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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

IRRIGATION REQUIREMENTS OF THE ARID AND
SEMIARID LANDS OF THIEE MISSOURI AND
ARKANSAS RIVER BASINS

By Sasmvern FourTiEr

Senior Irrigution Engineer, Division of Agricullurel Engineering, Bureau of
Public Noads
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INTRODUCTION

Tn this report al! dependabie dutn on water requirements of crops
in 1he Dasins of the Alissouri and Avkansas Rivers and adjacent
territories are presented in tahulir form. The results of some
expetiments are reviewed and compared, some of the main factors
inllueneing the guantity of water n=ed nre discussed, and, by way of
conclusion, sn estimate is made of the Irvigation requireinents of the
arid and scmiarid Jands in the territory ecovered. This estimate is
based notonly on the results of experiments but also on anticipated im-
provements in irrigation practice, including better methods of farming
and a more economical use of water. Sinee the object of the experi-
ments has been the determination of the quantities of water required
for ¢rop production in the several divisions of the nrea, consideration
is given to the crops grown, the climate, and the soil.

The irrization requirements, commonly called the *duty of water,”
of arable lands must he considered from severel angles. The data

63255 —1 1
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included in this bulletin, and especially the concluding estimates
have been assembled not only for the benefit of farmers but also for
legal, administrative, and engineering agencies having to do with
cffecting the proper use of water in the irrigated areas with which
this report is concerned. This should be kept in mind in judging
the {airness and practicability of the author’s concluding recom-
mendations. They should be considered as a vardstick by which
the ultimate requirements may be approximated. Often it will not
be economical to attain the “duties’” specified and it is recognized
that they can be atiained generally only when present irrigation
practices are improved. Nevertheless, the author has not hesitated
to adopt in his recommendations the ideal “duties’ indicated by the
many experiments which formed the foundation for the study leading
to this publication, in the belief that they can be used safely by
engincers in planning new irrigation developments of farge size, by
ofhiciuls of irvigation enterprises having to consider in bulk the needs
of their communities, and by attorneys and courts which have in
hand the difficult task of bringing about the ultimate ideally beneficial
use of water over large areas the requirements of which are necessarily
divergent,

Investigations have been carried on for more than 25 years in
various localities of the Missouri and Arkansas River basins by
Federal, State, and private sgencies to determine the quantity of
water used io irrigation and the effect produced on the yield and
guality of crops by varying the quantities furnished. Many of
the results of the earlier investigations were published either by the
Government or by local agricultural colleges, but most of the pub-
lications arc not now easily procured. The results of various later
investigations by the Bureau of Public Roads ! and its collaborators
have not heretofore been published.

The duty of water in westesn Cunada. has been investigated by
the Dominion’s reclamation service and department of agriculture.
Becanse the climate and soil products of the southern part of Alberta
are similar to those of the basins of the Missouri and Arkansas Rivers,
some of the results of the Alberta investigations are summarized in
this report.

Units and forms of expression are those defined in the preceding
bulletin {(20)2 of the series.

THE BASINS OF MISSOURI AND AREANSAS RIVERS

This report, as indicated by the accompanying map (fig. 19), does
not deal with the entire basins of the Missouri and Arkensas Rivers
but only with their arid and semiarid porticns. These comprise
the portions of Montana, Wyoming, and Colorado east of the {lon-
tinental Divide and the western pertions of Kansas, Nebraska,
South Dukota, and North Dakots.

Notwithstanding its wide extent znd the diversity of the conditions
which influence the water requirements of crops, several femtures
may be seid to be common to the entire area, such as the elevation

The irrigntion work of the United States Department of Apriewiture was ariginally sondusted under
the supervision of the Office of Experinient reations nnd destgnated us “ Irrigation investigations.” Later,
under a rearganization of the department, this and other agriculiers! engineering activitios wWers groupad
In o division of agriculturad enginsering and made n part of the Dureay of Publie %!oad»s.

¥ Iteliv nutmbers in purentheses rofor to lteraturs cited, p. 110,
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gbove sea level of the irrigable lands as compared with the cultivated
lands of the rest of the United States, the scanty yearly precipitation,
and the large percentage of the annual precipitation which occurs
during the crop-growing period. These characteristics can best be
outlined separately for each of the seven States involved.

MONTANA

By far the larger part of Montana’s total ares and about 83 per
cent of its total 1rrigated area lie in the Missouri River Basin. The
central and southwestern parts of the State are drained by the thrse
main forks of the Missouri River and their tributaries; the south-
enstern purt by the Yellowstone River and its tributaries; and the
porthern part east of the Rockies by Milk River and its tributaries.
The irrigated lands are to be found in the valleys bordering these
streams. ‘The annual precipitation is about 14 inches in the cultivated
valleys, but at the higher elevations near the sources of the streams
it is much more. The greater part of the precipitation, especially
the spring snows and early summer rains, comes at a favorable time
to nourish crops.

President Alfred Atkinson, of the Montana State College of
Agriculture and Mechanic Arts, has classified the lands of Montana
as follows (24): Farming lind, 30,000,000 acres; mountain and
forest land, 26,000,000 acres; grazing land, 37,000,000 acres. In
the December, 1920, report of the ifontana Irrigation Commis-
sion {(35), tho aree irrigated in that year is given as 2,136,974 acres
and the irrigable area of the State as 5,288,517 acres.

The average eltitude of the State is 3,400 feet, but one-fourth the
total nrea is less than 2,000 feet and one-half is less than 3,000 feet
in elevation. These elevations are low as compared with those of the
other Rocky Mountain States and the protection afforded the culti-
vated valleys by high mountain ranges, the fertility of the soils, and
the propitious cliinate are conditions favorable for the producticn

of good crops.
WYOMING

Fully three-fourths of the srea of Wyoming and nearly three-
fourths of its irrigated iands lie in the Missouri River Basin. The
elevation varies from 3,000 to 14,000 feet, with & mean of 6,700 feet.
Most of the irrigated lands are at elevetions between 3,500 and 5,000
feet, but profitable irrigation farming is carried on i certain locel-
ities between 6,000 and 7,000 feet. Tor an arid State, Wyoming is
well watered. The North Platte River with its tributaries drains
most of the southeastern portion. Seven Important streams drain
the northeast and eight others equally large drain the northwest.
The mean annuel discherge of all of the streams of the State, includ-
ing those of the western siope, has been estimated as approximately
11,000,000 acre-feet (27}, of which sbout 7,000,000 acre-feet are
furnished by streamns of the Missouri River Basin,

When properly controiled, the entire supply should irrigate
6,200,000 acres and the streams of the Missouri River Basin scme
3,000,000 acres. The annual! precipitetion in northeastern Wyoming
variss from a normal of 6 inches in the Big Horn Basin to 25 inches
on the Big Horn Mountains. The plains of the southeastern part
have & normal precipitation of about 15 inches per year, while in the
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valleys of western Wyoning the annunl precipitation ranges from
11 o 22 inches. More than two-thirds of the total precipitation
occurs between April 1 apd September 30 throughout the Missourd
River Basin.

’ COLORADO

About 50 per cent of the total land area of Colorado and about
60 per cent of its irrigated aren are east of the Continentsl Divide
in the basins of the Alissouri and Arkansas Rivers. The eastern
half consists of high plaing with elevations of 5,000 to 6,000 fect near
the basc of the mountains and 3,500 to 4,200 feet at the State Jine.
The irrigated portions of these plains are mostly slong the courses
of the Arknnsas and South Platte Rivers and their main tributaries.
The rainfall on the arable lands averages less than 18 inches slong
the castern border and decreases to 12 to 15 inches near the moun-
tains at the west, sbout 80 per cent falling Letween March 1 and
September 30.

KANSAS

Kansas, which is 400 miles froin east to west and 208 miles from
north to south, may be regarded as one vast undulating plain which
slopes gently eastward from an elevation of 4,400 feet to loss than
1,000 feet, lying altogether within the Missouri and Arkansas water-
sheds. The sunual precipitation varies from over 49 inches in the
southeastern counties to less than 15 inches near the Colorado
boundary, but sinec about three-fourt.s of the total occurs between
April 1 and October 1, it is favorable for erop production, the chief
drawback being midsummer droughts. The Weather Bureau esti-
rantes that in a 20-vear period there were 33 periods of 30 days dura-
tion each in whiech little eflective rainfall oceurred (50). These pro-
tracted dry spells, accompanied by dry winds and excessive evapora-
tion, creafe a need for supplemental irrigation over much of the
western half of the State. Streams can not be depended upon {or
irrigation supplies to any great extent, since the run-off is extremely
limited end cconorical opportunities for storing flood flow on a
large scale are not numercus. However, there is available a de-
pendable supply from certain underground sources, and the future
rrigation development of Kansas must be based largely upon well
water, of which there is estimaked to be enough within economical
lifts for the irrigation of 5,000,000 acres (30).

NEBRASKA

Nebragka Hes wholly within the Aissouri River Basin.  Its eleva-
tion incresses from about 1,000 fect at the Missouri River to more
than 4,500 {eet near the Wyoming State boundary. As the clevation
increases, the precipitation decreases, being more than 32 inches in
some of the eastern counties, while in the western part it is less than
18 inches. However, since more than three-fourths of the State’s
annual precipitation oceurs between April 1 and September 30, 1t is
favorable to crop production.

In 1919, 442,690 acres were irrignted in Nebrasks, the water supply
being derived alinost wholly from the Platte, Republican, White,
and Niohrara Rivers. The need for supplementing the rainfall by
Irrigation will be felt more keenly in the [uture, but on account of
the limited water supply only a smail urea, estimated ot less than 3
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por cent of Nebraska’s total land surface, can be irrigated. This
estimate anticipates the utilization of not ouly atl the stream flow in
the wostern hall of the Stete but also the available ground water fo
be profitably pumped from wells. The extent of land for which a
water supply actually ¢can be lurnished bears but a small ratio fo
the arcn of land which, il the water were available, might profitably
be irrigated.  The precipitation over much of the western counties
is not suflicient to grow ordinary crops in rotation with leguminous
crops and thereby maintain the productivity of the soil, hence crop
vields, farm profits, and farm land wvalues probably will decrease
unless more moisture 13 made available by artificial means.

S0UTH DAKOTA

South Dalkota is divided into two nearly equal parts by the Mis-
souri River, which flows in & southerly direction [rom the midpoing
of the northern boundary as far as Pierre and thence to its junction
with the Biz Sioux River at the southeastern corner, the entire
State being Jrained by the Missouri River and its tributaries. The
extromes i clevation are et Big Stone Lake in the northeastern part,
which is 867 leet sbove sea level, and Harey Pesk in the south-
westera part, which has an altitude of 7,216 feet.  The celevations of
the western counties runge from about 1,500 [eet at the Missourt
Rivor fo about 3,200 feet near the castern border of the Black Hills
district. With the exceptions of the rocky formations of the Black
Hills, the Bad Luuds, and several landmarks in the way of buttes,
the State consists of open prairic and tablelands with gently sloping
or undulating surfaces. The Black Hills comprise about 3,206,000
acres and the Bad Lands about 1,250,000 acres. The average annusl
precipitation for the State is about 20 inches, bal that of the eastern
half averages about 5 inelhes move than that of the western half. The
low precipitation of the western counties is partly compensated for
by the time of its occurrence, over four-fifths of the annual amount
being received bebween Mbrch 1 and September 30,

NORTH DARKOTA

Being distinctively o prairie State, North Dakota has few hills and
forested. arcas; 93 per cent of its lands are arable, and of this aren
1,540,000 acres are classed as irvigable.  The elevation above sea level
increases from east to west, being shout 1,000 feet in the eastern tier
of vounties and 3,000 {eet near the southwestern boundary. The
normal yearly precipitation throughout the State is a trifle below 18
inches, the western half receiving materially less. Mean precipita-
tion of all the vears of record to 1922, inclusive, af the Weather
Bureau stations in western North Dakotn, ranges from 13.63 to 17.46
inches, and averages 15.56 Inches (57). The seasonsl distribution
hewever, is well adapted to the molsture requirements of the crops
grown. The largest streams ere the Missourt River, with & basin
within the State of 20,000,000 acres, Mouse River, Red River of the
North, and James River. Irrigation has been mainly confined to a
smuall part of the Missourt River Basin, but with continuous cropping
to cereals the naturslly fertide soil becomes less productive an
retains less moisture. As profits from dry farming decline, more
intersst will be taken in providing suppleinental water supplies, and
i the future it is likely that much more land will be irrigated.
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SOILS OF MISSOURI AN} ARKANSAS RIVER BASINS

Montana, Wyoming, and Colorado are traversed by the Rocky
Mountain Range with its many lolty peaks and high mesas and have
much land that can never be cultivated.  All three States contain
oxtensive grazing ereas which are too rough snd stony to be plowed,
and much of the Torested aren is high, rocky, or otherwise unsuitable
lor cultivation. The uren of arable land is relatively small and the
portion which can be irrigated is still smalier, because of the searcity
ol water and the cost of its diversion. Less than 7 per cent of Mon-
tann eust of the Continental Divide is irrigable. The corresponding
pereentage i Wyoming is ubout 10 while m Coloradoe it is about 8.
Whitney says: (66, p. 85) “The rough topography in itself would
prevenk the coltivation of a large part of the area. The portions
that nre adapted to cultivation consist mainly of old valley fillings
and river flood plains.”

Tho following paragraphs, descriptive of the soils of the basin, have
been abstracted from reports of soil surveys by the Bureau of Soils,
the Burean of Reelumution, and the loenl State experiment stations.
Somo types ol soils deseribed in carly reports of the Bureau of Soils
have been reclassiliod and their designations have been changed from
those given.

In general, the soils of Gallatin Valley, Mont., comprising 208,000
acres, are (ine textured, heavy alluvial, or silty loams. The Boze-
man silt loam was Tound on over o third of the arca and the Yakima
silt loam on one-lfourth, while the Gallatin gravelly loam occupied
more than a seventh of the total area surveyed. Silt predominates
in the Bozeman silt lonms, more clay being present thau fine sand or
very line sandl.  Sill likewise predominates in the Yakima silt loam,
with more very fine sand than clay, The Gallatin gravelly loam
contring less silt than either of these loams, but more coarse sand and
i smuall amount of fine gravel,

Tis n portion of the Yellowstone Valley, Mont., comprising over
68,000 weres extending ecastward froin Park City to Billings, the
Bureau of Soils found Tour soil types. v the order of their extens
these nre the Billings cluy, which s a clay leam underlaid by a tough
and sticky clay; the Billings loam, which ranges in texture from
sandy lonn to clay; the Billings sandy loam, which is productive
and free from alkali; and the Laurel sandy loam, composed of mate-
rials transported in past geologic time by the Ychlowstone River.

A soil survey of u portion of the Laramic plains near Laramie,
Wyu., showed that tiie soil of 43.6 per cent of an area ol more than
107,000 acres was Laramie sandy loum; Redfield sundy loam com-
prised 21.6 per cent; and Laurel sandy loam 14.9 per cent. The
Laramie sandy loam has been trunsported from the hills and moun-
tning by water, wind, and ice, and contains varying percentages of
sand, silt, elay, and gravel. ‘The Rediield sandy zTuum ts derived
from the rocks over which it lies and consists principally of very
fine sand, silt, and fine sand with some clay. The Laurel sandy
toam is an slluvial deposit, consisting of sand, silt, and a smull per-
ventage of ¢lay.

In 1925 a soil survey of a proposed Federal rectamation project
in Carbon County, Wyo., muade by the State university, the Bureau
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of Reclamation, and the State engineer, included an area of 102,360
acres slong the east bank of the North Platte River, with elevations
from 6,900 to 7,100 feet. Topographically it is & series of terraces,
some of which have steep slopes. About 64,000 acres, or 62 per
cent, found to be irrigeble, had soil consisting chiefly of loam and
fine sandy loam. The soils were classified on the basis of steepness
of slope, depth and quality of soil, alkall accumulation, and drainage
conditions. Good seils having faverable conditions and slopes of
144 to & per cent were designated class A, Similar soils having 6 to
12 per cent slope were calied class B, while class C soils were deep
and had slopes of 12 %0 20 per cent.

Most of the soils of northern Colorado east of the divide are of
the sandy loam type in which sand, silf, and a medium percentage
of clay are present. Two productive soils, the Colerado fine sandy
loamn and the Colorado loum, charscterize cxtensive saress near
Greeley. The former contains 30 to 40 per cent very fine sand, 25
to 32 per cent silt, 17 to 22 per cent fine sand, and 10 to 13 per cent
clay. 1t is of residual origin, easily cultivated, well drained, and
free from an excess of alkali. The Colorado loam is similar in tex-
ture but contaius more clay. In the soils of the Arkansas Valley of
Colorado clay and silt are more abundant. There are the silt and
clay loams of the Lamar series, the silt loam, clay loam, or gravelly
loem of the MeClave series, the sandy or loamy soils of the FHolbrook
series, and heavy soils of other series.

A reconnaissance soil survey of more than 25,000,000 acres in
western Kansas was made by the Buresu of Seils in 1910 (10).
Throughout nearly 36 per cent of this area was found the Colby
silt loam, on over 15 per cent the Summit silt loam and Summit
silty elay loam, on 13.2 per cent the Richfield siit loam, and on 8.1
per cent the Richfield sands and sandy loams.

