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INTRODUCTION 

The expressions "irrigation requirement" and" water requirement" 
as used in this buUetin are defined below to ayo;'d confusion resulting 
from the frequent but mistaken assluuption that they are synonymolls. 

The irrigation requirement of arable land i" the quantity of irriga
tion water required for profitable crop production under normal cli
matic ;ind physical conditions. The water requirement of crops js 
the total quantity of water, regardless of its somce, required by crops 
for their normal growth under £leki conditions. 

The water requirement is applicable to indi\Tidual crops grown on 
relatively small tracts and includes soil moisture and rainfall besides 
the irrigation requirement. The expression of both requirements is 
in acre-feet of water per acre. 

The design and construction of irrigation systems usually invoh-e 
consideration of either of two sets of conditions. In one the area to 
be irrigated has been determined and the water supply is ample; in 
the other the .known water supply is limited, while the aren which 
mlly be irrigated is restricted only by thE' fiyailfible water. In both 

I06-l69-3(}--1 .. 
_IFll. 

Jut 1 t 1930 



2 TECHNICAL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

cases the basic quantity of water to be co.nsidered by the engineer is 
the irrigation requirement combined with transmission and other 
losses in canals. 

This report is the third of a series on the irrigation requirements of 
the arid and semiarid lands of the Western States. In the first of the 
series, which dealt with the Great Basin (8)/ the conclusion was 
reached that the seasonal quantity of delivered irrigation water for 
agricultural purposes would vary from 1.5 acre-feet per acre to 2.2 
acre-feet per acre, depending on the locality, and that eventually an 
area of 5,000,01)0 acres-nearly double the area irrigated in 1920
might be irrigated with the available water supply, provided that 
measures be adopted to control and conserve the flood waters and 
use all diverted water economicaliy. 

In the second of the series, dealing with the Missouri River and 
Arkansas River Basins (9), it was concluded that the seasonal net 
iITigation requirement for the arid and semiarid lands considered 
would vary from 1.25 acre-feet per acre to 2.3 acre-feet per acre, 
depending on the locality, and that on this basis the available water 
supply if properly controlled and used would irrigate about 17,000,000 
acres. Deducting the 5,000,000 acres irrigated in 1919 leaves a bal
ance of about 12,000,000 acres still susceptible of irrigation. 

In this bulletin, which deals with the S"Hthwest, data are presented 
in support of the conclusion that the area irrigated in 1919, amount
ingto 3,771,000 acres, may be increased to 13,000,000 acres, provided 
the available water supply is efficiently controlled and utilized an~ 
the seasonal net irrigation requirements do not exceed the average 
quantity of irrigation ,,,ater allotted in Table 5 to each of the 30 sub
divisions into which the territo!'y is separated. 

The greater part of the investigational work summarized in this 
bulletin was carried on in cooperation with State agencies. In Texas 
the board of water engineers contributed funds, labor, and equipment 
to determine the proper use of water in irrigation in western Texas, 
the experiments being conducted under the direction of the Division 
of Agricultural Engineering of the United States Department of 
Agriculture/ W. L. Rockwell initiating them. Like contributions for 
similar purposes in adjoining States were received from the State 
engineer and the University of Arizona, the Agricultural Experiment 
Station of New Mexico, and the Imperial Irrigation District of 
California. 

THE SOUTHWEST 

In this bulletin the Southwest includes all of Arizona and New 
Mexico, the western half of Oklahoma, three-fourths of Texas, a 
portion of southeastern California, a small part of southern Nevada; 
also the basins of the Colorado River, the upper part of which extends 
into Utah, Colorado, and Wyoming, and of the Rio Grande, which 
extends into south-central Colorado. The region described is shown 
on Figure 1. 

The pertinent cha:racteristics of the territory are (1) its sparse 
population, (2) low annual rainfall and resultant aridity, (3) large 

I ReCerence is made by italic numbers in parentheses to "Literature cited," p.37. 
2 The irrigation work oC tbe U. S. LJepartment oC Agriculture was originally conducted under the 

supervision oC the Office oC Experiment Stations and designated as irrigntion investigations. Later 
under a reorganization oC tbe department, tbis and other agricultural engineering activities were grouped 
In a d~v.ision oC agricultural engineering and made a part oC the Bureau oC Public Roads. 
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percentage of nontillable land, (4) small percentage of irrigable land, 
and (5) high productivity of fertile arable land which can be irrigated. 

Its area is about one-fifth of the United States, but in 1920 its 
population averaged only 3.3 persons to the square mile. 

Approximately 85 per cent of the Southwest is unsuitable for farm
ing because of' inferior soil, rough and mountainous topography, 
insufficient rainfall to mature crops, and lack of water for irrigation. 
There is no known means of utilizing these nontillable lands agricul
turally except by grazing. 

Grazing and faI'ruing are closely related. Because of the aridity of 
the climate, the prevalence of long-continued and severe droughts, and 
the occurrence of winter storms at the higher elevations, it is often 
necessary to supplement range feed. This accounts for the prepon
derance of forage crops in the total of all harvested crops reported by 
the 1925 census (23), which varied from 96 per cent in southwestern 
Wyoming to 32 per cent in New Mexico. 

In formulating a policy for stock grazing on the public domain or 
within uational forests the interests of the farmer and those who 
combine farming and stock raising must be considered of first impor
tance. To adopt a policy favorable to the large stockma!l and detri
mental to the farmer owning a small herd of stock would result 
eventually in a marked reduction in the agricultural wealth of the 
Southwest. In order to derive the largest possible returns from agri
culture, every farmer whose stock can graze on Government lands, 
and who demonstrates his ability to feed it from home-grown or 
purchased fodder when there is not enough native grass, should be 
given access to the range. 

Future agricultural development will depend chiefly on the use made 
of the main resources-the native grasses, arable soils, and the water 
supply available for irrigation farming. Public grazing lands should 
be so controlled as to produce the largest possible quantity of fodder 
consistent with the needs an(1 profits of the owners of sto,~k. The 
extent of dry farming will be governed largely by the rainfall and the 
time and manner of its occurrence, whereas future development under 
irrigation will depend on how fully and skillfully the surface waters 
are controlled by storage, the use of underground water, and the 
economy with which water is applied to crops. 

SOILS OF THE LARGER IRRIGATED AREAS 

In the large area of the Southwest, with its drainage basins and 
topographyranging from the high mountains of the headwaters of the 
Colorado and the Rio Grande systems to the low coastal plains of the 
Gulf of Mexico and the basin of the Imperial Valley of California, 
soils of several varieties have been formed. Of the many sections of 
this area which have been mapped by the United States Bureau of 
Soils, only those which are now irrigated or are susceptible of irriga
tion will be described. 

Much of the soil of Imperial Valley is sediment transported by the 
Colorado River and many short watercourses draining the surround
ing mountains. This valley was once the northern end of the Gulf of 
California, from which it was later cut off by the formation of the 
Colorado delta. The water north of this barrier evaporated, leaving 
a great area, Imperial Valley, lying partly below sea level. Snlton 
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Sea, since formed, now occupies a portion of the valley. Below the 
ancient beach line the soils are mainly brown, compact, and of heav)" 
texture. Above it they are lighter in color, being generally gravelly 
materials and w"ind-blown sands. The valley is level, sloping slightly 
toward Salton Sea, is easily cultivated, and very productiye when 
irrigated. Certain areas near Salton Sea Imd in the eastern portion 
of the irrigated district are heavily charged with salts. Drainage 
ditches are being dug to relieve this condition. 

The Yuma district, in southwestern Arizona, is part of the older 
delta of the Colorado. Sediment collected and transported from 
many sources within its drainage area now forms a portion of the 
Yuma project. The soils are loam, fine sandy loam, sandy loam, 
sand, and silt loam, the acreage of each decreasing in the order named. 
They are very fertile and under irrigation produce good yields of 
cotton, hay, and other crops. 

The Salt River Valley of Arizona, one of the Nation's most pro
ductive irrigated sections, has been built up from a deep valley to a 
broad sloping plain by water-deposited materials transported from 
the surrounding mountains. The valley's irrigable soils are the old 
transported soils and the recently transported alluvial soils. The 
former haye the denser subsoils, containing amounts of clay and lime 
carbonate deposited from solution, forming layers of caliche. These 
soils are found on the upper slopes of alluvial fans lind the older sur
faces of the valley plain. The recent alluvial soils, which occhpy 
much of the valley, are somewhat more friable; they are found in the 
stream bottom lands and in areas of alluvial fans lately built 'up with 
sediments. They contain considerable amounts of lime, more or less 
evenly distributed below the first few inches of top soil from which it 
has been leached. Both classes are irrigable, producing excellent 
cotton, alfalfa, barley, fruit, and truck and other crops. Alkali 
occurs in small parts of the area under irrigation, sometimes in exces
sive amounts. Drainuge and leaching of alkali are being facilitated 
by a lowering of the ground-water plane, which is effected b}r the 
operation of deep-well pumps electrically operated. 

Soils of the valley of the upper Colorado River, formerly known as 
the Grand, range from comparatively recent alluvial deposits in the 
lower areas to residual soils in the higher portions and from fine sandy 
loams to clay, the two types which constitute most of the valley. The 
sandy 10l1ms are easily cultivated, but some of the heavier soils tend 
to bake when dry. Alkali is present in limited areas. The clays 
are heavy, often shallow, hard to cultivate, and bake as the surface 
moisture' evaporates, but are productive, when of sufficient depth, 
\mder proper cultural treatment. A limited area of land has become 
wet and difficult to drain, because the shallow underlying shale in 
some places forces ground water to the surface and because of seepage 
from higher irrigated areas. 

The San Luis Valley, Colo., I1n extensively irrigated district about 
7,500 feet abovc sea level, was filled with sand, gravel, and clay in 
alternate strata, and these form the source of an ample supply of 
artesian water. Over much of thc vnlley more recent accumulations 
of sandy loams, loams, or clay loams have been deposited over gravelly 
subsoils. In the northern part soils are heavier and drainage deficient, 
causing aecumulntions of alkali. Strel11I1S entering the vl111ey have 
built up coalescing alluvial fans, which I11"C sometimes gravelly and 
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well drained. In portions of the district crop production depends 
upon subirrigation, effected by introducing excessive quantities of 
water into the subsoil, which in time causes the soils to be strongly 
alkalized. Much land thus affected, however, is being reclaimed at 
reasonable cost by drainage. 

One of the most productive sections of New Mexico is tIl(' 'Mesilla 
Valley, which extends through the south-central portion of the Statl:' 
along the Rio Grande. The soils of tlhe adjacent mesas are sandy 
and gravelly and in general are above gravity systems of irrigation. 
),Iost of the alluvial valley soils have been transported long distances 
by the Rio Grande. The types ranging from fine sand to rIay are 
naturally very productive, and sediment deposited by irrigation 
water tends to maintain their fertility. Alkali brought to the surface 
by rising ground water has been overcome by the construction of 
deep drainage canals. 

A survey in 1909 by the Bureau of Soils (6) of 10,759,680 acres in 
southern Texas divided the area into three geographic divisions
the rolling to hilly country, the level coast country, and the Rio 
Grande Valley and delta. The dark soils of the hilly country have a 
large proportion of humus; the light-colored soils contain little humus. 
I.likewise the soils of the level coast country are divided according to 
their dark or light color, and both are further subdivided into numel'
ous series and types. In the alluvial deposits of the river and its 
delta are soils of the Laredo series, together 'with the Cameron clay 
and Rio Grande silty clay. This area, except parts of the hilly coun
try, is excellent agricultural land. Much of it is irrigated. 

The predominating soils of the Wichita Falls and other districts 
in north-central Texas are deriv-ed from the Permian Red Beds forma
tion, being residual in origin. They are classed as fine sandy loam, 
sandy loam, and clay. These soils are well drained, retentive of 
moisture, fertile, and pl'oducti,'e lmder irrigntion. The principal 
crops grown are cotton, fodders, and oats. 

