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SUAMMANRY

Water spreading is the practice of diverting flows {rom ephemeral
streams and distributing the water over permeable soils of valley
floors. 1Its effvets wore nvestignted at the Navajo Experiment Sta-
tion in northwestern New Mexico during a O-vear period, 1935-43.
Water was spread on 14 arens of native rauge land, otherwise un-
troated, by plugging the mroyes with carthen dams. The elfleet of
water spreading was studied densively on theee of these sitis and
observed in tess detail on the others,  Addditional studies were made
on plots sceded with range grasses and field crops, aml on lysimeter
plots sceded with the same grasses and walered with waler-sediment
mixtures carrving sediment of known quantity and quality.

t Submitted for publieation Deccmber 13, 119,

* Acknowledpment is made of the work of Lo R Rich, formerdy o chiarge of
hydrotogie work, and . K, Chapman, in charge of labordory work, at dhe
Navajo Fxperbnent Stafion.
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Information was obtained on the responses of soil and vegetation
to water spreading, and on the quantity of sediment carvied away by
runoff from eroded uplands. The results of the study indicstte, also,
the extent to which sediment, if not controlled by some such megns as
water spreading, will obstruet normal stream flow and reduee the
capacity of reservoirs,

The proportion of sediment by weight in the runoff ranged from
less than 1 to more than 60 percent and averaged 13 percont. The
sediment deposied in the channels fessened the channel gradients for
distances of at least 2,000 to 2,800 {ect above the dams. Deposition
in the chamnels occurred chiclly in the first 3 years, but continued
throughout the study peried.

On the flood plains, sediment deposit, just helow the spillways
averaged more than 2 feet in depth. 1t decreased in depth with
distance helow the spillway, and hecame neligible at distances that
averaged about 3,700 fect, the limit of deposition depending upon the
configuration of the spreading area and other factors. During the
9 years a total of approximately 300 acre-foet of sediment was stored
above and below the dams of the three study areas.

Deposition markedly lightened the soil texture in the upper reaches
of the field flooding avess. Just helow the lightened arcas the texture
became heavier. “The elay fraction of the soil increased greatly in
‘the controlled plots irvigated with arroyo water; since much of the
coarser sediment was dropped in the 2,000-foot <itch that conveyed
the water to the plots.  In the ficld areas and in the controlled plots
that received no cultivalion, the pereentage of orgnnic matter in the
soil inereased when henvy=textured sediment was deposited. Organie-
matter pereentage did not change in the soil of cultivated plots. In
the lvsimeter plots, it was depeadent on the amount of buried vegoe-
tation or the amount of organic mafter preesent in the deposited
material.

Flooding increased the grass density of field plots where not more
than 1 ineh of sediment was deposited.  Rapid deposition of more
than 5 inchies of sediment greatly damaged all grasses exeept westorn
wheatgrass (cgeopyron smithity,  Shallower sediment, or relatively
slow deposition of sedinient to depths as great as 10 inches, caused
heavy damage to blue erama (Boutelowa  gracilis), red threeawn
(Aristida fongiseta), aud sand dropsecd (Sporebofis eryptundrys), and
moderite damage to galletn (Filarin jumisil) and ereeping mubly
(Mublenbergie repons). I plot experiments, deposition of 9 inches
of heavy-textured sediment in 2 vears resnlted in moderate damage
to alkali sacaton (Sporsholus wiroidex).  Western  wheatgrass in-
ercased on medinm to deep deposiis, owing to reduction of competition
with other planis,

Forage production on lightly siltel portions of flooded arens, as
determined fromi elipped quadrats, was three 1o nine tmes that on
comparable unflooded arcas, the difference varving with the amount
of flood water diverted.  The gain on the lightly silted and unsilted
portions more than halanced the loss due to damage from sediment,
which extended over approximately 20 peceent of cach fooded area.

Yiclds of corn and oats on plots irrigaied with arrovo water were
greater than yields on comparable dey-lund plots.  Application of
flows seleeted on the basis of low sediment content and plant nrvds
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proved more consistently beneficial than application of all Aows.
Yield of beans was increased by irrigation with selected Hows but was
sharply recuced where every flow was used.

Except under the highly controlled conditions of Iysimeter plots,
application of water and sediment produced few consistent changes
in the chemical sharacteriztics or bacterial activity of the soil material
deposited or of the soil underlying the deposits. [n the fold arcas
and controlled plots. the chemical charneteristies of the deposits and
original soils were similar, except for the concentration of sulfates and
potassium. The sulfates were considerably hicher in the added
material, the potassium lower.

Observations indieate that, ander the conditions of climate and
topography prevailing within the experimental area, draivage areas
of less than 2,000 acres ave likely not to produce runoff often enough
to make wator spreading practieal if the ehiof purpose is o incrense
production of forage and crops. The effeet on silting of steam
channels and veservoirs, however, may justily the cost of spreading
water from small dezinage arens.  The maintenance requirement for
control of water and sediment from a deainage aven of 43.000 acres
was disproportionately large. ard the water from this zrea could
not be used so advantageously,

For the sale handling of runoff froms deninage bhasing of 2.5300 te
4,700 acres, the required ratio of druinage area to spreading area
was found to be about 20:3,

Water spreading is an effeetive means of transporting sediment to
places where it can be stored and thus keeping it from downstream
water-storage reservoirs and areas of Hood hazacd, Do oan area so
Inrge that the sediment ix held on a relatively =mall pact of it, water
spreading i3 beneficlal from the standpoint of crop yiold, forage pro-
duction, and grazing use.

INTRODUCTHON

In arid and semiand sections of the sonthwestern United States,
much of the precipitation ocesrs in the Torm of shart, intense storms.
The characteriztically high rate of ol from =ueh =torm= has heen
gugmented i many arens as the result of depletion of the proteetive
cover of vegetation, laveely throngh overzrazing,  As o consequence,
much water needed [or forage and erop produetion on mmnge and valley
lands is tost.  Uneonceolled runol sesnlt= in exeessive soil vrosion on
semibarren slopes and 1w =erions wrayo development in alluvial
valleys. The channeling of inmunerable vallovs in the Southwest
has lowered the ground water, destroyed irciomtion diversions, inter-
fered with the maintenanee of water nehts, and preanly inereased the
guantitics of soil eraded from beadwater areas,

Sediment not held back in upsteeam areas is eaericd down and
deposited in the channels of larze perennial streants in the lower
reaches of drainage sreas.  This may rause serions demage 1o farm
lands by raising the water table and ereasing foods.  The 2ediment
carried into irrigation reservoirs not only enrtails the useful life of
these costly installations but inereases evaportional losses by extend-
ing the area of [ree water surface.  Rescrvoir <ilting, furthermore,
wastes a limited natural resourec—reservoir sites, an essential of the
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irrigated agricuiture upen which depends the economic survival of
much of the West {6).7

Counservalion of water and conlrol of sedimient are among $he mosé
wrgent needs of western agrieatlure.  Nature conscrves waber for
production of vegetation by dissipating the eoncentrated runolf from
higher ferrain on valley ffoors and other nearly level areas. Man
similarly conserves wales in his irrigation projeets.  Water spreading
is & kind of irvigntion aimed al res{oring conditions under which water
is conserved and sediment held i check in valleys that have not lost
their protective cover of vegetation.

The problem area to which the results of the investigations dis-
cussed here apply comprises a luree part of northwestern New Mexico
and adjaeent parts of Arizona, Utnh, and Colorado. 16 is a platean
region broken by mesas, eanyons, and low mountains.  The geology
of the reglon has been treated by Gregory (7)., For the most part,
the preblem area lies within the Colorado Hiver dratnage basin
above UHoover Dam and Lake Mead., The consequences ol sitting
in Lhis reseevolr, the laegest in America, and the mensee to {ulore
developments on the Colomdo River through silting have been force-
fully Lroated by o). O Stevens (3,

Exeswivunyria, Argn

The investigations Jisepssed here were made nf the Navajo Experi-
ment Station, o 43.000-acre portion o the Navajo indian Beservation
situnled about 20 miles north of Gallup, 1 northwestern New Mexico
(i, 1), The clevation at Mexiesu Springs, the statien headquarlers,
s 0,437 Teer,  The station fay within the Fizueeido Creek deainage
Basin, a seindeiceniar area in the Chosea Valley and Chusen Mouniam
subprovineess of the Coloends Plnleay $37) suerounded by aowalershed
having altitudes of 7,000 o 88680 Teed.

The vegetation, topogmphy, soils, and crosion conditions w the
experimental sren were vepresentative of the genernl problem area.
The surtnee chnracteristios melude many varintions i slope, numoerous
rock outerops, rough broken shale hills, and vallevs channelied by
arvovos,  The western and hdgher v is steep and  mountainous
(fig. 235 the enstern ond 1% a rolling plain with broond sifuvial vafleys
broken by old mesa renmants that grade into the alluvial deposits on
the valley lloor tig. 31 Tle alluvtom in the vallexs was formed of
oubwash material o the sundstones and shades of the Mesaverde
formation {373 M streams on the ares are ephemerl, (lowing only
when there is runofl Drom medting snovw or heavy vain

The stntion was operated from Febroary 1044 until December 1943,

SMMLE

The soils of the Fieuerids Creek dreainnge hasin gree alluvial, eolly-
vial, and residual. They weree derived prineipally from the sandstones
ang shales of the Mesaverde mad Tohatehi formetions. The following

1 liglie pombers in pareatheses refer {o Sefeeied References on Waler Spread-
P, p. 67,
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Fraeue 1.--Loeniivn of central part of problenn aren and of Navajo Experiment
Pation,

soil series are distinguished, on the hasis of siale of development and
physical characteristies: Alluvial—Crown, Oraibi, Wepo, awd Coneho;
colluvial—Crown; resichunl -Buell, Pinedale, Hopi, Chuska, and Floy.
These series are [urther separated aecording Lo surface lexture into five
soil types—alay, clay loam, sundy clay, sandy clay loam, and sund.
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EFFECTS OF DIVERTING SEDiAiENT-I;ADEN RUNOFF

" CLIMATE

_ Monthly averages of climatic data at the Navajo Experiment Sta-
tion for the study period are presented in tabie 1. Annual precipi-

Tasry 1.-— Monthly averager of wealher faclors and soil lemperature, Nuvajo
Ezperiment Stalion, 193448
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t Hecord was trvgun A, 1, 1935,

tation on the experiments]l area varied widely, Extremes at bead-
quarters were 20.08 inches (1041} and 6.02 inches {1942),  Annunl
precipilation averaged approximately 11.3 inches at an elevation of
6,437 fect; 9.5 inehes al 6.200 feel; wnd i7.5 inches at 8,400 fect.
Temperatures were moderale, average hourly wind movement rather
high, and relative humidity low.  The high average wind movement
and low relative hunhidity exused high evaporation raics. Ewvapera-
tion from thy 48-inch pan of a cluss A wenlher stntion during the
peviod Aptil through Oclober averaged 71.8 inches.  The precipita-
Lion~cvaporation ralio lor these months was 1:9,  The elimate of the
Southwest has been sliscussed in some detnil by Thornibwaite and
others {j0).

The growing scuson for most of the native grasses at the lower
clevaiions is from May to luie Seprember; at the higher clevations,
from early June to enely Septeminer,

RUNOFF AND EROSION

On the sleep, sparsely vegelated slopes of Lhis seefion an intense
storn, even Lthough brief, resubts iy a large volume of runoff heavily
burdened with sediment.  Rainfall and vunell figires for parts of the
experimental avea for 1041 and 1942, years of exeeplionally heavy and
exceptionally light rainfall, are given in table 20 The record for a
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singirlc storm that occurred July 23, 1941, in 2°1,300-acre drainnge basin’

within the aren is as follows:

Rainfall:
(s} inches.. . 0.79
) Maxinuun S-ndnute fniensity. . .o .. ... inches por hour.. 1. 99
Total runofl.. . _.._. . . . . inches_ _ .34

Tlow durslion, . ..., ... . . e - hours. . 7
Soil logs:

Muoximum runoff conteat, by weight | poreent. .

Average per acre o . . . ... inches__

. fons, . i.9

Totnl . . e it ducedmeaana - to_. 0, 142

TWedghledl fvernee, conputed by Thivsson's o .

Maprnr 2 leeragis of eninfoll o awd ranoff fn 1M aed 1942 for four drainuge
treas of graduated size within experimental are

jL1Y] Hnz

Slire pf dbrline v tueres? Jl : : - -
f [Ruitifal) Wimatl . Rafnfadl tnnot

Srrhes fiedes figker 5 fneches

565 U. Al i i}
6.4 241

LR . 15, 59 [

Z,4010. . [%. M0 L

 Ratnmli fieires are wolehited oo mees, eonqaiod by *Pliessan's e,

Erosion is scevere on the experinental aren particularly in the
western part, where mountain and foothill topography provails and
the soil is enerally shallow.  The vallovs and ploins ol the foot of the
hills are only slightly affected by sheet eresion, but are dissected by
deep arroyos.  The soils of Highter texture on the plaing are subject to
wind crosion.