The Colby silt loam usually contains about 70 per cent of silt, the
other main consititients being sand and clay. The Summit silt
loam and silty clay loam are derived {rom cretaceous formations and
contain 70 to 80 per cent silt, 10 to 20 per cent clay, and 5 to 10 per
cent very fine sand. The Richfield =il loam is a weathered product
of the plains marl modified by a small amount of fine sand. The
principal ingredients in its content are silt, very fine sand, and clay.
The Richfield sands and sandy loam contain little clay and about
20 per cent of silt. Sand of various degrees of fineness is the principal
ingredient.

According to the Bureau of Soils, the normaeally developed deeper
soils of the North Platte irrigation project in western Nebraska show
in their profiles {1) & loose {riable surface soil, {2} & subsurface com-
pact layer, (3} a loose frinble highly calearecus silty layer, and (4)
the parent rock. The more important soils of the upland derived
{from the clder rocks belong to the Rosebud, Dawes, Goshen, Orells,
Epping, and Canyon series. The first three series are either silt
joams or very fine sandy loams, free from an excess of alkali and
ensily cultivated. The Orella and Epping series are characterized
by more cley, inferior natural drainage, and more alkali. The
i()a:éyon series occupies an eroded country which has little irrigable
804g,
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A reconnaissance soil survey of the western half of Scuth Dakota
made by the Bureau of Soils in 1909 (9) showed that the common
types ol soils of that part of the State are Pierrc clays, Morton loams,
Motton fine samly lonmn, Rosebud silt loam, and the Pierre loams
and eclay loams. These five constituted 80 per cent of the area
investignted exclusive of the Bad Lands and the rough stony land.
Bilt and elay combined constitute about 80 per cent of the Plerrc
clay soil. 1t is of a heavy sticky nature and cracks when dry.  The
Morton loanws, next in extent to the Pierre clays, vary in texture
from & loam containing a considerable quantity ol fine sand to a
heavy silt lorm in which only a smail percentage of sand is present.
Nearly 80 per cent of the Roscbud silt lbam is sil6, about 25 per cené
very fine sund, and 13 per cent clay, the remaining ingredients being
coarser sand. It is loose and {rinble but crodes readiy on necount
of the finenesa of its sand. The Pierre loams and elny loams vary
from a loose friable loam 1o a silty eluy Joam, possessing some of the
characteristies of Ure Picree clay.

I 1908 the Bureau of Soils made o survey of 25,000,000 acres in
western North Dakota (31), finding the Williams loam, & soil of
gineial orizin, on 53 per cent of the territory surveyved. This soit is
eastly cullivated and-mnintained in o guod condition of tilth and is
sufliciently open to absorb water readily.

Other common soils ol this territory are the Morton loams and
the Morten clay and cloy loams deseribed clsewhere in this bulletin.

CLIMATIC CONDITIONS

Preeipiiation, temperature, snd the duration of the [(rost-lres
period influence the quantity of water required for profitable crop
production. Tlata compiled from the records of the Weather Buregu
for 18 localities are summarized graphically in Figures 1, 2, and 3.
The normal annusl preeipitation s small, but its monthly distribu-
tion is well adapted to the needs of crops, much of it falling in April
May, June, and July. 1In parls ol the basing the August rainfall is
also considerably above the monthly average. The precipitation in
winter is Jow, often heing less than one-hall inch and seldom exceed-
ing 1 inch per month.

In zome cases the total amount of precipitation may not be effee-
tive in producing plant growth. )\ light shower may add no moisture
to the soil, while a heavy rain mav result in a considerable loss through
run-off. A moderate rainfall generally is absorbed by the soil wath
little or no loss,

While the average annual precipitation [or any locality serves as
a general index to the quantity of supplemental water required, the
percentage of dry years in a cyele should slso be nown, as well as
the duration avd intensity of droughts and the percentage of the
annupal precipifation which is effective in nourishing crops. The
normal precipitation may be rased unduly 1n a period of years by a
few wet seasons. TFigure 4 (7} shows the annual precipitation af
Hestings, Nebr,, for each year of a 20-year period.  In this case the
abnormal wet yvears of 1905 and 1915 raised the average to 23.35
inches, whereas the average of the 13 years in which the precipitation
was below the normal was 10.29 inches and the average of the five
drigst vears was only 16.74 inches.
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The frost-free period is short when compared with those of the
Seouthwest or Pacilic Coast States.  In the more clevated agricultural
districts killing frosts may oceur wlter May 15 and belore Sepéember
15, In velleys of lower altitude the period bebtweon May 1 &nd
September 30 is usually free [rom injurious [rosts.

July and August are the warmest months and December and
January tho coldest. There is o [uirly gradual inerease in.mean tem-
perature from 1C° I. in December and January to 65° to 75° in July
and August,

Evaporation {rom water surlaces is low throughout the hasin,
chielly because of relatively low temperntures.  The rate of evaporn-
tion has been determined in several ways and the results are not
abways comparable. At the State and Federal experiment stations
enlvanized pans; occasionally square but more olten eireular, of vary-
ing sizes and depths, have been instolled, most frequently in the
ground with the tops of the pans projecting a few inches, and less
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Fra. 4—Annpnl precipitation nt Hastings, Nobr,, 1904 to 1823

frequently on the ground surface. The pans are neerly filled with
water nnd n record is kept of the quantity of water evaporated.
Other conditions being similur, the smaller the area of water exposed
and the shallowoer tts depth, the greater the rate of evaporation.
The evaporation [rom the surface of reservoirs ususally is ascertained
by means of floating pans about 9 square feet in surface area and 12
inches in depth. On account of ice and snow, evaporation records
have been confined almost wholly to the frost-free period of each
yvear. At Fort Colling, Cale., however, the record is practicslly coun-
tinuous since 1887. This record of 38 years shows an average yearly
evaporation of 42.04 inches, of which 30.31 inches or 72.13 per cent
ocelrred between April 1 and September 30 and 11.71 inches or 27.87
per cent between October 1 and March 31, The monthly averages
for the 38-yenr record from 1887 te 1925, inclusive, are shown graphi-
colly in Figure 5. By means of this record it is possible to ¢stimate
approximately the yearly cvaporation at stations having a record for
only part of the year. Table 1 gives the average monthly evapora-
tion in inches from ground tanks during the summer months at
several localities in the basins of the Missourt and Arksnsas Rivers.
The number of years of record, clevation above sea level, form of
pan, and arce are also given.
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The aversge monthly and annual wind movement in miles per
hour at 24 localities in the basins of the Missouri end Arkansss
Rivers is given in Table 2.

TABLE 2.-—Arerage monthly and annual wind movement {n wmiles per hour, al 84
loculities of the Missouri and Arkansas River Basins

Average wind movement, in miles per hour in—
Lemplht| e e e s
Locality of 1
record Fon. |Feb. |[Mar)Apr, | Mas} Jone |Juiy ] Aug.| Sept. | Qel. jiNov, Dec. n’\ura:i
Yrars

Tan Animas, Colo. .. G{T.1I|BG|ABTIOY Q0 BEB|7.2|72] 7673|6164 7.9
Pueblo, Colo.... ... HILO| A3 R21856|80| 2|67 162]| 2|n2|6s]as A
Danver, Calao., .- VG| TE)BEIRA T LIS ARG Oy |G| 2103 7.4
Cheyenng, Wi SUEB 0 R0 29 oy L) | 0| 6.8 | 84 .4 104 iL6 {125 1.2
Iannder, Wyo WA RT| 5053153 404528 44373843 43
Ehoridng, Wy Hlad|hd| 6T |88 G355l alla6]|a0iag 5.9
TTelrpn, Mol N|Leles|r8las|s2l so|ralny EERET AR R A 75
Yelowstone Park,

Wt el WININB2|B7 |81 |80 4lhelcd] r.4]|74|80]80 7.8
Dovee, Alond. ... . X A T T N I A B21E4 05103 .0
Willistow, N. Dok . WAV 00 |00 R O] FRB|TS] BO|ARI|Ty}TA 83
Bistanrek, N, Dak____| SR es 2oL |03 0088 WY |0R 0286 2.8
Dieree, 8. Dnk o oo Ziys4|achoe 2 heo| 8183168 wol83ta2|ny 2.3
Raopis Cley, 8. Dok, WALT|RT| 80| M IBE| S31nT{%2] B2lsalro|ny 82
Tluron, 8, Dak. o SEILLG L 23 8614 | 20270 100 LIRS {2 105 1L 4
Yankton, 5. Dak R8s |40 B8] LE8I6RG]0LT| T4i80] 80|82 82
Morta Platle, No W3 |88 I 168 ®H6]ET]ESR E510.0|Bi3|%g o2
Valentine, Nelsr a2raainsliLd iz e | ILopoel i a0 wa| e ae 0.5
Omnha, Nebir_ AR Ol a0 ied]a2]| “9]%8]68] 77 84 RE|87 B&
Lineain, Nebro B a0e s 273 2hrg|0m1{80]|87 88407 [10.5 |30, ] 10.7
Conenrdin, Kans. - Br A8 0.2 0.6 L5100 BE]N2|%8] BV BU|BG]AES 92
Dxige Oy, Kans____ SPLeaph a1 e BT B24 L7 | 127 126 06 LR T ) 128
lols, Rans. ... | IV B G5 151 |10.8 | i 4 BRO[71|%1] LTI E4(0.2 %1 9.0
‘Topeks, Kans, . 200005 pLa L5205 2018078 B710.6|8.6)9.4 2.7
Wichits, Kans_ ... AU L 8.0 |06 1 |14 7 (1800 108 (M0.B |iG.3 ) LB I122 12,0 L7 1z.4

WATER SUPPLY

That part of the Continentel Divide which forms the western
houndary of the Missouri and Arkansas River Basins extends from
Cenade southward a distance of 1,100 miles. The elevated pesks
and table-lands of this range form a catchment area for winter snow
which in melting creates a number of streams that discharge into the
Missouri and Arkansas Rivers, being further supplemented by spring
and summer rains. The discharges of these snow-fed watercourses
fluctuate widely, as may be noted from the mean monthly flow of
four typical streams given in Figure 6. These hydrographs show
greai; differences between the quantity of water available for irrigation
during the first and last stages of the crop-growing season, and
emphasize the necessity of storing a part of the flood flow for later
use. The 1920 census (52) reports 1,220 reserveirs with a combined
capacity of 4,860,616 acre-feet on the watershed of the Missouri
River and its tributaries, and 367 reservoirs of 1,155,259 acre-feet
capaeity on the watershed of the Arkansas River and its tributaries.
It 1s apparent that considersble work has been done in the conserva-
tion of water in these basins, but much must still be done before the
tota! nvailable run-off is effectively controlled.

Much of the water carried in artificisl channels in earth is absorbed
by porous material along the route. While the water so absorbed
fails to reach the place of intended use, often much is recoverable
for other localities and other enterprises. This so-called waste water
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angments the return flow of rivers and replenishes underground
water supplies.

In the summer of 1903 the writer and his assistants made a series
of meaSlﬁements t.ohdaf%emﬁne the return flow to that portion of Bit-
terroot River which flows through 5 .
the Bitterroot Valley, Mont. The ARICINORS RIVER, COLO
loss by sbsorption and the gain O N ORTH BLATTE RIVER-WYG.
by return flow in 48 miles of river
channel between Juze 12 and

1 2] 1 Lo
?%%?;t 12, are shown in Figure YELLOWSTONE RIVER, MONT.

The resulis of & series of measure-
ments (39) made in 1819 and
1920 to determine the return flow
of the South Platte River between
Kersey and Julesburg, Colo., »
distance ef 140 miles, sre shown,
with previous messurements, in
Figure 8.

Rating staticns maintained on
the Cache la Poudre River in
Colerado, its tributaries, and the
canals diverting from i, provided
continuous records for 1916 and
1917’ from W‘hlch_ the seepuge re- Fig. 6.—Afean monthly flow of fovr bypicsl
turns shown in Figure 9 were de-  struawms of the Missoari and Acknusus Hiver
termined (25). Busins

Little underground water has been used in the territory considered.
Throughout most of it surface water is still available and conveyance
by gravity canals is cheaper than pumping from underground sources.
However, as surface waters become scarcer and more valusble and

MISSOUR! RIVER, MONT.

Thowgonds of AorefTer
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Fin. 7.—Tods by absorplion and gain by return Bow in 48-mmile section of Bitterrool River, Mont,

more water accumulates and rises nearer the surface in underground
depressions, it may often be found cheaper to sink wells and install
pumps then to build long lines of gravity canals over rough end
uneven country.
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IRRIGATION PRACTICE

In determining the quantity of water needed lor arable lands yeb
to be recleimed, considerntion should be civen to the irrigation
methods now followed, and more particularly to the improvement
of methods which have resulted in & move economical use of water.

With the coming ol white settlers to this scetion, domestic stock
superseded the buffalo, and it was largely to provide forage during sum-
mer droughts aud winter storms thaf trrigation was ndopted.  There
were to bo had for the teking comparalively smooth, level tracts
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berdering streams on which native grasses grow. With meager
cquipment the seitlers dug ditches from near-by streams and dis-
tributed the water over the mendows. This practice, simple and
crude though it was, served to demonstrate the velue of Irrigation.
The irrigation of aifulfe, cereals, and root crops [ollowed, but owing
to the existence of extensive grazing areas and conditions lavering
the raising of cattle, sheep, and horses, the Iirigation of forage crops
hias cccupied and conlinues to occupy & prominent place i the agri-
culture of this territory, The small ditches of the pioneers were
poorfy constructed and much of the water tuken from the streams was
lost in transit. Wild flooding was alsu the common practice and
much of the water applied 40 fields varved no useful purpose.
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Such ditches did not long satisfy the nceds of the fast-increasing
numbers of now settlers. The later comers wished to occupy the
fertile bench lands which lay somewhat above the river bottoms,
but ditches that would convey water to higher lands would have to
be so long and costly as to be entirely beyond the financial means of
individuals. This handi~ap was partly overcome by the enlarge-
ment and extension of existing diiches through the joint efforts of
sovernl landowners, or by the formation of cooperative companies
of farmers.

Under these organizations the cost of the water system is appor-
tioned cither on an acre basis or according to ownership of shares of
stock which may or may not be attached to the land, and each
landowner or stockholder contributes his share in labor or money or
Lboth. Ta return lor this outlay he is entibled to receive his share of
the How of the diteh. The irrgation systems of cooperative compa-
nies were more carelully located and better built than the individually
owned ditchies of the pioneers, and almost without exception noth
clusses proved highly profitable investments. It was largely this
economic success which led promoters o believe that large profits
could e made by building canals to irrigate cheaply sequired lands,
selling water rights, and collecting
water rentals from the purchasers.
Mony land arnd water companies
were formed bebween 18380 and 1900,
The gystems were carefully planned
and built; but, withafew exceptions,
they were unprolitable investiments,
chielly beeause little attention had
been paid to the farmer’s part in
irriealion,  Inexperienced  settlers
with insuflicient nieans were per-
mitted to locate and build farm
ditebes and structures, prepare land  Fig, 0.—Seopnpe return to the Cache i Poudre
for irvigation and adopt ways and  Riter, Aleanmonthly fiew for the years 1518
means of wetting the surface, with
little advice or assistanice.  Theresulting failures deprived companies
of the revenue upon which the success of their enterprises depended
and led to bankruptey.

Many commniercial enterprises were finally taken over by the
farmers who owned land under them. Conditions secon began to
improve and a greater interest was manifested in the revenue-
producing possibilities of irrizated farms. During recent years
transnussion losses in cliannels have been reduced by the use of
Mlumes, pipes, and concrete ditch lining, more efficient systems of
wiater mensurement and delivery have been adopted, more care and
skill exeveised in the preparation of land end the application of water,
and canal managers and water users have acguired a truer conception
of the importance of the right metheds of irrigation.

ITowever, much remains to be done to lessen the waste of water,
A large saving ean he effected by providing impervious channels and
contduils for its convevance and in many cases these will be econom-
ically worth while. Farmirrigation practice might be much improved,
but obviously the cost of irrigation must be kept within economical
limits. Tn estimating the benefits of all changes of this character,
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there should be a careful consideration of cost as compared with the
advantages to be gained.

CROPS GROWYN UNDER IRRIGATION

Abcut 5,000,000 acres in the Missouri and Arkansas River Basing
are irrigated.  Stock raising is still vhe principal agriculbural pursuit
of the irrigators, especially in Montana, Wyoming, and Colorado,
and the leading crops are alfalls, native grasses, clover, timothy,
and other stock feeds. The cereals are next in importance. Wheut,
onts, and barley are the most common, but the total irricated area
on which cereals are grown is tnuch less than that oceupied by forage
crops, the ratio being about 1 to 3. The acreage in vegetables is
relatively small, being confined muinly to potatoes. The climate is
not well adapted to orchard [ruits other than the hardier varieties of
apples and cherries, except in a few of the lower and warmer valleys,
where there are small acreages of peaches, pears, and grapes. Small
fruits, on the other hand, are successfully grown throughout the
busin.  Sugar-beet growing is an important industry in loecalities of
relatively Tow altitude and long grewing season. Nearly 200,000
acres of sugar beets grown for sugar were irrigated in 1919,

With the exception of a few special crops like sugar beets, canning
vegetables, and fruit, the returns from such farming as is practiced is
not high.  An average gross return of sbout 832 per acre of cropped
area is about all that can be depended upon under conditions existing
during the past decade. The more general adoption of scientific
systems of crop rotation, better prepuration of soil surfaces to receive
water, and a more skillful application of water to erops coupled with
other better farming methods will incrense present revenues from
irrignted farms, providing other factors remain as they are. It is
not to be expected, however, that any improvements in farming
methods which can be brought about economically, will greatly
inerease the present revenue, and the cost of irrigation water should
be kept af a reasonably low figure. So too, the cost of farm ditches,
structures, and land preparation to facilitate the distribution and
use of wuter should not pass economic limits.