CLiMATIC CONDITIONS 

It will be shown later that the net seasonal irrigation requirementS 
of erops grown in the Southwest yary from 1 to more ~han 3 ncre-feet 
an acre. This wide variation is caused mainly by climate', whieh also 
ytll'ies widely. Data for 24 typical statiolls, pertaining to pre('ipita
tion, temperature, and the duration of the frost-free period, compiled 
from records of the 'Weather Bureau, are summarized graphically in 
Figures 2 to 5. 

The mean annual rainfall of the yalleys of the lower Colorado 
Basin varies from about 3 inches in Imperial Valley to a little more 
than 7 inches at ,Phoenix, Ariz. It is so distributed and usually in 
such small amounts as to be of little or no benefit to growing crops. 
In this territory precipitation increases normally with altitude, being 
about 5 inches or less for elevations under 1,000 feet, 9 inches between 
1,000 and 2,000 feet, 12 inches between 2,000 and 4,000 feet, 14 inches 
bet,veen 4,000 and 6,000 feet, and 16 inches or more above 6,000 feet. 
Almost continuous sunshine, a long frost-free period, and long periods 
of intense heat also characterize the re,;ion. The highest recorded 
temperature at Phoenix is 117° F.; that at Indio, Calif., 1250 F. On 
aCcOlmt of the low humidity and high temperature, eyaporation is 
rapid, varying from 5 to 8 f~et a year. 



----

,6 TECHNICAL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

CASTLE: DALE:. UTAH. EL.S500 GREEN RIVE.R,WYOMING. £L.6083 

A'IERfGi FROST-FREE tEflOf AyRiGEI FioST-FREE rEIIOr 

PRECIPITATION PRECIPITATION 

1.5 1.5 
~• 1.0 :):1.0

il I • I I II I I • ,. <> • I • I 
.....II I I I i 1 I I I I 1 1 ~O.5[i J I _I I I I I I I I I 

TEMPERATURE TEMPERATURE 
~~~~:~~== 100MEAN_ ••••.•••• _ •...-a 0 

-

fa ""1ftJ1tititl ~ iI~ 
50 0 

I 
r.AI F"YIr:n, CALI F. EL.O LAS VEGAS. NEVADA. EL.2033 

Il.,,~c ,~~ FROS~-~~E.E PERIO A,!':RAG!': FROST- FR!':E PERI OF 

PRECIPITATION PRECIPITATION 

,~ 5..,1. 
In ~I. 

() o~. .- ,.~05IIII I I - I I . I ~ 

I I I • • I I I • I I 
'E~ PE IA1 UR TEMPERATURE 

:on 0--l:j 

~ 
~

II .. ~I 

SAN LUIS, COLORADO. £1..1194 GARNE.T. COLORADO. EL.7576 

A'lRJGE FROST-FREE ,EjIOF 
I 

PRECIPITATION 

A'I!':Ri G!':, F~OST-F"REE I rEIIO? 

PRECIPITATION 
3.0 .0 

2.5 5 f-

2.0 i- 
1.0 .S . I .
1.0 0'. I II I II '. ,I I I- .5 .s 

II I II I I I I I ~ a I I I I I I I I I • 
T£MPE:RATURE TEMPE:AATUAE. 

1001.(100 
- -

50 
Co 
"'5 
'I 
It 

'" 

0 

0 ~o 

FIOU!\!; 2.-ContiollSO(1 climatology of typical stMions, showinf( nvenlgc (rost-freo [lotrot/; lllelln 
lIlonthly prccipitnthm nnll meau minimum telllperatures (double shaded h!ll1i),lllcan lom
perllturcs (solid lmrs), (lnd lIlean nmxilllulll tcmporntures (lightly shmlofl bars) 



7 IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 

~.Q § a.1 ~ ?! ~ ; 1t..: ;,:' cj I 

~ ~ ~ ~I~ ~ ~ "( c'J ~ ~ ~ I 


vi...!MA 11\ • EL.141 

IAV~RAGE FRO~T- ~Re:e: PERIOD 

-~c~ .. 'v,~ 

,n 

I I .. 
 I" • i'
J J I I . II I £ • I I I I • I I • • I 


110 
 E'£ lA' lR 

........,."...
• 
PREC ~PITATION 

r-+-+-+-+-+-~~+-+-+-+-~)cn ?~or-+-+-+-+-+-+~-+-+-+-+~ 

r-+-+-~~~-H~~.~-+-+~.I'I.~Q~~,.~-+-+-+-+-4~~~~~+-~
~I. 1.1 ~l I.. 11,.1
JIIII.I II!III 11-1i1'.1 !IIII .......".."., '"'' .:~i·,..rEMPEIA1UR.1~ ~ 

FIGURE 3.-Condensed climatology o( typical stations, showing average Crost-Cree perioll; meRII 
monthly precipitation and mean minimum temperatures (double shaded bars). mooll tem
peratures (solid bars), nud moou maximum temperatures (lightly shaded bars) 



8 TECHNICAL BULLETIN 185, M. S. DEPT. OF AGRJCULTURE 

~~~C:~:I?>'~ 'I~:l~ ~ ~ {f ~ ~ ~l8 ~ ~I ~~~.(~~~~&~~~ 
FRUITLAND,NEWME.x. EL4800 SOCORRO, NEW M EX. EL46QQ 

IAy:Rj;\ ""~O'i R~E:+E:tlol AiEjGE:: -F~~=fR~E '::71or 
PRECIPITATION PRECIPITATION 

'j 1 

. I . . • . I •II II I II II I. II I II II II g I II I I II II I II .... TEMPERATURE: TEMPERATURE 
"";;;; -I( ., 

101 
__ 50~1I ~" ~ II ~ I 

SANTA FE. NEW ME.X.EL7013 /AGRI. f'nI Il"nl" ,NE.W MEX. EL.3863 

"'~ERI"'E" FflO~T-FREE PE~I l? IA~ERj~E Ft;tOS,T- fRE;E PE~I Of 

PRECIPI ~TION ·PREel 'UN 

,n ? 

• . .: ~:' 
• -. •1 r T I I • ,~~~ . 

II II I I II I 'I II I II I II I. I II ' I I II 
rEMPERATURE. rEMP~ .~.. " 

Iso ~ 
[ 

< 

..&I~lm I 
~ 

II ~-
r. .... ~1 <:.CI. ....n,-NE.W IVI~ ." ..,on ~-. ,NEW~~' 

lli,;~~IAVER;"GE F~o" ·RE.E PE.~I ,~ FROST- !,R~E p~~f
"·1 I I 

PRECIPITATION PREel rATION 

>< 

,n 

• 
, . II ::.1, I-a •• . 

III II' i I I I •I II I II I I. -,- T T 1 1 
-;-;-;;'En IPERATURE rE:MP~ 

I~ ~ ",I ~ 11m In 11-
FlGUll'!: 4.-Condense<J climatology of typical stations, showing average Crost-tree period; melln 

monthly precipitation and menn minimum temperatures (double shaded b'lrs) , lIIelll\ lelll' 
peratures (solid bars), and mean lIlaxlmum temperatures (lightly stlOded hurs) 



9 IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 

~ ~ ~ ~:~ ~1~~Pt,~ ~ ti-S~~"\~~~~&~~~ 1~ ~1~lf!~!~ ~ &~1~~ 
MERCE'.DES, TE.Y.t..~ co....."" CLA\f,.YIt.W, TEXAS. EL3370 


A~E:RAG~ F:RO;" 'f>E:fllgf, ~FO;~; f"Ro~h-'FREE 'PEiIiOP 


PRECIPITATION PRECIPITATION 

. 
! 
 ~5 .,., 


'" ... 
,e 

,n 

, < . , n' •
I [1• - •

I I B I I I I -. 
W;;. TEM ,n~' 'EMP!:I ·UI!.!: 


;;; Ii] 
... -- I~jso. 
IFORT Me INTOSH. TEXAS. EL.460 

r~FRI -R"E 'Pe:F1I 0 b 

PRE.ct~ TA' 101" ,n • 

or ~ 

f 

• I 
:I ':1: 

I II I ,.
II 1 1 ! I I

''fi:;;;: I'UI'IE .L·. 

~ 

III~ I I Ili'so~g
~ 

DEi.. R--.-o.TE.XAS EL.952 

IAV~AGE FRn~~- PERIOD 


PRECIPITATION 


I 

I 1 I 
I 

II 
'riM .... " ..: ,.. 

Bllltllltjl 


.. 25 ., 
1012.0 
:t 

,. '" 1.5 
~ 

1.0 

0.5 

I..: 
0)100.., 

SO j 

J\MARI~LO. TExAs.-EL.J676 

b.,;.....;"... C-"""T. 'FREE: 'PER 
'1' "i 

PRECIPITAT. ?N 

I I I 
or T T T T 

rEMP ... 

IE 
FORT STOCKTON. TEXAS.EL.3050 

AV1ERAGE: FROST-FREE PERIOr 


PRECIPITATION 


. 
fl I I 'I 

I I. 
r -. 

TEMPERATURE 

Illi 
FIGl'RE D.-Condensed climatology 01 typical 5totioll3, showing average Irost·lree period; wean 

monthly precipitation and mean minimum temperature:; (douhle shaded bars), mean tem· 
peratures (solid bars), 1111(\ mean ma..dmum temperatures- (lightly shaded bars) 

106469-30--2 



10 TECHNICAL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

The mountainous parts of Arizona, New :Mexico, and western Texas, 
with the intervening valleys, have a wider range of climatic conditions 
than the lower valleys of the Colorado Basin. The climate of the 
higher elevations is relatively moderate, but the valleys of Gila, Rio 
Grande, and Pecos Rivers have summer temperat.ures frequently 
ranging from 100° to 115° F. In the extreme western part of Texas, 
the lower Rio Grande Valley in New Me:~;ico, and in northern and 
western Arizona, mean annual precipitation is less than 10 inches a 
year, increasing to more than 20 inches in the higher areas. Without 
additional moisture, little can be accomplished agricultmally beyond 
the utilization of native pastme, except in a few high valleys which 
have enough rain for small crops of hay. The frost..,free period 
shortens rapidly with increasing altitude, extending generally from 
March or April to October or N ovembe:r in the irrigated valleys of 
Rio Grande and the Pecos and decreasing from :May to September or 
October at the higher elevations. 

In western Texas the mean annual precipitation increases more or 
less uniformly from less than 10 inches at El Paso to 33 ine-hes at 
Austin, the lines of equal rainfall running nearly parallel north and 
south. In the northern port.ion the rainfall is favorably distributed 
for agricultmal needs, with about two-thirds of the total amount 
occmring between April and September, the principal crop-growing 
season. This gives mean rainfalls of 2 to 3 inches a month, with a 
probability of rain falling once a week or oft'oner. In some districts 
this amotmt of rainfall is sufficient to produce medium crop yields. 
Irrigation in addition to rainfall, however, generally increases the 
yield. In other districts with less regular rainfall, supplementary 
irrigation saves the crops in dry years and permits a wider variety 
than could be raised by dry farming. 

Over so large an area as western Te:;:as a wide range in temperature 
is to be expected. The maximums are high, and the hot season 
extends from April or May to October. Records (21) show ll5° F. 
at Eagle Pass and 117° at Big Spring. Temperatmes of over 100° 
are common. Mean minimum temperatures range from 20° to 40°, 
with an occasional short period of subzero weather; the recorded 
minimum for the State is - 23° at Tulia. Southern Texas and the 
Rio Grande Valley have a 12-month growing season, being normally 
free from frosts from February to December, while in the western 
and northern counties the frost-free period is somewhat shorter. 
Light falls of snow are apt to occur in winter, but most of the precipi
tation is ram. 

Warm, moist southern winds account for the summer rains, the 
dryness of the winter being a result of the prevailing nortJ:terly dry 
winds. Tropical storms sometimes strike the coast regIOn, and 
occasionally c.yclones occur over widely scattered areas. 

