water,
agricultural soil.

Gila at Florence
Salt at McDowell

Colorado at Yuma

76.94

4.79

38.49

.46

.03

.23

DISTRIBUTION.
By no means all of these sediments, however, are carried up-

on irrigated fields. With gentler gradients and slackening
motion of the water, the heavier portions are soon dropped in
canals and laterals, necessitating the never-ending work of ditch
cleaning. The remaining lighter portions are carried upon irri-
gated ground wThere, with still further decrease in the movement
of the water, the residual solids are deposited in large part near
the point of diversion from the supply ditch.

In considering the effects of sediments upon lands, therefore,
it is necessary to allow for the manner in which they are dis-
tributed, this distribution being affected by the kind of crop, the
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desert soils; while phosphoric acid is present in adequate
amount. Nitrogen however, and the organic matter with which
it is usually associated, are the chief deficiencies of our desert
soils, and it is a fortunate compensation of Nature that adds
these substances to irrigated fields without expense to the
farmer.

The amount of nitrogen in sediments varies enormously at
different times and conditions of river flow. As low as none at
all has been observed in low winter water sediments of the Colo-
rado; while a Gila summer flood has been found to carry 172.3
pounds of nitrogen in the alluvium contained in an acre-foot of
water. This last was rich with storm - sweepings from tributary
grazing districts The average amounts, the year around, of
nitrogen in sediments ranged, for the time observed, from 4.8 lb.
an acre-foot in the Colorado, to 5.5 lb- in the Salt and to 28.1 lb. in
the Gila. These amounts, with additional nitrogen dissolved in
the water, contribute materially to crop requirements for this, in
our region, most needed element of plant nutrition.

These facts, however, merely serve to give definite form to
the knowledge, as old as human history, that river irrigating
sediments increase the productiveness of land. The varj'ing
values, shown above, in our Southwestern river sediments, call
to mind the parallel fact, known in Egypt since ancient times,
that the red Nile Hoods from Abyssinia are more valuable than
those from other watersheds tributary to that river.

Fertilizing Value of Mining Detritus.

It is advisable at this point to consider the character, with
reference to fertility, of the mining detritus which finds its way
into the upper Gila river.

This detritus is derived from ores mined in the district tribu-
tary to Clifton and Morenci, Arizona. Speaking generally, the
surface ores and their containing rocks are more or less oxidized
in character. In them copper is found largely as oxides and
carbonates, associated with the more highly oxidized forms of
iron, the red color of which characterizes the tailings derived
from these ores. The rock mined at greater depths, now con-
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The following similar figures for representative desert soils
afford means of judgment as to the comparative value to these
soils of the two classes of materials tabulated above:

FERTILIZING CONSTITUENTS IN DESERT SOILS.*

Soils.

^0.3437 Heavy loam from Section
13, T.7S., B.26E.,nearSolomon-
ville, Arizona.

No. 3621. Sandy loam from center
of Section 18, T. 78., B. 26E.,
near Safford, Arizona.

Rait River Yalley soils, average
of 21 samples.

Potash.
(K 2 0 )

Phosphor-
ic acid.

(P 2 0 5 )

Nitrogren.

CN)
Organic

and vola-
tile matter.

In water-free material.

Percent

1.34

.78

.82

Per cent

.34

.13

.13

Per L.ent

.12

.15

.05

Per cent

Not esti-
mated

1 5

3.57

On the basis of these statements it appears that while the
material from the mines contains potash and phosphoric acid in
amounts comparable to those existing in ordinary flood-water
sediments, it is lacking in nitrogen and organic matter, most
needed by our desert soils. Remembering that these soils are
already rich in potash, and well supplied with phosphoric acid,
it is evident that this detritus therefore contributes nothing of
immediate value to plants, since it is known that an addition to
the soil of a fertilizing constituent already present in sufficient
amount, does not result in a corresponding increase in produc-
tion. On the other hand this detritus does not supply nitrogen
and organic matter, which are needed not only in this locality,
but throughout arid regions in general. The question as to
whether, and how, positive injury results from the addition of
these materials to a cultivated soil is discussed on subsequent
pages.
"TIGHTENING"EFFECTS OF IRRIGATING SEDIMENTS UPON SOII.S.

The effects of sediments upon crops do not result exclu-
sively through their fertilizing action. The physical properties

*8ee foot note, preceding page.
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of these line and oftentimes plastic materials are also influential
in a manner to which attention can first best be called b}T the
statements of observing farmers, in various parts of the Territory.