RELATION OF WATER APPLIED TO CROP YIELD

The relationship between the quantity of water applied to crops,
and crop yields, usually is determined by selecting a tract of land
having uniform soil and subseil and on which crops can be grown
without deriving any part of their water supply from seepage or a
high water table. The tract may be divided into a number of parts
und each part devoted to a particular crop. These parts may be
subdivided into plots, the number in each preferably being large
enough for duplicates, which may have the same treatment, each
being some readily computed fraction of an acre, The surface of
each plot is prepared in such a way that it can readily be irrigated
with a measured quantity of water.

The purpose of growing crops in such plots is to provide conditions
approximately uniform except as represented by the water supply.
in the usual procedure ane or two plots receive no water other than
the natursl supply from soil moisture and rain. The remeining plots
or sets of plots receive, in addition to the natural supply, variable
quantities of water artificinlly applied.
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It is possible to secure nearly uniform rainfall, temperature, and
sunshine, as well as cultural metheds, but the spread of disease, the
attacks of insects, and the destructive effects of hail and wind rarely
affect aliko all the plots of a series. Accordingly the results obtained
in the form of crop products may depend at times on factors other
than the quantity of water applied. .

The yicld depends also on the time of irrigation. When a small
guantity is applied in one irrigation, the usial practice is to time its
application to meet the greatest need of the crop for water. The use
of larger quantities of water calls for twoe or more waterings. Ordi-

WATER APPUIED CROP YIELD

Inches in DepthanLand Tons per Acre
454035 30 25 20 15 10 5 2 4 5 8 7
HRRIGATION...
RAINFALL.....[ ] ALFALFA
Grawn in the Gallatin
Valiey, Montana in

1803, cooperctively| | j
by Bu.Pub. Roods and ---

- | Greven of Newcastie )
Bu. Pub Roads and

oming, Soll-Clay

aiiivial with same sa

Grown neor Hays, K

in {804, cocperafiv

by Bu Pub Roads and the
ansas Exp. Sta.

Soil- A deep loam.

Grownat Lefhhridge.
Albgria in 1923 A

the Depl of Agri.of
the Dominion.
Soil-Medium aandy

clay lbam.

Fia. 10.—Relationship between Lhe quanlity of water applied and the crop Field of slfalln at
various places between 1503 and 1924

narily the nuntber of waterings iz inore or less proportional to the total
quantity used.

When plants receive too little irrigation water for their mainte-
nance they usually draw on any reserve moisture that may remain
in the soil from winter vainfall or previous irrigations. In such cases
the supply of motsture in the soil is less at harvest time than it is at
seed time. On the c¢ther hand, when plants are heavily irrigated
part of the surplus may be stored in the soil.

The results shown graphically in Figures 10 fo 18 have been
selected from the data given in Tebles 9 to 31 and include alfalfa,
wheat, oats, barley, sugar beets, potatoes, Kafir corn, and a group
of miscellaneous crops,
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5 8|5 o[WATER APPLIED CROP YIELD
5"6,3. E%E inches in Depthon Land Toens per Acra
= é = }“4035302520 1513 S ALFALFA i 2 3 4 5 & 7
RRIGATION...... 0l
it ! AANNFALL...... Grown af Renglane, Alla.
1 ! in 1320 by the Reclornalion
Service of Conoda,

2 t ' Soil,—Fine sondy faam.

3 [ Subsoil-Sandy loom,

a \ Plats range in size from

’ froclion of an acre fo

5 [ more fthan ene acre.

8 I

Groiwvn of Ronolane, Alla
in 192f under condilions
similar fo those in 1920
as sfofed cbove.

@ b= O

Grown of Braoks, Alta.,
in 1920 by the Reclornalion
Service af Conodo.
Sei—Uniferm fing sandy
loam underfoid by very
fina sand and silh,
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- e e e

Il

Grown al Srooks, Alld.
in 1921, under conditions
similar fo those in 1820
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in 1948 under condifions
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as stofed above.
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Grown of Ronalone, Alt.,
in 318 unden conditions
similar fo those of 1920
1 us stafed aboye.

@O Wb QR

i [

Fia. 11.—Rciat1<rnshii) belween o gunotiny of water applied and the crap Fickd of alfaifs
a} Honzizns snd Brooks, Alberly, betwecn 1818 and 1630
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WATER REQUIREMENT OF CROPS

When “water requirement” is determined in a laboratory it
indicntes the ratio of the weight of water travspired during the period
ol growth of any plant to the weight of dried erop produced. The
ratio given in Table 3 (4} for each crop listed indicates the wide diver-
sity in water requirement under laboratory conditions.

g & §._o|WATER APPLIED CROP YIELD
E%E‘ E ® ¥linchesin DepthanLand Bushels per Acre
2 B[R Flomnsaosiws 0 20 30 40 50

0 |} mRisaTion. - WHEAT

5 y 1TANA S T Grown in the Gatlatin Valtey,

Monfana,in 1803 cooperdiively

3 I by Bu. Pub Reods and the

g | Muontana Experiment Station,

5 | Soil— Heavy silt loam.

6 l

Grown near Gheyenne, Wyo.
in 1984 rogperatively by Boreau
PubRoads and the Skafe of Wyo,
Soil—Chiefly sand loam.
Grown near Newcostle Wyo,
in 308 cooperatively by Bu.
Aub Flouds and the State of Wyo.
Soil-Alfuvial clay with some
sand,
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Grown al Yauxhall, Alberfa in
1821 by the Reclamation Servit
of Canada in covperation
with the Canada land and
irrigation Co.
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Grown al Brooks, Afberts in
1319 by the Reclamaiion
Service of Canada.
Soil—Fine sundy loam.

F1:, 12.—FReiationship between the quantity of water applied and the crop vield of wheat at varlous
places between 1903 and 1021

TanLe 3.—Waler requirement of crops based upon the means of different varicties

Ralio | Ratio Natio
1to—! Ito— Io—
Alfalfa___.__..___ 1,068 Buckwheat___..__ 578 | Sugar heets__.____ 377
Canada field pea_. 800 Barlex ..o ... 839 1 Corn___o_.______ 369
Springrveo.o.. 724 Wheato ... 507 | Sorghum__ ... 306
Sweet clover___... 709 | Potatoes________. 448 { Milleto________.__ 275

Oats . _______ 614 | Rape.______..._. 441
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In thig report the term “waler requirement’ applies to field con-
ditions and means that quantity of water, expressed in acre-feet per
nere, which will produce the most satisfactory vield. The use of
water includes not only transpiration from plants but evaporation
from soils, n Tairly uniform distribution, and, in porous soils, some
deep percolation loss.  In other words, water requirement of crops as

WATER APPLIED CROP YIELD
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& {rches in Deglh on Land Bushsls per Acre
30 25 20 IS I 5 OATS Zﬂqﬂmmmmﬂ
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Grown of Lorarmie, Wyo.
in 803 cooperativaly g
Bu. Pub Reads and the Wyo.
E xp. Sta.

Soil—Sandy loarn.

Grown nage Newcoatle,
in {943 cooperotively by Bu, |

1]

Asts Amatsand the State of Wya.
Sail—Aluvial clay with some
sgnd.

o

e

Grown of Ronolere, Alberta
in 19204y the Reclomation
Service of Canada ond the
Canadg Lond and frr.Ca,
Soif,~ Fine aandy foam.

Growrs of Vourhall, Aberia

in 1321 by tha Raclamation

Service of Conoda and the

Cunoda Land dnd Irr.Ce.

Plols ¥ acre. '

Soit—More uniform than
I l l ! E

G b WM — 3

B W —-o
LA

of.Aoaalane.

Growrr al Brovks, Alberta
in 1918 &y the Reclamation
Service of Conada.
Soil,— Fina sandy foam,
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Fi. 13—Relntionship botweon tho quanllty of water applied and the crop yleld of oats as deter-
mined st varions places between 1903 and 1921

here used, is that quantity of water which, when skillfuily applied to
plots and fields, will produce the most profitable crops. The largest
vields may not be the most profitable. Some crops respond to an
increase in the number of applications and also in the seasonal quan-
tity of water, but the resulting increase in yield may be more than
offset by the value of the extra water, the cost of applying it, and the
damage to soil from overirrigation.
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EXPERIMENTS WITH ALFALFA

During the yeurs 1913 to 19815 inclusive, the quantity of water
applied to each of 62 tracts of alfulfa in Yellowstone County, Mont.,
was accurately determined by the Bureau of Public Roads acting in
cooperation with the Montans Agricultural Experiment Station.
The tracts (Table 9) ranged in size from 1.45 to 35.1 acres and aver-
aged 6.71 acres. The rainfall during the growing season was 0.67
foot in 1913, 0.82 foot in 1914, and 1.23 feet in 1915. Because of the
influence of factors other than the quantity of water applied, no well-
defined relationship can be established between the quantity of water
applied and the yield. It is worthy of note, however, us indicative

WATER APPLIED CROP YiELD

Frches in Bepth o Land BARLEY Bushels gar Acre
025 20 %5 B 5 |Grown of Cheyenne, Wyo. |18 2938 % S0 80 70 80 %y

IARIGATION _ S in 1810 cooperatively by Bu.
RAINFALL.... =3 —AubRoods and the Stote of B

Wyarning.
Soil,— Cgt‘ef ly sondy foam!

Grown af Vouxhall Alberts
in 192( by the Reclamation
Service of Conada and the
Concda Land ond Jrr. Co.
Seil—More uniform thon
of Ronolone.

Grown of Repalane Atberia
ir 1918 by the Reclarmalion
Service of Conoda ond
the Conada Land dnd
Irrigaticn Co.

Soil,~Fine sandy loam,

Grown at Braaks, Alberfa
ir 1918 by the Reclamation
Service of Canada,
Soll— Fine sandy /oom.

F1a. #4.—Relatlonship between tha quantity of water applied and the crop yield of burley as der
termined at vorious places between 1910 and 1921

of a close approach to economical use that the 13 experiments pro-
ducing the highest yields of 5 tons or more per sere used an average
of 2.48 acre-feet of water per acre, including rainfall.

The use of water in irrigation in northern Colorado was investigated
in 1916 and 1917 by the Bureau of Public Roads in cooperation with
the Colorado Agricultural Experiment Station. Part of the investi-
%ation sought to determine the customary practices of the individual

armers in watering their crops, unaffected by any experimental con-
siderations, and included determination of the quantity of water
applied snd the yield on each of 74 tracts of alfalfa, averaging 22.27
acres in extent. The rainfall from April 1 to September 30 was
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newrly normal and averaged 0.72 foot for the two seasons. The soil
in this loeality is well deained naturally and the prevailing type is a
light sandy lonm. Of these 74 tracts (Table 20), G yiclded from 4 to
G tons per acre with an svernge use of water of 3.23 ncre-fect per acre
including rainlall, and 23 tracts yielded from 3 to 4 tons per acre
with an average use of water of 2.79 acre-feet per acre.

In the plot experiments with alfalla in southern Alberta tho greatest
sensonal yield in a four-year period ot Ronalane was 4.04 tons which
was obtamed with the use ol 1.94 acre-feet per acre of water, including

WATER APPLIED CROP YIELD

taches in Depih enLand SUGAR BEETS Tons per Acra

035 302520 45 10 5 4
P11 —1Grown af Rocky Ford, Colo.in T .

1805 cooperatively by Bu ArbRds.
| and /he American Beel Sugar Co.
orplofs § te fecre eoch,
Soil,—Mixlire of clay ond siHt,

Grown af Lavelond, Golo. in /905
cooperafively by Bu. PubRaads
and the Grea? WesternSuyer Ca
in plots$ fafacre each,

Soil,— Cloy and sift.

IRRIGATION...
RAINFALL ...

’ Growerr af Brooks, Alberla in 1920
by the Aeclamotion Service
of Canada.

Soif—Fine sandy-loam.

Grown of Ronalane, Alberia in
1945 by the Reclarmation Service
| of Conods and the Danada
Lond and frrigation Co.

} Suif,—Fine sandy loam.

Grown af Hays, Kansas inl504
cooperalively” by Bu. Pub Roads
and the Kari, Agri, Exp, Sta,
Saif,—Sandy lsarn.

0 I Grawn neor Newcastlz, Wyo. in
1 /809 caapemf.r'vef{ by Bureau

| | Puli focds and the Srate of Wyo.

Sail—=Alluvial clay with sand.

= :
Fre. 15—elationship between the qunntity of water npplied nndd the crap yeld of sugar bewts
us determined at various pilsecs belwesn 1904 and 1920

rainfall.  The greatest yield in  six-year period at Coaldale was 5.17
tons with the use of 1.92 nere-feet per acre including rainfall.

It will be noted froin Table 32, which summarizes the large number
of plot experiments carricd on at Brooks, that a yield of 7.56 tons
per acre was obtained with the use of 2 acre-feet of irrigation water
and 0.61 acre-foot of rain, a total of 2.61 ncre-feet.

The conelusion that may be drown from the available data regard-
ing the water requirement of salfalfy is that & combined seasonal
water supply of 2 acre-feet per nere made up of irrigation water,
rainfall, snd soil moisture, will suffice for southern Alberta and the
more clevated portions of the Missouri River Basin, that 2.5 acre-
feet per acre will suffice for the Yellowstone Valley, Mont., and other
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loculities haviag similar climatic and physical conditions, and that 3
acre-feet per acre may be economicully used on the irrigable lands
bordering the Platte and Arkansas Rivers,

EXPERIMENTS WITH SMALL GRAINS

The small grains grown in the Missouri River Dasin in the order
ol their acreage are: Spring and winter wheat, oats, barley, and rye.

WATER APPLIED GROP YIELD

8

< _

£’ % [ Ioches inDegth o0 Land POTATOES Bushels per Acr
= 25 20 15 1§ 5 |Grown near Garden Cily, Ronsas 00 200 a0

inl94, cooperatively by Bureou
FubRooas and the Kansos Agri,
Exp. Sto.

Saoil,— Light sill loam.

i i
Grown ot Hays, Kensos in 1904,
cooperalively by Bufubh Roods
and the Kansas Agri, Exp. Sta.
Seil,— Sandy foom.
;
t
ﬂl':":

Growr near Newcasile Wyoming
in 1903, cooperalively by Hurecy
Fub Roads oned the State of Wya,

Grown near Cheyenne, Wyo.
in 1903 cdoperativefy by
Fubk Roade and the Stale of Wyo.

IGATION, . Al
RAINFALL ...

Groewn of Vouxhall, Mberfa
in 1921 by the Reclarnation
Service of Cunada and the
Canoda Land and frr, Co,
Soil,—More uniform fhan at
Ronalane.

F16, 16—NRelationship brtweon the quantity of water applied and Lhe erop sicld of potatoes at
virfous pleces between M snd 1522

Grown of Lethbridge, Alberta
in 922 by the fomirifon Dept,
of Agricuflure,

Soi,—~Medium sandy clay loam.
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The water requirements of these do not differ widely. Fall-sown
whent requires much less irrigation water than spring-sown. On
necount of the large acreage in wheat, more experiments have been
tmade with this crop than with any other. The data collected in
widely scparated localities of this basin and in the adjacent Province
of Alberta have established with some exceptions the following con-
clusions: (1} When only 6 to 10 ncve-inches of water are available
regardless of the sowree from which it s derived, whether diteh
St||1)piies, rain or seil meisture, or combinations of these, no market-
able grain is produced, the growth being confined to straw slone or
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straw and shriveled grain; (2) it requires from 10 to 14 'scre-inched
to produeo n crop that will pay expenses; (3) the mosé profitable
yields under irrigation are produced with s moderate quantity of
water; and (4) overirrigation at certain stages of growth lessens the
vield and impairs the quality of the grain.

The results of plot experiments at Newcastle, Wyo. (Table 18),
for 1810 to 1913, inclusive, show that little or no grain wes produced
with the use of less than 6 inches of rainfall,  Atthe experimentstation
near Cheyenne, Wyo., practically no crop was produced in 1810 with
the use of nearly 7 inches of rain and no erop was preduced on four
plots which received over 8 inches of rain in 1912. In 1914 three
plots which received less than 7 inches produced an average of 1

WATER APPLIED CROP YIELD
o

E Inches in Bepth on Land KAFIR CORN Bushels par Acre

B N own neer Lowlon Okia, in 1813 o 20 % ,‘0 “

cogparalively by Bu.Pub Road's
ond the Okle. Siafe Boardof Agri.
Soil,— Upland clay.

Number
of
frrigations

IRRIGATION I

RANFALL 13 Grown of Hays, Nonsas in 1804

 cogperclively by 8u.FPubRoads
and the Kansgs Agri. Exp, Sfa.
Soit,—~ Sandy loam.