In contrast with the arid plains of the extreme Southwest are the 
high valleys and nlolilltain ranges of the upper. Colorado Bas~ ~ 
Colorado Wyoming, and Utah and the upper RIO Grande Basill ill 
Colorado~ This section lies between the Continental Divide on the 
east and the Wasatch and Bear River Ranges on the west, and 
contains the highest mountain peaks and valleys in the Southwest. 
Consequently its mOlmtain snows are heavier and the growing ~ellson 
of its valleys is shorter than those found elsewhere. Records for the 
mountains of southwestcl'n Wyoming show an annual snowfall of 
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12 to 15 feet. In the valley of the Green River, although the 
elevation is over 6,000 feet, the precipitation amounts to only 7 inches 
annually. The erop-growing season is shorter than at lower eleva
tions. A frost-free period from June to August or even to September 
may be expected in southwestern 'Wyoming, while in eastern Utah or 
western Colorado it may nm from 11ay or J,me to September 01' 

Oetober. .1Uthough the summer season is relatively short, tempera.
tures sometimes exceed 100° F., the Colorado maximum being 109°, 
the Wyoming 114°, and the Utah 116°. Winter ~xtremes occasion
ally reach -40°. 

To sum Up, except in central Texas, the agricultural distriets of 
the Southwest are mostly arid and must be irrigated, summer tem
peratmcs are high, and the crop-growing season is long. Annual 
pl'ecipitation, except in central Texas and in the high mountains, is 
less than 15 inches and falls in such small quantities as to be of little 
or no agricultural benefit. Reavy rainstorms of short duration, 
resulting in high run-off and a small amount of ahsorptiolf, occur in 
many districts, and light rains quickly evaporate j consequently 
neither heavy nor light rains are of great value to the growing crops. 
Snow seldom falls except in the mOtmtains, and then only in small 
quantities. Evaporation is rapid and the total amount large, causing 
high irrigation requirements. Because of the rapid evaporation and 
low humidity, extreme heat is not prostrating and seldom uncom
fortable. 

WATER RESOURCES 

In close relation to the climatie conditions of the Southwest are its 
natural water resources. These depend upon the amount of summer 
rainfall and winter snows. Part of t,he rainfall forms streams, to 
which mountain snow, melting slowly as the season advances, con
tributes to form the maximum spring and summer flow. 

There is an abundance of fertile, arable land, hut a scarcity of water 
for irrigation. Furthermore, the natural flow of the streams, although 
high in late spring or eady summer, is insufficient later in the season. 
This handicap to agriculture can be remedied only by the construction 
of reservoirs to store water now wasted. 

Structures sueh as the Elephant Butte Dam on the Rio Grande in 
New MeA"ico and t.he Roosevelt Dam on the Salt River in Arizona are 
now impounding large quantities of water. Many others, including 
small farm resenoirs, exist, the 1920 census (22) showing over 800 
reservoirs in the Southwest wit.h a total capacity of over 5,000,000 
ac.re-feet. Others are under construction or are being planned. As 
most of t,he natural low flow of streams is now a.ppropriated, the 
future reclams;tion of new lands must depend upon storage. 

The water supply is derived mainly from the streams of the Colorado 
River and Rio Grande Basins. The flow of these systems and other 
independen t streams is shown in Figures 6 and 7. Table 1 also 
gives the chal1.ac.tel'is{'ics of discharge of 16 important streams, The 
Colorado River as a source of watel' for i1'l1.gation, domestic use, and 
hydraulic power is a present and potential asset of great value. The 
upper Colomdo, Green, and other tributaries rising in the high snow
clad mountains of Wyoming, Utah, and Colorado unite to form a river 
which drains portions of seven States and a part of Mexico. The 
Colorado River, which is 1,700 miles long, traverses three distinct 
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topographical sections. The upper basin, with its surrounding 
snow-clad mountains, contributes about 85 per cent of the total flow 
from the three large tributaries, the Green, the upper Colorado, and 
the San Juan. The Grand Canyon, which crosses a high, rough 
table-land, gashed also by branches of the main stream, divides the 
upper basin from the broad, low, arid plains of the lower basin. Here 
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the prinolpBI tributary is the Gila, joining the Colorado near Yuma. 
Although the Gila drains a large area and at times is subject to high 
floods of short duration, its mean annual discharge is but 6 pel' cent of 
the total flow of the Colorado River. Projected irrigation develop
ment, together with reservoir construction now under way, will 
largely consume the flow of the Gila .River, so that flood flows reaching 
the Colorado will diminish in volume and intensity in the near future. 
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TABLE I.-Discharge 0/ typical streams ('/ the Southwest 

i 11 Yellrly disrh,:e-" 
: Years· Water· 

River Station State 	 i of ; sho'! j ... . .... 
!rc~~ord nren ,:.\la'XintUTn! 1\lini:llumt ~;cun 
I i------1------·.·---.-

; &/I,"re ; I II 
f) : .,t'!,iltS :J~l~r!:rul : ~lcr!·fert Acr~·~eft

Colorado ..•_.___•••• yuma••___•••__ • Arizona .....: -:! : -±-, O~o ~'" U",, UUO I' I, ,1.:9,. 000 I 10, mh, 000Gils._._. ____ •______. _____do__________••___ .do•• __ •. _\ II' 01,0.;0 4,400,000 UI.uoo! 1,110,(01)SaIL ________________ _____ • __ •__do. ____ "j'Roos~velt. 16, 5,71i6 3, 2~G, UOO' 240,900 I, on, UOO
Green_______________ Green Hiver ..._ Wyoming•.• I?,: 7, ~~o 2. 1?2, ~oo I ~~?" UOO I, 3~~, 000

L I 2, 100 8.n, ,00, .'18_,000 50." UOO~~f~~~:::========: t1~~:::==::=== .~~~~ii.~::::: 9' 1.010 322,700 13!I, WO 201,300
San ,Juan __ . _____ •__• Atmouth .............do...... .' 281 26,000 3, OUO, 000 847,000,' 2,350,000

-q:pper Colorado ..... Fruita.......... Colorado....) 16 2:l,800 8, 122. 000 4, :?13, 000 6, 31i5, 000 

Yampa...._...__..__ MaybelL............do....... , Hl: 3, GiD 2, 100, 000 0,,0, 000 I, ~SO, 000 

Gunnison......____.. Grumt Junction.' .....do....... : 19 I 7,920 3,020,000 I, I~O, 000 \ I, 170,000 

Rio Grande..__ ...... San Marchl!.. ... No\\' Mo,· 211: 20, UOO 2, 420, UOO 2·10, UOO i I, 200, COO 


icll. 1 
~ DO.l_.. _______ .. ___ En.;zle P3.<;~L~ .. _> .. '-re.\ns~_ .. _... ~l 14 1...... _ .. 8,102,400! 2,157, (100: :1,1110,,000
Pecos...__....... ____ Comstock......_ ••__ .do.. __ .. ' 21 '-•......•. I,C07,9oo \' 159,300 I 45.3,700
COlorado (oCTe".,,;) .. Austin ...............do.......; 24 :14, 200 5, 17J, UOO 359, 000 I, 802, 000 

Neuces. __ ........... Three Rivers.........do..... .. 6; 15,600' 1,4:11,000 16,300 r,1:I,OOO

Brazos_________...... Waco ................<In ....... ' 20 i 2,5.W) 4.702,000 :101,000 I 1,!168.r,(JO 

San Antonio......... San Antuniu .........do....... : 6:•••.•.. _., 116,U00 19,25°1 011,240 


1 

1 Previous to storage by Elephant Butte Dam. , 10 months. 

The flood period of the Oolorado generally occurs in June. During 
late summer and early fall the river is low. The long crop-growing 
season of the extreme Southwest makes necessary a constant supply 
of water for irrigation most of the year. During floods much water is 
lost to the land by the flow passing directly to the Gulf of California, 
while in low-flow periods the supply is insufficient for the needs of 
Imperial Valley. This condition can be remedied only by the con
struction of storage reservoirs. Irrigation in both the upper and lower 
basins is reasonably certain to increase with the growth of the South
west, and it has been estimated that 6,000,000 acres may be irrigated 
ultimately j for this total the water supply will be ample when suffi
cient storage is provided. In Salt River Valley, Ariz., the Roosevelt 
Reservoir furnishes water to about 235,000 acres, and other large 
storage dams have been compieted. 

Most of New Me}.."ico is arid. Its principal drainage system is the 
Rio Grande, which rises in the snow-clad San Juan Mountains of 
Oolorado and flows south through New Mexico, dividing it into two 
nearly equal parts. At El Paso the river turns southeast and for 
about 900 miles forms the boundary between Texas and 11exico. In 
the San Luis Valley in Oolorado and in its numerous valleys in New 
Mexico the Rio Grande has long fmnished water for irrigation. With 
an increase in the cultivated area the natural flow became insufficient 
fn the lower valley in New Mexico, and the Elephant Butte Dam was 
built. This large reservoir is capable of storing 2,638,000 acre-feet 
and will hold the river's usual flood flow, furnishing enough water for 
the irrigation of 150,000 acres in New Mexico and Texas and 60,000 
acre-feet annually to lands in Mexico near EI Paso. Along the lower 
Rio Grande other large arcus [Lre irrigated from the river by IUl'g£' 

PUOfP~he Rio Grande's trihutaries in the FnitNj Stutes the Pecos is 
the most important. RisiIlg in New Mexico und flowing through 
western Texas, it supplics watel' for irrigation \ncnr Oarlsbnd und 
Boswell, N. Mex., and Barstow, Tex. As with other southwestern 
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streams, its natural flow is insufficient for t.he land cultivated, and 
about 50,000 acre-feet of storage is provided by the Government's 
Avalon and McMillan Reservoirs. 

Oentral Texas is well provided 'with dil'act run-off. The mO~3t 
important streams are the Trinity, Brazos, Oolorado, Guadalupe, 
San Antonio, and Nueces Rivers. Although rain is more plentiful 
in central Texas than elsewhere in the Southwest, fl,nd much of it 
falls during the growing season, in many places it is supplemented by 
irrigation. A community near Wichita ji--alls, for example, organized 
to irrigate about 100,000 acres. The mean annual precipitation is 
about 28 inches, 20 in~lh.m; falling between API'il and October. '1'his 
amount during the growing season may produce fair yields, but a 
wider range of crops can be grown and better yields obtained with 
supplementary irrigation. Bence a reservoir of about 500,000 acre
feet capacity was built on the Big Wichita River, some 50 miles above 
Wichita Falls. 

Many springs also supply water for ilTigation. Some are of con
siderable size. Comal Springs, at the head of the Oomal River, Tex., 
have an average discharge.of approJo.-imately 350 cubic feet per second, 
and much of the cultivated land near Fort Stockton, Tex., receives its 
water from springs that discharge freely. 

"Wells likewise serve large areas, the area irrigated by wells in 
Arizona, New ..Mexico, and Texas reaching 125,000 acres in 1919, 
In the Salt River Valley pumping from wells is practiced to lower the 
ground-water level; then the pumped water is delivered into canals 
for reuse in irrigation. This combination of drainage ane. irrigat.ion 
will undoubtedly extend to other districts in which conditions are 
similar. 

AGRICULTURAL RESOURCES 

The agricultural resources of the Southwest are by no means com
mensurate with its vast extent. :Much of it is mountainous and too 
rough and rocky to be cultivated, while a still larger portion has too 
little precipitation for plants that are of much value to man. The 
crops which grow natura.lly and those producible by human effort 
may be grouped into three mnin divisions: (1) The native grasses and 
other herbaceous plants, which provide food for domestic animals; 
(2) erops of low water requirement, which can be successfully grown 
by dry-farming- methods; and (3) a large variety of iITigated crops. 