Mr. H , near Yuma, Arizona, says:
"The Colorado river, during the months of August, September and

October (1904) carried an abnormal amount of fine, light mud, due to the
heavy discharge of the Gila river and other Arizona streamy. This was
carried through the canals to the lands irrigated,and prevented the water
from soaking in readily. In the tame way seepage in the ditches was
reduced."

Mr. B , near Solomonville, Arizona, makes the following
statement:

"The yellow mud of the San Simon deposited even on sand will coat
the sand with an impervious layer so that the water will not penetrate,
leaving the soil dry a few inches below the surface. The farmers of the
upper Gila recognize this and a\oid the use of San Simon ilood waters."

An interesting experiment was made by Mr. S , near
Mesa, Arizona, both muddy, river water and clear, pumped water
being available to him for irrigating. Having prepared two
adjoining pieces of land, alike in character and condition, he
says :.

" I turned well water (pumped)on the first piece and in one hour it wet
the ground 5 feet deep as shown by digging. On the second piece,somewhat
muddy,river water penetrated 4 feet, 2 inches in one and one-half hours."

Mr. H——, near Tempe, Arizona who, after using river water
for many years, put in a pumping plant, says :

41 After changing from river water to well water for irrigation, though
using the same amount, through the same ditch, on the same land, I could
not make the water leach the length of the lands, for the reason that the
ground took it up moie readily, ciacks and pores not being sealed by the
mud formerly carried by the river water. I estimate that it takes fifty
per cent more w ell water to irrigate my ground than it took of lher water,
and that I will have to shorten my lands from 660 yardfe to about half that
length, in order to irrigate satisfactorily with my pumped faiipply."

These observations, made by different men in different
and in widely separated localities, consistently indicate that river
sediments, deposited b}T irrigating wraters upon the surface of the
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vSoil, act as a more or less impervious blanket, appreciably lessen-
ing the penetration of water into the soil.

Inasmuch as the amount and distribution of irrigating water
taken up by a soil is of prime importance in crop production, the
agency of silt-blankets in lessening the penetration of irrigating
waters is worthy of careful consideration. The thickness and im-
perviousness of these blankets may be observed to vary greatly
in different situations, chiefly according to the amount and char-
acter of the sediment itself, and to the length of time it is per-
mitted to accumulate without disturbance in a given place.

Methods of culture employed wTith different crops also affect
the silt-blanket. Where the soil is plowed or cultivated one or
more times each year, and the silt-blanket incorporated with the
soil, as in the case of orchards, grain and garden crops, blanket-
ing effects are reduced to a minimum. But in the case of peren-
nial alfalfa, the main crop of the region, the only culture practic-
able is to disc or harrow the surface, a procedure which at best
does not thoroughly break up the blanket.

MEASUREMENT OF YIELDS OF ALFALFA AS AFFECTED BY

SILT-BLANKETS.

Desiring to observe accurately the effects of sedimentary
accumulations in restricting production, the writer, dur-
ing the summer of 1905, selected three alfalfa fields situated, re-
spectively, under the Colorado river near Yunia, under the Salt
river near Phoenix, and under the Gila river near Solomonville,
Arizona. These j&elds were in each case typical for the locality in
which they were situated. One or more lands, with the most
uniform possible soil, were selected in each field, and divided
into successive portions from the head to the foot of the field.
The thickest accumulations of sediments were in all cases found
at the tops of the lands near the point of diversion of the muddy
water, from which point they lessened rapidly towards the lower
parts of the fields. At the time of cutting the crops, the lands
selected were laid off in plots from 50 to 100 feet long, the hay
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on each plot cut, cured, carefully collected, weighed and calcu-
lated to yield in tons per acre.

As a check upon these three sets of observations, an alfalfa
field near Mesa, Arizona, which had been irrigated almost entire-
ly with clear, pumped water, was similarly handled.

The results are best shown bjr means of the diagrams and
tables which follow :
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long as it has motion, being finally deposited only when it sinks
into the soil in irrigated fields.

Although, ordinarily, the percentages of these tailings-sedi-
ments in irrigating waters containing them are comparative^
small, yet they are constantly present since the mills contribut-
ing them rarely stop operations. There is therefore no escape from
them, as in the case of temporary muddy floods against which head -
gates may be closed; and slow, ceaseless accumulations conse-
quently gain in depth year by year until the effects, especially
upon alfalfa, have become evident.