Grown neor Garden Cily, Kan.
Cooperalively &y Bu. FubReods
and the Konsas Agri. Exp. Sia,
Soil.— Light silt Joarn.

{

! :Grown near Gardern Cily, Kansas
f in /86 atively by Bureau
|

1

PubRoads and the Kansos Agri Exp.

Sta. Soil,—Light silt laam.

F1o. 17.—Relationship belweon tho quantity of water applied and the crop yield of Eafir corn
ns determined at various places

bushel per acre. In southern Alberta the evaporation is less, and
less water is needed. During the dry years, however, the results
are somewhat similar to those of Wyoming and other States. Thus
in the dry year of 1918 at Brooks, Alberta, less then 214 inches of
rainfell produced 1 bushel per acre, and at Ronsalene, Alberta, in
the same year, about 4 inches of rein produced 2.8 bushels per acre.
The Bureau of Plant Industry has conducted experiments for years
to determine the possibilities and best methods of crop production
in the Great Plains. Part of these studies have dealt with precipi-
tation and soil water and their relation to crop yield. Table 4 gives
a few of the crop failures and smellest yields of spring wheat and
the corresponding quantity of water used at a number of Jocalities
in the Missouri and Arkansas River Basins {(I1),
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WATER APPLIED CROCP
lrhun n Depth on Land

3 2418 12 6 |Corn grown of Hoys, Kornsas
RRicATON ] 1| in 1904 cooparatively by
RAINFALL..CC Bu.Pub Reuds and the Kansos
Agri, Exp. Sla.
Soll,—Sandy foam.

Sumac sorghum grown nec
Barden Gify, Kansas in /918
cooperalively by8u PubRood's
lond the Kansas Agri. Exp. Sta,

Field peas grown af Laremis
Wye, in 1306 by the Wyoming
Agri. Exp, Sta,

Flax grown al Brooks, Alberfa
inn 1313 by the Reclamation
Service of Conada.
Soil—Fine sandy loam.

) Tons per Acre
Cow peas grown ne.~Gorden] 02 04 05 08 10 12

City in IS4 cogparatively by
BuPuh Roods und the Kansas
 Agri. Exp.Sta,

5 10 16 20 25 20 35

Sunflowers grown af
Lethbridge, Alberfain 1923
by the Dominion Dept, of
Al;n-'culfure.

Soil,~Medium sand clay feom,

Fig. i8,—Relationsbip between the quantity of water applied pnd the crop yield of corn, Sumae
407 h?m;n‘, Feld peus, Bax, cowpeas, snd sunflowers, sa delermined at vurions ploces between 1904
amd (BE
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Tapup 4 —Crop fuilures and low yickds of spring wheaet, and corresponding quantity
uf wealer used

Water used Wiadl

Yeur Locality ¥ Procin
Fom reeipi- p ; :
the sall | tabios Totut Grain Straw Totnd
| Fuches fackes | Tuehes V Hnshels | Fownds | Powmdy
Y Qarden City, Kaons ’ 0, hods 025 0.9 9
: 412 ) La 1,290 1, 380
2 T8 LB b} g
145 17 il G G
8,40 07 4.2 1, B4 1,510
385 PR = .5 G ¥00
6,31 LY &7 600 v
804 036 2.8 [Crt) Wi
4.31 6. 40 N 1,300 1,300
4.2 5.4 17 1,40 1,140
i L] 871 7 Ush 310

The quantity of water required to produce o yield of wheat large -

enough Lo pay expenses—soy 10 to 14 bushels per acre—varies from
G to 12 acre-inches necording to United States Departiment of Agri-
culture Bulletin 1004 (71),

In producing larger yields more water is required. The proper

quantity for most economical yield depends largely on the zeason,

the quantity of water stored in the soil, and other variables. At
Brooks, Alberta, in 1918, the largest yiclds of barley were grown on
the plots that reccived from 1.7 to 2.2 sere-leet of water per acre,
and ab Ronalane, Albertn, in the years 1918 and 1928 inclusive,
from 1.83 to 2.86 nore-feet gave the best results.

Results of a large number of plot experiments carried on at Brooks,
and Tonalane, Alberta, from 1915 to 1921 indicate that from 1.5
to 2.5 acre-feet per aere will provide sufficient moisture for the
largest yiclds ol oats, for that climate and seil. Making allowance
for the larger waste of water in irrigating fields, the above data
obtained [rom plot experiments are confirmed by field experiments in
northern Colorado as reported by Hemphill (25). Of 15 fields of
oats investigated, the wabter applied to the 8 fields which produced
the lnrgest yields, ranging from 61 to 77.8 bushels per aere, waus found
to avernge 2.67 acre-leet poer acre, includivg rainfall.

Measurenments of water used on 9 ficlds of wheat in Yellowstone
County, Ment., in 1914, showed that the § fields which produced
the largest yields of over 44 bushels per acre used an average of 1.59
acre-fect of water per acre including rainfall. The field which gave
the highoest refurn in 1915 used 1.34 acre-feet. On two 1-gpere plots
in Gallutin Valley, Mont., the highest vield was produced on a plot
which received 1.2 acre-fect.  Of the 25 fields of wheat investigated
in nerthern Colorade in 1916 and 1917, 8 of the most productive
vielded an average of 4£.35 bushels per acre with an average use of
waler, including rainfall, of 1.94 acre-feet per nere.  The wheat plots
in southern Alberta which yielded the best crops from 1913 to 1923
reguired less than 1.5 scre-leet per acre in the wet yzars and from
1.5 acre-fest to 2.25 ascre-leet per acre in the dry years,

CE aEota

caah
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A conzideralion of the avallable data obtained in different parts of
the Missouri ond Arkansas River Basing and southern Alberta,
point to the couclusion that under similar physical and climatic
conditions all the small grains require about the same guantity of
moisture; that varistions in the quantity ol soil moisture required
arc duc mainly to diflerences in soils, topography, and altitude, and
that an gverage quantity of 1.67 nere-feet of water per acre ineluding
effeetive rainfell, is suflicient to produce profitable yields.

EXFPERIMENTS WITH POTATOES

The largest yield of potatoes on four ficlds tested in 1914 in Yellow-
stone County, Mont., resulted from the use of 1 acre-foot of irriga-
tion and 0.71 acre-foot of rainlell. The following year was wet,
which resulted in the use of only 0.36 acre-foot of irrigation and 1.03
acre-fect of rain o produce the largest crop on three fields. In
growing potaloes on plots in southern Alberta the highest yields
were obtained with a combined irrigation and rainfall supply of
about 1.5 to 2 nere-feet per acre.

Tt appears from the data herein presented that the water require-
ment ol potatoes does vot differ materially from that of small grain,
and that an average of 1.65 acre-feet per acre including rainfall, is
suflicient to produce profituble yiclds.

EXPERIMENTS WITH SUGAR RECRTS

OF the nine fields of sugar beetsinvestigated in Yellowstone County,
Maont,, in 1913, lour of the largest yvields avernged 15.9 tons per acre
with an avernge use of water of 2.23 acre-feet. At Newcastle, Wyo.,
the use of 1.53 acre-fect produced 13.2 tons, whereas 1.02 acre-[eet
produced 11.02 tons. ‘The largest yield from 12 plots tested at
Rocky Ford, Colo., in 1905 was obtained on onc which received 2.13
acre-feet of water. At Loveluad, Colo., in 1906, 20.28 tons were
grown with tho use of 2,15 acre-leet. OF 61 fields of sugar beets
studied in porthern Colorado in 1016 and 1917, 11 produced more
than 15 tons per aere with the useol 2.66 scre-fect of irrigation water
and rainfall per acre.  Jn the plot experiments in southern Alberta,
those plots which received 1.55 to 2.2 nere-feet of water produced the
greatest tonnage. From the [oregoing and other data the water
requirement of sugsr beets scems Lo vary from 1.6 to 2.5 acre-feet
per acre.

Mueh of the dats on water requircments for cach main crop,
given in the tables of the sppendix, are grouped in Table 5 by the
name of each crop, or group of crops, the number of tests, the lowest
geucral avernge and highest genersl average of the water require-
mont, including effective rainfull.  The figure giving the highest
geners] average in Table 5 for certain crops, especially potatoes, is
low compared with what is used in northern Colorado, but there is
reliable evidence to show thab too much waler is applied to this crop
in that loenlity.
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Tasre S.— Apeerage renge of waler requirement of craps including rainfall
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TIME AND FREQUENCY OF IRRIGATION

The tizne und frequency of irrigation depend primarily on the kind
of crop grown and its need for water at particular stuges of growth,
and, secondarily, on varying conditions of soif, root system, cliniate,
waber supply, water delivery, and canal regulations. Some crops
require much more water than others. :\Tthough alfalfn usually
matures in fess time than wheet, it requires nearly double the quantity
of water to produce a unit weightofdrymatter. Furthermore, alfalfs
requires an isereasing quantity of water until it is harvested, whereas
wheat requires the largest quuntity of water during its intermediate
stuges of growth.

Of the secondary fuctors which influence the time and frequency
of irrigntion the character of the soil is usually the most important.
The irrigator uses that part of the soil in which plant roots function,
#s & reservoir in which to store water temporarily for the use of
erops.  Soils that do not retainx much water have to be replenishod
oftener but with a smaller quantity; hence the nocessity of applying
kight and [requent irrigations to porous soils. The capacity of this
soil roservoir likewise depends on the depth of the root system.
Timothy, pasture grusses, and wild hay are shallow rooted, and
thrive best when watered often. Alfuifa and orchard trees with
their deeper-rooled systeris bave a larger storage of soil moisture
from which to draw and do not need to be irrigated so {requently.
The effoct of climate on the frequency of irrigation is seen In com-
partng the yields of crops from fields m southern Alberta during the
wet vear of 1015 with the dry year of 1918, Of nine ficlds in alfulfa
ut Cloaldale, Alberta, in 1915, the largest seasonal yield of 4.84 tons
per acre was produced on a field which received but one irrigation on
July 19, of 1.03 were-feel, per acre. The reinfall, however, during
the perind of growth was, in addition to soil moisture, 1.32 acre-feet
per acre.  In 1918 atl the same place and on chiefly the same fields
{he highest seasonnl yield of 4.37 tons per acro was produced on a
field which was irrigated on May 15 and also on July 9, the total
quantity of irrigation water used Deing 2.81 acre-foot and the ruin-
full 0.34 aere-foot per acre.

Some light has been shed on the underlying principles which con-
trol the time snd frequency of irrigation by growing crops in tanks.
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In 1914 and 1915 wheat was grown in tanks at Bozeman, Mont,, by
the Bureau of Public Roads in cooperation with the Montana Agri-
culturn]l Exporiment Station. The tanks were divided into four sets
with different treatmonts for cach. Set No. 1 was uneropped and
the soil moisture maintained reasonably constant at about 18 per
cent. In set No. 2, the moisture content was kept slightly above
the wilting peint, or at about 10 per cent.  In set No. 3, it was about
14.5 per cent; and in set No. 4 it was maintained at a trifle over 18
per cent, which was considered the content most favorable for plant
growth. Averages of the yields of the two yoars for each of the
sets ure given in Table 6.

TasLE 6.-—Average yields of wheal grown in tanks, Bozeman, Mont., 1914 and 1916
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t Uncropped.

These results show the desirability of maintaining the soil moisture
content somewhere near the optimum by frequen$ irrigations if
NOCeSSATY.

The first crop of alfalla after seeding, grown in tanks in several
parts of the Missouri River Basin, required much more water than
the subsequent crops in the same season, chiefly because of the
amount, of waler required to esteblish a root system and the longer
tine required [or the plants to mature. Many growers consider it
desirable to water young alfaifa sparingly in order to induce deep
rooting. There socins to be little jusfification for such practice.
The wrowth of the plant is certain to be checked, if no worse effects
resiilt, by withholding water at a time when the plant has the double
duty of building up a root system and producing stems and foliage
for flowers and seed. If the first crop requires, as it often does, 50
per cent more water than the seccond or third, the neeessary quantity
should be provided and stored in the soil. Nature will take care of
the root system and its penetration if the soll and subsoil are of the
right character and contain the proper amount of moisture.

CONDITIONS AFFECTING USE OF WATER IN IRRIGATION
Somo of the principal influences affecting the quantity of water
used in irrigating land in the Missouri and Arkansas River Basins
are discussed in the following paragraphs.

CLIMATE

Much of the scanty annual precipitation occurs in the spring and
early summer months. Lower temperature because of aititude and
a northerly location keeps the evaporation low so that much of this
precinitation is available for vegetation. The first arfificial water-
ing in the colder and more elevated valleys frequently is postponed
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until after June 30, which lessens the seasonal application. On the
other hand, there are conditions which fend to increase the quantity
of water required. Plants alter a long period of dormaney are very
active in their growth, the sun in northern latitudes shines early and
tnte with intense brightness; and if the soil is fertile, caltural condi-
tions good, and the water supply adequate, large yields may be
produced in a short seasen. The writer has grown in the Gallatin
Valley, Mont., 74 bushels of wheat, 68 bushels of barley, and 107
bushels of oats per aere in a season of 105 days between killing
[rosts of late May and early September.  Jn the Yellowstone Valley
of the suue State, at a lower clevation, a scasonal yield of alfalfa
ol 6 tons per acre in three cuttings is not unconunon.

crors

The erops adapted to the climate and other agricultural conditions
of the basins of the Missouri and Arkansas Nivers, may be crouped
under three classes as regards their water requirement.  Alfalfn leads
that clusss which requires the most water, lollowed Iy otlier forage
crops such as clover, nixed timathy and clover, pasture grasses, and
native hay, The class requiring a medium quantity of water may
well be headed Ty supar beets, followed by potatoes, vegetubles,
small grain, and fruit. fo oa third class, which requires the least
watler, are corn, Kaflir corn, millet, mio, sorghum, sunflowers for
silage, and beans.

SOILS

Theoretically a crop grown on a light sandy =oil should not require

more water than if it were grown on o heavy clay coil. Morve water
is applied to porous soils mainly because of the greater percentage
wasted.  Fhe lighter oils retain little water per unit ol volume as
compared with the heavier seilz, and when too much is applied the
excess is soon drawn downward by capillarity and eravity beyond
the 100t zone of plants.  Light and [requent “rrigations, use of short
runs, and a rapid wetting of the surface by large heads of waler
skillfully applied, have done much to lessen the waste of water, but
ihere is an economic limit to such preventive measures heyond which
the ordinary farmer shoultl not go.

Some of the heavier soils absorb too little water for profitable
productinn. Their particles are so fine and so densely packed that
under ordinary methods little water penetrates far into their mass.
Special methods of irrigation are necded for such seils and due con-
stderntion must be given to their drainage.

Rerardless of the type of soil, is fertility and humus content
affect the quantity of water needed by crops. The soil solution
furnishes water and food to plants, and if it be weak a larger volume
is required.

WATER SUPPLY

In 1920 there were 1,220 reservoirs with a combined capaeity of
4,860,616 acre-feet in the watershed of the Missouri River. This is
a large quantity of water but it is probably less than one-fourth the
entire smount used annually for irrigation in this basin, In other
wards, ahout 75 por cent of the water supply is uncontralled by
sterage.  This portion is diverled direetly from streams which {lue-
tuate widely. In irrigating fromi a stream whiclh earries 20 times
more water in May than in August, it is difllicult to meet the needs
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of crops for moisture without considerable waste. The common
practice is to overirrigate when there is an abundance ol water and
to underirrigate when there is a seareity.

The quantity of waler used also depends on how it is delivered and
paid for. As a rule, continuous delivery of small streams 1s moro
wasteful of water than a rotated delivery and there is little incentive
to economize in the use of water when 1t Is paid for on an acreage

basis rather than as a measured quantity. 5

TYPI'E OF CILANNEL USED

The quantity of water to be taken from & stream or other sourco
depends to o considerable extent on the channel used for 1ts convey-
ance. 1 itis a canal in earth, the transmission Josses will vary with
its size and the absorptive properties of thesoil.  In average material
the loss per nile when expressed in percentage of the flow usually is
nbout 1 por cent in the largor eanals, 6 per cent in those of medium
size, and 15 to 20 per coent in the smaller canals.  Lining channels
with conerete, when elliciently done, prevents the greater part of the
loss and there is no eonsiderable logs in conveying water through
water-tight Numes and pipes.

SOIL MOISTURE BISTRIGUTION

The main puepose of irvigation is to supply the needed moisture
to the soil around the rovls of plants. I the root zone is not uni-
formly meistened or il citlier Loo much or too little water is added, the
result will be n dirvinished harvest. To safeguard the crop by a
proper eontrol of the soil moisture, care is exercised to provide large
cnongh supply ditches and to grade the surface of cach field m such
powny that it ean be readily and uniformly watered. When this
important feature is badly planned there is certain to be not only
waste of water, hit lowered prolits Irom farming.

- COST OF WATER

It has been repentedly shown. that the cost of water has & direct
hearing ot its economical use.  The cost of delivered water per uere-
foot of a system having its source in the Colorado River in southern
Culifornia is $8.14 and the avernge duty is 4.3 acre-feeb per acre (8).
On another system in southern C'alifornia the cost of water is $218.98
per acre-foot and the duty is 1.37 acre-lect per uere.  While these are
not wholly comparable cases, alfalfa being the main crop of the first
system and citrus orchaids that of the second, it is generally true
thit the higher the cost of water, the better are the [acilities provided
for its conveynnee und use and ‘the smaller is the quantity used.