A soil survey of 65,000 acres within the Figuerido Croele drainage
basin showed that w olal of aloul 36,000 aeres had heen severely
eroded and disseeled, From most of (he severely croded portion all of
the topsoil had been removed, and over laree parls of it the surface is
soft shale or sandstone.  On the remaining 20,000 acres, the crosion
is ronghly elasseid as slight to modevnte; here approxinutely 25 pereent
of the surface suil has been removed.  Abnortmal crosion in'some degree
prevails on practicaliy the entive area,

VECETATION

The vegetation of the experimental aren varies with clevation,  Up
o an elevation ol approximately 6,600 feet, @nlleta (Hitaria jamesin)
and blue grama (Boutdlown gracitisy are the dominant species of
stabilized arcas.  In the valleys, galleta is the dominant grass, with
varying ndmixtures of western wheatgrass (Agropyron smithis). Red
three-pwn (Aristide fongiseta) is found throughout the geassland bels
where overgrazing has been moderate (o fairly heavy.,  In o few of the
valleys the vegelation is dominated by alkali sneaton (Sporobolus
atroides). The conspicuous species ahove the erassland belt 9
clevations of approximately 7,500 Teet are pinon (Piwves edulis) and
junipers (Juniperus wtahensis and J. monvsperme).  Among these



http:h(,ll.vy

EFFECTS OF DIVERTING SEDIMEXNT-LADEN RUXQFF 9

trees are found the grasses of the grassland, although galicta drops out
at the bigher elevations. Ponderosa pine (Pinus ponderosa) is present
in scattered stands above 7,500 feet. Where they have not been
grazed out, grama, western wheatgeass, and niher grasses grow among
the pines and in open areas. Badland arens, which occur in the upper
part of the grassland and in Lhe pifien-juniper bell, support a [ow
pifions, junipers, atdl xeric shrubs and forbs, with galleia and western
wheatgrass in the more stable valleys.

Scort: oF BXUERINMENTS

The work comprised quantilalive observations of the effeels on soils
and native vegelation of diverting all the waler aid sediment from
three arvoyes to the adjacent valley flooss; deteemination of the offects
of diverting known amounts of arroyo water to plots having stands of
four range grasses and three ficld erops; and experimental isolation and
integration of factors invelved in the effects of application of known
amounts of sediment-laden waior on grass and soil in lysimelors con-
taining stands of (he same grass species, The lysimeter studies
ineluded analysis ol the cffeels of sediment depesits aceording to (1)
differenees in depth and (2) differences in Lesture representing these
that result not only from differences in the sotls of drainage areas hut
from segregation of soif fractions as Lhe sediment is deposited.

PLAN AND PROCEDURE
In 1934 and 1933, 14 sites were selected for diverung arroyo waler,

and an carthen dam was eonslrueted al ench site.  The dams across
the arroyos were extended as dikes on the flood plains for various

Fraene 4.—Devr Springs diversion dun,

REdatia
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distances (fig. 4). The cdges of the arroye banks were typieally
higher than the valley floors.  Where breaks occurved in these natural
levees, dikes were built, At places on the flood plains where, owing to
a narrowing of the valley or an increase in slope, culling oecurred or
was expected, wire-bound rock sausages were buried or spreader fenees
weve erected,  Observations of deposilion and studies of the offect of
flooding on the vegetation and soil were made nf (hree of the sites—
Deer Springs, Noreross, and Muddy Creek.  The prineipal characier-
isticsbcl;f the drainage basins and flood plains of {hese areas are presented
in table 3.

Fisinp Aneas

Fenced plots 100 fect square, Tor use in sampling soil and vegeta-
tion, wese established at intervals down eachi flond plain in the eourse
of the water flow,  Similar plots just oulside the course of flaw served
as cheeks.  These fenced plois are refeered to as field plois to dis-
tinguish them from conirolled plots that were flooded with known
amounts of waier,

The Decr Springs flood plain was 3 miles long and one-fourth mile
wide, and comprised 430 acres.  Exceplionally large llows may have
covered as mueh as 550 acres. There were nine flooded plots, the
lowest of which was 3 miles below the spillway,  Of the three eheek
plots, one by on ench side of the course of llow 0.25 mile below the
spitiway and one approximately 2 miles farthor down.

The studied portian of the Noreross flood plain was approximately
0.6 mile long by 04 mile wide and comprised about 150 aeres.
Flows frequently went beyond the stndied avea.  Seven plots Iay in
the eourse of flow, the lowest being 0.59 mile below the spillway.
Two cheek plots lay in the valley immediately above the dam and
swo 0.25 mile below it

Muldy Creek flood plain consistrd of two parts having a combined
erea of about 250 acres. Heavy (lows covered another 200 acres;
very large ones reached e depression, where the water lny untib it
seeped away.  Arroyo llows were diverled to a dry lake bed of aboub
25 acres by means of a dike, Weeps in the dike allowed water to
pass to the part of the area contnining plots | to 5. Waler spilled
from the lake bed Lo the part containing plots 6 and 7. Plois 8 and
9 received flows from both sources.  Plot ¢ lay 0.66 mile below the
dam. There were two chicek plots, one in the valley above the dam
and the other 0.5 mile below the dam.

Within each plot five 1-meter-square permanent quadrats were
laid out in quincuncial arrangement.  The vegetation on the quad-
rats was charted with a pantograph in 1935, 1038, 1941, and 1043,
Grasses were charted at ground level, A single grass stem, or & clump
occupying & ground arca of approximately 1.5 square cenfimeters or
less, was assigned a value of 1 square cendimeier,  Bare arveas of 1
squarc centimeler or more within elumps were delinesied.  Forbs
were reeorded in terms of number of plants; the apnuals were counted
in the fickl by species, and the perenninls were charted and the num-
bers on each quadral determined from the charts,

A record was kepl of the number and extent of floodings of the
field arcas. In 1940 and 1941, depth of penetration of floodwater
ard rain was determined in or near the study plots after each: flow,




TavLe 3,—Description of Deer Springs, Norcross, and Muddy Creek study areas as of 1 985

{Geology: Deatonge basing, Mesaverdis formation; flood plains, alluviated valleys]

. Slope
H § - Average annuad . . .
Areg Klevation preciotiation, Topography 1

: JO8E 43 Maxi- | Aver-
‘ miun ¥ oage
1

Major soll type Major vegetative typo

T I (T

Devr Springs: Aeres ) Feet Tehes Pereent, Pereent )
Droinage bastt, o] 3,360 § 6,4900-7,600 } 11,8 10135 Rotigh, stony, atud broken. . 100 18 { 60 pereent clay snd shale. . { Sparse pifion-Juniper woodlund.
N Flood-plain. .. .01 1450.1 0, 240-6,400 1 6.8 10 113 Flat to gently stoping. ... .. 5 .21 Chy toelny loami . . Galleta 2
Oreruss. :
Drmbiage basin. .4 2,550 1 :6,400-7,630 F 11310136 ...} Rough; broken. . . . 1] 191 30 percent elay nnd sliile Sparse piion-juniper wooidland,
Flood pluin . ...} 2150 76,350 6,400 113 .o} Flatto gently sloping ... K  Clay toclay loami .. Galleta,?
Muddy Creek: H . .
Drahwge bm;lm“.‘i 3, 500 ;6,300-8,-400. Fn;m slightly desg ] Rough, broken Badlands. . | 85 pereent cluy and shale. O} Sparse piiabJuniper woodland,
i i than 1140 17,5,
Flood plata ......0 0 $950 + 6,380,350 Sllﬁlu]y less than § Flab to gently sloping.. ... |  Clay to clay foatn . Galleta.
1 Dimensions, 3 miles by 0,25 mile, A fow flows inay Have covered 550 feres. Two subaress tetaling 250 acres, plus a dry lake bed of 25 acres with a spillway at
TWith slight mixtures of wéstern wheatgrass and blue grama, lower end, Heavy flows. covered approximately 450 acres; exceptionally large onés
3 Length aboul 0.6 miley sverige widih 04 mile, . Large flows often resched beyond - extended to o naturnl depression that ponded the water unifl it seeped nway.
studied portion; maximuim flooded area measured was 325 peres,
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Samples of so0il for moisturc-content determination were tnlcen from
the field plots in the spring and the fall of cach yenr. Soil annlyscs
were made on composite samples taken from each plot in the fall of
every third year. The methods of analysis are indieated In table 42,
appendix.

The eourse of deposition on the Mood plaing was followed by means
of measurements, nlong permanent lines, surveyed before any flows
occurred and annually therealter, from reference points situsted at
intervals below the spillways.  Volume and extent of deposition and
changes in channel gradient in the arroyos nbove the dams were
similarly determined when time permitted,  In 1943, measurements
of cut and {ill in the channels were not made, but changes of clevation
in midchannel were determined. The survey lines were established
normal Lo the How; and deposition was measured by determining
elevations at 10-loot intervals and at abrupt chonges in slope, plotting
these datn on cross-seetion paper, planimetering the resulting arveas,
and applying the prismoidal formula.  The extent of the survey in
the channel was 2,821 feel at Deer Springs, 2,146 feel at Norcross,
aned 2,445 feet al Muddy Creek.

Tntil the end of the 1937 Moading seasen the amount of water that
iflowed onto the flood plain was determined from  enrvent-metoer
mensurements and records were (nken in o stabilized section at or
nbove the dam with a Blevens type £ waterslage recorder, In oad-
dition, plane-table maps of the arens over which the watyer sproagd wore
made alter cach major flow, and after some of the smaller ones, on
seven flooding avens.  All mieasurements of Nlow onto the fload plain

were diseontinued sfter the 1037 llooding season, boeause in Lhat
yvear, after sedimient filled the basing behind the dams, silting over
of the control seetions made further colleetion of reliable dala im-
practicable,

Guass ’Lors

The design of Lhe grass plots was based on randomized blocks
repliented four Limes. 1t comprised 60 plots 18 x 25 [eet, inside
measurcment,  Of these, 20 were flooded with 6 inches of water
diverted through n 2,000-[oot diteh from an arrove cach Llime it
flowed, 20 were {looded at each of these Limes with a like amount of
elear water from o well, and 20 woere not llooded, Owing to space
limitations, the vnflooded plots were laid out in o veelangle; close to
the floeded ones. A dike 6 feet wide supported o (lume and formed
one side of each Mowded plot (fig, ). Farthen dikes 8 fect wide at
the base and 1 foot high were buill on the three other sides of these
plots and on all sides of those not Nleoded.  The Mume was ecquipped
with automalic gates- one for each plot--and aliquot samplers (18}
which simultanceusly messured and sampled the irrigation water
ng it entered the plot.  Bach sempler was calibrated o deliver
sufficient water to cover the plot to a depth of 6 inches before shutting
off the {low. The sample was taken confinuousiy amd amounted
o slightly less than 20 gallons.  After an irrigation with arvoyo
waler, this Inrge sample was thovoughly stivred and o small sample
was withdrawn by mesns of & pipe sampler, whick sampled the reser-




EFFECTS OF DIVERTING SERMENT-LADEN LBUNOPE 13

e
, | [y e e
MW R T T e T
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o e nvd wiges prhods Belope planting,

vair thronghont i< depth, The snall <omple was then amlvzed in
i ]:limi'uh!l‘}' for jrdrentame ol ~erdliment !a.\ weieliz,

Tlie drrisated plits wore dnvpded it fonr blocks af 10 plots aieh,
J3on one 3 {eoof the e aned 5 on the other. Oue-land ol caeh Bloek
was desteiated 1o peeesv e sediin it =hadeny water gl ihe otlier 1o
reeeive olenr water. The gmitriceted plot< were dinvtded (o Toar
Blovhs, eneh of whiceh contaited worow of Bve plars, wigh 2ahoop paths
Betweren the hlacks.

L epeh Block one plet | sedorted at enndom, was ~ecded with western
wWheaieriss, one with Blae craue, ome with walicta, one with alkali
sacaton, aind ene with o minvtare of theer speetes, =nffieient welelis
of secd al ensh spoetes s deterinned by cerminnGon tesg= ol [0 ~pples
ol caeh were sown o pradies sppronitoaiely the sapne wunber of
planis i each plot. Pl sends were somonn i Aozt 1957, aind ihe
plot~ were watered antd the wonbings were woll ~taoted. Farbs s
exirunees siasses Were ety ed daeing the satmers of 10N wd
post Orizinsd ~oil daa were obtained from sawmphes tahen in e
sturner of 19000 By the sproe of {000 the grasaes toall plis had
beeoie well w~tublished, arad he fist beeasnrmen~ of the yesela-
iton were anede thens The water trestnean s begun dovine (e
~utngier aof i,

Foo determmnation of <ol charaetertstios, eomposite ~ail ~ample-
thei from vach plot were unnly zcd by nnthads Drediesged o table £33,
npspefichin,

Vewetational vesponses were determined o~ elisees i basal preas
of grnsses und 10 unoders of Torb< Spling was aone with oot
e tennseers<. el pdot was divided into front wnd beel and riein
and Dol halves, ard three tean=eets were bseated ot radam munmli‘\'
iule-m-h quarter plot, Mesaeemenes were made annually inoeady
July,
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Cror Prots

The influence of water spreading on crop production was studied on
B0 experimental plots 18 x 25 feel, inside measurcment, cstablished
in thefall of 1937, Of those, 48 were irvigated and 12 were dry-farmed.,
The dry-land plots, owing to space limilations, were laid out in a ree-
tangle, as four rows of three plots, near the plots that were to be irri-
gated. Arroyo walcr was delivered to the irrigated plots through o
2,000-foot diteh and a flume, as deseribed for the grass plots, in the
amount of 6 inches per irrigation.  Hall this amount was used in 2
few instances when flows followed each other so rapidly thal anoihicr
8-inch irrigation could not be added.  Waler samples were Lalen and
analyzed as deseribed for the grass plots,

Of the 48 irrigated plots, 12 reccived waler from the arroyo cach
time it flowed and 12 corresponding plois were watered with clear
walerwithin o dny’s Lime of each irrigation; 12were watered with nrvoyo
flows sclecied on the basis of low sediment conlent and the moisture
need of the crop, and n corresponding group of 12 received clenr waler
within a dey’s time. The entire group was divided into 4 blocks, each
comprising 6 plots on ecach side of the flume.  Ench Dlock was divicdeed
inlo 4 sub-blocks, and among the sub-blocks the waler treatmenis were
randomized.  There were four replications of the treatments.