Following are amounts of tailings in river and ditch waters
observed when the river was low and contained no other sedi-
mentary matter:

Sediments, Sediments,
parts in 100,000. pounds in

1 acre-fo:>t.
1. No. 3307. San Francisco river at very low

stage, 2 miles below Clifton,
May 23, 1904. 1176 32,528

2. No. 3309. Montezuma canal, at Solomon-
ville, May 26, 1904. 196 5,421

3. No. 3622. Montezuma canal, at Soloinon-
ville, at low stage of river, June 24, 1906. 20 553
While, as indicated by 1 and 2, the tailings are in large part

deposited on their way downstream, still, as indicated by 2 and
3, notable and varying amounts find their way into ditches and
upon fields. When this constant increment is multiplied by the
several acre-feet of water required by alfalfa each year, and by
the several years during which accumulation has been going on
in some localities; and when it is remembered that most of this
increment is concentrated upon the upper ends of irrigated fields,
an adequate explanation is afforded for the objectionable depth
often attained by these sedimentary accumulations.

This fine, detrital material, consisting in large part of de-
composed, kaolinized porphyry, has a chemical composition ap-
proaching that of clay. Being notably plastic in character, it
forms an exceptionally impervious blanket, so effective that, at the
heads of fields, even immediately after irrigation, the soil with-
in the second six inches from the surface has in some instances
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been observed in a dust-dry condition; while at the lower ends
of the same fields, with but little accumulation, the same irriga-
tion has penetrated several feet.

Being thus partly shut away from the water supply, the
roots of alfalfa fail to support vigorous growth, the tops are
stunted, bloom prematurely, and sometimes wither before nor*
mal growth is ready for cutting. The ground under this scant
covering, being comparatively unshaded, and therefore exposed
to wind and sun, dries and cracks in hot weather, thus involv-
ing the soil and the crop in a destructive sequence of bad con-
ditions, so that> notwithstanding the application of irrigating
water, the crop actually suffers from drought.

Having ascertained the depreciation in yields of alfalfa as-
sociated with sedimentary accumulations in three representative
localities, it remained to check these observations by measuring
the yield of alfalfa in a field irrigated with clear water free from
sediment.

Such a field was found under the large pumping plant oi
Dr, As JL Chandler, 7 miles south of Mesa, Arizona,
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OTHER OBSERVATIONS ON EFFECTS OF SILTS

In addition to the experimental weighings detailed above,
observations were made with reference to the effects of sedimen -
tation in a number of alfalfa fields along the upper Gila, between
San Jose and Pima. In this long, narrow, irrigated district, the
irrigating water varies greatly in character according to the local -
ity and the stage of the river. Those ditches which head high-
est up the river receive the stream-flow in its original condition,
By reason of the constant discharge into a tributary of the river,
of mining detritus, as explained on a preceding page, these up-
per canals at all times, even when the river is low and otherwise
free from sediment, carry an evident load of detrital material.

During the last several years of scant summer flow, for much
of the time practically the whole Gila river, tailings included-
has been taken into the canals heading above Solomonville, At
such times the lower canals have received seepage waters only,
returned to the channel, partly or wholly, from lands irri-
gated with the original turbid supply. These seepage waters,
which the U. S. Geological Survey has measured up
to 40 percent of the original river flow, are clear and
for several years past have supplied most of the summer
water for the lower part of this valley. By reason of
these conditions many alfalfa fields were available within this
district for comparison as to the effects upon growth of clear and
turbid waters.

Early in June 1905, when alfalfa was about ready for the
second cutting, measurement was made of growth in eleven rep--
resentative fields distributed frorn San Jose, near the upper limit
of irrigation, to Pima, 20 miles below. The height and condition
of the plants at various distances from head ditches was noted,
and some borings were made to determine soil moisture condi-
tions.

Six fields, in the upper part of the valley, between Solomon -
ville and Safford, under the constantly turbid Montezuma canal
were studied; and five fields farther down, between Thatcher and
Pima, under the comparatively clear-water Union and Central
ditches.
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All of the six upper fields were coated next the ditches to an
observed thickness of as much as four inches, with irrigating
sediments largely composed of mine tailings, as was indicated by
their appearance and by the amount of copper they contained.
This deposit rapidly lessened down the fields, usually becoming
inconspicuous in its effects upon alfalfa at a distance of 300 feet,
more or less. In most cases the alfalfa at the upper ends was
stunted, bloomed prematurely, and was greatly depreciated in
yield. Borings revealed the fact that, even though recently
irrigated, the soil under this deposit was drier than lower down
in the same fields, being in one instance dust-dry within six in-
ches of the surface, five days after irrigation.

The five fields between Thatcher and Pima, irrigated for
several years past with comparatively clear water and giving no
evidence of sedimentation with tailings, supported a manifestly
more uniform crop of alfalfa from tops to bottoms of the fields.
So far as measurement could show, the yield in three cases was
about the same throughout; in two, slightly greater next the
head ditches.