DIVERSIFIED FARMING

Crops differ not only in their water requirements but also in the
time and {requeney of their irrigation.  The farmer who grows only
small grain under irvigation may require a large quantity of water
for a short perioad, but when the grain is mature he has no further use
for water until the following season. By growing legumninous crops
in rotation with grain, root crops, vegetables, ane {ruit he not enly
improves the soil but makes a more heneficial use of the water supply.
By {ollowing this course, the short irrigation season [or grain of 30
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days or less may be lengthened to 150 or more days for diversified
crops, provided the climate is favorable, and much more profitable
returns are obtained without any actual incresse in the water supply.

PERMISSIELE WASTE

Fully onme-half of the quantity of water annually diverted for
irngation purposes within the Missouri River Basin is wasted in
transmission, unequsl distribution over ficlds, deep percolation, and
run-off, but such losses are gradually being reduced. Every porous
earthen canal that is lined, flumed, or piped, und every effort made
to improve irrigntion practice tends to lessen the waste of water,
which is much less to-day than it was 20 years ago. Manifestly
there is a limit to such improvements. Many of the means etnployed
in water conservation are costly and farmers with small or even
medium returns can not afford to make their irrigation systerns 100
per cent efficient. 1In the territory considered in this bulletin thero
will always be what is here termed permissible waste in the use of
irrigation water.

DUTY OF WATER AS AFFECTED BY STATE, COMMUNITY, AND
CORPORATE REGULATIONS

Lt was stated in the first bulletin of this serics (20) that statutes,
court decisions, public regulations, and water-right coniracts, had
tended to bring about s more economicnl use of water in the Great
Basin arca than would probably have resulted without them. The
same statement holds true for the Missouri and Arkansas River

Basins generally, where under a greater variety of natursal conditions
ranging from arid to semiarid the two opposing doctrines of appro-
priation and riparian rights are in force, in some cases within tho
same State.

STATE LAWS AND REGULATIONS

REGULATION OF APPROIRIATIONS »

In all the States of this area except Montana there are officials or
administrative bodies to whom applicatious for licenses to appro-
priate water must be made and who are generally vested with author-
ity to disapprave the applications if there is no unappropriated water
in the proposed seurce of supply, or if the conternpinted use conflicts
with existing rights or threatens to prove detrimental to the public
interest, appeal to the courts being provided where the decision is
adverse to the applicant. These State officials necessoridy make rules
and regulations which must be followed by applicants for permits,
as well as rules governing their own procedure in issuing permits,
making adjudications, and supervising.the distribution of water,
In Colorado an applicant can go clirecLTy to the district court.

Certain States authorize the cancellation of certificates of appro-
pristion under which the water has not been put to beneficial use for
a term of years.

STATE ADJUDICATIONS

Adjudication of water rights by a State board, of which the State
engineer is a member, is provided by the statutes of Wyoming and
Nebraska, with an appeal to the courts in each State.
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In North Dakota and South Dakota the State engineer is author-
ized to make hydrographie surveys for use in court adjudications of
each source of water supply. In North Dakota the attorney general
is charged with the duty of beginning suit for an adjudication upon
completion of the preliminary investigations, while in S8outh Dakotu
original suit is entered by the attorney general only when in the
judgment of the State enginecr the public interests require it. In
Colorado adjudications are made entirely by the courts,

ADMINISTRATION OF THIORITIES

Most Stutes in the basins of the Missouri and Arkansas Rivers
require the State engineer or water board to supervise the apportion-
ment of water in accordunce with licenses issued or adjudication
decrees rendered.  For the purpose of such control, water divisions
comprising drainage areas commonly are created. For example,
Wyoming is divided into four water divisions, each presided over
by a water superintendent under the general supervision of the
State engineer. Each division contains water districts, created as
necessary, under water commissioners who are controlled by the
respective superintendents. The State engineer as ex officio presi-
dent and the four swater superintendents eonstitute the board of
control charged with the duty of making determinations of priorittes.
South Dakota and Kansas have not provided for State eontrol over
water distribution. Mentana has authorized o messure of supervision
by commissioners appointed by the courts.

LIMIT QF BENEFICIAL USE

Certain States have placed a maximum limit upon the quantity
of water which muy be considered to constitute beneficial use. For
example, North Dakota limits appropriated and adjudicated water
rights Lo 1 second-foot for 80 acres, and Wyoming, South Dakota, and
Nebrasks 1 second-foot for 70 acres; Nebraska further providing that
the use shall not exceed 3 sere-feet per acre in the aggregate each
year. Three other States require the use to be for a specified time
each vear.

A common provision of all the statutes governing water rights in
the basins is that the quantities allowed sh:ﬁl be no more than can be
used beneficially, whether limiting the total use or not, leaving the
aclual detertination of what is beneficinl use to the Stute adminstra-
tive officials and the courts. The Nebraska law states that no allot-
ment of water shall “exceed the least amount of water that experience
muy hereafter indicate as necessary for the production of crops in the
exercise of good husbandry’ (36, sec. 8404). In Kansas grants of
water nre made subject to the principle of beneficial use, not in excess
of the reasonable nceds of appropriators.

ROTATION IN USE

The rotation among a group of users of & head or stream of water,
made up in the aggregate of a number of smaller streams allotted
severally to these users, is authorized by the laws of several States
for the purpose of increasing the elliciency of the water allotments and
to reduce waste, This procedure is always conditional upon non-
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interference with the rights of others. Wyoming, for example,
wllows severnl water users {o rotate among themselves, or n single
water user enlitled to diflercnt prioritics, to rotate in use. I ansas
suthorizes consumers under a laternl to agree among themselves upon
rotation. In Nebrasks, where an allotment at the rate of 1 sccond-
foot Tor 70 acres continuous Mlow proves too small for proper Jistri-
Lution and application to tracts of 40 aeres or less, an applicant is
permitted to use, for a limited time, #s much water as ean be applied
wilhout waste.
T EXCHAKNGE OF WATER IN COLORADO

Northesstern Colorado, notably Cache la Poudre Valley, has
developed a compliented but highly eflicient system of exchange of
waler, deseribed 1 another bulletin (25, which virtuully effec(s the
storage of waler in reservoirs loeated nt lower levels than the land
on whieh the equivalent of this stored water is used.  This system of
exchange is authorized by statute, which places it under the control
of the State engineer, the division engineer, and the loeal water
conunissioner.

INTLURNCE U'I'ON TSE OF WATER

The several State statutes governing water rights and the use of
wuter have without doubt exercised a restraining inlluence upon its
improper use, lor o showing must be made in every ease that the water
15 {0 be applicd to a beneficial purpese. The virtue of contralized
Slate control, even though the amount of discretion allowed the
State engmeer iz limited, lies in an orderly procedure for appropriating
waler and i the eheek provided against unwarranted appropriations.
The old idea of measuring the appropriation by the carrying eapacity
ol the ditch is nol countenanced by these statutes.

There is still room, however, for a mare scientifie determinntion as
to just what is beneficial use, whirh must be bused upon broad
studies ol setunl uses of water and their effect upon crop returns,
ncluding experiments wherever possible.  1n other words, the highest
cconomical use, rather than simply benefieinl use, should be the goal
of those responsible for the utilization ol n State’s water supply.

As stmred in the fiest bulletin of this series (20}, a statutory limit
upen the maximum use of water, while conunendable for its ellort
to prevent exeessive use and waste, does not seem to be altogether
wise, owing to the great vaviely of conditions that may be encountered
even within a single drainage area.  Ttis entirely possible under some
circumstances that the use of u greater amount of water than that
allowed by statute would be a truly cconomical use. In certain
extreme cases of this kind the letter of the law has not been strictly
followed. It would make for better practice to modify such a rule
by nuthorizing the Stute officinls or the courts to grant an increused
allowanee upon clear proof of its necessity.

COURT DECISIONS

RIPARIAN RIGIITS

Opposing views with regard to the doetrine of riparian rights are
held by dillerent States of the Missouri and Arkansas River Basins.
These views are voiced by the courts of Wyoming and Kansas, In
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the ease of Moyer . Preston the Supreme Court of Wyoming stuted
“The common-low doctrine of the rights of riparian owners to the
waters of natural streams, heing ingpplicable to the requirement of
the lamdowners of Wyoming, is noL in foree in that State.”” 2 In the
Kansos case of Clark = \llnnum on the other hand, it was stated
that this rule was adapted to the conditions of the eml\' settiors of
{he Territory and became a part of the settled jurisprudence of the
Stite. [t was stated in the same case that " The doctrine of prior
approprialion may exist 1n the same State with the common-law
doetrine ol riparian rights.”

Riparian rights in Nebraska are held 1o have been alrrogated by
the irrgation aets of 188% and 18055 These acts i prov ulmff an
approprintion law in place of the law of ripacian rights of course
affected only the Tulure acquirement ol rights sed did not attempt
(o interfere with vested riparisn rights

HEGULATION OF APPROPRIATIONS

The epurls have upheld the power of the State to regulate the
approprigtion of wafer. The Supreme Court of Nebraska, for
eaumple, has declared: “Tt is the poliey of the law to regulate the
diversion and use of the waters lowing in the streams of the State,
for the treigntion of lands by a uniform system ® * ¥ and the Inw
of approprintion, as defined by the statute and administered by the
Stee board of irtizntion, is deemed an effsetive means to accomplish
the desired results.” % Again, regarding the exercise of diseretion by
State ollicials: “The State board of trrigation, highways, and drain-
age, in aeting upou an application for the nppmprmtmn ol the waters
of the State, is glven o reasonable diseretion to so limit the grant
that it will not be detrimental to the publie wellare” 7 The ( ‘olorado
court =tatod: ©The irrigation act of 1887, in requiring superintend-
ents of irrigafion (o enforce the rights of the owners of ditches in
arcordance with their priorvities of ﬂppwprmtmn, as established by
dleerees of the courts in their respective districts * * * is a proper
exereise of the poliee power of the State to prevent personal eonflicts
by treating the deerees rendered in the several districts as prima facie
correct, and rezulating the distribution of water accordingly, until
the rights ol pacties can be adjudicated.” 3

INTERBRETATION OF BENEFICIAL USE

Tt is the general rule of the courts at the present time that a water
user shall not be allowed more water than he can apply benelicially,
This rule bias been stated in many different forms.  Some delinttions
mnke the term “heneficial” synonymous with “useful,” others with
“reasonable,” others with “proper,”” and still others contrast it with
“future speculative profit or advantage.”®  The Supreme Court of
Nebraska has siated: " What is a reasonable vse of water for trrization
is largely o question of fact  *  * % but waste, needless diminution,
ur toinl :-umurnplnm, nl' a stream, w {hc Illjlll\ al others, i3 (*lomly
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unreasonable.””® To quote the Colorado court: *“ An excessive diver-
sion of water can not be regarded as a diversion to beneficial use.” !t
A departure from tho early rule of ditch capacity is noted in a Mon-
tana case: “The extent of the right of the first appropriation is limited
by the capacity of the original ditch, but if its capacity exceeds the
umount required for reasonable use, the necessity of the use, and not
the size of the ditch, measures the extent of the right.” 2 That water
granted by an overgenerous deereec may nevertheless not be used waste-
fully is indicated by a Colorado case: “an appropriator * * * can
not tuke more fwater| than is reasonably necessary to irrigate his land,”
even though decreed more.®  Another Colorado deciston makes the
uppropriator responsible for tlie exercise of reasonable care in pre-
}.'enlting unnecessary transmission losses in conveying the water to
s land.

While wasteful practices are not tolerated, and the courts are com-
ing more nnd more to insist upon a reasonable use of water, yet it is
often diflicult to translate this rule in a given case into a definite
number of acre-feet per acre that will serve the public interest as
well as the needs of the individual. As a general rule an adjudication
based upen sctual findings of fact by State administrative officials,
reinforced by cxperimental data, should have a broader foundation
nud be more representative of the general welfare of the State than
an isolated decree rendered with sole regard to the interests of the
claimants in the ease.

COMMUNITY REGULATIONS AND CONTRACTS

INRIGATION ENTERPRISES

Where o maximum allowance of water for a tract of land has been
fixed by State statute, irrigation enterprises of course can not provide
for a greater quantity by contract or otherwise, but in some cases
cun effect a more economical use than if they were to deliver the stat-
utory limit. In those States in which water is not allotted to definite
subdivisions of land, an enterprise by careful distribution of the water
may greatly increase its eficiency, consequently serving a larger area
and materially raising the duty. The method of water delivery
may be an important factor in accomplishing a more economical use.
Furthermore, the detection and prevention sf waste on farms offer
opportunities for an enterprise to improve the use of the water.

WATER-RIGHT CONTRACTS

Contracts for the sale of water-rights often specify a quantity
of water or a rate of flow per acre which will be delivered to contract
lands, and have an important influence in fixing, within limits, the
duty over large arens. Unless the duty so fixed is arrived at only
after thorough and careful investigation, it may be the source of
later trouble, for on the one hand the quantities of water may prove
to be inadequate for the soils and the crops adapted to the territory,
or on the other hand may prove more than abundant and may
cause drainage troubles. This situation, unfortunately, is not un-

W AMeng . Colfey (Nebr.}), 03 N, W, 713,
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comumon in new districts. In the early stages of an irrigation proj-
ect’s existence the farmers are usually given all the water they want,
irrespective of the contract allowance, which is possible because the
lands are then only sparsely settled and may not have had time to
develop drainage difficulties. Again, certain lands need more water
to begin with, yet may yicld equally good results with smaller quanti-
ties later. The real test comes in later years with closer settlement
of lnnds, by which time any wasteful practices that may have been
encouraged are likely to be yielding their harvest in the water-
logging of lands. Experience, not only in the Missouri River Basin,
but in all parts of the West, indicates that best results can be ex-
ected if 8 contract duty is fixed only with the greatest care and
oresight and then adhered to, within reason, pending the time whon
all of the water-right lands will be demanding their full sllowances
of water,

An interesting development in connection with water-right con-
tracts has takon place in the valley of the Cache la Poudre River in
Colorado, where the holders of water rights formed several coopera-.
tive companies and deeded their rights to the companies, receivin
in return shares of stock not attached to any land. This induce
owners of tracts of land, which formerly had water rights, to acquire
additional lands theretofore without water rights and to apply to a
larger area the water formerly confined to the original tracts, all of
which is thought to have resulted in a considerably higher duty of
water in the community than probably would have resulted otherwise.

THE RECLAMATION OF ARABLE LANDS

The reclamation of additional lands in the Missouri and Arkansas
River Basins will depend mainly on (1) the water supply and how
it is controlled and used; (2) the cost of a water right and the labor
and equipment nccessary to meke irrigated holdings remunerative;
and (3) the profits to be derived from irrigated farms. Considering
the water supply only, it is estimated that there is enough water
available to irrigate 17,000,000 acres. Deducting the arca under
jrrigation in 1919 leaves a balance of about 12,000,000 acres suscepti-
ble of reclamation. However, it should be borne m mind that water
mey be availablo for certain lands and yet prove too costly for
economical diversion., These or other lands which the water might
serve may be so rough, steep, and uneven or otherwise inferior as
to make it doubtful whether costly water should be applizd to them.
Finelly, the irrigation development of the future will always be
confronted with the pertinent query, Will reclamation pay?

SEASONAL NET IRRIGATION REQUIREMENTS OF EACH SUBDIVISION
OF THE MISSOURI AND ARKANSAS RIVER BASINS

From the data upon which this bulletin is based, supplemented
by a consideration of sgricultural conditions and anticipated im-
rovements in irrigation practice, an estimate by way of conclusion
Ras been made of the seasonal net irrigation requirements of the irri-
gable lands of the Missouri and Arkansas River Basins. In so large
& territory, conditions of climate, soils, products, and types of farming
differ, and because they affect the quantity of water required for
irrigation, the basins have been separated into 18 divisions by placing
in each division as far as practicable, all irrigable lands of nearly sim-
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Har irvigation requirement.  Anticipated improvements in irrigation
practice cmbrace a more general control of water supplies by storage,
& better preparation of land surfuces to receive water, and a more
econonmical use of water than is evidenced in'some of the experiments
herein recorded. By seasonal net irrigation requirements is meant
the average guantity of irrigation water, expressed in acre-feet per
acre, whick is noeded for any farm or other tract in ecach subdivi-
sion in any one crop-growing scason. This quantity is exclusive of
rainfall and all trausmission and other losses which may oceur between
the source of supply and the farm,

As an additional aid in making the estimates, the water »equire-
ments of each field or plot irrigated, as given in the tables of tho
appendix, have been ovaluated. By this process & small number
heve been eliminated, some have been reduced, others inercased.
Quite generally the quantities of water applied to plots have been
inereased, sinee it is not possible to irrigate fields or other subdivisions
of a farm with as Jittle water per unit of surface s is applied generally
to plots. In other words, compared with plots, there is a larger
percentage of water wasted in irvigating fields.  On the other haud, it
15 obvieus that an excess of water was applied to some of the plot and
field experiments and the results of these hnve been reduced.