In the upper Colorado Ba.sin native grasses thrive where a plow 
furrow can not be turned. Hence the grass on the open range, when 
fed to stock, and the products derived. from irrigated farms on the 
limited arabIc' land constitute the main sources of farm revenue. 
This is especinlly true of 12,000,000 acres in southwestern Wyoming 
drained by Green River, where the precipitation on the valley lands 
is too scanty, as a Tule, to grow crops, and the fine pasturage on moun
tain slopes, supplemented in winter by hay crops grown under il'l'igll
tion, maintains large numbers of stock. Leaving out of consideration 
the pnsturage 011 -unimproved portions of farms, there remains an 
area of 11,000,000 acres of grazing land, including the open range of 
the public domain, national f01'est.s, and Indian reservations. Only 
211,000 ncrcs nrc irrigated, and much more. stock could be pastured 
if more wintor feed WI:\1"O provided by extending tlw irr·jgatcd area. 
It is estimated (7) that 910,000 acres cnn he irrigated, and if it were 

http:discharge.of
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reclaimed a more profitable use could be made of the remaining 
11,000,000 acres of pasture land. 

In eastern Utah conditions are somewhat similar, but on a larger 
scale. Including open range, national forests, and Indian reserva
tions, there is an area of 22,500,000 acres affording pasturage for stock. 
There are also 362,000 acres of irrigated land and a possibility of 
extending the area now irrigated to 815,000 acres, on which alfalfa and 
some cereals are likely to be the principal crops. 

Nearly 44 per cent, or 28,812,000 acres, of Colorado is drained by the 
Colorado River and the Rio GJ·ande. Nearly 24,000,000 acres·of this 
area are not included in farms and are more or less suitable for grazing. 
Chiefly because of a more favorable climate, irrigation development 
fi.as progressed more rapidly than in the country farther north within 
the same watershed. In 1919, 1,387,000 acres were irrigated in the 
Colorado and Rio Grande Basins, while the Bureau of Reclamation 
estimates (7) that 1,758,000 acres are susceptible of irrigation. The 
principal products, exclusive of native grasses, are alfalfa and wild 
hay. 

Less than 13 per cent (about 9,000,000 acres) of Nevada is within the 
Colorado Basin, and of it only 15,000 acres were irrigated in 1919, 
although about 87,000 acres are susceptible of irrigation. On the 
basis of previous estimates, 8,900,000 acres have a limited value as 
grazing land. Southern Nevada has mild winters and a long growing 
season, and large quantities of deciduous fruits and other crops might 
be procluced if the available water supply were more abundant. 

In this bullet,in only that part of southern California in the water
shed of the Colorado River and the lands it irrigates are taken into 
Ilccotmt. The irrigated area in 1919 was 447,400 acres, whereas 
about 939,000 acres can be irrigated if the river is properly controlled. 
Owing to the extreme aridity, native grasses have little value as stock 
feed, but there is some grazing on 3,600,000 acres of unfarmed land. 
The principal agricultural resources are confined to products of irri
gated farms. 

Compared with southern Nevada and southeastern California, 
New Mexico has the, heaviest normal precipitation, and because of the 
resulting favorable soil-moisture conditions native grllSSCd grow 
profusely on extensive areas. It also provides opportunities for dry 
farming with such crops as beans, sorghums, and corn. The area 
irrigated in 1919 was 538,400 acres, but the available water supply is 
sufIicient for about 2,500,000 acres. The area harvesteu in 1919 was 
1,131,806 acres, indicating that 1110re than 50 per cent was dry farmed. 
In 1924, 50,000,000 acres in national forests, vacant public laud, or 
privately owned land afrorded pasturage for stock. 

In Arizona there arc several million acres of fertile, arable land 
which would become valuable and yield a high annunl reVel1\1e if 
irrigated. These lands can not be dry farmed profitnbly, and unless 
water is provided they will rC'main grazing lands of low value indefi
nitely. The water supply of the State is mainly in Coloruclo Riv(1r 
find its local tributaries. Sntisfnetory progress has heen made in 
storing and diverting the wllters of tributary streams for irrigation, 
and development is likely to pro('eed until nIl such nvnilable wnter is 
utilized. In 1919 the Ilrea irrigated WHS 468,000 Heres, but it is esti
mated that the water obtllinnble from tributaries and the lllnin l-inw 
below the canYOll section, if propl'rly controlled and Iltilil'.pd, tog(·tlH'l" 

http:Iltilil'.pd
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with underground supplies, will irrigate 2,200,000 acres. The results 
of reconnaissance i~vestigations made recently by Arizona (1) indicate 
that water can be diverted from the Colorado at some point near 
Diamond Creek and conveyed southward to irrigate an additional 
area of about 2,000,000 acres in southwestern Arizona. 

Exclusive of the unimproved portions of farms, the area which may 
be grazed includes 61,700,000 acres, of which less than 14,000,000 
acres are vacant, 22,000,000 acres are in Indian reservations, and 
11,000,000 acres in national forests. 

In this report the arid and semiarid portions of Texas have been 
separated from the eastern humid portion by a line connecting the 
eastern boundaries of San Patricio and Clf1Y Counties, 153 c~mlties 
being in the section with which this bulletin is concerned. This 
division is based on the normal rainfall, which in the western cOlmties 
varies from 10 to 30 inches a year. . 

During the past 60 years agricultural conditions in western Texas 
have l.mdergone far-reaching changes, many of which are still in 
progress, making it difficult to estimate agricultural potentialities. 
From the close of the Civil War to near the beginning of the present 
century, long-horned cattle were grazed on the Staked Plains, con
stituting almost the only source of agricultural revenue. During the 
past 25 years both dry and irrigation farming have greatly increased 
the agricultural returns. In 1924 the cropped land harvested was 
12,278,000 acres. In 1919 the area irrigated was 342,600 acres and 
the unfarmed land available for grazing was about 43,000,000 am·es. 
As development progresses) much of the arable land will be cultivated, 
and the ultimate extension of the irrigated area will be limited only 
by the lack of available water. It is believed that the water supply, 
if properly controlled and used, is sufficient for the irrigation of 4,000,
000 acres, and the present dry-farmed area may be increased to 
30,000,000 acres, 

IRRIGATION PRACTICE 

While much of the irrigation development of the Southwest has 
been accomplished since 1899, in-igation was practiced far back in 
unrecorded times. The value of water in nourishing such crops as 
maize, beans, squash, and cotton was well known to the Pueblo 
Indians. The patience characteristic of the race enabled them, with 
very meager equipment, to dig surprisingly long canals. These, as the 
indirect source of a part of their sustenance, were built, maintained, ... 
and operated generally as communal enterprises, subject to regula
tions prescribed by the community leaders. Many of these were 
retained under Spanish rule, forming, with some innovations, the 
basis of Spanish-American practice. 

The common proprietorship of water supplies, public construction of irrigation 

works, and the administration of local irrigtLtion affairs by separate communities 

were very important features Ot Moorish and Spanish'institutions long bef ore the 

discovery of tile New World (14, p. 264), -


They did not differ essentially from those of the Indians' communal 
ditch. However, Spain colonized its new possessions by three sepa
rate agencies-civil, ecclesiastical, and military-and the effect of this 
procedure tended to modify native practice. The presidios, designed 
to develop into towns, afforded military protection; the missions were 
intended primarily for the conversion of the Indians; and the pueblos 

106469-30-3 
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themselves developed agriculture, industry, and commerce. In all 
three the construction of an acequia madre, or main canal, was neces
sary wherever the rainfall was deficient. 

Mexico's attainment of independence and control of the Southwest 
brought a second confirmation and modification of existing irrigation 
laws and customs, and when part of the territory was ceded to the 
United States a final international adjustment was effected. Hence 
the present irrigation laws, customs, and methods are a composite of 
Indian, Spanish-American, and Anglo-Saxon, although Anglo-Saxon 
practices are becoming more marked as time passes. N otwith
standing this tendency, in many parts of the Southwest Indian ditches 
are s.till in use and are managed and maintained much as in pre-Span
ish times, and many more typical acequias built under Spanish and 
Mexican regimes are still owned and operated much as they were 
more than two centuries ago. 

Compared with· that of former periods, the progress made during the 
past 25 years in reclaiming desert lands has been rapid. The Nation 
has expended large sums for irri~ation works in Texas, Colorado, 
New Mexico, and Arizona, and this has influenced private capital to 
make like investments. Knowledge and experience so gained and 
avoidance of many former errors have resulted in better plans, more 
economical means of working, and the construction of more practical 
and effective systems. In consequence the Southwest, although still 
operating many faulty irrigation systems inherited from pioneer days, 
offsets them with several large modern systems, which, as a rule, are 
well built and managed, and this advantage is reflected in its irriga
tion practice. 

The farmers have struggled with several troublesome problems, 
some of which still await solution; until they are overcome improve
ments in irrigation practice can not take place rapidly. In the lower 
Rio Grande Valley of Texas, which depends entirely on water pumped 
from the river, a reorganization of enterprises and the reconstruction 
and enlargement of pumping plants have been necessary. This work 
is nearing completion, but the question of water rights remains to be 
adjudicated between the United States and Mexico, and until this is 
effected by treaty much uncertainty will exist over water allotments 
and future irrigation development. 

The irrigable landa of the Salt River Valley were serious:y injured 
by a continually rising water table, but this menace has been over
come by the operation of a large number of deep-well pumps, which 
have at the same time supplied much-needed additional water for 
irriO'ation (17). The Rio Grande Valley in New Mexico likewise was 
da~age(l by a high water table, combined with uneontrolled flood 
waters, but deep drainage canals have reclaimed part of the valley, 
and organizations are being formed to remedy other portions. In the 
Imperial Valley the farmers have been contending for the past 20 years 
with floods, with enormous quantities of silt alUlUally transported 
by the Oolorado River, and with rising ground water. The wet 
lanrl,s are being drained, and adequate steps are being tllken to remove 
the flood menace and to abate the silt nuisnnce. 

The part of irrigation development that is performed by farmers is 
retarded and rendered difficult and costly by the presence of brush 
and shrubs. Some localities have a hell.vy growth, ehiefly sngebl'tlsh, 
while others are dotted with mesquite nnel other shrubs. As a rule 
the .shrubs and heavier sllgebrush I1rc grubbed out by hl1nd, adding a 
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heavy expense to new settlers at a time when they can least afford it. 
The expense of preparing land for irrigation in the Sfj.uthwest de
pends' partly on the size and density of the desert growth to be 
removed, the cost of removal varying from about $7.50 to over $50 
an acre, and partly upon the preparation of the land to receive water. 
Successful irrigation depends upon the proper preparation of the land 
to receive water and the Delection of the best method of applying it. 
Farm distributing ditches or underground pipes so located that water 
may spread rapidly over the fields are a necessary part of land prep
aration. Fields should also be leveled so that water will flow evenly 
over the surface. Unless the fields are SQ prepared, water will stand 
in hollows and high spots will remain dry, resulting in damage to 
crops in each case. 

CROPS GROWN UNDER IRRIGATION 

The area irrigated increased from 1,504,000 acres in 1902 to 
3,771,000 acres in 1919, but the area of the principal irrigated crops 
did not increase in the same ratio. Staple crops have given place in 
part to new crops; and the changing conditions involved in production 
and marketing have brought about corresponding changes in the 
management of farms, especially in sections where a long growing 
season makes possible a wide diversification. In the upper basins of 
the Colorado River and the Rio Grande, where the elevations are 
much higher, the winters more severe, and the growing season shorter, 
fewer changes in crop production have taken place, ana these have had 
little effect on the water requirement. The leading crops in the 
Green River Basin of southwestern 'Vyoming continue to be, in the 
order named, wild hay, alfalfa, and oats cut for grain. In the same 
basin of eastern Utah alfalfa is far in the lead, with wheat, oats, and 
corn following. On the Pacific slope of Colorado the largest part of 
the irrigated area is devoted to alfalfa, wild hay, wheat, and oats being 
next in order. 

In the upper basins of these two rivers, in Colo.mdo, Utah, and \-Yyo
ming, there has been a gl'lldual conversion of native-grass meadows 
into other crops, chiefly alfalfa, but this conversion hl1S not materially 
affected the water requirement of m'Ops, since the native meadows are 
irrignted, as B rule, by wild flooding which wastes water, and a larger 
tonnage of alfalfa per acre can usually be produced with no more 
water than wilS formerly used on native meadows, on account of a 
more economical use. 