To illustrate these statements a single instance from each
class of cases will suffice:

1. June 9, 1905. Alfalfa field under Montezuma canal, one
mile east of Safford, heavily coated with sediment at upper end,
recentty irrigated. Ten paces below the ditch the alfalfa was 16
inches high. The soil was muddy to a depth of 6 inches, moist
to a depth of one foot, and dry from that depth downward.
One hundred and twenty paces farther from the ditch the al-
falfa was 28 inches high, beginning to bloom. The soil was wet
to a depth of at least four feet.

2. June 9, 1905. Alfalfa field under Union and Central
ditches below Pima, receiving a large proportion of clear water,
and showing no sedimentary accumulation. Immediatel}" below the
ditch the alfalfa was 36 inches high. One hundred paces from the
ditch the crop was 30 inches high, and from a distance of 150 to
450 yards from the ditch, the alfalfa was 27 inches high and very
uniform.
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EFFECTS OF IRRIGATING SEDIMENTS UPON CERTAIN CROPS
OTHER THAN ALFALFA,

While the adverse effects of sedimentation upon alfalfa, es-
pecially under the higher canals of the upper Gila water supply,
are unmistakable, certain other crops observed at the same time
have not been found in uniform or, at first sight, consistent con-
dition. Corn, barley and wheat produce in many instances ap-
parently equally well and sometimes better at the upper edges of
fields than below; wThile in other instances the condition of these
same crops has shown marked depreciation next the head
ditches-

These facts, however, are brought into harmony when it is
remembered that sedimentary accumulations are necessarily
complex in character, being composed of successive layers of
detritus brought by the river and its tributaries from widely
separated localities. It is sometimes possible, for instance, to
distinguish within the same vertical inch of sediment the charac-
teristic colors from three or four overlying watersheds.

But with such crops as wheat, barle3T and corn, in which the
ground is plowed, disced or cultivated in a manner impossible
with alfalfa, the sediment-blanket is broken up, turned under
and incorporated with the soil. In this situation not only is the
blanketing effect lessened or done away with, but the sediments
are free to exert a fertilizing influence, or otherwise, impossible
so long as they lay upon the surface inaccessible to the roots
of plants.

If, therefore, sediments of beneficial character preponderate
in such a mixture the result of their incorporation with the soil
will be favorable, and vice versa.

RATIONALE OF DAMAGE CAUSED BY SILT-BLANKETS,

The depreciation in yield of alfalfa fields caused by silt-
blankets, as shown on preceding pages, may be attributed both to a
lessening of the supply of water, and of air, to the roots of the
crop. As related, in certain instances the soil has been found dust-
dry shortly after irrigation, a very few inches below these sedi-
mentary deposits. Consequently alfalfa, which normally sends its
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roots six to fifteen or more feet down, is excessively limited in
the use of this extensive root system. Plants growing in these
locations were found in some instances developing bushy, shallow
and abnormal root systems, apparently in the attempt to utilize
such moisture as penetrated into the surface soil.

In this connection it should be noted that since the thickest
layers of sediment are deposited next the ditches, the gradients
of the fields tend to increase. An elevation, in this manner, of
iour -inches at one end of a land four hundred feet long, as ob-
served in one instance, makes an appreciable increase in the
speed with which water traverses the ground, and therefore
tends to lessen its penetration.

But soil air, consisting mainly of ox3Tgen and nitrogen, is also
essential to the growth of upland crops. Oxygen must come in
contact with all their vegetative surfaces, in order to gain
access to the tissues where respiration, which is a function of
the living protoplasm of active plant cells, takes place. Also,
both oxygen and nitrogen are necessary to the life processes of a
number of species of soil bacteria which promote fertility.
In particular, nitrogen must be supplied to the tubercle-
causing organisms closely associated with the roots
of alfalfa and other leguminous plants. But the
same condition of sedimentation which restricts the pene-
tration of water into an irrigated soil will restrict the circu-
lation of air, because not only does a fresh and turbulent irrigat-
ing stream contain air in solution, but it also carries air with it
mechanically as it percolates downward through cracks and
pores m the soil.

These facts are of special importance in the case of alfalfa,
whose deep root system and whose physiological oxygen and
nitrogen requirements undoubtedly call for deep and thorough
aeration of the soiL

EFFECTS OF CCI/MVATiON.

In all cases, cultivation, as deep, thorough, and frequent as
practicable, is the prime means both of utilizing beneficial sedi-
ments and of mitigating the effects of harmful ones. Indeed, as
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has been shown, it is possible for the same sediment to be bene-
ficial or harmful according to the cultural treatment it receives.