The appraised averages of scasonal net water requirements for
cach of the principal crops grown are given in Table 7.

Tancy T—-Principal eraps, number of cxperiments made on ciech, and craluated
resuils of the average scasonal nel water requirement, including rainfall
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Estimates of the seasonal net irrigation requirements of the irrigable
Iands of each subdivision are given in Tabie 8. These figures have
been arrived at, in pavt, by separating the crops grown and to be
grown into a number of groups according to the quantity ol water
necded for ench, and considering the percentage of each crop that is
likely to be grown in esch subdivision. The results are further
modified by a consideration of the climate, soil, use of water, and
types of farming followed in cach subdivision.
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Tanvs B.—ifonthly and seasonal nel irrigation requirements of the various subdi-
visions of the Missouri and Arkensas River Busing
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Oune of the principal inlluences affecting the seasonal frrigation re-
quircments of this ares is the shortness of the period in whieh water
is applied to crops. In gencral, the usc of water on allalla covers the
longest period, but even this is short when cowpared with its duration
on other main river basing of the West. In irrigating 275 plots of
alfnlla locstod in sevorel localities of sonthern Alberta over a number
of years, 15 per cent ol the total seasonal application was made in
May, 20 per cent in June, 33 per cent in July, 22 per cent in August,
and only 1 per cent in Seplember. In irrigating small giein the
season is shorter.  Tn a totnl of 758 plots of wheat, oats, and barley
grown in southern Alberta 2 per cent of the waier application was
made in May, 44 per cent in June, 48 per cent in July, 8 per cent
in Angust, and none in September. In irrigating 62 fields of alfslfe
in the Yellowstone Valley, Mont., 11 per cent of the total application
was made in May, 25 per cent in June, 35 per cent in July, 26 per cent
in August, and 3 per cent in September, In frrigating 48 flelds of
wheat and oats in the same valley, 49 per cent of the application
was made in June, 50 per cent in July, and 1 per cent in August. In
the Arkansas Valley of Colorado the growing season is longer, water
occasionally being applied in March and as late as October, with
correspondingly smaller quantities in June and July. In a total of
132 field experiments on diversified crops in the Arkansas Valley,
2 por cont of the waser application was made near the end of Mareh,
8 per eont in April, 20 per cent in May, 23 per cent indJune, 22 per cent
in July, 19 per centin August, 4 per cent in September, and 2 per cend
in (etober,
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The durstion of the irrigation season and the quantities of water
needed for each monthly period in each subdivision are also given in
Table 8. Quite gencrally throughout the basins, a small percentage
of the net seasonal quantity of water used is applied late in tl%e
fall, as winter irrigation, to provide soil moisture for the following
season. Accordingly, in estimsting the monthly irrigation require-
ments, o small Yercentage is allowed for winter irrigation and is
placed in the column headed October, although part of such allow-
ance may be used in November or later.

The subdivisions referred to in Table 8 are outlined on the map
of Missouri and Arkansas River Basin. (¥ig. 19.)

APPENDIX

USE OF WATER ON CROPS IN MISSOURI AND AREANSAS RIVER BASING, FRRIGATION
WATER APPLIED, RAINFALL, AND CROP YIELDS IN COLORADO, KANSAS, NEBRASKA,
WYOMING, AND IN ALBERTA, CANADA

TabLE 9.—Use of waler on crops in the Missouri River Besins, irrigalion water
appited, rainfall, and crep ylelds in Yellowstone Valley, Mont!
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Tasreg 9.—Use of water on crops in the Missouri River Basin, irrigation waier
applied, reinfail, and crop yields in Yellowstone Valley, Mont.—Continued
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Tanre O -Use of wealer on crops in the Missouri River Bein, freigafinn rater
applticd, rainfell, and erop yichds in Yellowstone Valley Moal —Cnpiinued
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TansLe 0—U%e of waler on crops in the Missonwri BRiver Bosin, irrigation waler
appiied, rainfull, and erop yickds in Gullalin Vealley, Mont.
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TanLE 10.Use of water on crops tn the Missouri River Basin, frrigation weler
applied, rainfoll and crop yields in Gallatin Valley, Mont.—Continued
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TagLe 11.—0fse y waler on crops in the Afissouri River Basin, irrigation waler
. vatufall, and crep yields in Gallutin Valley, Monl}
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Tapre 12.- ~L's¢ of wuler wne erapx in tiie Missouré River Basin, irrigation woter
applicd, ruinfull, und erop yields in Valice project, Montana!
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Tavuu 13.—LUse of water on crops tn the Missourt River Basin, drrigation waeler
applicd, rainfall, and erap yields in Williston, N. Dak!
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TaBLE 14.—Use of water on crops in the Missouri River Basin, irrigation waler
applied, rainfall, and crop yields, Cheyenne, Wyo.'—Continued
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Tanne 14.—fsc of water vn crops in the Missouri River Basin, irrigation water
appiied, ratnfall, and crop yields, Cheyenne, Wyo'—Continued
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Tanre bl {se of awndop on crops in the Missouri ftiver Besin, irvigation walcr
applicd, ruinfall, and crop ycld s, Cheycnne, Wyo'—Caontinued
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Tanns M.—Use of water en crops in the Missour! River Bagin, irrigation waler
epplicd, ralfall, and crop yiclds, Chepenne, Vyo'—Conlinued
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Tanre 15.—Use of waler or cropa in the Missouri River Basin, irrigation waler
applied, rainfoll, and orop yields, Laramic, Wyo.:
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TasLe 15—Use of water on crops in the Missouri River Basin, irrigation waler
applied, rainfall, and crop yields, Laramie, Wye.'—Continued
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Taviis 15, - Lse of waler o crops in the Micsouri Rirer Busin, irvigation woler
applicd, rainfull, und crep yields, Laramic, W yol—Counfinued
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Tavue 18, {"s¢ of waler on craps in the MWissourd River Baxin, irvigation woler
upplicd, rainfall, and crop yiclds, Laramie, Wye - —Coniinued
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TaARLE 17.—Use of waler on crops in the Missouri River Basin, irrigotion water
applied, rainfall, and crop yields, Laramie, Wyo!

BARLEY

Towl quantity of water
A 4 received by eron
el - : | v
gnted i per acra

1

. i , Lrri- 1 Raln-
Moy Junn % July Anag. N Total

Monthly application of water

Feet Feet X Fect Feet Ferl | Ponuds
§.a2 0. 58 LW o4y A 130
i

Lmi 042 zmg (A

'\11\FD GRAINS

0. 51 [ 5,06 ¢}
s Lw| @

I These deferminations were mude coopcmtneiy hy the Duresu of Public Rouds and the Wyoming
Agricultussl Experiment Station.

t From Q. E, gcllull 1 (12).

1 From Q. E. 8, Bull. 81 (£). 3Manthly application of water pot reeorded.

* Approsiiuate.

TasLe 18—Use of water on crops tn the Missouri River Basin, irrigation waler
applied, rainfall, and crop yields, Newcastle, Wyo!
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Eee footnotes st end of table.
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TasLe 18.—Use of waler on crops in the Missouri River Basin, irrigalion watler
applied, rainfull, and crop yieldy, Newcasile, Wye.)—Continued

BEANS
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Num- Monthiy application of water
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recelved by crop
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Tanun IS =Uee of water on crops in the Missouri River Basin, irrigeiion woder
epplicd, rainfell, amd crap yiclds, Neweastle, Hyo.t-—Conlinued
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TapLn IS Lor of waler an erops tn the Missouwri River Basin, irrigation waler
applicd, rainfall, and crop wields, Neweastle, Wyo.l —Conlinued

WHEAT —Continme?
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TasLE 19.—Use of water on crops in the Missouri River Basin, frrigation waler
applied, rainfall, end crop yields, Wheatland, Wyo.—Continued
CORN
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Lrop Yield

e . P per ; clted
. ¢ i i sere (s

May ; Tgee : Suly | Sug | Sept.

Litern.

i
Tolsl quantity of 1
i
ioture

fptee in-t |
Apr, rrigs] Hain '}Tﬂiul % 130}
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! Phese detertttinmtions were made under cooperstive a ment hetween the Burean of Public Roads
nod the Wyetning Apricuiturad Bxperiment Staiion, st the Whentland substation, The tneasurenients
were mnde on reas varying from o fraction of Y uere to 58 neres.  The sall of the substution expericental
far 15 ¢ sandy lomnt, deep, nmterdnld with gypsum, carbonate of ime, and spndstene.

1 Purt dummaged by hall. ¥ A pprorimate.
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Taprn 20.—Use of waler an craps in the Missouri River Basin, irrigation waler
applied, reinfall, and crop yields, Cacke Lo Poudre Valley, Colo.
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TasLe 2h--{se of water on crops in the Missouri Rirer Bugin, trrigation waler
applivd, rainfoll, aud crop yickds, Cache La Poudre Velicy, Celo —Cunlinued
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Tanve 20—Uxse of waler on crops in the Missouri River Basin, irrigation water
applied, rainfall, and crop yields, Cache La Poudre Valley, Colo.'—Continued

BEANS

Totnl guantity of
walar receivad
by erop

Total quantity of
wuter received
by erop

tlons
Yleld per ocre
Aren Jrtigaled
Number of irriga-
Lions
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1

Rnin.
fll
Total
-]
£ | Yield per acre
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afa TS Sl I e P BTS2 3
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1 Mensurements an these ficlds were made nonder cooperative agreement hetween the Bureau of Public
Randg nnd e Colorsdo J\frit:ullum] Experiment Stution.  The soils of these flelds are largels fine sundy
lomans, bul inclodo svme she, elny, sud gravelly lowns,  Data fromn Dept. Bulll 1026 (25), All measure-
ments mcle nt Fort Colllng.

TanLe 21—Use of waler on crops in the Missouri River Basin, irrigation waler
apptied, rainfull, and crop yields, Loveland, Colod

SUUAR BEETS

Monthiy appliention | T'otal fuantity of water
Nuin- of witer recelved by crop Litera.

) ture
by of cited

irrien-
tinns

Irriga- | Raln- (se0
Lion fall p. L0y

July | Aug. | Sept.

Refer-
ence No.

- 28 A= B3 2]

e SRS e DD ES

! 'Thesa pxperiments were made cooperntively hy the Buresu of Publie Roads and the Great Westarn
Su nl;] Co. The plots enuch hid an area of 0.5 to 1 aero.  The soils of these plois nro a mixture of clay
nnd s,

1 From unpublished report, RAurean of Public Roads.

1 Na datn avallnble a3 to monthly npplication.

' !]“all.:m;nnr}" of thres years' experimonis ut Loveland azd Rocky Ford. No dats avelable as to monthly
applicoticn.

62525°—28——=56
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Tapie 22.—Use of watler on crops in the Missouri River Basin, trrigation waler
applied, rainfall, and crop yiclds, Greeley, Colo.!

POTATOES

Monlh]fy applleatlon } Total qusniity of water
of w

Aren ater received by crop

gatad

Irriga- | Rain-
July | Aug. | Bept. thon fall

Acres Feet Fert Feet Feet
17.88 4 042 .83 115 .73 LARF 1]
10.70 4 .30 .38 .78 .73 ¥ 130

t Mueasurements made by the Colorade Agricaltural Experiment Stotion. Seil is clay losm about 234
foel deap, underlaid with gmvel.

¥ Dain from Caolo, Expt. Sio. Bul, 117 (2).

+ 0Ol afets lond.

t Approxlmate,

TanLs 23.—Use of wuler on crops in the Missouri River Basin, irrigaiion water
applted, rainfall, and crop yields, Platle Valley, Nebr.t

ALFALFA

Monthly appifcstion | Total quaniity of water
of water received by crop

July Telga- | Rolo- | potat

Feet Ferd Feet
0. 55 .22 1.77

&

[

ENERNRE
H fad > il
BREE LR

L
[y

BUGAR BEETS

Tons
3.3 2 244 C44| G83| GeS| L3G iz 68

t These mensurements were mads by the Bureat of Public Roads on farms irripated from pumping plants
In Platte Valley between Cozad and Eearney.  Sofls: The soils of these fields are principally silt foams,
bim intcmdfe some loams and fine sandy Ioams.  In some cases oo data were avallable as to monthly applics-
tion of water,

¥ All dats rom unpublished report of Bureaa of Public Roads,
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TanLe 24.~—Use of waler on crops in the Missouri River Basin, irrigaiion waler
applied, rainfell, and crop yields, Monroe, Nebrld

CUCUMBERS FOR SEED

Maonthly spplica- Total quantity of water
tion of water recolved by crop
Yleld

per acre?

Irrige- Raln
Jaly . tion 1l Taotal

Feet Pounds
160

1.18
. 132
1,42 137

Hushels
42

.04

BEQUASH FOR SEED

Pounds

1.

Q.63 L
Bl . - L

.83 . . 2.

i i -G 2

l I_I'I;hese determinations wera mado in cosperation with the Western Seod & Irrigation Co, Thesoll lsa
Tich 1on.
1 All datn Irom O, E, 5. Bul, 104 {49,

TaBLB 25.—Use of water on crops in the Missouri River Basir, irrigalion wafer
applied, rainfall, and crops yields, Oconee, Nebr.2

POTATOES

- ‘Total quantity of water
received by crop

Irrigatlon| Rainfall | Total

Feel Fect
2,19 051
21 Rl

OR BEED

1800, a0. 82
1600, ——- 48. 69

1 The s0il Is of a very light, sandy ch.aracﬁr.
3 All data from O, E, 8, Bul, 104 {{5).
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TasLE 26.—T7se of waler on crops in the Arkaensas River Basin, irrigation waler
applied, rainfall, and crop yields, Fort Hays, Kans.l

ALFALFA
Total quantity of water
Num Monthly applieation of water tecelved by erop —
Yo her of el
Tt pet
irrign- . ¢ acre d ;
tions \ Apr | May | June | Taly | Aug I‘;EL';[{" Rglf" Total
Fert Feet Fert Feet Feet Feel Feet Feet Tons
1 R RO (PSP S 1,4t 0.88 2.2 40
o - .88 .88 2,80
1 1 PR 113 .88 2. 3.4
1] . .88 . .76
COnN
Buahels
f1E 1 I 1 045 0.45 0.88 1L.43 5142
1004 a . ] B8 47.28
0 1 0.38 .38 BB 1.8 9. 14
FEE i 0 .88 . 43.
. EAFIR CORN
1110 O 1| 088 . - 0.5 | 0.88( 143 4286
19H ¢ [ .88 .88 44, 04
1 1 R — 1 &34 L4 .88 1.22 35, 36
1604 o] . .88 . 19. 84
PENCILLARIA
L0 1 020 020 0. 88 1.08 14. 08
18 - 1] - .88 . B8 7.78
POTATOES
1 0.32 0.32 (. B8 1.20 08, B4
L] . .98 775
1 - G.na .0d .88 Nl 044
0 .00 .88 .88 55,06
1 P -3 I .52 ) L20| 10046
a _— .88 .BR 65, 58
L1 PO . 08 .08 L8R LB 74.28
o .00 _B8 N::) 65272
SCREHTM
p 11 1 0.25 0,25 0.88 113 35.38
1904 . 0 .88 .88 32.80
1504 1 0.48 ] .88 1.34 40. 00
1004 Q LB8 .88 5. 70
SUGAR BEETA
Tona
1 0.48 0.48 0.83 136 16. 52
Q .88 . BB 14. 14
1 [ 730 -1 .28 1.32 18. 57
1] .88 .88 14,36

1 These studies were carried on cooperntively by this bureau and the Kansas Agrleultural Experiment

Btation at the Fort Hays Braonch Experiment Stetion.

dark |onm with enooph ennd to mage it (risble, pnd quite deep.
1 All dute from O, E. 3. Bullotin 158 (£5).