In the agricultural history of the more southerly and warmer por
tions of the Southwest, from Imperinl Valley in Ca1ifornia to the 
lower Rio Grande Valley in Texas, the introduction nnd extension of 
cotton plnnting in the past 10 to 15 years has been mOst noteworthy. 
A.lnl'ge aTea of ne.w laud, a" well as much formerly in alfalfa, has been 
planted to cotton. '1'he seasonal water requirement of cotton being 
considerably less than alfalfa, this change has had its effect on the 
quantity of water used in in'igation, especially in the Imperil11 Valley, 
the Salt Hi \'er 'Valley, and the Rio Grande Valley of New Mmdco. 

During the past 26 years morc, than 400,000 acres of desert land in 
California have been teclaimed in Imperial Valley by water diverted 
from the Oolorndo River. Barley was fi.rst the chief crop. A report 
(19) prepared by the Diyision of .Agricultural Engineering says that 

in 190B about three-fourths of the irrigated area was in barley and 
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that the average seasonal duty of water for that year on 120,000 acres 
was 2.04 acre-feet per acre, ranging from 1 to l}f acre-feet for barley 
to 3 to 4 acre-feet for alfalfa. In 1909 the barley acreage had 
decreased to 36,986 acres, whereaa there was an increase in alfalfa to 
30,847 acres. In 1926 the land in cereals, whether cut for grain or 
used as forage, was 80,000 acres; in alfalfa, 155,000 acres. The grow
ing of cantaloupes and lettuce ciUTing the winter and early spring has i 
become an important industry, in 1927 these crops covering nearly . 
:SO,OOO acres. 

PFior to 1910 cotton was grown in an experimental way in Imperial
90unty, Oalif. The area devot~d to this crop increased rapidly, and 
1ll 1924 was 80,000 acres. Smce then, however, this crop has 
decreased, and in 1927 was only 23,000 acres. 

In writing of alfalfa in the Southwest in 1914, Freeman (11, p. [233]) 
said: 

Every agricultural community has its staple product. What corn is to Illinois, 
wheat to Kansas, and cotton to the Gulf States, alfalfa is to Arizona. MOTC than 
one-third of all her cultivated land is devoted to its culture. * * * It forms
* * * the safeguard of cattlcmen in times of drought, the raw material [or a 
growing dairy industry, the natural food for fine, fat stock, and the conserver of 
soil fertility by its deeply penetrating, nitrogen-gathering roots. 

Freeman could not foresee that in another decade Arizona's 

cotton acreage would be 60 per cent more than that of n1£a1£a. In 

the Salt River Valley the acreage planted to cotton inci'ensed from 

a small area in 1910 to 75,062 acres in 1919 and 121,620 !l.Cl'es in 

1924, but part of this increase has been at the expense of alfalfa, 

which decreased from 66,071 acres in 1919 to 60,955 acres in 1924. 


A somewhat similar development has taken pInce in New Mexico. 

The total area of irrigated alfalfa fields ill 1919 was 87,105 acres, 

while that of cotton was 7,527 acres, whereas in 1924 the ncreage of 

irrigated and nonirrigated cotton was nearly equal to that of alfalfa. 

Another important change during the past decade has been tht> mpid 

extension of dry-farmed sorghums harvested for grain or cut for 

silage, hay, or fodder. The 1924 area was 289,099 acres, which 

placed this crop far in the lead as regards acreage. 


In 1919 about 340,000 acres, exclusive of the l·ice fields, were 
irrigated in western Texas. The principal crops in the order of 
acreage were corn, sorghums, cotton, and alfalfa. The statement, 
however, covers only a small part of crop production in this part 
of the State. On aCColmt of a heavier annual minfall than occurs 
in either Arizona or New :Mexico, the majority of fanners grow crops 
without irrigation. There being available a larrre extent of fertile 
virgin soil at relatively low cost, on which small or medium crop 
yields can be hnrvested, the need to utilize water for agriculture 
has not been urgent except in very dry years. .Accordingly, the ; 
extent of land dry farmed is far in excess of that irrigated. In 1924 ~ 
the principal crops grown in 153 counties of western Texas with 
their respective acreage were: Ootton, 6,442,348; sorghums, 2,230,
355; wheat, 1,122,471; corn, 824,519; oats, 635,821; and hay, 
260,175. 

RELATION OF WATER APPLIED TO CROP YIELD 

Investigations have been carried on by the Division of Agri

cultUTal Engineering either independently or in cooperation with 

State or community agencies in several localities of the Southwest 
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to determine the relation of water applied to crop yield. In this 
work the factors which affect yield other than moisture conditions 
have been eliminated, as far as practicable, by selecting 1miform 
soil, growing the crops on plots of the same or nearly the same area, 
and subjecting them to the same cultural treatment and climatic 
influences. When, under repeated tests, crops fail to produce profit
able yields with the natural rainfall, the need for irrigation is 
demonstrated, and the effective rainfall, combined with the quantity 
of supplemental il'l'igation water required to produce a satisfactory 
yield, is a fair indication of the total water requirement. 

The results of such e)..-periments likewise serve to determine how 
much water farmers should apply in order to obtain profitable 
yields. By growing plants in duplicate or triplicate plots, applying 
a different quantity of water to each plot, and noting the effect· on 
the quality and quantity of the product grown, it is possible to deter
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mine with fair accuracy, especially for crops of low and medium 
water requirement, the right quantity of water to apply for their 
proper development. Most of the results show an increase in yield 
in proportion to the quantity of water applied until a stage is reached 
when additional applications injuriously affect the plant and lessen 
the yield. 

In irrigating alfalfa, sugarcane, and other crops of high-water 
requirement, it is more difficult to ascertain when enough water has 
been applied. It sometimes happens that the more water used the 
larger the tonnage harvested. In such cases it is well to consider, 
besides yield, the value of ~water, the eost of applying it, and the 
damage to soils arising from excessive use. 

The relationship between quantity of water applied and yield 
<of crop is shown graphically in Figures 8 to 11. The basic dat'll for 
these charts a.1'e selected from Tables 6 to 19. The charts show the 
number of irrigations; the number of tests involyed; the water used 
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by;the crop, whether irrigation or rainfall; the kind of crop; the gen
eral character of the soil on which it was grown; !tnd the crop yield. 

WATER REQUIREMENT OF CROPS 

The high water requirement of one set of conditions is offset in a 
measure by the medium or low requirement of another. The long 
growing season, high temperature, clear slIDshine, dry air, and heavy 
evaporation require a large quantity of water to mature crops, but 
the extensive acreage planted to crops having a low or medium 
water requirement tends to lower what would otherwise be a high 
average. 

SORGHUMS 

The climatic conditions in much of the Southwest are well adapted 
to sorghums. Compared with corn, the grain sorghums need less 
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FIGUIIE D.-Relationship between amount of water applied and crop yield of sorghum har and 
Sudan grass as determined by plot experiments carried on cooperatively in difIerent localities of 
tbe Southwest from 1915 to 1921 

water, while sorghums cut for hay require more, but both .kinds 
withstand drought better. Most crops receive a permanent setback 
when the soil moisture remains for a considerable time below the 
wilting point, whereas the sorghmns have the extraordinary ability 
to revive when rain falls or irrigation water is provided. This peculiar 
quality, whieh overcomes to a considerable extent the injurious effects 
of droughts by furnishing roughage for stock at a time when other 
crops iail, accounts for ;'he popularity of the sorghums on the dry 
farms oi the Southwest and for the rapid increase in arable land 
devoted to sorghums harvested for grain. In New :Mexico the area 
planted to grain sorghums in 1909 WIlS 63,570 acres, wherells in 1919 
it was 151,685 acres. During the same decade in western Texas the 
area increased from 570,188 to 1,461,736 acres. The sorghums are 
also grown quite extensively on irrigated farms to provide fodder and 



•• 

•• 

IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 23 

silage and as catch crops. Under favorable weather conditions 
they can be planted after grain crops are harvested or after other 
crops have failed. 

In growing sorghums on dry farms there is a more or less close 
relationship between the precipitation and crop yields. This is 
shown in Table 2. The data (3) on which this table is based represent 
in. each case the average of averages. In other words the yields 
reported represent in each case the average of a large number of plot 
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FIGURE lO.-Relationship between amount of water applied and crOp yield for sugarcane, Rhodes 

grass. and alfalfa as determined by plot experiments carried on cooperatively in diJTerent localities 
of the Southwest from tOt6 to 1919 

yields at each locality. To equalize fmther the effects of crop hazards 
01 various kinds, the authors have subjected the crop yields at each 
locality to a second nveraging based on yearly precipitation. Thus a 
variety of sorghum known as milo was grown at vVoodwarcl, Okla., 
for 10 consecutive years. The five years of highest precipitation as 
well as the five 'years of lo\'test precipitation have been uycraged, and 
each is shown in. the table in conjunction with the fiyeragc crop yield 
for the corresponding period. Like treatment has been given sor
ghum crops grown in other parts of the Southwest. 

http:A\.FAl.FA
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TABLE 2.-Relation between crop yield8 of milo and kafir andprecipitation 

Mean crop yield of-

Mean 
Years of annual KaClrStation tests prec;pita

tion Milo 

Grain Total 

---------------1---------------
Number Inches BU8hels BU8htls Pound,

Woodward, Okla __ • __••••••••••_••_••_••_•••.•••••_... 	 5 I ;lO. 49 24.1 25.7 5,271 
5 '20.25 14.2 15.9 5,OOIJ

.Lawton, Okla ••_._•••••••• __ ••••••••_•••_•••_•••_•••__ 	 4 I 36.35 •._._••__ _ 29.0 5,682
• 22.24 ___••••__ _ 


Dalhart, Tex_ •••_••••••••••••••_•••••_•••___•___•__.__ 8

5 	 5.7 2,658 

123.07 30.7 26.0 6,392 
8 2.14.38 15.4 12.2 5,245Amarillo, Tex_._._._._._ •• ________••_________•__••••_. 	 7 I .22. 31 32. 6 18.7 5,965 
6 , 14.61 12. 2 6.7 3,482

Big Springs, Tex._•••_•••••••••_••••__•••••__ •__._••__ 	 4 '24.15 34.0 24..0 4,4.75 
5 '12.72 12.6 8.8 2,832Tucumcari, N. Mex. ____ ••_•• ___••__ ._•._._••__•.___ •• 	 6 124.95 36.1 26.3 4,527 
6 '12.48 15.3 11.1 2,792 

I Average rainfall for years of highest precipitation. 
I Average rainfall for years of lowest precipitation. 

Under conditions equally favorable the yields of sorghums are 
greater when the effective rainfall.is supplemented by irrigation water, 
although the combined quantity of water needed is relatively small. 
Tms is shown by the results of irrigated plot experiments of sorghums, 
a few of which are outlined in the following paragraphs. 

In HH9 sorghum for hay was grown on seven plats near Mercedes, 
Tex. Irhe rainfall during the growing season was .2 acre-feet, and 
this was supplemented by three light irrigations, the total of which 
varied from 0.53 to 1.14 acre-feet. The yields of plots wmch received 
less than 0,9 acre-foot of in-igation water averaged 10.29 tons per 
acre, while those that received more than O.D acre-=foot averaged 
11.83 tons. 

In 1915 sorghum harvested for fodder was grown on 11 plots at the 
New Mexico .Agricultural Experiment Station and somewhat heavily 
irrigated six times during May, June, July, and August. The average 
seasonal quantity of irrigation water applied was 2.36 acre-feet per 
acre, and there was 0.22 acre-foot of rainfall. The plots produced an 
average yield of 6.89 tons. Those wmeh received less than 2 acre-feet 
produced an average yield of 4.98 tons; those wmch received 2 acre
feet and less thRn 2.50 acre-feet averaged 5.87 tons; and those wmch 
received from 2.67 to 2.77 acre-feet averaged 10.23 tons. 

Hence it 'would appear that sorghums, including Sudan grass 
grown for fodder, require from 2.5 to 3 acre-leet per acre to produce 
heavy yields. 