Two representative observations will suffice for illustration :

1. A short distance west of Safford, June 10, 1905, under the
Union canal, the writer observed a field of wheat decreasing from
4 feet high at the upper end to 3 feet high 200 yards below, in
which the yield of grain was manifestly greatest next the ditch.
This field had been twice disced the preceding November, then
broadcasted to wTheat and disced again. This crop was well
watered both from the ditch and by abundant rains, showing a
distinct balance in favor of cultural conditions at the head of the
field.

2. Adjoining this area in grain was an alfalfa field, belonging
to the same owner, wrhich had also been twice thoroughly disced
in November, and irrigated about the same as the wheat. Al-
though it had received unusually thorough treatment this alfalfa,
just before the second cutting, increased from a height of 15 in-
ches near the ditch to 21 inches 100 yards below. In this instance
the most thorough cultivation practicable was not sufficient to
obviate the effects of the sedimentary accumulation upon the up-
per part of the field.

OTHER CAUSES OF CROP FAILURE.
It is advisable at this point to mention certain crop losses

which, in the absence of definite information, are in certain
localities commonly attributed either to mine tailings or to cop-
per salts contained in solution in irrigating waters.

SUNBURN.

Throughout the Southwest, it is somewhat generally known
that wetted and mud-plastered vegetation is liable to be destroyed
when subjected to high summer temperatures and the direct rays
of the sun. Clear water standing about the stems of tender vege-
tation on a hot day may produce this effect; but the worst results
occur, apparently, when turbid irrigating waters are allowed to
coat the leaves and stems of tender crop plants with mud. This
damage appears to be associated with sediment-bearing waters
in general whether or not the}' contain mining detritus. Mexi-
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can irrigators in Sonora recognize the danger, especially to vine
crops, from contact with muddy water in hot weather and seek
to avoid loss by its sparing use and by proper methods of
culture.

The exact conditions under which sunburning of crops takes
place in this region are not yet known; but the damage may be
due both to excessive temperatures and to exclusion of air from
the breathing surfaces of affected plants. It is certain, however,
that losses from this cause occur widely within the region and
not exclusively in any one locality.

PLANT DISEASES.

Although this region is agriculturally new, a number
of plant diseases have become established and are al-
ready responsible for serious crop losses. The following have
been identified by Professor Thornber of the Experiment Station :

Rhiiocionia solani. Potatoes, which are stated to have
produced well in former times along the upper Gila are
now considerably subject to this fungus disease, which
attacks the stems between tubers and tops thereb}T cut-
ting the circulation and arresting the growth of tubers,
but frequently permitting a heavy growth of tops.

This disease is well known in Colorado and other potato pro-
ducing regions. It is communicated by sclerotia, i. e., compact
masses of filaments or hyphae appearing as small, rounded,
black bodies upon the tubers; and perhaps also by spores.
Spreading from original centers of infection by these means, this
disease has become well established in certain localities.

Puccinia graviinis. This common rust disease of wheat,
different stages of which are known as black and red rusts, oc-
curs more or less abundantly in the region according to seasonal
conditions. This disease was especially prevalent during the ex-
tremely wet season of 1905, due to the fact that a water-logged
soil and a humid atmosphere favor rust development, the charac-
ters of the water supply being a secondary consideration.

Fusarhun sp. It is stated that for years past it has been
increasingly difficult to grow certain vegetable crops in i-cme
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localities along the upper Gila. Among these are pumpkins,
squashes, melons, tomatoes, and other garden staples. The loss
of these crop plants is stated to take place during the hot weather
of early summer, and to have occurred to a serious extent since
about the year 1899.

Desiring to make observations at a favorable time with refer-
ence to these losses, the writer visited the region June 22-27,
1906. Melons and pumpkins were at that time found in the
vicinity of Thatcher dying in well irrigated and carefully tended
gardens. Affected plants, apparently in good condition above
ground, wilted suddenly and in about a day were entirely dead
and dry. The roots of wilting plants were usually found girdled
with brown corroded patches and in a state of more or less ad-
vanced decay. Having collected these roots with suitable pre-
cautions, it was found by Professor Thornber that the large water
ducts leading from the roots to the tops of the plants were fre-
quently choked with a growth of Fusnrium filaments. Not only
was this disease found near Thatcher, but it was also found in
Hubbard squash in a large garden on the San Francisco river two
miles above Clifton. Later, in July, the same disease was found
causing the death of watermelon, muskmelon and tomato vines
in the Santa Cruz Valley near Tucson. In brief, this disease
occurs throughout a wide extent of country, and without refer-
ence to the character of the irrigating water supply. Like other
fungus plant diseases of this class, when once established in a
locality it tends to increase, and thus, within a few years often-
times, makes unprofitable the cultivation of once remunerative
crops.