Flows of Jow sediment contenl were selected by means of a test
devised by the wrilers.!

The erops used were pinio heans obtained loeally, a logally adapted
strain of yellow soft corn, and Brunker oats ohlained commercinlly.
"The three erops were randomized annually within each sub-bloek, The
plots were spaded in November of ench year to o depth of 7 inches.
Planting was done as nearly ns possible on May 20 and crops were
harvested in carly October. Alter (he st yoar the heans in the irri-
goled plots were planted on ridges about § inches high to eliminate
or reduce the “hurning” effeet of sediment on the leaves (18),

Soil samples (aken in late May of each year were analyzed by
methods indieated in teble 44, appendix.

Lovsimerirs

The lysimeters were conerete receplacles 22 inehes square and 36
inches deep. T November 1937 they were filled with o thoroughly
mixed sandy elay loam.  The lollowing July they were seeded with a
mixture of western whentgrass, blue grama, galletn, nnd alkali sacalon.
Weighed amounts ol seed with approximately equnl numbers of viable
caryopses of the component species were sown in each lysimeler,
Although this method gave good resulls in the grass plots, in the limited
space of the lysimelers the numbers of seedlings of the individual
species differed rather widely from those expeeted, perhaps because of
thie adverse inflnence of one speeies on anolher diiring germinabion and
early growth (/). The vegetation was charled with a panbograph
in May 1939.

Samples of the surface 6-inch layer of soil were analyzed in June 1939
before areigalion was hegun.  The factors defermined and the analyti-

+ Gardner, J. L., and [Tubbell, 1§, CONSERVATION 0F RUNOFE FOR CROP AND

rorace rrobyerton.  Soll Consery, Serv. Regional Bul. 94, 20 pp., itlus, 1944,
[Processed.)
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cal methods used were: Total bacteria, by plate count (17); nitrifying
power, by ammonium salt conversion (17); water-soluble nitrates, by
Harper’s phenoldisulionic acid (21); calcium earbonate, by Emersons’
carbonate earbon (15); pH, by glass electrode (1}; water-soluble salts,
by sali bridge (18); organie matter, by Schollenberger’s chromic acid
(82); and colloids, by official method {(modified) (7).

After the vegetation had been charied, the lysimetor plots were
subjected fo 22 different irrigation {reatmonts, Twenty of these
were of water-sediment mixtures in which the sediment varied in kind
and amdint.  The percentages of sediment, by weight, were 5, 20,
35, and 50. For cach of these percentages, there were five treatments
with different qualities of sediment, as follows: 100 pereont sand; 80
pereent sand, 20 pereent clay; 60 percent sand, 40 percent clay; 40
perceat sand, 60 percont elay; and 20 percent sand, 80 percent clay.
One of the two treatments lacking sediment was of clear well watber;
the other, of water decanted {rom a soli-and-waler mixture that had
been thoroughly stiered and allowed 1o setile for 12 hours.

The 80-percent elay and the 100-peveent sand came from natural
deposits near the experimental aren.  Quaniitios of cach obiained at
the beginning of the experiment proved sufficient for 3 years, and ma-
terial was taken from the same sources for the fourth year. For the
intermediate treatments, weighed amounts of these hase materinds
were mixed.  The soil mnaterial used on each plot was mixed with the
requived amount of water at the time of application.

There were 264 Iysimeters at the heginning of the experiment.
These were divided 1nto theee bloeks, and each of these hlocks was
divided into four sub-blocks that received veplications of the 22 treat-
menbs. Each of the sub-blocks was in turn divided into 4 groups of
plots, and among these the 3+, 20-, 35-, and 50-perecnt sediment breat-
ments weve tandomized,  In each of these groups, plots for measuring
the effects of the different kinds of sediment were selected at random.
Thd *clear-water and the decanted-water trentments were rundomized
amony Lhe S-pereent treatments.  Tach year one sub-blosk from ench
of the major blocks was spmpled and dismantled.

One foot of cach waler-sediment mixture, or 1 foot of water in the
trentments withoul sediment, was applicd annually in three equal por-
tions—one the 1st of July, one the 1st of August, and one the 1st of
September.  Annual deposit o the different groups amounted to
approximately 6 inehes for the 30-pereent sediment treatments, 3.5
inehes for the 35-poreent, 2 inebes for the 20-pereent, and 0.75 ineh
for the d-pereent. As thie surfaces of the plots rose with the addition
of sediment, the sides were built up to hold subsequent applications
{(Ag. 6). After 4 yoars of treatment, the depth of accwnulated sedi-
ment amounted o approximately 3.5 inches in the 5-percent-suspen-
sion plots, & inches in the 20-percent, 15 inches in $he 35-pereent, and
23 inches in the 50-percent,

In Junc of 1946, 1941, 1942, and 1043 the vegebabion in all the plots
of the carrent year's replications was eharted amd soil samples were
taken.  Igxcept in the 3-percent plots, samples of the deposit were
talkeon ouly after the accumulation of approximately 6 inches of sedi-
ment.  Thus the 50-pereent plols were sampled every year, the 35-
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Froves 8- -Lysiieters (000 before freadiment and (59 ol 1 gears of freabiment,
fustrnzent is petatogeaph ~ct-up a=ed in clinriing vegeiadinn,
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pereent plots in 1941 and 1943, and the 20-percent plots in 1942,
Sampling of the deposit was at G-ineh depth intervals or ta the nearest
fraction of this interval.  The original underlying soil was sampled to
a depth of 6 inches. The O-pereent and the s-percont plots were
sampled ench year to a depth of 6 inches from the existing surlace.

RESULTS

The reeord of floodings reecived by the dield plots {able 4Y reveals
wide vartations in number mul exient of iloodings from year to year
and frem lood plain to lleod plain, I 1041 the three Tlood plains,
respectively, received 8, 9, and 12 Hlows; in 1942 none of them received
any. Owing to distribution of slorms, the Norcross area, with the
smallest drainage basin, received more floodings than ecither of the
others.  Many flows went bevond the studied parts of the Neorcess
and Muddy Creel areas, while only a few extended the full length of
the longes Deer Springs aren.

Flows reached the flood plains only during or just before the growing
season.  Flooding was heaviest in Angust and Seprember and lightest
in June.  The foodings of 194 and 18941 were woll disieibuied from
April to October; in 1937, on the other hamd, four of the six largest
flows at Decr Springs care in the period August 26 1o September 4
{table 5),

As determined from hundreds of samples taken during the operation
of the station, the sedimoent content of arcovo Hows, by weight,
averaged approximately 13 pereent. [t eaneged [rom less than |
pereent in runofl from melting snow, which constituted a very small
part of the annual runoff, to move than 60 percent in the runoff [rom
heavy summer storns ocearring on badlnd arvas,

CHANNEL SEDIMENTATION

Deposilion in the channel above the dam was measured to a dis-
tance of 2,821 [eet at Deer Springs, 2,148 feet at Noveross, and 2.445
feet at Muddy Creck (table 6+ The upper limits of the syrveys
were approximately 500, 2,000, and 100 feet, rvespectively, from the
points where the channels emerged from the foothills. By 1943, at
the upper end of the survey, the channel had filled to a depth of 3
feet at Deer Springs and 4.5 feel ot Noveross; the Muddy Creek
channel had cut and partly relilled, eesulting e a net cut of 1.5 foet.
Little or ne ehannel deposition oecurred e the foothills, where the
channel slopes weee pereeptibly steeper,

RETHAH a4 -
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TasLe 5.—Date and volume of each flow from Deer Springs and Noreross drainage
basins in 1956-37, with acreage flooded
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TanLk 8.—Amounly of sediment deposiled in strenm channels, 1934--38, and changes
in channel gradientz, 1934-43-—Continued

NORCOROSS

1
THs- Bediment ! Qrueltent
. tanve .
Statlons Nos. C abuve : ! 1

. ' i R !
: "r't’.':f;‘, 10H-35 | 1507 iw:s?-:ss‘ IB34-BN 104 L 1905 1087 § 1093 | 13
A : ' i - . I

Cutde | Cubie t Cubiie ! Cubic  Per- Per- Per- rrer-' Per.
. " et . . feet . cent - oecent eent cent eend
L1 S -4, 1N LA 3 mcan mmreen memes dememeai
. e iae Ty B AW LR 2, Uit 15,0900 40 gRT .
ER{LH &, 1 i 0, 1423 ] iy
K 5 1, — W~ 0
[t L3l =
a6, Ly N
AL R i
{8, 113 P
A dal |
A L0
R f Rl N
11, ks A6, 7 5]
0, (K LT

Teind suryeyed - TN Sl GTH SR 3RRC S
. [T T LTI
MUBDY CHERK

. ]

PO LI Pt I TR Ui N 1 L !
LU i 1) I LTS R A < 1]
L CTRH N L I e [ 130 4 |
FPTE LI My L L1 Ay
Lbh  dsday 4 Ad, TG
e G4, TeG LB
T, S

I

R e e
SEAD DD

o, NF

Toinl surveyed . B DAY IUTL TS L IEIT
i RLA T R

I Aeriuford,

The avernge channel gradieat for the measured distanee ahove the
dam in 13 was 0,92 pereent a1 Deer Springs, 0,71 percent at Muddy
Creels, and 4.26 pereent wt Noreross.  Tix 1843 the average hnd de-
creased 1o 0.39 and 60.53 pereent at Deer Springs and Muddy Creels,
respectively. bul had ineveased (o .35 perecent nt Noreross,  1In 1943
Lhe depesits behind the Deer Springs and Muddy Creek Dams sloped
almost uniformly except for the lowest 200 feet at Muddy Creek
(i, 7); al Noreross the siope was uneven, owing to channel planiings,

The deposited material could be distinguished from the original
materinl of Lhe channel, by (s finer texture, for a distance of approxi-
mately 1,200 feet at Deer Springs and Muddy Creek, and Tor a greaier
distance atl Novcross—probably owing to the lower gradienl and the
planting there.

During the 5-yenr period of greatest deposition, 1934 -38, sediment
aecumulation in the surveved segments of the Deer Springs, Norcross,
and Muddy Creek channels amounted to 27, 4, and 25 acre-feet,
respectively (iable 6

The deposit hehind the Figuerido Creels diversion dam, within the
experimental arcs, is illusirated in figure 8.
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walers of a suceceding flow may reach hitherlo unflooded aress snd
bypass aveas previousiy Mlooded,

Comparison of data from Deer Springs and Noreross {(table )
illustrates the infliacnee of slope of flood plain,  Vegetation and soil
texture in the (wo areas wore similar; curvent soil meisture datn are
lncking.  Beeavse of steeper vhannel gradient in the first half-mile
above the Deer Springs Dam, iU may be assumed that velocitios at
which comparable amounts of water reached the flood pinin were
higher &t Deer Sprivngs than they were at Noreross, Yot the amount
of water in inches per acwee absorbed by the Deer Springs Hood plain,
the stope of which nveraged only 0.2 percent, was eonsiderably grentes
than that absorbed by the Norcross fload plnm which hined an a\‘{‘!ﬂ"(‘
slope of 2.0 pereent,

A instaner of varintion of spread with vate of How appears in
the 1937 records for the Noreross aren,  On \hn‘ 27, 181 neve-feet
of runofl’ Howed onte the Noreross food plain in 4.75 hours, 2l rates
reaching o mnximum of 240 cuble ool per soe mul. and covered 325
aeres.  On September 28 and 30, 17.3 acve-feet of runofl flowed onlo
this flood plain in 9 hoewrs, al raies reaching & maximum of 83 cubie
feet per second, and covered 1680 acres,

A CS-veny record for seven deainages diselosed litle or no direet
relation hetweon size of deainage aces and size of flooded area under
Lhe elinntie and topoeraphie conditions of (e station aren {tuble 7).
In 1937 the maximum nrea flooded below the 2,550-nere Noreross
drainage basin was 325 acress that at Blaek Creek, below n deainage
binsin nvml\' fwiee as greal, was 253 ageves; and that a l*llrtu'ndu
below a diminage basin 17,7 Omes as great as e one at Noreross,
wis S22 oacres, Sines iunn!'l-plmim'!ntf slorms rarely covered the
enfire stalion avea, larger drainage basing were less completely covered
than sowldl ones,  The longer channels of large hasins, as shown by
unpublished h\th‘ui{miv dats tnllt‘tivtf at the slation, ahsorbed more
of the ronetl than the shorter ones of smallor hnsmw did therefure,
lower pereentages of the precipitation [alling in the l:l:tr(i Lsins
reached Lhe Hood plains,

Tanee 7, Relio of werriviem size of foeded area lo size of drainage bnsin by year
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While the larger deninage hosins did not serve proporlionately
Targer spreading arens, olservations indieated that drainnge aveas
of fess than 2,000 aeres, otherwise suitable, weee likely net to produce
runoff often enaugh (o make water spreading practical for production
ol forge or crops.