COTTON 

Oompared with the extent and value of the cotton crop in the South
west, the data pertaining to its water requb:cment are somewhat 
meager. Investigat.ions of the relationship of tlus plant's growth to 
soil moisture conditions have not kept pace with the rapid increase 
in the area deyoted to its production. The available data seem to 
dflmonstrate fairly well that less irrigation water is required to mature 
cotton in 'western Texas than in the cotton-producing districts of 
New Mexico, Arizona, or southeastern Oalifornia. This is pre

106469-30--4 
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sumably because of the greater humidity, a lower rate of evaporation, 
and the storage of rain water in the soil and subsoil. When the normal 
effective rainfall is included, a water requirement of 1,25 to 2 acre-feet 
per acre seems to be ample for a large' yield, whereas in the more arid 
cotton-growing localities of Arizona, New Mexico, and southeastern 
California from 2.5 to 3 acre-feet per acre seems to be required. At 
Safford, Ariz., the summer rainfall (May 1 to September 30) averages 
4.73 inches and the yearly precipitation 9.2 inches, and about 30 inches 
of irrigation water on an average is applied to land planted to cotton. 

ALFALFA 

The water requirement of this forage plant has been fairly well 
ascertained by cooperative experiments conducted by the Division 
of Agricultural Engineering in tanks, on plots, and under field con
ditions. The results indicate that a large quantity is required per 
unit of dry fodder grown. Estimating the consumption of water by 
transpiration and soil evaporation from alfalfa grown in tanks under 
climatic conditions somewhat similar to those of the lower and 
warmer portions of the Southwest, about 3 acre-Jeet per acre would 
be required to produce a seasonal yield of 5 tons o~ hay. If to this 
consumption is added 25 per cent for unavoidable losses of water, 
the total is 3.75 acre-feet per acre. The average yield of 276 tests of 
alfalfa grown in plots at the New Mexico Agricultural Experiment 
Station was 5.55 tons with the use of 4.2 acre-feet of water per acre, 
including rainfall. Under field conditions in Arizona the average of 
49 fields tested gave 4.36 acre-feet per acre and a yield of 5.2 tons. 
These results and other available data indicate that a heavy seasonal 
yield of alfalfa requires about 4.25 acre-feet of water per acre through
out the lower and warmer portions of the Southwest. At higher 
elevations, having shorter growing periods and fewer crops, the water 
requirement is proportionately less. 

RHODES GRASS 

The water requirement of this crop can be estimated with some 
degree of accuracy from the results of cooperative experiments 
directed by the Division of Agricultural Engineering near Mercedes, 
Tex., from 1917 to 1920, inclusive. Six plots were seeded to Rhodes 
grass in March, 1917, the soil type being Brennan fine sandy loam. 
During the first season the plants were allowed to develop without 
any tests being applied, and the plots were pastured during the 
fourth season, thus precluding yields ill those years, but the rela
tionship between the yield of each plot for each cutting and the 
quantity of water applied was accurately determined for the other 
two years. 

In Table 3 the average quantity of water applied to the six plots 
for each cutting is given, as well as the rainfall and yields. 



. 
I 

------------------

--------------------

IRRIGATION REQUIREMENTS OF ARID AND SEMIARID LANDS 27 

TABLE 3.-Quantity of water uppiied to plots planted to Rhode8 gmss near Mercedes, 
Tex., and yield in 1918 and 1919 

SEA.SON OF 191B 

Quantity of water applied 

Cutting Days to YieldPeriod of growth No. maturity per acre 
I~~~. Rainfall Tot,ll 

---1·-------------1----1--- ------'----
Number Acre·feet Acre·feet Acre·feet Tona 

L_•••_.. Mar. 7 to May B •..••• _ ••__•__.•_.••_...... 63 0.38 0.59 0.97 1.25 
2._.__.__ May 8 to June 26•.____.•__ ••••••..•••.•••. 50 .54 .24 .78 1.09 
3___••_._ June 26 to Aug. 1\.. •• _ .•__.••_............. 42 .78 .03 . B1 .844.."""'1· Aug. 6 to Sept. 14"........................ 40 .98 .02 1. 00 1. 23

5........ Sept. 14 to Nov. 11•••••••.••••••.•_....... 59 .39 .30 .69 .78 


TotaL.............................. .....•.... 3.07 1.18 4.25 5.19 


SEASON OF 1919 

L....... Mar. 5 to May 16.......................... 73 0.24 0.43 0.67 1.21 

2........ May 16 to June 25......................... 41 .40 .32 .72 .52 

3........ June 25 to Aug. 5.......................... 42 .00 .55 .55 1. 02 

4........ Aug. Ii to Sept. ~.......................... 49 .74 .58 1.32 1. 03 

6........ Sept. 22 to Nov. 6•••••.•••. _••..•••••••••_ 46 .00 .22 .22 1.26 


TotaL...•........•.._.............. ......•... 1.38 2.10 3.48 0.04 


If a determination of the water requirement of this plant from 12 
individual plot experiment;;. is justifiable, at least 3.5 acre-feet per 
acre, including rainfall, seems to be needed for a seasonal yield of 
5 tons of air-dried hay harvested in five cuttings. 

CORN 

In the Southwest the growing of corn is confined mainly to Texas 
and New Mexico. In that part of Texas considered in this bulletin, 
in 1924 there were 900,493 acres of corn; in New Mexico the total 
was 215,811 acres; and in Arizona there were only 31,000 acres. 

The results of plot experiments by the Division of Agricultural 
Engineering, the New Mexico Agricultural Experiment Station, and 
the Board of Water Engineers of Texas indicate generally the quantity 
of water required for a satisfactory yield of corn. In 1915, in the 
Mesilla Valley, N. Mex., 12 plots planted to corn produced an average 
of 40 bushels per acre with the use of 1.85 acre-feet per acre of irriga
tion water and 0.22 acre-foot of rainfall, a total of 2.07 ·acre-feet. In 
another Mesilla Valley experiment the same average yield was 
obtained with the use of 1.95 acre-feet per acre, including raintall. 
Oorn was grown in plots near Mercedes, Tex., for the five years from 
1915 to 1919, inclusive. During this period the effective rainfall 
varied from 0.41 to 0.94 acre-foot and the quantity of irrigation 
water from 0.20 to 1.53 acre-feet. Of 24 plot experiments in this 
5-year period, those which received less than 1.5 acre-feet per acre, 
including rainfall, .produced {m average of 54.6 bushels per aCl'e, and 
those which received 1.5 to 1.96 acre-feet per acre produced 62.5 
bushels per acre. On the basis of the tests reviewed the water 
requirement of corn in the Southwest may be adjudged to be about 
1.75 acre-feet per acre, including rainfall. ' 

i 
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VEGETABLES 

Under this heading are included such crops as cabbage, lettuce, 
cauliflower, table beets, tomatoes, snap beans, cantaloupes, and 
spinach. Throughout the Southwest many of these crops are grown 
under irrigation for home consumption or canning, but those grown 
commercially on a large scale are confined in the main to the Imperial 
Valley and the lower Rio Grande Valley. In 1924 (23) cantaloupes 
and muskmelons were grown for sale on 20,241 acres and lettuce on 
16,634 acres in Imperial County, Calif. In the same year the acreage 
in Cameron and Hidalgo Counties, Tex., in cabbages and tomatoes 
was 9,697 acres and 2,295 acres, respectively. 

In September, October, and November of 1914, 1916, 1918, and 
1919 measurements were made Df the water applied to cabbage 
grown in plots near Mercedes, Tex. Unpublished results of these 
experiments show that the average quantity, including rainfall 
applied during the period of growth, was 1.20 acre-feet per acre, and 
the average yield was 7.28 tons per acre. More than 1.25 acre-feet 
per acre did not increase the yield; hence it was concluded that this 
quantity was sufficient for southwestern Texas. In Mesilla Valley 
slightly more than an average crop of 10 tons per acre was raised 
from plots which received 2.31 acre-feet per acre. 

LETTUCE 

The average quantity of water used on 49 plota of lettuce near 
Mercedes, Tex., was 1.03 acre-feet per acre, and the average yield 
was 5.97 tons. The plots which received from 1 to 1.5 acre-feet per 
acre did not ahow any dubstantial gain in yield; hence it appears that 
for this crop and locality 1 acre-foot per acre is an adequate water 
requirement. 

CAULIFLOWER 

In the same locality an average of 1.6 acre-feet was applied to six 
plots of cauliflower, which produced an average yield of 6.65 tons 
per acre. The three plots which received an average of 1.43 Ilcre
feet yielded more heavily than the three which received 1.77 acre-feet, 
and it was concluded that 1.4 acre-feet per acre was a near approach 
to the W'lter requirement of this crop in that locality. 

TOMATOES 

The water requirement of tomatoes grown on both sandy and clay 
soil, as determined on 15 plots in the lower Rio Grande Valley 
of Texas, was found to be about 1.75 acre-feet per.acre, that of table 
beets about 1.4 acre-feet per acre, and that of snap beans and spinach 
about 1.2 acre-feet per acre. 

SUMMARY OF WATER REQUIREMIj:NTS OF LEADING CROPS 

The results of the water-requirement investigations of the leading 
crops grown in the Southwest show that variation in climate, soils, 
and other conditions produce variations in the quantity of water 
required for profitable yields. Accordingly, in Table 4, which summa
rizes results of plot and field experiments as given in the appendix, 
the water requirement is expressed in two ways-(l) the lowest 



IRRIGATION REQUIREMENTS OF ARID A...'JD SEMIARID LANDS 29 

general average, and (2) the highest general average-so as to conform 
more closely to changes due to natural causes. 

TABLE 4.-Water requirement of crops in the Southwest, including irrigation and 
rainfall

' 'I 
) Water requirement Ii 'Vater requirement 

per acre I 1 per acre l! 
Crop Tests f II Crop Tests 

Lowest Highest /1 : Lowest HighestI
I 

'I' 

::~~ ::~~! ij ,. ::~i!:~ ::~:!~-'--.,.,'- ""-,.-,___~_II _____ 
\ \1 ,I

Number. Acre·fed Acre·fed 11 'Number Acre·feet ' Acre·fed 
AlfalIa. __________ • __• 369 , 3.47 5. os 11 Mlllet •••••• _••_•• ___.' 5 0.91 ' 1.09 
Barley•••••••.__._._. 3 1 1.24 1.83 II' Oats___••••_____•__ .. ' 2 , 1.90 2. 09 
Beets (table).__.••_.. 28 I .87 1.37 Onions •••••• _._••••••: 4 j .73 1.52 
Beets (sugar) ••___ •__ • 5 : 1.77 2. 72 \ Peas••--••___ • __• ____\ 8 1 1.2l 1.56 
B,roomcorn••_._•.•••_ 9 i .97 1.15 Potatoes•••___.•_._.. : 12 i 1.59,' 2.04 
Cabbage.•___ •__••___ 21 i .94 1.49 Rhodes grass·-.-.--•• i 12 I 3.49 • ,4.43 
Caullllower ____ ._.___ 6 ! 1.43 1. 77 ' Snap beans----.-••• _i \) ; .83 ' 1. U 
Carrots__ ._•.••••. _._ ~ I 1.27 1.00 11!Spitiach.•.•_••__••_._! 12 I .SO 1.07 
Corn..___•• __ •••_..__ 421 1.44 1.99 I Sorghum_•._•• _____..! 34 I 1.69, 2. OS 
Cotton__•__ •• ________ 103 f 2. 35 3.51 I SOYbeans__ . ____•• ___ j' 36 : 1.66 ,I 2. 81 
EmmeL_.___________ 6 i 1.19 1.87 I Sudan grass•. ___ .•___ 25 I 2.88 3.16 
FIax-_________.•__ • __( 3 I 1.23 1.59 [Sugarcane•...•••__ ••_ 41 1 3.48 ' 4. 56 
Feterita.___•• _.•___•• 8 I .91 1.10 ,<;weetpotatoes.__._. 3 : 1.77 I 2. 25 
Kaflr __ ._.••••..____./ 16 : 1.32 1.54 f Tomatoes._••.••• _==_! 17 : .95 1.42
Lettuce._._.___.•___. 49 1 .72 1. 35 IWheat.••._•••• _.____ 46 ' 1.46 2. 2{
Milo______•____. ____. 35 i .96 1.61 ' 
__.. ,~___,_ \ I: 

CONDITIONS INFLUENCING THE QUANTITY OF WATER REQUIRED 
FOR IRRIGATION 

In determining the quantity of water required for a project or farm 
of known area, consideration should be given to each of a number of 
influential factors. These may be grouped under (1) physical con
ditions; (2) character of equipment, structures, and methods neces
sary for handling water; (3) conditions relating to farm management; 
and (4) economic phases. Legal and administrative conditions con
stitute a fifth group, but these will be treated under a separate 
heading. 