Not much is known as to the management of Fusarium diseases
of plants. The most practicable suggestions are, so far as possi-
ble to avoid old, infected ground and plant these crops on new
soil; and to plant in rotation with crops which do not support
the fungus.

ALKALI.

Soluble salts, though not often present in injurious amounts
in the well-drained irrigated areas along the upper Gila, occa-
sionally accumulate to an injurious degree in unexpected places.
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As explained in connection with similar accumulations in Salt
River Valley,* the hot dry summer seasons with consequent low
and salty irrigating waters, in conjunction with fault}' cultural
methods, bring about the formation of salty spots in the soil.
At the head of irrigation, near Solomonville, these low, concen-
trated summer waters have been observed to contain from 73 to
112 parts of soluble solids in 100,000 of water; or from two to
three thousand pounds in an acre-foot of water. In irrigating
orchards and gardens with these scanty summer waters they are
usually rushed hurriedly through shallow furrows over the area
to be irrigated, wetting only the upper layers of soil. Under
these conditions, insufficiently cultivated surfaces quickly lose a
large part of their moisture by evaporation. But the soluble salts
contained in the soil water are theYeby left at or near the surface
in the form of alkaline accumulations,

A large garden near Safford, Arizona, was examined in June,
1906, with reference to the accumulation of salts. Three years
previously the owner had prepared his soil by flooding it tor two
or three weeks with muddy water, thereby evidently leaching out
the alkaline salts and also enriching the soil. Irrigating through
turrows, notwithstanding a good state of cultivation, the salts
again gradually accumulated until, at the end of three years,
tender, shallow rooted plants, such as turnips, lettuce and rad-
ishes, again began to fail. A sample of the surface three inches
of this soil, taken June 25, 1906, was found to contain:
Total soluble solids. Common salt. Sodium carbonate Sodium Milplmte.

.45 > .03, .09,. .02

This percentage of soluble salts, amounting to 18000 pounds in
an acre-foot of soil, is probably sufficient to explain the effects
upon tender plants noted above, especial!}* as the proportion oi
sodium carbonate is somewhat large.

Another garden near Thatcher, irrigated mostly through lur-
rows for seven years and very well cultivated, contained in the
surface three inches of soil:
Total soluble solidsj. Common salt. Sodium carbonate. Sodium sulphate

.4<v -06 .05 .04

•Bulletin 44, p. 165-167.
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Effects of Mining Opt rations on Soluble Salts in Irrigating
Waters.

The ores with which a portion of the waters of the San Fran-
cisco river come in contact in the concentrators do not add
materially to the amount of dissolved salts, as is shown in 1, 2t

and 3, of the accompanying table. After most thorough expos-
ure to the finely divided ores, 2 and 3 are found to have taken
up only a small amount of harmless sulphate of lime. However,
at one time salty water from below Clifton was pumped and used
in the S. C. Co.'s mill, being then returned to the river. As
shown by 4 and 5 the effect of this water was apparent in the
San Francisco river immediately below Clifton. In spite of
subsequent admixture with the fresher waters of the upper Gila
an increased salinity, due at least partly to this cause, continued
to be perceptible in the Montezuma canal many miles below.

At this time, May 23 to 26, 1904, the San Francisco and Gila
rivers were at a very low stage and the effects of mining opera-
tions upon their waters was therefore maximum. These observa-
tions indicate that while the ores themselves do not contribute
material amounts of soluble salts to the water, the effects of
the saline wells mentioned are notable, and at times of low flow,
probabl5T objectionable.

A minute quantity of soluble copper salts is also derived from
the contact of these waters with ores, the effects of which upon
vegetation will be discussed in a later publication.
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COMPOSITION OF IRRIGATING WATERS AS AFFECTED BY MIN-

ING OPERATIONS.
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Par t s in 100,000 of water.