FLoOn-PLas SEDIENTATION

Deposition on the flood pliius bega e 1935, but until 1937 the
cotliment blankel was less than 2 inehes deep, even on the more henvily
silted arcas.  From 1987 on, depesition was heavy (table 8); annual
deposit on the upper 2,630 foet at Deer Bprings averazed A aeve-feet
feom 1937 10 1941, Bevand 34,300 feef, the deposit swas light or negli-
aible,  Changes it the topogeaphy of the Deer Springs (lood plain
wouidtt abort by silting betwoen 1930 and 1842 are lustented in
figures 1 and 11,

Phe topography of the lead plaing appears (o have exeried the
arenlest single influence on the distribution of sediment there. Depo-
Stion was greater nbove points where the fow changed its course oc
the Huod plain nacrowed (g, 10 and tnble 8, and also where (Tow
witlened below sueh points. Flood<plain dveposition was feast ol
Norerass and greatest al Muddy Creek. Below the portion of (he
Muddly Creele nrea thal was under stidy, a considernble quaptity of
sodiment necunmlated where the sater Qowed uto o lnege depression,

Tann S Nediwent deposited o food ploins belene Decr Springs amwd Noreross
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On the basis of the surveys sl other observations, it was estimated
that the sediment depasited on the three Hood plains, plus that de-
posited in the channels, duretng the 9-yenr peviod of study approxi-

mated 300 nece-leef,  This soil loss, il allocated evenly Lo the 9,470
aeres of the three drainage boasins and Lo years, amounts (o 0,04 ineh
per vear, Aetual distribution of loss was, of course, far from even.
Ordinarily o lavge part of the sediment caerisld by arcoyo flows comes
from sloughing of the arayo walls.

Soit. Motsrons Costeyr or Fignn Aiteas

Soil maoisture perevntages of field plots as deternmined Tor eneh of the
four sampling depths before and alter each flooding senson are pre-
sentoed in table 0. In this diseussion of soil moisture, as in table 9, the
terms “flooded”” and “unllooded ™ tespeetively, are used as applying
in the Tull of a given year (o treated plots that have md have not been
looxled in that yenr and ws coniinuing Lo apply to the same plots the
lollowing spring.  (Elsewhere in this bulletin, the term “llooded,”
when applied to field plets, is synonymous with “treated )

Soil moisture percentages in fooded plots were usually greater in
the fal} (han they had been the spring before, or than those in un-
Nooded plots were in the Tull, The data refleet the greater depth of
waler penetration in the fleoded plots: spring moisture at the seconul-
and third-foot depths was usually noticeably greater in (looded plots
than in unflooded plots. In the latter it was only slightly greater than
in the check plots. In contrast, spring moisture in the upper G inches
or 1 {oot of soil was (ess in Mlooded plots than in unflooded plots, where
it was usunlly greater in the spring than it had been the preceding fall.

This moisture diflerence i the upper layer of soil ~vas probably
due chielly to the greater exposure of the surfaees of 1laoded plots o
Inic winter and spring whils and perhiaps in part (o their lighter soil
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Tanwe 9 —Average meisture percentages of svils of flooded, wnflooded, and check
Jicld plats !
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! Inn the computation of [l averares, Lrealed plols were einssed as “Moaded™ IF thoy hed been Nooded bn
Ui dnelleniedd year, and ns “naflanded” If they bad ol bren Rasded o the brdicaded yeres W fie swnpa-
tatlon of sprisg averspes, Aroided plols were elassed ns leoded™ md "unflosded" naecording ps they Figd
or Liad nigd been flooded in fhe jarcceding year,

Llexture in later years.  The flooded group always included the heavily
silfted plots, upont which the cover of vegetalion had been reduced.
Unflooded plots lay farther down the flood plain, where silting was
light or negligible and plant debris protecied the surface. Moisture
condilions in the upper soil layer of the check plots resembled those
in the unflooded plots.

The soil moisture conlent of all three groups of plots was high in
the fall of the very wetl year 1941, and, exeept in the surface 6-inch
layer, had diminished only a litlle by the spring of 1942. In 1942
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only 2.6 inches of rain lell during the growing season, and there was
no flooding. Tn the sutumn of 1942, after @ months of severe drought
and an entire year without flooding, soil moisture content to a depth
of 3 feet had diminished in all the plots approximately to the pre-
flooding pereentages of 1935.  The drought continued until late July
of 1943, and the soil had gaiued little moisture by the spring of that
year.  Precipitation slightly greater than average and heavy floodings
occurred during August and September. At the fall sampling, all
plots had regained some moisture, but the flooded plots were not as
moist as would normally have been expected from the amount of
runoft they had received.

Auger borings taken 24 hours after {looding, to aflord comparison
of depth of penetration in flooded plots with that in nearby areas
receiving only rain, gave averages of 12.0 inches in the former and
2.3 inchies in the latter for all floodings in 1940, Corresponding aver-
ages in 1941 were 48.7 and 11.7 inches.  Alter the storm of April 26,
1941 (table 4), depth of penetention averaged 71.8 inches in fooded
plots, 33.4 inchies in areas not flooded.

Warter anp Semmext iy Guass axp Cror Prots

The grass plots designated [or irrigation received added water in
the summers of 1940 and 1941 and in the spring of 1942, Owing Lo
low precipitation on the contributing drainage area, they received no
irrigatien during the sumimer of 1942 or the spring of 1943, The
record of precipitation and irrigation on these areas lollows:

Precipitution frrigutindg weder Sediement
Periad: virhrs: aches tinchrxy
July 1, 1939, to June 30, 1940_.__ . 0
July 1, 1940, to June 30, 1841 . 5. 0 36
July 1. 1941, o June 30, 1042 __ 2, 72
July 1, 1H2, o June 30, 1943 . i 0

1
i
|
1

Of the Lolal precipitation duving the year beginning July 1, 1941,
10,15 inches oceuwrred hefore Novembor 1.

Except for three 6-inch irvigations given the “all Nlow” plots during
the fall ol 1941, the erep plots received all their ivrigations just belore
or during the growing season.  Tolal vearly applications of water
in the “all How™ plols vanged fram 18 inches in 1938 Lo 114 inches In
19471 these in the “seleeted flow™ plots, from 18 inches 1n 1938 (0 36
inches in 1941 (table 10). These values include the sediment lond.
The average percentage of sediment was within the measuring errvor
for sediment-laden waler.

Average sediment content, by weight, of arroyo water reccived by
“all flow? crop plots at one irrigation ranged from 0.30 pereent for
runcft from melting snow Lo 30.95 pereent for that from a heavy rain.
For the selected arreye flows, sediment pereentage varied from 0.30
to 15.80. Five-year avernges of sediment content of water given the
“all flow" and the “selected flow” plols were 7.01 and 3.46 pereent,
respeetively.  Annunl averages for the “all flow" plots ranged from
0.55 percent in 1942 1o 8.8 pereent in 194); those for the “selectled
{low” plots, from 047 pereent in 1042 Lo 8.55 pereent In 1038, Depth
of deposit alter 5 yenrs averaged 20,8 inches in plots receiving all
arroyo lows and 4.3 inches in those reeeiving selected ones.
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TapLr V0.~ Ameints af woler and sediment received by crop wlols troated with arroya
weder, ol resuliing deposits
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Inelndes Threg Sinel Brigadbons wpaplied after erop gowt 1 wns eheckerl by o Teeeze,

Samples of sediment-lnden water taken al differenl stages of a
flow in the arroye frum which waler was diveried 1o the crop plots
are shown in figure 12, At the peak singe of flow, the sediment
contlent was 26 percent; approximately 2 hours later, 1l had <dropped
to 7 pereent. This ins(ance wag by no nweans unique.

Water pereolation in the erop plots irrigated with selected nrrovo
flows was no different frem that in The {wo sets of plots irrigntel wille
clear water. In (he plots irigated with all arrove {lows, percolation
varicd with soil conditions and (he sediment content of (he wator,
In these plots the comparatively clear water of the spring flows,
put on soil disturbed by spading. disappeared as rapidiy us the waters
of the spring rrigations in the other plots. When (he soil was dry
and cracked, pereolation was siniilarly vapid.  When the soil was wet,
the water often stowsd in (the plols Tor several days (18),

Water containing mueh sediment, especinlly if the sediment. was
high in the elay fraction, took considerably longer to enter the ground
than water with less or conrser sediment, even though the soil was
dry al the time of applieation.  During the very wel summer of 1941
the floodings were so closely spaced that, at times, the plol surfrecs
did not dry out between them; aud, owing (o Lhe fine texture of the
deposits in the plots rrigated with arrove waler, percolition in these
plots was retarded fo sueh an extent that water luy on them for sev-
erad days al & lime. _

Sot. Resrosses

TEXTLIRE

The prevailing texture of Lhe soil of the Hoodod field areas at all
sampling distances below the spillways was clay in 1935, By 1943 it
had changed to sandy loam at 125 feet below the spillways, to sandy
elay loam atl 650 fect, and to clay loam at 1,000 feet and at 2,000 fect
(table 11). At a distance of 1,500 feel below the spillways, the soil
waos still elay, but the sand content had risen fromn 34.8 to 48.9 percent.
Through. 3941 heavy deposition of sand was limited te Lhe first 1,500
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Frevwn, 1200 Sampbes of sedine b wager (e sieeessive « vzes of i gerove
ewv s N L Cronn peade of 11w, 23530 o b, 20 pereent ssdimes S woeizhi: No
a 2B poms PEpereenn sodesonr s Noc i, 32010 e, 13 peeeeni sedioent s aned
Ny T 183 poom, Fopereent sediygend,

feet below the <pilsaas, but by 1013 G0 renehusd approximately
AU feet farther down the Huod plans,

The sediment-laden water nsed o erkeate Uwe geass and erap plots
dropped o considersble part of fis s fraetion o the 2000-foat diteh
through whieh it fowed to them fram the arrovo. This loss ol saud
eirtsed the deposits on the ot to he of very heavy texonme,

I thes cvass plins dvvigated witl sedinwat-faden water, at the end of
2 oacars of treatment, the sand Traction of the ol lid deereased from
70 00 58 pereent and the elay Traction ad inereased Fram 18 ta 43
perecnt thable 1200 Beeanse of the heavs testiee of the deposits, the
soil data and the seseration derta from these plats ave camparable (o
those trons the lower portions of the teavily <ilted lield areas and o
those froin the Bsinueters ine which interediate eeatnngins were
applicd. No ebanges of soil texture appeared in the arss plals ievi-
agated with elear water or o tHiose ol et e,

Incbass, hefore treatment, the <and content of the <oil of the erop
plofs was high, ranging Trone 3400 71 peveent, amd the elay content
Wi medie, rangeitee From 16 10 25 prereent. By 1945, the sond Tae-
ton had deerensed toan average of 27 pereent in the plots eented
witltall the neeoy o Bows and 1o one of 34 pereent in those treatod with
selected arrovo Bows, and the olaiy Teoetion of the <oil of each of
these aronps of plots had risen 1o an ayernge of more than 35 pereentd
tabde 135,




Taprg 11.—Texture ! of soil on the 3 flood plains al different distances from spillway during 9 years of flooding, 1935-43
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TaBLE 12.—Terture ! of surface € inches of soil in grass plots subjected lo irrigution
beg.l fmmr,' m 1940
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TanLe 13.—8oil lexture? as detersined from samples loken in the spring, of erop
_plois snh}rv(f'.-! to xrrmrmon in 193813
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Floodings of 19390, (he first year when seleetion of Nlows was prac-
Liced, caused no soil-testure clange in the ceap plots teeated with
selected arrove flows. A marked “ecerease in the sand fraction and
inereases in the silt and clay Iractions eccurred in the plots Lhal
received all ol the arroyo fows. In 1940, treatment with arroyo
water caused » gain in eliny in the “all flow" plots and a marked gain
in clay in the “selected flow ™ plois,  in 1941 1t hrought aboul a light-
ening of the sotl in the “all Qow™ plots but littdle or no change in the
others.  The apparent changes in 1943, o yenr when ne IIII"rIlIOJIS
were made, anb the small differences in the elenrwater phots and in
the unireigated plols are nttributed to sampling crrors.

\Ithoutrh by the end of the fourth year of Grentment the sofl Texture

REH2346° - G——3
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was similar in (he &wo sels of crop plots irvigated with arreve water,
differences were observable in the field. Deep cracks were con-
spicnous in the soil of the “all flow" plots but not in that of the oiher
set.  The eracking was probably due to puddling of the soil caused by
the standing of the water on the surface for long periods.  In 1942,
when there were no snmmer irvigations, puddling may have resulted
from Lhe rapid sueecssion of the speing wrigntions coupled with the
much greater deplh of henvy-textured material,

In the bysimeters, mechanieal analyses before and after treatment
showed no significant change in colloids in the first S-inch Tayer of soil
underlying the 4-vear deposit secomulations (inble 14}, This in-
dicates that colloidad material had not penetrated the original soeil
pereeptibiy.