PHYSICAL CONDITIONS 

These include climate, water supply, soils, and topography. Com
pared with other large divisions of the West, the average irrigation 
requirement of the Southwest is higher by reason of the greater 
aridity of its climat,e. On much of the arable land susceptible of 
irrigation the annual rainfall is very light-almost negligible in some 
localities-the summer temperature is high, the intense rays of the 
sun nre rarely obscured, and evaporation from soils and water sur
iaces, as well as the transpiration from plants, is excessive. 

The light rainfall, together with heavy evaporation, results in a 
small strenm flow. Both surface and lmderground water supplies are 
likewise affected by the manner in which the rain falls. As a rule 
the rainstorms are erratic and often torrential in character, resulting 
in quick rlm-ofI, so that the inflow in to underground basins is snll,>ll, 
and flood storage in reservoirs is necessary .. 

On th~ other hanel, the charactm' of the solls and topography of the 
arable lands of the Southwest are such as to call for a small rather 
than a large quantity of irrigation water. In some cases rivers have 
transported through long ages enormous quantities of sediment which 
have formed alluvial deltas like those of the lower basins of the Colo
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rado River and the Rio Grande. In other cases deep depressions have 
been filled by water- horne material eroded from higher portions of 
the drainage area, 111ltking valleys similar to that of Salt River in 
Arizona. In both cases the surface, although characterized by gently 
undulating slopes, is level enough so that it is not difficult to convey 
and distribute water, and the soil generally contains enough fine silt 
and clay to prevent excessive 10581.'S fro111 deep percolation. 

CHARACTER .W Etlli'i'~·E:-<T. ETC. 

This group of factOl's includes tile main water-supply ditch, pipe, or 
other conduit for the farm, the diyision of the farm into fields suitable 
for irrigation and cropping, all permanent fnr.l1 ditches, the prepara
tion of the surface of each field to receive water , and the method best 
adapted to the application of water. With few I.'xceptions the water 
channels of the irrigated farms of the Southwest urI.' made of carth. 
Up to the present, economic conditions have not walTtlnted the use of 
pipes or other water-tight conduits. :More or less water is absorbed 
by earthen ditches, but the loss of water in thi!? manner is governed 
largely by the character of the soil, whieh is on the whole fairly 
impervious. At first wooden structures were in common use on the 
farms, but experience showed that the climatic conditions were un
:fa.vorable for the preservation of wood, and concrete is now generally 
used instead. 

The chief defect in the farm systems of irrigation has been incom
plete and improper planning. Settlers ,vithout experience, technical 
advice, or assistance located and built supply ditches, subdivided their 
holdings, and prepared a few fields for irrigation. Such work is more 
likely to be wrong than right, and when wrong it is difficult to make 
it right. Few settlers have the time or means to prepare their entire 
farms for irrigation dming the first yenr, but if started in accordance 
with a comprehensive plan the work can be spread over several years, 
with the assurance that when completed it will serve the purpose for 
which it was designed. 

CONDITIONS RELATING TO FARM l\IANAGEl\lENT 

The most profitable crops to grow, the maintenance of soil fertility, 
a.nd the rotation and diversification of crops are included in this group. 
Elsewhere in this bulletin the variation in the water requirement of 
crops is discussed, but little is said of the saving in water by diversifica
tion and soil fertility. Few practices in irrigation farming are so well 
established by experience as that of changing crops periodically, 
particularly, from leguminous to other kinds, and vice versa. Theo
retically, such a change can not be made in most orchards on account of 
their long life, but it is both practical and economical to grow cover 
crops between the rows of trees, thus serving the same purpose. No 
matter how fertile virgin soil may be, experience has shown that it 
needs to be replenished with decayed vegetable matter. The decayed 
roots and foliage of such legumes as alfalfa, beans, and peas improve 
the texture of soils, increase the yields, and rcduce the water require
ment. 

ECONOMIC I'HASES 

While economic considerations enter into the second and third 
groups, such subjects as cost or water, manner of payment, and per
missible waste are considered of essentially economic importance. 
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As irrigation development progresses the cost of water increases, and 
under some proposed projects a stage is being reached at which the 
~ost of water is too high to permit profits. On other projects the 
cost is so high as to warrant 'extreme measures to lessen its waste. 
In general, arable land is cheap and readily available, but water is not 
plentiful. Therefore if a seasonal water requirement of 2}~ acre-feet 
per acre will suffice instead of 3% acre-feet, 40 per cent more land can 
be served and the unit cost of water similarly reduced. 

When a farmer pays for water on an acreage basis he has little in
ducement to economize in its use. His water-right contract may call 
for enough to irrigate a given number of acres, and if he uses less, 
those who own the canal system receive the benefits. On the other 
hand, if he buys water by the acre-foot or other unit, any saving he 
can effect during the season reduces his water bill proportionately. 

Were it possible for all the water delivered to a farm to be absorbed 
by the roots of crops and transpired by their foliage, an efficiency of 
100 per cent would be reached, but this is unattainable. With the 
best equipment for distributing witter and its most skillful lIse in 
moistening the soil, it is seldom practicable to utilize more than 80 
per cent, and with poor equipment and less skillful handling the 
efficiency may drop to 30 per cent. This loss has been termed 
"permissible waste," and its relative quantity depends on economic 
considemtions. If the service which water can perform in producing 
a larger quantity and a better quality of crops will justify more careful 
land preparation and more efficient eq uipment in order to utilize a 
larger part of the available water supply, such a course should be 
followed; but if, as is sometimes the case, the returns from farming 
are too small to warrant such e:\'})enditures the farmer must get along 
as best he can with cheaper methods and equipment and suffer the 
losses which these entail. 

DUTY OF WATER 	 AS AFFECTED BY STATE, COMMUNITY, AND 
CORPORATE REGULATIONS 3 

Five of the States discussed in tIns bulletin are also included in 
part in the Great Basin and Missomi and Arkansas River basins. 
The present discussion of effect of State, commlmity, and corporate 
regulations will therefore be limited to conditions in Arizona, New 
Mexico, and Texas; the reader is referred to the t·wo preceding 
bulletins (8, 9) of this series for similar discussions relating to the 
other States, including Oklahoma, which for this purpose mav be 
classed with the Missouri and Arkansas River Basin States. • 

STATUTES AND COURT DECISIONS 

Arizona; New Mexico, and Texas were settled by the Spaniards 
and for some 250 years were subject to Spanish and lvIe:\-ican law. 
So far as they concerned irrigation institutions, these Old World 
laws prior to the independence of Mexico were of 11 decidedly miscel
laneous character; local customs, therefore, became strong and fre
quently had all the force of written law in both Spain and the New 
World. The earliest legislation of Territorial New Mm.. and-ico 
.Arizona indicated a clear intention to continue existing MeA-ican 
irrigation laws and customs in forcc, and the intent of an early 

I The material In this sectlon was prepared by Wells A. Hutchins, Irrigation economist, Division or 
4irlcultuml Engineering. 
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Texas irrigation statute was similarly construed by the supreme 
court of that State.4 The laws and customs in question, aside from 
those rights covered by the civil law, dealt mainly with construction, 
operation, and ownership of acequias, grants of land and water rights, 
and rights of impresarios and colonists to water for irrigation; and, 
while they contained some broad provisions regarding the use of 
water and gave the viceroys and courts authority to make further 
provision for it, there was apparently no serious attempt on the 
part of the Spanish officials to reduce such use to an economical 
basis. Varying local customs had most influence in determining 
this use. 

Within the present century, however, all three States have adopted 
modern irrigation codes and have SElt up machinery for their admin
istration. Applications to appropriate water must be made to the 
State. Beneficial use is declared to be the basis of acquirement of a 
right to use water for irrigation, and for this purpose, according 
to the Texas statute-
beneficial use shall be held to mean the use of such a quantity of water, when 
reasonable intelligence and reasonable diligence are exercised in its application 
for a lawful purpose, as is economically necessary for that purpose. 

Determination of what is beneficial use in any instance necessarily 
depends upon the facts in that case. Appropriation rights may be 
declared forfeited for nonuse. State water divisions are provided for. 
Hydrographic surveys are authorized. Arizona and New Mexico 
provide for determinations of existing priorities and regulation 
under State authority of the distribution of water to various ditches. 
These measures are all aimed at the orderly appropriation and 
diversion of water, elimination-of unnecessary waste, and substitution 
of some measure of economy of use for the older practices of applying 
water without regard to the needs of other users; and they are chiefly 
valuable to the extent that they bring about a real coordination of 
water uses into which the point of view of the State has been injected. 

RIPARIAN RIGHTS 

The Territorial Legislature of Arizona specifically abrogated the 
common-law doctrine of riparian rights, and in so doing was upheld 
by the courts.s The ensuing State constitution contained a similar 
provision. In New Mexico the courts have rejected the riparian 
doctrine and accepted the statutory rule of prior appropriation.6 A 
recent Texas decision, reviewing the whole subject of water law in 
that State, affirms the validity of riparian rights, at least in connec
tion with lands granted prior to the appropriation act of 1889, but 
definitely restricts riparian waters to "the ordinary flow and under
flow of the stream." 7 

COMMUNITY REGULATIONS AND CONTRACTS 

Until the present century local usages and regulations have had 
more to do with determining water requirements than have any 
state-wide measures, and they still exert a marked influence. Usage 

• Tolle v. Correth, 31 Teo<. 362, 08 Am. Dec. 540. 
I AUfitin ct nl. v. Chnndlcr ct nl.. o! Ariz. :146, 42 1'.483. Sco olso Clough v. Wing, 2 Ariz. 371,17 P.463. 
I In Hagermtlll Irrigation Co. v. l\fc:\lurry, 10 N. M. In. 11:1 1'.82:1, the court stated: '''Phe doctrine of 

prior approprintion with application to beneficlnl use hns definitely nnd wholly superseded the common
la I t1octrln<l of ripnrinn rlght.s InlU"ny of tho jurisdictions in which irrigation Is necessary to thc growth of 
crops. nnd alTlon~ them is Now' Mexico." 

1 Mot! et nl. v. Boytl ot nl.,- 'I'ex. -.2,0 S. W. 4~S. decided June 26, 1926. 
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on anyone of the several hundred cmmnunity llcequias or ditches in 
New Mexico conformed mainly to the available water supply, method 
of delivering water to individuals, and ability llnd disposition of the 
major-domo, or superintendent, to enforce the regulations impartially; 
the water rights of some acequias having been derived from Spanish 
or 'Mexican sources and those of others acquired lUlder Luited States 
laws. The actual quantity of water deli,-ered to an individual de
pends upon the number of so-called rights he holds, which may be 
based upon his il"rigable acreage, or upon his dit<'h frolltagr, or upon 
the amount of labor he chooses to subscribe to the ditch maintenance 
in anyone season. Such a right usually represents a proportional 
part of the total available water supply, rather than n. fixed quantity 
of water or rate of flow. The New ,Mexico Code pro,-ides that com
munity customs and regulations having for their object the o{'onom
ieal use of water, and not detrimental to the public welfare, shall 
govern tho distribution of water from the dit{'\ws to which they 
a.pply, but that the authority of the State engineer is not thereby to 
be impaired. 