1. No. 3302. Water from A. C. Co.'s
flume, above Clifton, May 28,1904, 54.6
before entering concentrator.

2, No. 3303. Same, atter using with
sulphide ores. " 55.6

o. No. 3304. Same, after iibing with
oxidized ores. 57.1

4. No. 3305. Salty well water used to
supply S. C. Co 's mill, May 23,677.1
1904 (since discontinued).

5. No, 3307 San Francisco river 1
mile below all mills, near Clifton, 233.0
May 23,1904.

1). No. 3308. Gila river above junction
with San Francisco, May 25, 1904. 35.7

7. No. 3309. Montezuma canal, out1

of Gila river, May 26, 1904. 111.8
i

28.5

29.0

28.8

580.0

164.5

5,3

72.0

1.1

7.7

7.0

6.5

4.8

8.3

9.5

78.1

10.4 25.9

3.9 t 13,6

5.5 14.1

1.9

4.2

3.8

77.7

24.9

7.8

CONTROL OF SEDIMENTS IN IRRIGATING WATERS.
It has been shown in preceding pages that excessive amounts

of sediments in our irrigating streams influence crop production
oftentimes unfavorably, besides adding to the expenses of the
farmer by filling his ditches and reservoirs. Evidently, there-
fore, it is desirable to control these sediments to such an extent
that they are not piled in excessive quantity upon irrigated lands.

ADMINISTRATION OF GRAZING RANGES.
Looking at the problem of control in a broad way, it may be

stated that a large proportion of sediments now discharged by our
main irrigating streams is due to excessive grazing upon water-
shed ranges. As previously stated, these once grass covered
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ranges are now in a state of erosion, due to the maintenance upon
them at times of excessive numbers of grazing animals.

When the use of the public range is so regulated by law as to
allow a partial restoration of native vegetation, a very important
step will have been taken towards lessening the sediments in
underlying rivers. Although the chain of cause and effect may
be hundreds of miles in length, there is nevertheless a most direct
connection between the bunch of half-starved cattle on an over-
grazed range, the violent flood which erodes the lower levels, and
the heavy accumulations of sediment which clog the ditches and
coat the fields of the downstream irrigator. Proper administra-
tion of our public grazing ranges, therefore, is a matter of serious
interest not only to stockmen, but also to irrigating farmers,

SETTLING BASINS,
Removal of sediments from turbid waters by means of settling

basins is effective and, frequently, feasible. It is a law of hy-
draulics that the weight of sandy particles transported by
running water varies as the sixth power of the velocity. If,
therefore, the velocity oi a given stream be reduced to one-half,
the maximum weight of such particles carried is reduced,
theoretically, to one sixty-fourth. Since any enlarge-
ment in a stream-course tends to reduce the velocity
of the water correspondingly, reservoirs are exceedingly effective
clarifiers, being of limited life, however, because of this fact.
Natural depressions are sometimes used as settling basins, Along
the Colorado river, for instance, certain canals, in both the Mojave
and the Yunia valleys utilize old river channels as settling basins.

In many cases, however, dams must be constructed to slacken
stream-flow and precipitate sediments. Dams of various sizes-
and materials may be observed along the Gila where, for indus-
trial reasons, the necessity for them is greater.

Large Constructions.
Most notable of these structures are the dams built by the

mining companies near Clifton and Morenci, Arizona, across the
deep narrow gulches in which this district abounds. Waste
materials from the mines are employed in the construction of
these dams. The Detroit Copper Company, below one of its
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of water and slimes a minute, is stated to have entirely clarified
the water, carrying 400 tons of tailings a day, from this mill for a
period of more than six months.

Small Resei'voh's.
A third instance of the use of a settling reservoir, of special

interest because it was devised by a small farmer, was observed
about one mile below Clifton in May, 1904. About six acres of
garden crops and fruit trees, since destroyed by the floods of
1905, were irrigated with water from the San Francisco river.
Half a mile above the garden was an old brickyard with an exca-
vation about a half acre in extent, averaging six feet deep. Into
this excavation about ten miner's inches of river water, excessive-
ly turbid with mining slimes, was diverted through a small ditch.
The water which issued from the lower end of this pond was al-
most perfectly clear, being, in fact, thought to be spring water
until it was followed up and its source discovered.

Prehistoric Settling Basi?i$
It is of interest in this connection to state that the

prehistoric canal systems of Salt River Valley included what
clearly appear to have been settling basins, by means of
which ancient Indian irrigators must have gotten rid of flood-
water mud*

An excellent example of these works lies midway between
Mesa and Tempe, Arizona, north of the M. & P. Railroad, and
Is worthy of description because of the possible utility of the
suggestions it affords. The site of the ancient reservoir is directly
in the line of a large prehistoric canal, being marked by an ex-
tensive mound of sediments evidently taken from time to time
out of the reservoir. This mound, which is at least 1500 feet
long, with an extreme width of about 200 feet, rises from I to
9 feet above the general level.