Tanvuy i4—Prrcentnge of colloids inlop 8§ fnches of ariginal st meter soils underlying
deposils resulling from road eend with woler having 1 30-pereent Wby weighty eontenl
of sediment apd in Iysinnler saida drenbed awith deeaniold water aud erear waler
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41 pereent s, G pereent el vh i
W prerpen o saind, S pergete ey : FANR
Trwennted waler - . T FLN
Clear wnler - . . ; 2]

LG AN MATTRR

Diverted srrovo watere eaeried Lo the spreading areas large quantities
of orgapice debris consisting of beanches, cones, loaves, nd minute
fragments,  In general, the large, heavy pleces setdded out near the
spitiway: bui fine, light matesind was eaeied mueh facther down, A
lnrge flow earmed much of s debris well onto the fleod plain, whereas
 {low covering only a fow acres left its entive load in the upper part of
the plain,

Changes in the organic-matler content of the soil of treated field
arens {1able 15Y were apparently coverned by several factors including
distanee fron spillway, amount and texture of sediment deposic, and
regulneity of Hooding,

Tavur 15, Changes in srgaede-meallcr cantent of soil of fold areas In relulion lo
disteanees from speilway
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In soil samples taken on the three flood plains in 19335, pereentage
< of organie matler was correlnied (o some extent with soil lexture, sinee
the sandier the soil, the lower was the pereentage of organie matler.
This correlation persisted in lnter years in the cheek plots, although
the Tighter textured soils gained and the heavier textured ones fost
orenmie malier {table 15%  1n the leoded plois 3,000 or 3,500 [eet
below the spillway, ormanie-matter content of the sl inereased
considerably; at greater and less distanees, gaing woere mueh smaller
and some losses were apparent,  Tnothe ezt 1,000 feel, where the soils
Beenme muoeh sandier, the pereentage of organie matter was less in
1938 aned in 1041 Bul regained its original value by 10430 Slight gaings
were recorded in the 1500 2,000-foot zone, where the texture al the
deposit was about the same as that of the erigingd zoil, A4 6,000 feet
there was a loas of 0.77 pereent in organic matier by 1938, bot the 1941
and 1943 valoes were slighuy higher than that veeorded in 10335,
Only small changes 1ok place Dolow  this point, where fooding
ocewrred i only 4 of the 8 years of the study aud the Hood water,
having been filtered through relatively heavy grass for distances of
from 0,3 to 1.5 miles, no longer earvied any but the finest materinl
in suspension,

Pereentages of organie matter in the surface 6 inehes of soil of the
arass plots treated with elear water and thase treated with sedinent-
faden water differed in 1942 and 1943 ciable 160, Qrganic-matter
content of the =il of the elear-water plots showed Gremls similar o
thase in the dey plots from 1939 to 1943, The incresse in the plots
treated with arroyvo water §s atiribuied o decompuosition ol huried
grasses and of organie debris enrried to the plot< by the applied ranoft;
anil the nerenses i the unirvigated plots nnd the elear-water plats in
1942, to deconmposition of vegelationa! debreis under the influenee of
the very wet weather of 1040 and 1013, The deereasze from 1942
values obaerved i adl plots in 18943 s aseribed o the Is-month drought
that preceded the 1943 sampling.

Althongh lare amounts of ovganic debris were carried Lo erop plots
by arroye water, increases of organic matter in the surlace 6 inches
of depositin the*all flow™ plots were slighit tiable 171, This contrasts
witly results in the field and the geass plots, where, with heavy-
l('\lmml deposits, orennie matter inereased, o the erop plots where
sediment eventuadly heeame 2008 inehes dvvp. organic matter in soil
underlying the tlt‘})()sll diminislied Trom 1,682 pereent in 1938 1o 0.82
pereent in 13, The rorrespording pereentages for the plats receiving
similar amounts of elenr wates were 110 aud 106,

The ermanic-mmier content of the <and eomponent of the mixtures
applied 1o Ivsimeters was 00 1o 0,13 percenc: that of the elay eom-
ponenl, LUO3 1o 114 pereent. Basal arei ol vecetation in these
plots was hieh In 1034, averaging 20 pereent cover, and consequently
top growth was short. In plors peeeiving anonal gi-ineh deposits,
this short verelation was entively hurted the Best veare In subsequent
vears, the density of plant cover was greatly redueed in these plots,
the planixs wrew waller, and proportionately less plant materint was
buriee.  Ticall but the two heaviest clay treatment< of the SH-perecil
series, burving of leaves and stems was peeompanied by o marked
increase of organic metter in the uhiest deposit during the first 3
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Tanre 1o, —0Organic-maller content and some chemical rharacteristics of the surface
8 inches of soil in grase plots, 1939 -48
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years, but inereases wer smaller or lncking in lnter deposiia, Organic-
matier content of the oklest 60-percent-clay deposit inereased onty
during the first 2 yvears: that of the oldest SO-pereent-rlay deposit
deereased generally,  Similar responses were observed in the deposits
of the 35-pevcent and the 20-pereent series of walor-oil mixtures,
exeept that seall inereases of orennie matter appearod in the G-
pereent-clay and the Sh-pereeat-clay deposits in 1041 and 1949,

When Lhe deposit was as shallow as 8 forhes, (he ehiof fuctor -
fluencing organic-matter content of the soil was the 2meunt of byred
vegewtion.  The organioematier content of the surface <oil of deep
deposits was dependent ehiclly on the amount of orgnnie Matter in
the feeshiy deposited sediment.

TaBLE 17, Orgucie malls v aned ntrates i sarfetes soils of crop plofs. 1838 43
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Owing to decay of heavy vegetation in the tysimeter plots receiving
no sediment, organic-matter content of their soll inervased with the
years.

Organic-matler content of Uhe original soil underlving alt deposits
in the lysimeters, unlike that i the crop plols, semnined almost
constant,

Detailed data on organic matler in lysimeter soils appear in tables
45 and 46, appendix,

BACTERIA

In field areas, numbers of bacteria decreased similarly in flooded
and cheek plots during the 9 vears of abservation {table 18).

Samples taken in 1938 indieated that bacierial populations in the
soil of drainage basins were low- 20,408 fo 620,000 per gram of dey
soil-~but that those in the runefl aud in deposits that had lain for 24
hours were many times higher ttable 19). Sediment tint had lain
for 8 months in its new eavironment contained 750,000 bacterig per
geam of dry seil, which was comparable o the namber in the soil of
the check plots. Thia relatively low number indicates that, with
respeet to numbers of bacteria, sediment rapidly beeame adjusted o
ils new environment,

Flooding produeed no discernible effect on the nitrifying power of
the soil in feld plots (Lable 18,

The nitriflyving power of soils of the deainage basins, as determined
in 1938, was low. That of the transported sediment sampled 24
hours after depesicion averaged only 17.2 peveent. After the sediment
had lain for § months, the pereentnge of ammonium sadieal converted
had risen to 914 - further evidenee that the deposit rapidly assumed
some chareteristies of (he underdving soil,

Tanre 18.—Baclerind population and aiteiliing power of suclaee soil of 3 flood pluins
in relution to distance from spilhway during & yeurs of flooding, 1935 43
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Taprr 19—Bacterial population of floodwaler and deposits
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Numbers of rerobie bacterin in the soil were lower in the genss plats
flooded with arroyo water then in those Hooded with clear watee
(table 20).  The nmumbers in the unirrigated plots differed little from
those in the elenr-waoter plots.  Flighly signilieant dilfercnces in this
respeel appeared among plots seeded with dilferent kinds of grass,
excepl whore arroyvo waler had been applied.  As the differences wore
nol congistent under elenrawater treatment and the period of treatment.
was shovl, the writers hesitate (o dmw inferences from these results,

Neither water nor sediment afleeted niteifving power in (he oross
plots (Lable 20},

Tanve 20.—Bacterial population and nilrifying power of surfuce soil of grass plots,
103043
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In the crop plots, bacterial numbers wore not consistently aflected
by either kind or amount of irrigntion water (fnble 21). In 1941, the
numbers in plots {rented with all arrovo llows were lower than those
in other irvigated plots. This may have been due to the fael that in
1941 water had lain on this group of plota foe severnl duvs o weelk belore
the sumpling.  Comparison of these results with those in fiecld nreas
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TapLe 21 ~—Bacterial populution and nitrifying power of soils of crop plals, 1938-43
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and grass plots indicates that cultivation had little or no effect on
baelerial numbers.

ilferences in kind of irrigation produced ne significant difference
in nitrifying power of the soil of (he crop plois antil 1943 (table 21),
when the vatue for the plots irrigated with all arrovo flows was signifi-
eantly lower than those for the other plots.  The explanation of this
1944 differenee is not apparent, sinee there had been no lmwntmn for
more than a year, and llhc‘ sgeloeted (low' and the “alf flow” p]ot.s had
received the same Lregtment iy {he spring of 190472,

In sediment applicd Lo lysimeters, numbers of bacleria were low
at the time ol applieation, They did nol vary consistently with
proportion of either sand or clay,  Compared with 1he numbers of
bacterin present at the {ime of appliention in waler-sediment mixtures
in which 1he sediment amounted to more than 5 pereent and was 20,
&0, or 100 pereent sand, the numbers in (he resuiting deposits were
markediy greater,  In ('Dmpnmhlo deposits thal were s £0 or 60 pereent
sunel, the ('o:u'aponduw dillerences were much less. No suel differ-
ences were apparent after the prolonged drought of 1942-43.  Num.-
bers of bacloria present in the 100-percent- -sand deposits were the
highest exeept in 3,

Ou]y in the fourth year did namber of bacterin in the deposits in
Iysimeters appenr 1o be coreelnted with depih,  In 1943, number of
bacterin varied inversely with depth in the 23-ineh deposit of the 50-
poreent series.  In soil underlying depesits, nuntbers fluctuated [rom
yenr (o vear; but in tha! under the two deeper deposits, they were
higher in 194,3 than they had been in 1939,

]nuvus(-s m bacterial numbers resulted Trom application of sedi-
meni, in small ameunts, irrespeetive of its quality,  In plots receiving
annual deposits of ¥.5 inches or more, numbers were lower (han in
plots reeciving less sedineni or none,  The differences lended to be
greater where the deeper deposits were higgh in the clay fraetion,

In the lysimeters receiving elear or decnnted water, bacterinl num-
hers vonsistently remained high throughout the st ull_\'. In those
treatod with depnnted warer, which received small amounts of col-
loidal nntter and ef organie malter, the numbers were higher than
 the elear-water plots inoall bul the ficst year.
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The original nitrifying power of the sand applied e lysimeter plots
was 0 bo 3 percenl: that of the clay ranged from 25 Lo 55 pereent. With
o fow exceptions the nitrifying power of the deposit. inereased, the de-
gree of increase depetding on the quantity of clay in the sedinuent,
Inall the years aned throughout the depth of the deposit, the nitrifving
power of the 100-pereent sand remained very low, never vising above
7.3 pereent. An admixture of as little as 20 percent elay aliowed the
value le inerease marckedly.  Additional inereases in nitrifving power,
considerably smaiier in proportion, were associnted with additional
admixtures of ¢loy.  Nitrifying power was lower in the sedimoent de-
posited on lysimeter plots than in the origingl soil.  Where 0.78 inch
ol sediment low in nitrilying pewer was deposited aonually, the nitei-
fying power of the surface 6 inchoes of soil remained high at the o of
4 years. Annual deposits 2 inchies deep, sampled alter 8 yeors’
acewmudation, had s niteilying power lower thun the average of
those they had immediately after being laid down, Depth ol sedi-
ment had no influence on the nitrifying power of the underlying orig-
nal soil,

Detailed data on bacterial populations and nitrilving power of
Iysimeter seils are presenied in (nbles 47, 48, 49, and 50, appendix.

B0 REACTION

Flooding and deposition of sediment produced no change in pll
values of surface soil in the Geld areas; values for the flooded plots
avernged 8442 in 19535 and 843 in 1843 (table 22). No ehange in pll
was observed in original surlace soils vnderlyving 9-vear deposits
(table 23); the average pll ol sueh soils underlying deposits witl mean
depths of 6 inclies or more was 8.50 tn 1043,

Tanus 22—Tolel soluble salts, hydvogen inn concentrodion, and calcium earbonate
in surfnee sofl of ieer flood pluing T velation {o digtanee from spiftway during 8
years of fooding, 1835 3
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Tanuy 23.—Tolal waler-soluble salis, calcinm carbonale, and hydrogen fon concen-
tration in original surface soil of 8 flood pluins in relation to distance from apitlway
after 9 years of flooding, 1986-48
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The data indicate that the pH values of sediment carried from the
drainage basins and deposited on the three flood plains were very uni-
form and differed Littde if at all from those of the original soils of the
flood plains.

The average pE of the surlaee soil of the grass plots ievigaled with
arroyo water decreased to a highly significant extent, from 8.74 in
1930 to S.43 in 1943 (table 16). During this period the avernge pH
ol the soil of the unirrigated plots inereased, and that ol the elear-water
plois did not change.

Among the erop plots, the pEL ol the soil of those irrigated with
arroyo water underwent highly sienifieant decreases hetween 1938
nnd 1943, The pEL ol the seil of the “all elonr’ plots did not decrease
until 1943, and that of the soil ol the “selected clear’? plots <lid not
change (Lable 24).

In the original soll underlying the deposits in (he erop plols ivei-
galed with arrayo water, there was no change in pIE al depths of 3
feet or less (table 25).