The plots contained 2 acres each. The scillaa
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TasLes 27.-—Use of waler on crops in the Arkansaz River Basin, irrigalion water
applied, rainfall, and crop yiclds, Arkansas Valley, Colo.!
ALFALFA '

Total! quantity of
Monibly application of water wutcrb reveived

¥ top Yiald per
Lere

Trei- | Raln-

Ang. | Sept. gation | full Total

Feet Faef

0.1 1. 59

31 2060

2. 38
TAT

a0 117 4, 27

BEREBER

@
o

ERIRRBEBELER

B e 10 19 e b 20 e 4 O e GO e 3 B3 1D 00 5 1

b3 £ ED
o0 ch £

Hushels
W36, 00
21419, 50
11818 40
114 4_1. 05
2155470
414 43‘ 10
41619 70
318 5L 00
815 50, 20
-4 4] 41»90
914 40, 00
bl 21,50
$1340,00
i 4 H 32 w
12134]. 94
111 31» 20
i 10 96, 50
1e18 99, 90

B RS GBS RO RS G2 b LD e G S SO D D G0 B G

[y
(SR

M BD LA Ll A
L kS kD

B2zg

g
o

rtoe
e

Ken
e

RSTILIRS MEn PR L

T O 0 e T S W T e T B M e
T O G L
[ZE-A—F=T=L k)

[l g

Beo footnotes nt end of table,
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70 TECHNICAL BULLETIN 38, U. 8. DEPT. OF AGRICULTURE

Tasre 27.—Use of water on crops in the Arkanses River Basin, trrigation water
applied, ratnfull, and crop yields, Arkunsas Valley, Colo.l—Continued

BARLEY

Total quantity of
Afonthiy application of water water received
by crop

| '
Apr.{ Moy ! June Aug. {Sept. ! gfxgz;n
I

Feet Feel | Feal i Feet Jushels
3 X R I AL 147,00

Total

Bk b3 B G

L2
.37

S8 PrhaiRnnes

Ll

BhamRaEREss

el el L E el I e

ES

BUBEYENDERSEORREULNSSRRIEE

3 G e B R et et 1 B3 DD B0 E B bt s B e 15 b 0 et B pee pem pem

3t
i
2
2
@
4
1
4
3
i
3 81
2 1
4
4
]
2
3
+
6
[i]
4

rats,
s

Pounds
E

TOMATOES

0.1 1 p.02

See foctnoies at ead of tuble.
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TasrLe 27,—Use of waler on crops in the Arkansay River Basin, irrigation waler
applied, rainfull, end crop yields, Arkunses Valley, Colo.'—Continued

CUCUMIBERS

Tatal quantity of
Num- Monthly applleation of water water  regeived
'h LD
f ¥ Lrop
Laer of] .
irri- Yield per
nerg

m.

lions Tupe | July | Aug. | Gept. girl.ggn }};'1[1“' Total

Paonnds
yred
L
T2
1175
1% 425
B34l
W7

Pounds of
cueumbers
M 051

WATERM

10 e 10.08
SISO B B . 3t L

G 51 0.15

¥ .57
L.t}
L 4T A . .21
]

L4
Wi, I8
114,38
H 005

— e

[kt
St

UThese cxperiments were carried on under » cooperative sgreement between the Colorndae Agriculturni
Eaperiment Statlon, the United States Departinent of Agriealtare, and the American Beot Sugar Co.
Except for the furm of the sugur company, nll the tracls chosen were privately gwned. These fartos are
leented nd various polots nlong the Arkansas Valley frem Avendule 1o Lamar. Thoe aress given for the
flelds were determined fram n plane tably survey mode each year. The ircigation wnier was frst measured
through Lba farmer’s short box Llume, but it was found that the results could not be depended upon, dus to
tho large amount of sUt carried by the water. 'When nevessary, improved Venturl Sumes were Installed
Inter, Iecording instruments were used at every furm, The minfall given was determined from sinsll
rain gnoges loemied st the furms nnd looked after by the farmers.  T'his record is for the perlod af irrigalion
only, usunlly froti the first of March ta the Just of September, ‘The sofl types given are tnken from the
Bureau of Seils maps fer 1802, Source of informatios is unpublishad dats, Colorado Experiment Stution.

. W, Mills furm.

+ A, Miteliell farm, Maricopu sondy adobe.

¢ Hnines Bros. Fresne fine sundy loam with gravelly areas.

+ Qus Stjernhom farm,

¢ Hyrbery enth, Frespo fine sandy low,

1 ey Baker fyrm,

4 Cletn Ryosn furm, Fresno fine sandy lounr,

* Amnerlean Beet Sugur Co, east form, Muoricops sundy loam,

¢ Kouns farm.

1% 8 nounds seed.

1t 1, Bryont farm, Muaricops sandy Loutn,

I Henry Nesslage Iaru,

HWm, Buuseroan farem.

I Winler whent.

1 Soring wlieat,

17 Winter Irrigotion. Home totuls Include smul] application sfter September.
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TabLe 2B.—Use of waler on crops in the Arkunsas River Basin, irrigetion waler
applied, rainfall, and crop yiclds, Canon Cily, Cola!

APPLES
Totul quantity of Tolal quantily of
wauter reecived by water reecived by

wrop Yield per . erop Yield per

Trri- ! R pere i- | Mal pere?

i~ Raln- ain-
gation Totul foll

Feet Feet Fect
X ; 286
W37
i
Lol
i)
.88
-1

S ER

LI I LA

L-X--]

! "Thesy studivs were made by the Bureau of Public Raads In cooperation with a local orchardist, The
6211 of the orchard ranges from o euthier heavy loam to  Jight sendy lonm contalning gravel pockets, under-
laid with a clay subsoil.

? ALL datn luken from unpuitished report, Buremt of Public Jtonds,

¥ Corn and-alfalls prown between rows secount for euvy use of water,

i Plug 4,541 pounds bulk and 541 pounds golls,

! Pius 4,081 pounds balk pnd 1,308 pounds calls,

Tavie 29.—Use of water on crops in the Arkansas River Basin, irrigetion waler
appied, ruinfull, and crop wields, Rocky Ford. Colo.?
STCGAR BELTS

Total quenlily of

Monthly dicati gl RO LrCi v i
Area | Num- y apisdication of waler wWhin ;;L(;‘p vk by
i ber of

guted | il i
palions| May | Jooe July .| Sept.

T X
Irri- ; Rain-
ganlan i Totul
seres freat Feet : Feet
7 3 ] 5 047 3 . . 148
15 ) ) . .39
A7 B8 1.30
T . 1L.36
136
L4

o
=

suERsESRgBsRER”

-

213
713
213

Hoo-oMrooEomm

el - E- AR ] SR B Y e ]

F:k’u.. e et

{ These experiments were made cosperalively by the Bureaa of Public Reads nod the American Beot
Bupgar "o, The plots included feom 105 to ! pere cach, The soils of Tthese plots are g mizture of cloy and
S guite potmon bn Arkgoses Valley,  From vopublished report, Bureau af Pubtic Koads.

TasLe 30.—I/se of waler on crops in the Arkansas River Basin, trrigation water
applicd, ratnfall, and crop yields, Ends, (elo.!
ALFALFA

Tola! quantity of : Totnl quantity of
Mum-| water received by . waler reeeived by
ber of Crog Yicld wop

frrigm- ni}ff :
tions | Irri- | Rain- €
gabion | fall

Irri- | Raln- Total

Total pation| fail

Feel | Feel | Feel Tons Feet | Fed | Feel
.25 105 243 &8 Led | DEY 1,47
Lt 1,05 i 05 {3) Nt 37 i

! Phese experiments were conducted by the T seau of Public Roads at its demonstration ferm sb Fods,
Colo. ‘This form and the demonsiestion fprms 3 Cheyenne and Newesstle, Wyo., were established
Lo experiment with water pranped from wells o5 a supplement to dry rming.  Plots conteined 0,75 nere
each. The sofl is o sandy Emm, underlaitl with o bonyier clay stratum which o places cairics o large por
oent of g}?)sum.

t Diata from unpublisbed report, Hureau of Public Roads,

1 Crop futlure.
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IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 73

TaABLE 31.—{Tse of waler on crops in the Arkansas River Bastn, trrigelion water
applied, rainfall, and crop yiclds, Garden Cily, Kans!

ALFALFA

Total quunti};f af
Monthly application of water water receivad by
» Urop
Yiekl per
acra

trel-
EB-

Ruin-|
Ltion fall

=

EankEhE-ERRSS

E NS e b R -

L é

&
3
d
4]
1]

BRS2RRRRRERRE

EL8

ERNBE Bpmpopw
8383888838388

BREREER

B |

Bes [ootnotes ut end of table.
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TasLE 31—Use of water on crops in the Arkansas River Basin, irrigation waler
applied, rainfall, and crop yields, Garden City, Kans.'—Continued

COWPEAS

Total quantity of
Monthiy application of water water ricelved by
LIt CrOD
berol 2
I{irls:n- irei
ons rri-
Ralp-
Apr. Muy ARg- £6-
E tlon fail

M.

Bt et e gt

SHEITsLRES

b

e i al
[ drd l et i
R R R I DR

BENBERERE RN RERE
BERRTEEEREREEEEEELEREYE

SRERSLTEU

Lkl o
ZERE

w

w

En

EEREELT

282 PnwpplllEo:
BSRRBEER5RER

o1
=

B8 we

ot e B

BRRRE

883883818

See foolnotes at vnd of table.
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IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 7D

TanLE 31.—/se of woler on crops in the Arkansas River Basin, irrigalion waler
applied, rainfall, and crop yields, Garden Cily, Kena,'—Continued

MILO

Totsl quentity of

Monthly applicatlot of water water recelved by Liter-
i crop ature

clted

I 1 patnd

(50
Apr. Juns Aug. | Bept. ‘ﬁ; sl p-1lo)

Refer-

ileres
b 13—

———r Gl Al S E T ORGSR

ey

CRERRERNREN

BB

ea
=

1B BRR, | BEEN]
BooUEEEERRTERS

g

e

- T

ERER
)

I=¥-$=%]

| ORI RE R M- S DT

BRBRWEY

Sea Inotnotes ot end of table,
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TasLe 31.—Use of waler on crops in the Arkensas River Basin, irrigation waler
applied, rainfull, and erop yields, Garden City, Kans.* —Continued

BARLEY

Tote] quantity of
Mounthly applimtion of water water recefved by
crop

Yield por
Dere

Irrl- Rain-

TSt S

IOTATOES

e et IS : : -_--l----..i-

2RRE

BEBEENS BE

S25EE8BS

=F=f=] =)

[P PR

~

e
R
Bags

-

[

gy

-
e bt et B M W M

HWRSReDREp R eDnSERES
EEEBEECSIERRBITRER

RS e e £ 60 e ke £ 0 1D 0 £
b

IC; -

1]

Lad-uk il o

BERRELRISREY

R,
EEELEREHEHGERER

.!3:"'!““

@

SR Pk g
BEBREEBERERE

Taus
113,42
LN
19,85
. ! . . 19,10
S ) . 7 111,12

See foctnotes at end of fable,
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Tanre 31.—Use of water on crops in the Arkansas River Basin, irrigelion water
applied, rainfall, and crop yields, Garden City, Kans.'—Continued

SUMAC SORGEUM

Monthiy sppiication of wnier

Total quantity of
water revelved by

Num- erop Liter-
Yeur |G {berof Yield per |
ated feripe- avre T
R tions Ik | poind ﬁ%}
Apr.| May | June 3 July | Avg. | Sept. Li:ﬂ‘ st 1 Fotal p-
* tion
Feet | Feet | Feel | Feet | Fret | Feel | Feet | Feet | Feel
- PR I S, G244 | 0280, 0.52 | 0.B2{ L34
2| . = - S .53 .82 135
2 Jd .| a7 A5 W82 LT
2 | M LB | er .32 B4
[+ IR, " o--ai L0DY (B2 B2
[ 0 S F— - 0% .83 .82
0 T & .00 | .82 .82
0 - JEVU P I M, .00 82| .82
[ 7 TS AR . LAZ) W25 |00l ) AV0 12
£ T PO [ PN .42 as | 13376112
2% (NN S AR App— LI 5 I U2 0 I W -
3 PR B {0 Y -3 S 005 T I T -2 F .
] . L 3 P o
1 S LE2 |eeas
1] — N
1} imm 112
1 AR Bry: 3
1 1,87 .
H LB TR L
115 o.00 20
..... .44 9. 90 20
1.81 26. 20 26
z 50 30,20 patd
1,55 0.00 26
202 4. 50 il
..... 2.67 1260 2
..... 3.35 9,80 ']
1,78 17.00 20
Y 24.80 2
.60 .80 2%
¢ .49 27.60 26
i) FYN] il
L0 36. 70 %
11 i S hiy 2 2] 191,
111 ' S L] LE2 110,
Q .72 LS
1} .72 218,50
i) .72 17,00
i W97 223
1 1.11 234 EQ
2z .24 227.00
2 1.2 123, 60
1 . 520 1925,
| I RO L C3d | 00 |aiaaaa 1103, 60
i N 3] DD |aean- 23 26.00
2 U R 1 O SO I LTGRO W3
z 42 . L6 | 100 11622 3%
2 .58 -y 821 LI 10 2%, 30
2 7 3 I PR F, G2 11,00 L A1)
3 [ T P, N 118 | .00 T 28 70
< N [ (S L85 . .| 119 ] L8O 203,00
2 A1 15 PR NN S, LT . a2 3y
i - - | .88 .88 1150
] e N F— R I *.00 § 19,30
—af- e L6714l 35 60 | 24,30
R nazi o .ertLig 20,30 | 29,30
. 1.72 1 .67 § 238 28,90 | 20,30
I FSSRN EPRPRRES. NI F— 288 | .67} 3.5 102910 { 20,30
[ PO — g 00| .60 .60 .00 | 26,30
f 11 i SR .- LT3 LB L3S L0 1 26,30

Sec footootes et end of table,
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TanLe 31.—{Fue of waler on crops in the Arkansas River Basin, irrigation water
applied, rainfall, and erop yields, Garden City, Kans. —Continued

WHEAT—Continued

Total quantity of
Monthly spplication of water water received by
crop

Rain-
Apr ]

38
L n‘-:t

23

ot
i
oo

SERBEBEBERE
=]

BRwR

BEgLsssuNEuEyy

BREa

PREBEEEE

+,

Bushels
J L TR i 0. 39 . 8.8 | .09 1.92 L:'/ I S

! Theso experirmenta were condueied at the Gsarden City Branch Exper!ment Station under ¢cooperativa
agreement Letweern the Burvau of Public Rosds and the Knnsas Agricuitural Experiment Station from 1914
ta 1918, and by the statlon ulone after that time, In most cises plots were 8.05 sere in oren. 4 few rapped
es high as 7 to 15 seres.  T'he stution farm Is located on high uplund. Ths soil s a lght silt loam and,
with tho excentlon of sceunulsted hutus near the surfsos, Is proctically uniform 1o & depth of st Jepst 15
feet. Inall cuses where the tots) frripation water upplied 15 greater than the total for the manths indlented
the difference i3 due to wintsr irrigniion.

1 Frotn unpublished report of the experitnents,

! Better stand than an irriguted plots.

¢ Inhired by pests and weather.

1 Seed eontalned nearly 20 per cent barley,

44,40 tony hay.

¥ Dy stover.,

L Injured by hot wind.

* Winter wheat; March ealnfall only 0.03 fuch.

# Wister wheat; Morch rainfall included,
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yields at Brooks, southern Alberta, Canada!

TarLg 32 —Use of waler on crops,

ALFALFA

Lltera-
tura
clted
(sce

A t]

NN EnEESESEEEERaRRRRORERSEBENRARR SIS ABIRIRITRSIIAIRIISEITISERIN

Yield
per
acre

- LX) w i -
nmxhuﬁwmmnummwuﬁmmmmmmuﬂmﬂ&w ERERCRRNRERATS3S3SR8ERREE
Wy eSS dd d v S G S e T diSvledd feinleg A im g el

Total

BB aARENEENHYIRSSYREYARANREYNSURREER ZeoB-3-c38ss
R e e B e P Y A By T PR R D L T : §= "Hclnieded i oiel Ted

Rain-
full

Fotal quantity of water
received by crop

Irriga-
tien

wmﬂmmmmwwwm%mwmmmwmmm EERSERERE ERYEERERRRERRRSREECRRRERSSES2RER2ZRBELERE

Gl lecimied ¢ e idleleed O Aol O e deleimed T B B R e T Lo b o B P P T e )

'
i
1
1

Eept.
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Monthly applieation of water
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W22 s
17—
W

Bea foot notes at end of table,
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TabLge 32— Use of waler on cm}m, trrigation waler applied, rainfall, and crop
yields at Brooks, southern Alberta, Canade '—Continued

ALFALFA—Contioued

Total quantity of water
rectived by crop Litera-
ture
clted
(see

AMay July | Aug. | Sept. I{féﬁ“' “iﬁﬂ" p. 110}

Alonthly applleation of water

Refer-
ence Na.

P
3
g
g

ErspeyRye

e
e
Lk =]
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BRREey
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Taprs 32.—Use of water on crops, irrigation waler applied, rainfall, and crop

wields at Brooks, southern Alberta, Canada L—Continued

ALFALFA SEED—Continued

bur of

Nnm- Monthily applicaticn of water

‘Total quantity of weter

received by crop

{rrign-
tions

July

Sept.

Irrign-
tion

Rauin-
mll

Total

Fest

LuNy

PR

.