The highest part of the mound is at the extreme upper end
where the largest portion of sediments would have settled in this
long and narrow reservoir. At the lower end of the reservon
site, on the south bank of the ancient pond, are numerous frag-
ments of pottery, indicating that here was formerly a camping or
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that it was easier for the Indian irrigators, with primi-
tive tools and carrying baskets, to clean out this narrow
reservoir than a wide one, inasmuch as in this case the}
were obliged to carry materials to a less distance. Also, it ma\
have been less labor and in harmony with their communal habits,
to have dorfe their ditch cleaning as much as possible in out
place, from a reservoir, than scattered along the many miles o.
an extensive irrigating system.

But whether this prehistoric reservoir was primarily intended
to retain river-sediments, or simply to store water for domestic
uses, existing remains indicate that it must have done much
to clarify the waters of Salt river.

This fact, and the needs of modern irrigators, suggest tht
advisability in certain localities of devising settling reservoirs foi
the removal of undesirable detritus or sediments. If ex-
perimental results justify the suggestion, it should introduce r.
unique feature into our Southwestern irrigating systems.

Waste Waters.
Waste waters from alfalfa fields are frequently available foi

gardening purposes, and being nearly or quite clear are free froir.
the objection due to the plastic sediments carried by certain irri-
gating supplies. In this way, the benefit of the intensive croj
being secured at the expense of the extensive one, a net gain to
the farmer is found to result from the practice.

PRECAUTIONS IN PUMPING FROM A MUDDY STREAM.
In the case of pumping plants which lift an irrigating supph

from muddy streams, certain precautionsma3r be suggested, tend-
ing to diminish the amount of sediments taken from such a river.

These suggestions are based upon the fact that ordinarily, the
amount of sediments carried by a turbid stream increase from thi
surtace to the bottom. The amount of this variation is indicated
for the Colorado river at Yuma, at various times, in the follow-
ing table:
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barely in suspension, which are pushed along the bottom. Large
amounts of floating debris often occur at and near the surface,
more particularly in the first runnings of a flood.

With reference to these variations, it would seem worth while
to arrange the intakes of canals in such a manner as to draw
upon the upper waters of a muddy river, avoiding the larger
amounts of sediments below, and taking proper care to screen
the intake against floating debris at the surface.

SUMMARY.
1. Irrigating sediments ma}7 be*beneficial or harmful to crops

according to their composition and physical character, and their
disposition in or upon the soil. Whether beneficial or harmful
in composition, if they accumulate upon the surface of the soil in
the form of silt-blankets more or less impervious to water and
air, their influence, by limiting the supply of these essential
substances to plant roots, is notably harmful. In certain locali-
ties where these irrigating sediments are very plastic in char-
acter and excessive in amount, the damage, particularly to
alfalfa and other crops which cannot receive constant and thor-
ough cultivation, is of an increasingly serious character.

Cultivation, where practicable, as deep and thorough as pos-
sible, is the best available means of handling these accumulations.
Beneficial sediments are thus incorporated with the soil and
their fertilizing properties made available tow plant roots ; while
sediments of barren character are dispersed to the depth of cul-
tivation through the soil. When, however, sediments of unde-
sirable character predominate cultivation can only modify and
not remedy resulting conditions.

Mining detritus, in the instances observed, is nearly or quite
devoid of nitrogen and organic matter, most required by desert
boils, and is probably without fertilizing value. The plastic
character of this mining detritus and the excessive amounts in
which it accumulates upon certain alfalfa lands result in an ex-
treme instance of deterioration in yield due to irrigating
sediments.
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2. In the region ^ected by mining detritus certain other
agencies also operate to cause crop losses for which river
sediments or mining detritus are not responsible.

Chief among these are plant diseases, of which Rhizoctonhr
\olani attacks potatoes, Puccinia gramints attacks wheat, and a
species of Fusariitrn destroys melons, pumpkins, squash and
tomatoes.

In common with muddy streams throughout the Southwest
the turbid irrigating waters of this region facilitate the sunburn -
ing (?) of crops.

Alkaline salts, also, in a manner commonly to be observed in,
the region are to some extent a cause of loss.

3. The lessening of sediments in irrigating waters may be
accomplished to a varying extent by administrative and engineer-
ing devices. Of these, settling basins are probably the most
immediately available. With streams of limited magnitude
I eservoirs of small superficial extent have been observed to com -
pletely clarify waters heavily loaded with sediments of the finest
and lightest character.

In consequence of these observations attention is called to
the fact that many locations, hitherto undeveloped, exist, where
objectionable sediments may be found wholly or partly remov-
able by means of suitably constructed settling basins. Works
of this character are a notable feature in connection with certain
irrigation enterprises on the Colorado and Gila rivers; and it is
probable that, to an increasing extent, settling basins will be
found a necessary adjunct to irrigating systems in the Southwest.