In the Iysimeter data, there was litthe evidence ol response ol soil
reaclion o the treatments. "Phe pH ool the sand component of the
sediment mixtures applicd ranged from 9.10 to 9.71; that of the clay
component, from 8.55 Lo §.60.  lixcept in 1943, the pl of the deposit
in plots receiving GO percent or more of sand <ecreased from the
original value, the decrease being most noticenble in the all-sand
deposit. In 1943, the pH of the allsand deposit remained unchanged
i the top 6-inch layer but inereased from the (042 values al lower
depths,  In the deposits of the 80-percent-sand and the G0-percent-
sand treatments, the pH increased from the 1942 values in (the top
6-inch layer as well as at lower depths. Values in the plots receiving
80-pereent suspensions of the dtb-pereent-sand and 20-percent-sand
mixtures inereased steadily at all depths, bul corvesponding increases

REA2UG°  AD——t
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TaBLE 24.—S0il reaction and percenlage of calcium carbonate and of tolal water-soluble salts in swrface soils of crop plots, 1938-43
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Tasus 25.—8oil reaction and lolal waler-soluble salls in original voils of crop plols
in 1938 and in 1543
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took place 1 the clear-water plots and in the original soil under all
deposils,
Detailed dota on pH of lysimeter soils are presented in tables 51
and 52, appendix.
CALCIUM CARBONATE

No changes of caleium carbonate in the soil could be atiributed to
flooding; changes that appeaved in flooded plots were overshadeowed
by those in cheek plots (tables 22, 23, and 24). Detailed data on
caleivm earbonate content of lysimeter soils are presented in tables
53 and 54, appendix.

TOFTAL WATLER-SOLUBLLE SALTS

Flooding had no diseernibie efleet on the total water-solublo-salt
content of the soils of the ficld areas (tables 22, 23). To the three
other sets of plots, Lotal salt content was higher in the deposit than
it had been in the original soil when the experiment began (tables 16
and 24, and tables 35 and 56, appendix).  In the grass plots and the
crop plots it deereased in the soil underlying the deposits but decreased
sizatlarly in the check plots,

WATER-S0LUBLE TONS

Of the water-soluble anions, the nitrate, chloride, carbonate, bi-
carbonate, and phesphate ions were apparently unaffected by llood-
ing iy the field arveas (tables 26, 27, 28, and 29). The relatively high
concenlration of nitrates in 1943, which was strikingly apparent ex-
copt in the lysimelers {tables 57 and 58, appeadix), s attvibuted to
the fnet that plant growth was low during the summers of 1942 and
1943, owing to prolonged droughts.  The lysimeter plols reccived
some extra waler during Lhese two seasons.)  Although bicarbonates
increased considerably n flooded plots, they inereased more in the
check plots having beavy-textured soll,

The deposit on the flood plains was high in sulfates, and there was
consicdlerable leaching into the underlying original soil.

L
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TaBLE 26.—Water-soluble nitrates, phosphates, potassinm, and calcium? in surface soil of 3 flood plams in relation to dislance from spillway
during 9 years of flooding, 1935-43
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Tanue 27— Water-seluble carbonoles, bicarbonates, chlorides, amif sulfales in surface
soil af 8 flood pluins in refution to distance from spillway before and afler 9 years
of flooding, 1935-48
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TanLe 28— Waler-solublic phosphates, potussivm, and caleium ! in original surface
soil af 3 flaod pluins in relulion to distunce from spilheay before and after 8 years
of floeding, 1933 43
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The water-soluble eations messured were enleium and potassium.
Although flooding seemoed te afleet water-soluble potassium, other
[nctors overshadowed this appurent effect in 1043, Amount of solu-
ble potassium declined steadily in the Nooded field plots from 1935 to
1941, with no change in the cheek plots.  In 1943 it increased in both
the flooded and the cheek plots, In the original soil, which was
sampled in 1935 and 1943, similar inereases occurred in bhoth the
flooded and the cheeks plots.

Flooding had no apparent eflect on amount of water-soluble caleium:
both in the flooded plots and in the chieck plots, the amount decreased
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TanLe 29— Waler-soluble cnrbonates, bicarbonutes, ehlorides, and sulfules in original
gurfuce soif of 8 fload plaing in relation lo dislance from spitlway before and after
9 years of flooding, 1935-48
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steadily from 1835 Lo 1041 and inereased in 1943, Caleiunt decrenses
m the original soil were vecorded, but cannot be attributed to flooding,

Among the grass plots, owing to limitations of time, only the soil
of these having a mixed cover was analyzed for water-soluble ions
other than nitrates.  Increases in ealeium and bicarbonate ions nndd
decreases in ebloride and carbonate fons could not be attributed to
water treatment (table 303, Tindings with regard to the soil under-
lying the deposit were similar.

Tanne 30— ater-soluble ions Vin original soil and in deposit in grass plots having
o mired cover, 1239 amd 1943
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Tanne 30— Waler-sofuble fong ! in origined saif und fn deposit in grass plots haoing
o wiired eover, 1039 aud 1553 Conlinned
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Nitrate content of the soil in grass plots irrigated with sediment-
laden water differed from that in plols irrigated with clear water in
1941 and 1943 (table 31). The Iack of significant difference in 1942
is attributable to the overshadowing effects of differences in develop-
ment of vegetation. In the unirrigated plots, but not in those ieri-
gated, soil under western wheatgrass had a higher nitrate content
than that under the other grasses i 1941, 1942, and 1943,

Tanwe 31, —Nilrales in soil of grass plols
18 L H
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In the crop plots, nitrates were delermined each vear under all
treatments but other water-soluble ions were determined only in the
“all flow” plols and the cheek plots. Chlorides diminished to traces
in the surface soil rrespective of treatment (Lable 323, Tn the original
surface soil underiying the 21-inch deposit they dropped from 42 parts
per million i 1938 to 8 in 1943, Carbonates disappenred Trom the
soil of all sampled plots.  Originally, there was a trace of waler-
soluble phosphate in the soil of every plot.  This increased slightly
in the clear-waler plots and the unirrigated plots and in the onginat
soil of the plots irrigated with arrovo water; but in the deposit only a
trace was present in 1943, Sullate content nereased in the sarlace
soil of the wrigated erop plots sampled bhul remained approximately
unchanged in the original soil underlying the deposit, and dropped in
the soil of the unirriznted plots. Biearbonale content was consider-
ably higher in the deposited material than it was in the soil of the
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plots originally; but it increased in 1943 under all treatments and also
mn the checl plots. The behavior of these anions is comparable to
their behavior in the field arcas and the grass plots.

FapLe 32.—1Water-solulle fons ! in surfuce soils of crop plols

| Plots irrlgnled with— !
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Over the S-vear experimental period neither kind nor gmount of
wrrigation water alfected nitrates In the surface soil of the erop plots
(table 17}, In 1941, alter the wet summer of 1940 and a wel spring,
the soil of the “selected flow™ plots was higher in nitrates than that
of the “all flow” plots. In 1943, alter more than w year of very dry
weather, the soil of the plots irvigated with arvoxe water was higher
in nitrates than that of the clearawaier plots.  In general, however,
eflect of flooding on nitrate content of the soil was negligibie,

Water-sceluble potassiom diminisked under irrieation and incereased
in the unirrigated plots. The deerense in the clear-waier plots was
greater than that in the arroyo-water plots. In the silted plots the
underlying soil had approximately (he same content of soluble polas-
sium as {he deposits. Although the response of poiassium in the
irrignted crop plots was different from that in the grass plots or in
the field, the fingl values were similar,

Water-soluble ealeivm inerensed in the irrigated erop plots, both in
the surface soil and in the soil underlying deposits,  Similar response
occurred in the irrigated grass plots. In unirvigated crop plols, water-
soluble calcium deereased slightly.  The reason fTor the gains, at
variance with the response in the field arens, s not appareat.

TOTAL NITROGEN, PHOSPHORUS, POTASSIUAM, AND CGALCIUM

Flooding produced no apparent eifect on the toial amounts of nitro-
en, phosphorus, and caleium present in the Noreross and Deer
Springs floeding areas.  The amount of potassivin decreased to a
greater extent in the heavily silted plots than in the check plots (table
33). Determinations of these elements were not, made for ihe soils
of the grass or crop plots or the Iysimeters,



http:HmoUII.lS

EFFECTS OF PIVERTING SEDIMENT-LADEN RUNOEF 49

Taece 33.—Tolal nutrients in surface soil of 3 flood plains before and after @ years '
of flooding, 1835-43, in relation to dislunce from spillway
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SUMMAHRY OF 50JL HESPONSES

Responsog, of the soils of the field areas and the grass and crop plots
are summarized in tables 34, 35, and 36.

TapLe 34.—Nummary af soil responscs en 3 flood plains in @ years of flooding
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Tapne

35, —Summary of soil responses | in grass plols
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Tapne 30.—Summiry af soil responses * {n crop plots
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Yecerarionarn ResroNses

Diversion flooding affected both the quantity and the gquality of
herbaceous vogetation in the ficld avens.  The floodwater itself bene-
fited the vegetation; bul the sediment it eneried had an adverse effvet
on all the grasses presenl except westorn wheatgmss, which it favored,
Clippings  {rom comparable flooded and unflooded sample areas
showed thal fornge praduction was 000 pereent greater in 1935 and
300 pereent greater in 1939 in the flosded than in the unflooded arens
23) (figs. 13 and 14}, The gains in Tomge produeed on the Hehily
sileed parts of the avcas more than balaneod the losses from deposition
ant the heavily silted parts. The ranker growth and greater suceu-

% = Rt . T

Fravue Be--Yield of gelletn grass from 10 Hooded inoter-square quadiats (eft)

and 10 eomparable unflsoded quadents trighty,  Weighit: 1280 grans and 125
ritites, respeetively,

R - S ) SRR N

Fravire 14, - Akal szeaton wmeadow watered with sliveried cunoll,
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fence of the vegetalion on Mooded areas eaused livestock to concen-
trate in such places.  This required some adjustment of management
practices to prevent overuse of the flooded areas and to bring rbout
acoquare use of forage clsewhere on the geazing unils,

In evalualing the effects of flooding, it is important to note that
the heavily silied plots represented not more than 20 pereeni of the
total arca flooded, and that western wheatgiss inerensed markedly
on parts of the Deer Springs and Noveross areas where sediment was
doposited,

The value of the additional forage produced below (the Deer Springs
Dam equaled the cost of the dam the {irst vear after Hooding was
begun.  The dam, built with hand fabor and horse-drawn equipmen,
cost approximately $3,000. .\ part of the llood plain was mowed lor
supptemontal feed, nud produced on an average 1.21 tons of hay
per aere. [t may be assumed, on the basis of the quantity of hay
cut, that the 435 aeres flooded produced o ton of forage Lo the aere,
At (he prevailing price of $8 a ton, this muoech Teed was worth $3,480.
il the area bad not received additional water, hay couvld not have been
produced on it

The results of quadrat measuremoents ave given in tables 58, 66, and
61, appendix, as averages for the five permanent quadrats in each
ficld plot.  Data on geass density in eelation to depth of sediment
are sumurizod in fubie 37, Owing to lack of eountrel over the
NMuddy Creek nrea during TH2 sod 1943, no dain were taken there
in 1043, {Average depth of deposit and nunber of floodings for each
vear ave given in table 40 Beeanse vegemntion charcting was done
before the Nooding season and Lhe sedinent snrveys were made aftor

i, vegetation data taken i a given year are associnled in the tables
with deposit data taken in the preceding year.  Bach of the deposit
dota in tables 4, 539, 60, aod 61 05 an avernge of sediment depth along
the portion of the permanent fine of suevey that tell within the indi-
eated plol.

PRODUCTION O GRASSES ANV FORRS

Response of the vegetation o variatons in rainfall s apparent.
The denstty of grasses in the field ehieek plots had dropped 28 pereent
feor (he originnl by 1035 under exeeptionally heavy preeipitadion i
had rocovered this loss and gained 10 percent by 1911 and under sub-
normal precipitntion it had lost the 10-perecnt gain and 58 pereent of
the original value by 1863 The density of greasses in flooded plots
that had reecived from 6 (o 1 ineh of sediment changed litde i ot ali
antil after 1641, By July 1943, after 10 mon. bs of mavkedly subnormal
precipitation, i had diminished by approximately the same pereentage
ag that in e cheek plots.

Under depasits deeper than 1 ineh, totad grass depsity decreased;
the greater the dopth, the greater was the decrense i density. The
extent of decrense associuted with any iven depth scems to have
varipd with eate of deposition, although this variation was nmsked
somewhal by eainfall. By 1938 the grass cover in field plots that lhad
rocoived from 1o & inches of deposit had lost 61 pereent of its original
density, Tu (841 the plots thal had received this amount of deposit
had & grass cover only 7 pereent less dense than the original. By 1938
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Tanne 37.~—Deusily of grisses {cxpressed ox pr‘rwul cover) in relation lo depth of
sediment depasit wn fiell ureas, in 1938, 1944, and 184381
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the grass density in (the 17 plols with from 0 to § inches of deposit had
dlnmwtl 47 pereent. The dilference from the original grass cover in
(he 11 plots with this depth of sediment in 141 was 0:11\' 4 pereent.
These diflerenees may be atteibuted to the rate of sediment aceumi-
[ntion and the beavy precipitation of 1940 and 1041, By 1043 (he
cight plots in the Noreross and Deer Springs areas that had veceived
10 inches or less of deposit had lost 53 pereent of their original grass
cover; but the eheek plots had lost aosinnlnr pereenlage.