.

shnnRE ik

G

[

-

- . [

4]
75
i
£t}
.25
.50
.75
06
.00
25
. B0
75
.00
i)
i)
i)
75
00
43
33
.58
L8
03
B
[EH
%
50
75
11}
25
00
4

b
o

CE
REEHE

18R

H
HREdsBEESY
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BRBBEER
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Feet
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2 £ERPEREESS

[ e
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Tantm 32.—Tse of waler on crops, irrigation waler cpplied, rainfall, and crop
wields af Brooks, seuthern Alberle, Cenade '—Continned

BARLEY

Tatal quantity of water

Monthiy spplication of waber received by crop

Num-
ey of
irrign-

tans | proe Aug. | Sept. Igé%& Rﬂf’ Total

Sy

(b el il

(A Al - PN R )

T e B b e b
b i e b

Banaiikkikiikiishishkic kit kriikiznkisl

1

i
i
2
i

1.
2

[
B bk b 3t b b

PV - ol o ol ol o ) ol Sl ol o
et bbbttt arab it gt bbb oot b
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e
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10 b br 10 1o o
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o L by . b D
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Bee footunotes ot end of table,
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Tasrr 32.—7se of water on cmfs, irrigetion water epplied, rainfall, end crop
yields al Brooks, southern Alberta, Canade '—Continued

BARLEY—Continuad

Total quantity of water
recelved by crop LEL‘;:;“

Monthly applleation of wator
‘.;;‘lum;
or ¢ )
frrign- c(lét.f,j

tons | priy July { Aug. | Scpt. I{f;ﬁ“’ Rng‘]n— Total p. 110)

Refer-
ence No,

£l A gn
£hoh i

08
1,02
1.35
160
1.48
2,02
1.35
Lg%
1.85
235

.35

b
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TaeLE 32— se of water on crops, irrigalion water applied, rainfall, and crop

yields al Brooks, southern Alberte, Canada '—Continued

BARLEY-—Continted

Monthly applieation of water

Tatal gnantity of water

Num- received by crop Litern-

v ber of ture

ear irriga- c(ltcd

; 1 I SO0

tions Iggf]“ Rrghn Total p. 110}
. Refer-
Feel fect Fee! [Bushels |ence No,
1 0.33 0.72 1.05 B
2 - 07 A 1.3% 8
4 160 .72 172 , 2 B
] 133 LT 203 X 8
a 1. 00 T2 1.72 3 B
4 L33 .2 2.05 X 8
2 1,00 .73 172 ., 2 B
3 L350 . 2.22 X )
4 200 .72 2.72 5 B
1] L0 L83 .65 ] 15,270 B
1 L3 .33 63 B8 8
2 .3 .67 N 1. 36 2. 10 3]
2 L33 R .84 1.36 3 g
B L33 1.00 .64 1. &0 ]
3 .37 LTl i) 140 B
TP I 3 .41 L Th Ny 1.4 B
123, - 4 L 50 1.17 . G 1.86 8
183 . 2 .50 1.00 N 169 { 3240 8
1623, - K .50 1.00 .G 1. 60 L () 8
3 .50 1.50 .08 2,19 | 35.40 8
0 .00 .72 L7 | 10.50 8
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IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 85

PapLE 32.—0/se of waler ok creps, irrigation waler applied, rainfell, and crop
yields at Brooks, southern Alberta, Canada *—Continued
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TasLe 32.—Use of waler on crops, irrigation waler applied, rain all, and crop
yields at Brogks, southern Alberte, Canada —Continued
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IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS &7

TABLE 32—{fse of water on crops, irigation weler applied, rainfall, and crop
yiclds ut Brooks, southern Alberte, Canada '—Continued

OATS—Continued

Tatal quantity of water .
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TanLe 32—Use of waler on cropy, irrigation water applied, rainfoil, and crop
yields of Broaks, southern Alberta, Cenada '—Continued

OATE—Coniinoed
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TRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 89
TasLzs 32.—Use of waler on erops, irrigalion waler applied, rainfall. and crop
yields at Brooks, southern Alberta, (lenada '—Continued
OATSE—Contloued
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TasLe 32.—Use of waler on cro;:s, irrigation water applied, rainfall, and crop
yields af Brooks, southern Alberta, Canada “—Continued
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TapLe 32.—Use of weler on crops, irrigation waler applied, rainfell, end erop
iields at Brooks, southern Alberta, Canada '—Continuned

POTATOES

} thly i wole Totnl aquantity of weter Lltera-
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TasLe 32—Use of waler on crops, irrigalion welcer applicd, rainfall, and crop
yields al Brooks, southern Alberte, Canada '—Conlinued

POTATOEE—Continned
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TABLE 32.—Use of waler on crops, trrigation waler applied, rainfall, and crop
wields at Brooks, southern Alberta, Carada '—Continued

WHEAT—Continued
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TanLe 32.—Use of waler on crops, irrigetion water applied, rainfall, and crop
yields at Brooks, southern Alberte, Canade " Continued
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Tapve 32—Use of waler on crops, irrigation waler applied, rainfall, and crop
yields at Brooks, southern Alberin, Canade —Continued

WHEAT—~Continucd
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I The Reclnmation Serviee, Department ¢f the Interior, of Cenada, has conducted these experiments at
the station near Drockd sinca 1017,  The plots have usually contained less than 0.25 acre; a few have been
1arger, and o fow ns smatl as 0,005 acre.  The sol! 15 a Ane sandy loam, very uniform, underlald by vary
fne sand and sl and with light gravel at 12 to 14 feet in depth.  Prior to 1918 the precipitation figures are
for the period Apr. | to Sept. 20, inciusive. For 1918 and inllowing years, urless otherwise noted, Aglires
aze from Apr. 1 to harvest.

18own in hills. 1 Bpwn in drills, ? Shattered by wind,
1 Bown in rows. ! Estimated, ! Plot very patehy due to burn cuts.
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Tasre 3d---Use of waler on erops, irrigution water epplied, rainfall, and crop
yields af Coaldule, southern Alberta, Canada *

ALFALFA

Total quantity of water

Montaly application of watar received by crap

Num-
bur of
Irrign-
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Bae [ootnotes on p. B9,
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ALFALFA—Contipued

IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 97

TaBLE 33.—Use of waler on crops, irrigation waler applied, ratnfaill, and crop
yields at Coaldale, southern Atberta, Canada *—Continned

M-
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Sen foatnotes on p. 99,
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08 TECHNICAL BULLETIN 36, U. 5. DEPT. OF AGRICULTURE

TavLe 33.—Use of waler on crops, irrigation waler applied, rainfall, and crop
yields @t Coaidalz, southern Alberta, Canada *—Continyed

OCATE AND TIMOTEHY

Total quaniity of waier

Monthly spplicstion of waler toceived by erop

Num-
Jl‘rrr?? ber of
irriya-

gated o .
Hons | jraw | June | Tuly | Aug | Sept. I‘J:ﬁ:‘ R{‘;‘;{‘

Feet Feet Feel Feet
It ... 0. 45 .83 20 0. 57

POTATOES
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Spe footnotes onm p. 99,
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Tapue 34.—Use of waler on crops, irrigation waler applied, rainfall, and ecrop
yields at Lethbridge, southern Alberla, Canada '

ALFALFA

Monthly applieation of water Tntﬂéﬂrﬁ%-‘; gf,g;m"

May | Jume | July | Aug. | Sept. rﬁfﬁf‘ R,EH“ Total

Feel et Fert Fert
0 0} 0.99
-0
50 .
.50 .
50 .
.a0 .

g
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0.0
it
.0

Heo footnntes nt el of Wihla,

(FOOTNUTES FOR TABLE 33

! These monsurcrnents were made under the direetlon of the commissioner of irfgation, reclamatian
survice, Dupmriment of the Interior of Canpdn.  The upper soil for a few inches is a elay loam, upderiald
oy u light clay Yoww vory uniform [n character and conlaining ne ioper vious strarg,

T Froin Ann. h‘.lpl.,. Dept, 1nt., Canada 1914 (53),

* T lootnote 5 fram Bul. 4, Irrig. Ser., Dept. Int., Conada (38).

¢ Now allnlls, noue cut.

# To foolnote B from Hpt. Irrig. Survs., 191516, Dept, Int., Canada (403, .

¢ Thiz nind following items to footnote 7 from Rpt. Lrrig. Survs,, 1$:5-17, Dept. Iot., Canadn 41).

T This ond fotlowing {lems to footnate $ from Rpt, Irrig, Survs,, 1017-1s, Dept. Int., Conada (4£),

! 'This andl following ilems to footnote § from Rpt. Irtlg. Survs,; 191619, Dept. Int., Canada (43,

* This and fellewing Iters ta feotnote 10 from Ann, pt. Reclam. Serv., Conada., 1910-20 (4.4,

Ihis and following items to footnote 11 from Ann. Kpt. Heelam. Serv., Caonada, 120-21 (§2).

" This and [ollowing itemis to foctnota 12 from Ann, Rpt. Reclam. Serv,, Canada, 1921-22 (45).

11This and [ollowing [bems to feotnote 13 fram Angp. Rpt. lieclam, Serv., Canada, 1922-73 (24},

8 From Liul, 4, [rrig. Ser., Dept, Int., Cannda ({9

4 New planting.

12 liept Irrlg. Burveys 101718, Dept. Int., Canards ({9

18 RpL. lerig. Surveys 191818, Dept, Int., Canade (453,

Ut el Surveys 181516, Dept. Jut., Conada E.{O .

W R, Hrig. Surveys 1916-17, Dept. Int,, Canada {31)

¥ Ano, pt Beclam. Serv., Coneda, W22-23 (543,

B Ann, Upl, Replam, Serv,, Canndw, 1919-20 {£2).

# Poart green fesl.

A Ann, Kpt, lieelam, Ferv., Canada, 182021 532).

8 Ann. RpL Weclam. serv,, Conwln, 1021-22 (553,

# Crop frozen before digeing: hoavy loss,

B Fall irrigated 1513,

* Yield of grain; barley was sown as nurse erop.

T Qreen feecd (Lons),

1 Dinmage:d bf‘ hadl.

P This nud follow{ng itewws to footnote 22 from Ana., Rpt, Reclam. Serv., 1918-102¢ (44}
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TaBLE 34.—Use of water on crops, irrigafion water apgf.ied, ratnfall, and crop
yields al Lethbridge, southern Alberta, Canada '—Continued

POTATOES

. ' . Taotal quantity of walker
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ber of Yield
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Ses footnotes sl ciid of table.




IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 101

Tanie 34.—Use of waler on crops, irrigation waler applied, rainfall, and crop
yields at Lethbridge, southern Alberla, Canade '—Continued

WEIHEAT

Total quantity of water

Monthly application of water received by crop

Num-
ber of
frrign-

HOBS | Afay July | Ang | sepe. | Uien- | Rain | g

fhrghels
! 44, 00
47. 20

Feet Feel

o7
o7
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g
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e L L L L PR o P L L P T T TR PR

R

! This investigation was inftiated jn 1922 by the Domintan Departtoent of Agriculture at the experimental
stallon nt Lethbridge, {or the primary gur?osc of determining the stage of plant development when water
cut most ndventageousiy be used, with minor emphasis upen quantities of water, uplicate 0.05-acre
plots are used, The soll i3 n uniform medium ssody clay loam, with a snbsofl of similar texture,

: ’r!“hlllslm}d rﬁuowmg iterng to footnote € from report Lethbridpe experiments, 1923 (14).

ul] {rrigntiom,

+ Incluedes all frrigatlon,

i Creen weight,

¢ This and following items to fectnote 7 report Lethbridge experiments, 1922 (13).

7 Thls end following items to foctnote 8 from report Lethbridge experiments, 19023 (£4).

1 Thig nnd follow!ng items to footnote @ from report Lethbridge experiments, 1922 (1),

? This and following items to end from report Lethbridge experlments, 1923 {14,
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TasLe 35.—Use of waler on crops, irrigalion waler applied, rainfall, end crop
yields at Bonalane, southern Alberta, Canada!

ALFALFA
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Monthly nppieation of water received by erop
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IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 103

TipLe 35.—Use of water on crops, irrigation water applied, rainfall, and crop
yiclds at Ronalane, southern Alberta, Canado '—Continued

BALRLEY

i , : ; Tutal quantity of water
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Tasus 35.—Use of waler on crops, irrigation water applied, rainfall, and crop
yields al Ronalane, southern Alberte, Canada '—Continued

OATS—Contlnued
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Tasue 35.—Use of weler on erops, irrigation waler applied, rainfall, and crop
yields al Ronalane, southern Alberta, Canade *—~Continued

POTATOES—Continned
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recelved by erop

irrign-
Liong May

June

Aug. | Sept.

Erripn-
Lian

Raip-
full

Tatal

Yinkd
per
fcre

Litern-
ture
el
{300

p. Vi)

£R i B B = B B3 et et o T3 5 0 e D i e

&
7
5
7
4
14
2
3
§
&
B
[
1
2
3
4
5
]

perele, L, MRS

']

BRIFSRBRAUSTUBLBLEEY

e

=

P i ol -
EELBELLCERBER

[

Bushels
T, g2
Va7,
A
158, B4
260, B}
31k 2D

Eefu

ence Neo.
bk
]
54
W

L R e 1 e R LD O 0D NE DG B e S e T

88iE8Es

BUENRHRERE

L RNPERRS, PR
BRESHLEEES

8

it B i
I‘-H%O:J

45882

Bee footnotes ut ewl of tabls,



http:1'-------1.25
http:1"------------------------------.00
http:32':;.00
http:2!,(l.OO

106 TECHNICAL BULLETIN 36, U.S. DEPT. OF AGRICULTURE

Tawue 35.—Use of waler on crops, irrigation waicr applied, rainfall, and crop
yields at Ronalane, southern Albertn, Canadn '—Continued

WHEAT

, it . Total quantity of water
- Monthly application of water received by orop Litern-

hor of e ! lufu
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t These experiments were conduvted cooperntively hy tho reciamation service, Department of the
interior of Cunmda, and the Seuthern Aiborty Land {o. and ks sbevesdor, tho Crnads Land & Irrigation
Lo, The plotd runged In slze from o finetlon of | pere to 1,067 neres.  In 143 this slution was ahandoned
fu fuvor of & mwote ad vantageons loestion nt Vatushall,  Precipitotion Sgures prior to 1917 ure for perfed April
L to Septeber 40, lnelusive,  Far 1047 and following ncria(}. April 1, to harvest, Soila: Fino sandy loam
soll for suveral incim»', thien B Sundy loam to g depth of 3 to 4 feet, underlaid with sand eod gravel.

1 Sumnier faliowed, -
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TanLe 30.—Use of waler on crops, irrigalivn waler applied, rainfall, and crop
selds at Strathmore, southern Atberta, Canada

ALFALFA

‘Matal quantity of water re-

Afontbly appllention of water veived by erop

Number
af frrign-
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Yield
[er ncro

June ' July A, I?;:.J"l{' Hadufall | Total

Feet | Feet Feet Feet F

mammmmar ramreanens 0. 25
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! These investigntions were entried on by the irrigation branch (Iater the reclamation service), Deport-
ment of Lhe {mterior of Cunada, in eoeperation with the department of nutural resources of the Canadlan
Pnclfic Roilway, The plets varied in size frorn .08 o 0.78 acre.  Owing to Lhe wet scason, no Irrigntion was
applied in 1916, In 1017 thls station wns abandoned as a result of a tise {n the groumi-water level. Pre.
clpitation for perleil Apr. 1 to Sept. 40, inclusive, Sofls: Sandy for a few Inches In depth, then o fdne
suntdy soil to & depth vorying from 3 to 7 feet, underlaid by & very impervious subsoll of heavy clay snd

mbo,

* From Rpt. Imig. Burveys, 1915146, De_pt. Int., Canoda {40).
1 Frot Tall. 4, Ireig. Sor., Dept. Int., Canade (.ié).

« From HEpt. Irrig. Surveys, 1915-16, Dupt. Int., Conada (40).
4 Fram Hull, 4, Irrig. Ser., Dept, Int, Conada (54).

* Sumier fallowed,
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TasLe 37.—Use of water on crops, trrigalion water applied, rainfell, and crop
yields at Sirathmore, southern Alberta, Canada !

ALFALFA

Munthly applieation | Totg! uantity of water
Num- of water received by crop

bor of
frrloy-

eas | arov | Tune Irél’f:‘ ng}i" Totgl

et
0.0
.38
.58

P

T

fuezaugni

&

Bushely
2.00
i5 00

G 71 0.7
W L2
.7l Lio

! Investigntions wera carriad on by the Irrigation bronchk, Department of the Interior of Cangda, in
cooneration with the department of nolural resources of the Conadian Puocific Hpilway and with indi-
vidual fnrmers.  Soils: Sendy lonims, soro of uniform tex tire for some deptl, and some endertsid with
bardpan ot about 8 inches.  Preeipitation for poeriad A pey 1 to Sept. 10, inclusive,

! Linta from Thul, 4, Irrig. Ser,, Dept. In t, Cannds (54).

it Fail frrigated, 1013, .

Tasre 38.—Use of waler on erops, irrigation: water applied, rainfell and crop
yields at Gleichen, southern Alberta, Canada b

CATS

Totnl guantity of water

recelved by cro
Number & ¥ ctop

of irri-
pEatiohs

I EE{')S:' Rainfall | Totsl

Feet Lect Feet
0. 1 1.24
. IN LM e
1 i.4a 75

' Thess wore part of o series of fleld demonstration plots on which s program of irrigation was condueted
by tha Irrigation division ({lnter the rocinmation servios), Departarent of the Interior of Oanada, The
plots eontnined | to 3 reres. Prastically all the soils were of the Sakie geniernl structure and texture g9 st
Birathmore. The preciyitul.icn wos for period Apr. I to Sept. 30, inetusive,

T

¥ Draty from the Rpt. lrnig. Survays, Dept. Iot., Capad 1815-18 (40).
* Summer fallowed, it ’ * 4
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TapLe 39.—Use of waler on crops, irrigalion waler applied, rainfall, and crop
yields al Vauzhall, southern Alberta, Canade ! i

DARLEY

Total quantity of water re-

Montbly application of water ceived by crop
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1 'These studies have been made by the reclamation service, Department of the Interior, of Cauada, and
the Conade Land & Irrlgation Co. ‘Tha plots arc 0.25 acro in size. Precipitation for period, April 1 to
i:égl\% Soils: More umiform than at Robalene. Doty taken (rom Ann, Bpt. Reclam. Scrv., Capads,

-23 (83},

1 Estimated.
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