Sinee in most of the field plots the originnl cover was primarily of
galletn, the trend of tolal grass density was dominated by the response
of (his grass ((able 37y, T e pereentage deerenses for this species were
greater than those for the total cover, in both the fleoded plots and
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the cheek plots. Flooding favored golleta in the plets receiving not
more tan 1 ineh of deposit,

Density of western wheatgrass inereased with :lf'poallmn of sediment
(table 37 and figs, 15 and 16, This grass, presenl in small quantitios
in the original cover, had increased (‘(msgmumlsl\ by 1938, By 1044
it had comoe te dominate mther lavge nreas i the more heay ity silted
strelehies of the Norceross and Decr Springs Nood plains (lig. 17y, ek
ils pnins were redoeed bul not climinatod by the ensuing drought.
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The loss of density between 1941 and 1003 was less rend than apparent:
L the fall of HME, after a month of abhove-normal precipitation,
nunereds new stems were observed to be avising From hitherte dominnt
rhizomes,
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Of the other grasses present, only two occurred generally. Red
three-awn, present in the original cover of most of the plots, suffored
severe losses from both q11L|ng and compelition.  Creeping muhly
withstood moderate silting and increased considerably where deposi-
tion was light. Blue grama was originally present in appreciable
amounts in only one of The Nooded p]ott*,, plot 5 at Deer Springs, By
1943 its densily in this plot, which then had an accumulation of
nearly 15 inches of sediment, had been reduced by 97 pereent.

No correlation was discernible hobween de pth of deposit and num-
Ler of annual forbs (table 38). By 1838 the number of forbs had
diminished sharply from the original values in the flooded plots, but
had done so irrespective of sediment tepth and had changed quml arly
in the clieek plots.  In 1941 the averages woere greater Chan in 1838,
but again depth of deposit seoms not fo have bheen an influeneing
lnetor.  In 1943, after the drought of 1942 and 1943, annual forhs
had almost disappeared,

Tanw 3R-—Nuwmbier af Jorbs per syptre-meler quadeal dn relation to depth of
sedivient H’ﬂ;mut Tu fiold neeas, fn 138, 1041, and 19451
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Porenninl forbs, on the other hand, seemed (e be lavored by sedi-
ment (table 38). At no fime, hewever, did they show any tendeney
to dominate the cover,

The general effects of flooding on vegetation in the 14 flooding
arens, the mode of recovery of the individual grasses, and some of the
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ecological implications have been discussed by the writers in o

previous publication (23).

No correlation between vegetalional changes and soil texture
changes in the field plots is apparent.

Data showing response of grass density, expressed as percent cover,
in grass plots under different water treatments are presented in table
39. Numbers of annual forbs pec 10-foot line in the grass plots
averaged as follows:?

Wader treatment: 1 042 1048
Sediment-laden. o, oo o eaaas 1. 3.0 T
Clear oo ... . e e 3. .G T
Noneo—o_ oo oo ... et e e 25 1.0 T

Moisture deficiency in the 1942—43 period was rellected by o sharp
decrease of grass density in 1943 under the elear-water treatment and
m the check plots, and of the number of annual lorbs under all treat-
ments.

Western wheatgrass was less sensitive (o sediment in these plots
than any of the other grasses.  In the plots treated with sediment-
laden water where it bad been planted, this grass increased in 1941,
held its own in 1942, and deereasced only in 1943 after & year of very
dry weather during which no sediment was deposited. It behaved
similatly in the corvesponding plots trested with clear water, except
for o greator increase in 18410 In the unirrigated plots the effects
of drought began to appear in 1942, Under all trestments western
wheatgrass was invading Lhe plots of the othee species in 1943.

Of the three other grasses planted, alkali sacaton was the least
adversely affected by deposition. By 1942 blue grama (fig, 18) and
galleta had dropped out almost completely in the plots irrigated with
arrcyo water. band dropseed, o volunteer grass, was the most sen-
sitive of the grasses observed. Tts original density in all plots was low.
It inereased under the clear-water freatment and in the unirrigated
plots, but in the plots irrigated with srroyo water it had diminished
to & trace by 1941, and by 1942 it liad disappeaicd from these plots.

Reactions of the grasses in the grass plots were similar to their
reactions in the field areas. In the plots irrigated with sediment-
laden water, which received an accumulation of 9 inchies of sediment
during a 2-year period, the densities of blue grama and galleta were
severely reduced but that of western wheatgrass increased.  Responses
of the total cover in the clear-water plots and in the unirvigated ones
were comparable, vespectively, to those in the lightly silted plots and
check plots of the field arcas,

A surprising feature of the response of the grasses in lysimeters
was the small effeet of continued yearly inerements of deposit.  Basal
arca of all the grasses combined did not decrease consistently from
year to year under the various treatments (table 40), although the
osses under the 35- and the 50-percent treatments woere somewhat
greater in the lourth year than in any other.  Galletn tended to show
greater decreases from year to year, but did so under the clenr-water
treatment as well as under the others.

8 I'=Trace, less (han 0.1 plant per lne.
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TasLe 39— Density of grass cover, expressed s percent cover, i grass plots 1 under different treatments, 1940—43
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Erceva IS0, Blae groen pfon after peeeivine, in 3 veups of weeization, o 2-inel
torat sbeposit o lesva-testored sedimeat ;) £ Bl wrrna peal 1er reeciyine
ehaur-waber irrizndaon o 3 vear-,

The influener of Lind af sedipuat vaviod with wraas species aud with
depthe ol merenient of deprasits A0 the eird of T yene Hiere wirs no e
relation of suesoval with quality of sediment. ATter the fiest vear, hlue
erannn aid zallety beaded tosuifer sroater reduetions noder hose of e
Sa- el the .‘:H-pvr'{'vnl fuantiy trealinend- e hiiel the prereeny e ul
elay was wieaters Western wheaterass, on the other haned, tended o
devrease wore under treatimends canduining crea el pereentiges of
sainnd MKl saenton showed bo resporise T variations in ~edunent
qunlity.

Bocthe v stmeters tatal srrass cover doemased eenlarly as deptly of
sedintent aperensed crtable U This responise was 1t general secord
with that m the field plotes Blue i sutleeed the stentest daimage
from sedinerst, and eallta the nest smatest. Weslert w heg -




680 TECHNICAL BULLETIN 1812, U, 8. DEPT, OF AGRICULTURE

Tanug 40, —Perventage changes in busal aree of vegelalion in lysimeters, aecording to
quantity of sediment applivd
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L Sediment eottlond, by weledil, of wiber~edlipent b gee npglied,

and alkali sacaton behaved differently in different vears. The re-
sponse of blue grama. dominant in all plois in 1939, is well {ypified
by its degree of survival in 1943, after 4 years of treatinent. By that
yeaxr its basal nrea had inereased 60 peveent in the plots that had re-
ceived no sediment; had decerensed 10 pereont under thie 5-percont
treatment, which resulted in aceumulation of about 3 inches of deposit;
and had decreased 99.8 percent under the 50-percent treatment, which
resulted in o deposit of approximately 23 inehes.  In the lysimeter
plots subjeeted to the 35-pereent treatment, density of blue grama
deercased somewhat less than it did in the ficld where deposits were
of comparable depth; but competition from galleta and western whent-
grass had been greater in the field.

Alkali saeaton, the next most ahundant grass, nereased in density
one-Lhird i lysimeter plots wheee no sodiment was deposited. [t
deercased one-fourth where 3 inches of sediment was deposited in
4 years, one-hall where the 4-year deposit was 9 inches or 15 inches,
and three-quarters where it was 23 inches. Although its basal area
was reduced by deposil of any depth, (his grass showed grealer per-
eerifage survival aader the two heavier sediment trentments than any
of the other grasses.

Wostern whentgrass showed percentage decreases of 42, 34, 36, 33,
and 70 under (he 0-, 5-, 20~, 35-, and S0-pereent treatments, respec-
tively.  These data indicale thal d-vear accumulutions of sediment,
with depths as greal as 15 inehies, had less effect on survival of this
species than competition where ne sediment hnd been deposited.
Deposition of 23 inches it a d-year period reduced western whealgrass
density to approximaiely balf what it was in plols with accumulations
of 15 wches or loss.  ‘This vesponse is in contrast with incrcases of
western whealgrass on portions of the flooded field plots where sedi-
menl was deposited. [t s thought that, owing to the limited amounts
of soil in the lysimeiers, soil moistize was probably more often
critieally low in them than it was in the field, and that this may have
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had & parlicularly restidelive effect on the growth of western wheat-
orass.

Galleta in lysimelers did not eompeie woll in the mixture, but #
seemied to be Jess affected by depth of de posit than blue grama,

As inereasing depth of sediment deposits in the l\smwlvm redueed
plaut competition, survivors of all the grass species but blue grama
showed grealer vigor and those of blue grama showed less,

During the very wet sumnier of 1941 the floodings of the grass plots
WOre S0 ('Ius(‘l\ spaced that, al times, the plot surfaces did not dry oul
between them,  Owing (o e fine texture of the deposits in the plots
ireigated with arreve water, percolntion in Lhaose plots was vetarded
to sueh an extent that water iny on them {or several davs al o time,
Lo the Iysimeter plots, the surfaee soil usually dreicd ont botween -
egations, and pereolation was alwavs complete within o few hours,
Despite this dillerence, the response of the grasses other than western
wheatgrass was similae in the (we series of plots,

CHO PRODLCTIHON

Crop yields tiable 41 reveal noe developments common te all erops
undler all Lreatments,

Corn ¥iclds in the fiest 3 vears did not differ signficantly aceording
to irrigation treatment.  In 1941, when the “all low" plots rec cived
96 inehes of added water before the first frecze eame on Seplember 9,
the average vields of corn from these plots were lower than those
from the “seleeted flow' plots. which reecived 36 inches.  The yiekds
of the unirrigated plots were lower than the \'wi(ia of all groups of
icrigated plots except those of the two greups of “all flow™ plots in
P4 Er 1042 the all low™ plots that reevived elesr water produced
a lower yield U the other rvieated plots,

In 19348, drought prevented gepmination of the beans, and no
bean crop wuas produced nmln any {eeatment. o 1940 and 1941 no
benn crop was produced in the plots that had been frvignted with sl
arrovo flows: the plants had bees killed by sediment,  ASide {rom
Lhis, no signiiir:ml difference appenved among the yields of the differ-
ead seis of irrignied plots. Al yvields of the unirvignted plots were loss
than those of plots trealed with elenr water or with selected ArrOve
fows.

Differenee cither i Kind or in nmoeunt of irvigalion water hind no
nfluence on vield of ont grain. 1o 1038, deposition of approxinmtely
2 inehes of sediment before the seed germinated, in the plots i rigi e
with all areoyo Nows, caused these plnh 163 jnmiu((- less hiny than any
other set of Trrignied plots,  Unirvigated plots vickied crops of geain
only in 1938 aned 1041, The fiest of these ¢ rops wis sinaller (han those
produced the same vear in wittered plots; the seconst was not.

Avorages Tor the 5 years 18938 42 show that the “selected flow™
plots, irvigated with 45 pereent as muel water, produecd viekis as
high as those of the ali ﬂm\" plests,

n the 5- vear period 1938 42, brvigation with seleeled arrovo fQows
produced vields of corn averaging three times as grent as those from
unirrigated plots, and vields of heans, onts, and ont hay aveeaging
aboul Lwo snd one-habl Gimes ns great.

A compurison of the yields of corn wid beans Trom the plots trented
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Tanue 41 —Per-acre yields of corn, beans, und sats in crop plols
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with sehred Mows gad feom the npireiated plots in 1930 with those
m 12 dndiendes that the disteibution ol dreigniions had o omarked
elfeet on erop vield,  Tnoench of these vears, the - cleeted flow™ plots
received a total of 24 inches of ieviention water w Tour applications,
In 1940 the fisst irvigation was made on May 22, just after planiing
the second, on June 295 the third, on July 275 and the I'mu'(h‘ o
August 19, 1n 1942 the terigations were ade on Apmb 1,83, .md 4.
:\Itht)!lgh precipilution douring the growing season Lotnbed 18024 inches
in 1940 aned only 2.59 ches i 1942, the vields of the two erops in
the imil':-i:_r,n.lm! plols were nol signifieantly greater in 1040 than in
1942, In the "selected flow™ plots, on the othier hand, the per-acre
yu'ids of corn aud beans, respeciively, avernged 88 bushiels and 3,077
pounds in 1940 1 conleasi with 30 bushels andl 1,203 poiinds in 1942,

CONCLLBION

Results of the worke diseussed here indienle ihat, in & beadwater
valley where channeling has destroyed natural conditions of soil
moisture, restorntion of such conditions ean sometimes he approached
by diveLtm the runoff from the arvoyo Lo the \ra!!vy floor. "~ The
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diveried water may be used for inerensing (orage or producing crops,
and muel sedimend may be kepl from streams and reservoirs,

Not every gullied valley ean be benelited agriculturally by waler
spreading.  Whether desirable resulls may be expeeted depends upon
Lhe characteristies of the basin that contribnies the runofl and of
the area that woeld receive i, Among these are size, (opogephy,
vegetation, mul dogree of vrosion,  For salisfactory resulis in pro-
dneing forage or erops on spreading arcas, the dramage basin must
be huge enough to giekl eunoll m nll years exeept these of extreme
trought; i must not be so Tavge, owever, that the ronoil will hecome
unmanageable,  Within these Timits, saitable size vivies with precipi-
tation and stope; nreas with Jow mmfallor gentle lopes may he expeeted
to yield Jess ronoll than those with bigh rainfall ar steep slopes,
Utuler the conditions represewted by 1he Navajo Expeeimeni S(a-
tion, an aren of al lepst 2,000 geres is neeessaty to give ranofl of
sullicient dependahility for satisfaetory water spreading. As 0 means
of storing sedimerd, spreading vemall Trome <naller areas somelimes
may he justilied, The work did not revend the maxinim usable
sizo of ontributing neea; but The amounts of water and sedimoent from
the 45.000-nere Fignerido deadinige area heaune too @reat for advan-
tngecns use,

Spreading of runofl from hadlunds and other sparsely vegetuted
prens 15 inaudvisa e exeept s on mvans of storing sedimes o thus
protecting areas and installntions me lower levels. Destruetion of
crops o Torage plants by the exeessive nmoennts of sodiment in sueh
runoll may be disproportionate to the henefit< devived from (he added
waler,  Mihowgh the soil vt Muoddy Creek Below a hadland denin-
nee basin dilfered lickle 30 av all Trome thae of the other seexs inits
respanse o Nouding, o lhoee mod How theee o the lude Tall of 1043
practienllv destroyed the vewebation,

Water spreading arens shonld e af sueh stze that most of (he sedi-
ment willsettle o the wpper 20 pereent and they muest be lnege enough
to nerommodate exeeptioinlly liree Qows iF g severe erosion lazaml at
the Jower eud is 1o breoavoided. Under the eonditions prevailing a
the Nuvajo Experiment Station  mountainons deadnoge hasing, aver-
age annad precipitalion of 103 inches at the Jower elevations and
ey ineles al the higher, and summer-type vainfidl with shoet,
mtense stoems these requirenients were et by g oeatio of drinage
basin to flooding aren of 20034 bt the desienble ratio varies with
characteristies of the vontributing aren sl with amount and (ype
of precipitation,

The slope of 2 spreading aren should not he steeper than 2 pereent.
The traet showld he as wide as possible in order o ninimize the dopth
uf deposit aed o permin deposition as snon gs possible after the fJow
leaves the spillway. The upper part of the steen may safely contain
smadl gullies, 17 the gellies aie peoperly controlled, they will silt
up.  Severely eroded areas on which the gullios are <Gl small moy
sometimes be leveled by diverting sediment-luden water o them.
Gulhies in the middle and lower veaches ol spreading areas, which
ususlly receive relntively elear water, require eareful conteal. Where
erosion starts or where 2 henvy deposic prevents the desired spread
ol water; no time shouh? be lost o installing dikes, spreader fonees,
or--if severe erosion has alrewdy oceurred  rock suusages.
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It was found that under cerinin conditions sediment could he
stored on the valley floor above the diversion dam.  As an arroyo filled
willy sediment, the flows spilled over al one or more Tow poinls in the
arroyo banlk ov left the bed entirely al sueb points,  Thus, o part or
all of the flow spread out and dropped sediment while still above e
dam, and relafively elear waler reached Lhe spreading aves below
the original spillway. "This process, il desived, may be hostened hy
raising the dam and raising (he spitlway as it silts out, or by con-
structing dehris fenees al suitable places above the dam.

For centuries, the Indinns and their suecessors in {he Southwest
have grown eraps by the practier of diverting all the runoll coming
down an arrayo (7, 3¥1.  Under such a practice, however, crop losses
are likely to occur, nnd depth of sediment may become a serious
problem,  Allernative methods are diversion of selected flows and
partial diversion, cither of which causes less deposition of sediment
on llooded areas.

Field ebservations indicate that use of arreve flows seleeted Tor
low sediment content or to meel current. moisture needs ol crops,
which gave good resulls in this study, is practical Tor farming
operalions,

Observations on sites vulside the siation area showed (hat it Is
somelimes advaniageous to divert only pact of cacl flaw of in arvoyo
Lo crop or range lands,  Parial diversion “skims off® (he clearer
water, allowing the bed load and mueh of the snsponded sediment 1o
pass on down the avroyo. By repeating partind diversion at different
pluces along the arvovo, water is conserved, deptivof deposit is Timited,
and the arrovoe is nnde shallower by deposition of econvse sediment
thiet the fow, lessened i1 volunie, can no longer {ransport. Partiad
diversion wvsunlly requires more oxpensive installntions,  Bven i
partinl diversion, certain proeautions are neeessary 1o avoid dispro-
portionate damage (o vegetation by excessive deposition. T'oo much
of the fow nust not be diverted at onee, und the points of diversion
must he suffieiently far apart (o inswre that some areas will veeeive
little or no sedbment.,

The indieation of this study thal spreading ol rrrovyo waler eauses
no imporiant changes in chentieal charaetevisiies of ihe soil is i 2 sreo-
ment with resulls of Botkin and SBhires €7, These avestizaiors
Toind thal spils rvigated from g perennial stronm after “forty veats
of irmgation shawed no signifteant changes in nutrients % =
when compared with virgin soilswithin the same soil series.” Stoadies in
o cropped silting basin inthe Stace of Washington 9 revealod sinilar plf
values und content of water-soluble nutrients indepositand oviging soil.

Despite sparseness of vegetation and estremely suall numbers of
soil bacterin in the drainnge basins, the ronoll’  even from badlands
earried hrge antpunts of ovganie debris and greeat nunmbers of baeteria,
This may account for the presence of normal bacierial populations
in the deposit on spreadimg areas. Wilson and Scehubert (421, in mueh
more extensive nvestignlions on bacterin in runofl, likewise founsl
grealer numbers of bueteria in runofl than in the soil from wineh i

llnvan, Jo Lo, and Fuaxmas, BAL 0 ADVANCE REPOIE X THI SEDIMENTATIOS
SURYEY DF THE BRESYXETT TG VTTON  A%ND SELTING BARTN, WILROINCRERRK, W As1 -
INGTON, AVBUST 17 ocTuprlr 17, 085 S0l Consers sery, Sediveatation Stedies
27. 1988, [Mimcographed.)
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came.  Norman amd Newman v found, like the present itrvestiog-
tors, thal erganiv-malter contenl wud bacterial activity were highior
in maleeizl deposited by ranoff than they weee in the soil from which
the ranofl enme.

Texture of deeper deposits ditfored grently from ihal of original
soil I {looded arveas, owing to segrecation of soll fractions during
deposition,  Chemical aunaly~es and  plant growth  indiented no
corrrsponding differences i fertidityy mor wos water penetration, as
indieated by plant growth, markediy lessensl by eeease of clay in
field areas, T eropped experimental plots, poreolation was hatpered
by o J-vear acenmulation of 21 inehes of heavy-textured sediment:
bt no sueh offeet appesred in plots with o <imifae wecumulation of 4
tehes, s ovidenesd by erop viehds and <oil analyses, fertility was
ot affeeted any of these plots, Notwithstanding tese develop-
ments, when grroyo flows with hizh elay content are partially diverted,
tie hirhest possible proportion of the <und fraction shonld He diverted
to the Tl Forbes - 72 fonnd thas contimed irrication with water
cartying very fine sedment pednesd erop yvield by hampering
pereobiiion,

Soils vesults on (el areas were those lorically to be expeeted, sinee
original soil and newly deposited material enme from the same souree
dider comparable vonditions of teasport wad deposit. For seloetion
of areas (o be flomded, o sisting vezeiation and adequate samples of
the =oil <hould be wsed s eriteria, Peesence of snifable vegeiation
aid abmenee of dideterionus <oil components saweh gs seleninm and high
conecpirntons of alkall salic ean be tahen as indientors of areas
suitaide for water <promdine,

Ly the apper ball of the beavily ~iled portion of ench flood plain,
salletn ated mo~tother pecenninks wore neadly or complotels destroved.
Wind crosion resulted in places not imaded by wvestern whentgrass.,
To aleviate veosion in heavily <ilted <ituations, incrense of western
wheatgrys~ or ~ome other ~sedimeni-enduring sras< <hould be on-
vonrugred . 1T Bo siel gruss s present, one <hould be introdieod.

The wintalility of ditferent Torame planis for secding on flooding
arens depends pon the elimtie, soil, availabiliny of <wd, and other
factors,  Tu seleeting plants for 1his puepose. consideration shoukd be
given to speeies enerently srowie o meineally Hooded and sibted aress
i the viewity, Faiely coarse mpasses amd grasses (hat reproduee
vigorouslv by segetaibve means are poartiealarly suitable,  Obs<erva-
tots indicate that westepn wheaterns, alkali saenton, snd vine-
mesqitite CPanern obinsum e may be ased o advantage within cheir
respeclive Fanees,

Spread of western wheatwrsss below places where it hind become
established on Hooding avess indicates that the seed was eneried by
the water and dropped with <ediment,  Establishment of sediment-
endurimg vegelution may be hastened by broadeasting seed on the
water as it pusses over the spillway or by <eattering it in the spillway
between ows, By this mesns at Teast part of the ~eed is covered with
sediment. w moist seedbed i inswed for germination and early
growth, and the seeding process in general i~ simplified,

- Whether seed is sown or not, heavily silted parts of spreading arens
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should be protected from grazing.  The degree of profection needed
depends on conditions of silting and of plant cover,

An alternative Lo seeding perennial grasses is praducing corn or eane
on heavily silted parts of spreading arens,  This is sometinmes justified
even though part of the crop may be destroyed by heavy Hows, 1T
such plantings are made, the corn stalks or o high stubble of cane
should he lelt ns protection agninst soil blowing,

Bxperimental resuits and other ohservations al the Navajo loxperi-
ment Station showed thal wafer spreading on range areas was bene-
fieial despite a nel rednetion in density of vegetation due to silting,
Amount of Torage was inercased, wnd the greater sueculence ol the
vegelntion madve it more atlraetive to grazing aninnls. Exveept in
deeply sitted parts, morcover, the (looded arens were hetter litted thinn
miflooded ones (o withstand heavy grzing,  As a result, geazing
pressure on less-favored areas was diminished.

These benelits towethier with those of sound grazing practices on Lhe
experimental area aflowed @ slow bul impoetant rpcovery of vegelation
on the aren as a whole®  Density of plant cover inereased sub-
stantially in the middle renches of the flowding areas and in other
places where wator was coneentrated. The Navajos who used the
stition vanges found the undertaking profitable.  Finaneial returns
from these ranges, even thongh livestock numbers had been roduced
by hall, netually came Lo equal those from contignous tracts outside
where propertionately twice as many animals were gezed.” Frosion
on Lhe stalion rnges, moreover, began (o show sone reduetion during
the G-vear peciod of study.  In contrast, erosion continoed at an
necelerating rte on the henvily seazed mmnges outside,

These facts show the desteabilily of supplementing lorage on upland
ranges by developing (londwater nreas for genzing or hay produetion,
Reestablishment of desirable plant cover on depleted ranges is slow,
Waler sprending is a means of redueing (e danger of overose during
the eritieal period of recovery.

OF perhaps grentest importanee Lo the sacial ceonomy are the sedi-
ment-storage aspeels ol water spreading. From less than 10,000
peres of land in the headwaters of the San Juni deainage, 300 aerve-Teet
of sediment wns stored during 0 vears  sedinent that otherwise would
have Tound ils way into Lake Mead.  Fhiv points the way for trent-
ment of nany similar headwater volleys i the vast area contribeting
erosional debris (o the streams (hat feed Wtisgrent irvization and power
Teservoir,

Results of work deseribed here show that impravement of ranges
may quickly compensate the cost of ¢ walersspreading installation
and the damage done to the range by sediment,  Lack of such improve-
ment wottld indicate that excessively large amounts of sediment were
being washed ram the deninnge lasing - Tnsueh w sifuation, a spread-
ing wren might well be devoted to storage of sediment beeanse of the
benefits that would acerue Lo downstream reservoirs and other
POSBUTCES.

b ligueeewy, D. S, and Gannyer, J. Lo INCREARING INCOME THROUGH RANGE
CONSERVATION AND LIVESTOOK IMPROVEMENT.  Poll Canserv, Serv. Ror, Bul, 93,
Eval, Sor. 3, 8 pp,, illn, 10940 [Processed.]

Pllennsni, 125, Tuovesox, Go,oand Ganoser, Jo [ pRACTICAL RESTLTS OF
TEN TEALS OF RAXOE CONSEUVATION AND BEROSIOYN CONTROL TN NORTIIWESTERY NEW
smexiee.  Soil Consery, Secv., Reg. Bul, 06, Lval, Ser. 4, 18 pp. 1944, [Prucessed.)
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TapLE 44.—Methods of analysis of soil of crop plots 1
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Tasre 46.—Crganic-matler content of deposits | in Iysimeters
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TagLe 47-—PBnaclerial population of original soit in lysimeters
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Tanre 48,—Bacterial population of deposilst in lysimeters—Continued
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Tanui A9.-~Nitrifying power of original soil in lysimefers
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TanLe 30 —Nitrifying power of deposits ¥ in lysimeters
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TanrLe 53.—Calcium carbonale content of original soil in lysimeters
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Tasuk 54.—Caleinm corbonate confent of deposils | in lysimeters— Continued
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¥

TanLe 58.—Total water-soluble salls contained in deposits t in ysimelers
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TaBLE 57.—Nilrale content of oviginal soil in Iysimelers
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TasLe 58.-—Nitrale conlent of deposits U in lysimelers
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TasLe 39— Vegetation t in study plots of Deer Springs flooding area
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TanLe 80.—Vegelation in study plols of Noreross flooding areq
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Tasry 61.—Vegetation in sludy plois of Muddy Creck flooding areas
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