Oontruct.s between the Federo.l Go\-ermnent and water users on 
reclamation projects have unquestionably influenced the quantity of 
wu.ter used on those projects, for they have involved a minimum 
charge for a given quantity of water used per acre and an additional 
charge for additional water. Salt Riyer Valley 'Water Users' Asso
ciation, which operates the Salt Ri\Ter project, levies a minimum 
annual charge against each ncre of land to which association stock is 
appurtenant, which entitles that acre to 2 acre-feet of water, and 
makes v further charge, which may be graduated if the board of 
gO\Tcrnors see fit, for each additional nere-foot. As the Salt River 
and Yuma projects together included more than half the irrigated 
area of Arizona reported in the Census of 1920 (22), the effect of these 
contracts is obviously important in connection with water require
ments in that State. 

Oommel'ciol enterprises are not relatively importanl; in Arizona 
and New Me:\.;co, but were reported in the census of 1920 (22) as 
supplying water to 45 pel' cent of the land irrigated in Texas, some 
of this area, however, having since gone into districts. Where water 
is delivered by these companies on a flat acreage basis there is little 
incentive to economical irrigation. Where a minimum rate per acre 
is made, with an additional charge for eaeh watering, there is some 
inducement to irrigate carefully, and where the rate is based upon 
the quantity delivered the water user is led more forcibly to consider 
his actual requirements b(\fore ordering water. This last type of 
contract is therefore most desirable ftom a broad public point of 
VICW. 

Water improvement districts (irrigation districts) in Texas h!LVe an 
opportunity to influence the use of water for different crops under 
the statutory requirement that one-third to two-thirds of the ann1Jal 
maintenance and operation ftmds be paid in advance by applicants 
for water, in which event the board of directors may take into con
sideration the acreage to be planted by each applicant for water, the 
crop to be grown by him, and the amoHnt of water per aero to be 
used by him, pro\rided, however, that el1('h water llser shrLll pay the 
same price per acre for use 0: water upon the same class of crops', 

l.O(Jt169-30--5 
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ARID LAND RECLAMATION AND MONTHLY AND SEASONAL IRRIGA~ 
~rION REQUIREMENTS 

. ~fost of the summer flow of the streams of the Southwest is utilized, 
and the extension of the irrigated area ,,,'ill depend largely on the 
storage of the flood flow and other unused waters. A substantial 
beginning has been made in this direction. In 1920 the Federal 
census (22) reported 800 reservoirs having a combined capacity of 
5,000,000 acre-feet. Since then other reservoirs have been built 
or started. Building hig-h dams to irnpolmd water not only provides 
It water supply tor agrlCultural purposes but also creates facilities 
for the generation of hydroelectric power. A part of this energy 
can be used to operate pmups to raise water from undergrolmd and 
other sources and to drain water-logged lands. Taking advantage 
of the cheap electric energy developed at the Roosevelt Dam and 
accessory storage and power plants below the dam, the farmers of 
Salt River Valley use part of it to operate deep-well pumps for the 
dual purpose of lowering the ground-water level and providing water 
to supplement the gravity flow from the reservoirs. From 1921 to 
1926 the average quantity of water pumped from wells was about 
200,000 (15) acre-feet per annum. 

It is likewise true that some of the advantages gained by impolmd
ing water and developing power at favorable sites is offset by the 
deposition of silt wherever the waters of silt-laden streams are stored. 
All southwestern streams carry more or less silt, which in time 
impairs, if it does not destroy, the usefulness of storage reservoirs. 
In Roosevelt Reservoir the average mte of sedimentation for the 
20 years dating from the time the dam was begun was 5,050 acre
feet per annuni (10). In the Elephant Butte Reservoir of New 
Mexico the average rate of sedimentatioll from November, 1916, to 
August, 1925, was 20;4iO acre-feet per allnum (13). 

The agricultural redources of the Southwest can not be utilized to 
much more than one-third thei,' potential extent without 'water, and, 
compared with the vastness of the territory, water is extremely 
scarcc. The bulk of it is derived from two streams, the Colorado and 
the Rio Grande. The siora~e of flood waters on these and Bmaller 
streams will not suflice for all in'igl1ble lands likely to he reclaimed. 
~leasures will hnY!' to be taken to coUect and utilize the waste water 
from ilTigation. Such waters may be grouped under (1) seepage, 
(2) return flow, and (;3) underground recovery. The 111eanings of 
these will be understood from what follows. The inefficiency arising 
from the usc of water in iITigation is ,'eadily accounted [or. In this 
practice the discharge of 3tream~, instead of being permitted to flow 
to the sea in natural chnnnels, is diverted and distributed onn' wide 
areas hy artificial means. The al'tific.ial channels arc seldom efficient 
carriers of water, but permit one-fifth to one-half the intake volume 
to be absorbed by the porous materials of which they arc composed. 
'1'he water relni:ining in the channel at the end of its run is dis
tributed to farms, where a second loss is slldtained in efforts to moisten 
dry soil. In most cllses the revenue derived from farming does not 
wltrmut the installlttion of ,ritter-tight conduits, tind in sprcllding 
wlltet" over fields some loss is unavoidable. Hence the authors have 
made use of the tet'lll ,/ permissible w/lste II (.9) in reference to convey
fince and lise, which, combined, have been found over large areas to 
.Ilvemge 50 per cenli of the quantity of water diverted. Results of 
:recent determinations on 22 Federn.l projects showed that the per



mRIGATION REQUIREMENTS OF ARID AND SEl\IL>\.RID LANDS 35 

centage of intake water delivered to farms ,aried from 29 to 77 per 
cent and averaged 50 per cent. The water absorbed by earthen 
channels and the deep percolation losses from irrigated fields is acted 
upon by gravity, causing it to mo,e through soils and subsoils to 
lower levels. This is usually termed "seepage water." 

"Return flow" is a term applied to diverted water which finds its 
way back to a stream, and is used with reference to an entire stream 
system or to one or more of it.., natural subdivisions. The somces 
of the return flow may be identical in part with those of seepage 
waters, but the former comprise larger land areas. Dming periods 
of high water and abundant supply it is common practice to apply 
large quantities to cropped land. A part of the water so applied finds 
its way sooner or later to the channel from which it was deri,ed, but 
at a lower eleyation. 1£ feasible, this return flow is reused on lower 
lands. The presence of more or lesa retmn flow in western streams 
has given riae to an e:-'llression, the "consumptiye use 11 of water, 
which means in its most restricted sense the difference between the 
inflow and outflow of a retmn-flow area. Stated differently, the 
surface water supply of the upper portion of a stream basin or other 
natural subdivision may be wholly diverted and used for agricultural 
purposes and at the same time not represent the potentialities of this 
portion of the stream for irrigation, since from 20 to 40 per cent of the 
diverted water may return to the channel and be antilable for reuse. 
Accordingly, consumptive use repl'e"ents the ulll'eco,oerable portion of 
a water supply irreapectiYe of whether it is tranilpired by plants, 
e\-aporatecl from water and soil surfacc<;, or penl111nently retained in 
the materials beneath the stlrface. 

Underground reco\'ery as a source of irrigation water is quite 
general in its application and may include seepage and return flow 
as well as the residue of precipitation, or what remains of the natural 
supply after surface run-off, evaporation from grotmd surfaces, and 
transpiration from vegetation are deducted. "\-Yater is reco'-ered from 
tmderground basins by (1) drainage conduits, (2) pumping from wells, 
and (3) combinations of gravity conduits and pumping equipment. 
An example of the first on a.large scale is found in the Mesilla Yalley, 
N ..Mex. Here the waste water from a large extent of irrigated land, 
augmented by rainfall and retUIn flow, was allowed to accumulate 
for years until a high grolmd-water table damaged crops and menaced 
the productivity of the greater part of the ,-alley. . 

To remedy this situation, deep drainage ditches were installed, 
which ha,Te proyed effective in lowering the ground-water table and 
restoring the fertility of the soil. In Texas underground reCOVelY 
has likewise resulted in regaining It large quantity of water and 
rendering it. available for use. From 1923 to 1927 the ayerage 
quantity of water reco'~ered from 66,700 acres of valley lands and 
returned by grtn-ity drains to ~he Rio Grande was 189,000 acre-feet 
per annum. Reference has been made elsewhere to the successfullv 
operated pumping plants in the Salt RiYer Yalley, Ariz., whieh malie 
satisfactorYllse of waste waters from irrigation. In parts of western 
Texas and New .Mt'xico numerous pumping plants are operated to 
recover underground waters for Lrrigation. 

In line with what has been stated, it is evident that the appot·tion
ment of water to the arid and semiarid lands of the Southwest should 
be made with the greatest care and the strictest economy. From a 
farmer's point of yiew. nature has not apportioned to this region those 



36 'rECHNICAL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

essential elements of agriculture-fertile soil and water-in the right 
proportion. There is an excess of the former and a marked deficiency 
in the latter. The only remedy for this basic defect is to make the 
best possible use of the available water supply. The remed~T, how~ 
ever, must not be carried too far or it will result in diminished yields 
and profits to the farmer. On the contrary, if a lavish use of water is 
permitted it will greatly curtail the extent of land which cl1n be irri
gated. The adoption of some safe and sane middle course is desirable, 
and in order to keep development in this course the needs fOt" ,mter 
of the various natural subdivisions of the Southwest have been care
fully considered and 11 qUl1ntity of water in acre-feet per acre has 
been tentatively allotted to each. 

Table 5 contains a description of each of the 30 divisions into which 
the Southwest has been divided, as shown in Figure 1, the average 
seasonal net irrigation requirement for each, and the percentage of 
total seasonal net requirements used in each month of the ierigation 
period. This table is based on the results of experiments summl1rized 
in this report, on anticipated improvements in irrigation practice, 
and on the judgment of the authors. In many localities the data 
available were too meager to enable trustworthy estimates of irriga
tion requirements to be given, but to the bewildered trayeler any 
guidepost or familiar landmark is welcomed. In, like manner those 
who ha,e to do with land reclamation in future in this part of the West 
",ill profit, it is believed, by the guideposts indica;tive of a wise use 
of water in irrigation farming herein set up. 
T.WLE 5.-J£onlhly and seasonal net ilTigation requirements oj the various sub

divisions oj the Southwest 
----------------~----~--1~[()nthly percentages 01. total seasonal net irrigation I§ e 

; ._ _ _. r~qUlr~ments . _ _r~ ;;.!--: --1" -;' ~-r ~~ -. 1j"E~ <> 

C J... ocntion-of division I 1'~ ~ ~ 
Z , ~ ~ "'''''Co.. 
.g. i ~ ~ I I ~ .g, ~ E .s I:S.~ ~i 

0;: ; ~=w __ ,_, %_ 1: \ >. 1 ;)' Ii:: ~ t ~ gg~ 5'.g ... -: - 5' I .;5 II § \.; 3 g. Q C 0 ~'-A ______________, .:; ,[:0 '" -. "",..,!.., 'I UJ .0 z I ~ ,Jl 
'-'---'--'---1---:- !-I -~---

1 , Imperial Valley. CaliL________________, 5 9 10; 11 I 13 112110 8, 7, 5. <l, 3.10 
2 ' Southern Nevada ______________________ ': 1 I 4 8: 15 23! 21 ,14 8' 3 1 j 1 I 2.90 
3 ! Southwestern Arizoon__________________ : 3 4. 7. 13 ! 13 1.5 14. I 11 S I 6 4: 3 i 3.00 
4 , Northwestern "\rizooa_________________ '____ ____ 5 10 20 20: J5 9 4 2 :____ ____ 2.30 
5 Navaho countrr. in northern Arizooa__ ____ ____ 4, 12 '27 30 i 13 8 4 2 _. ______ I 2.30 
6 Southeastern Arizona___________________ ____ 2 0' 10 i 15 18 17' 13 10 7 2 ___-' 2.60 
i 8nn Junn Bosin, N. Mox_______________ ____ ____ ____ Ii, 20 2!l 23 17 6 t----'---- ----I 2.20 
8 : '\~estern New 1~exic!l------------------ __________;_ <\: 19 27 30 i 14 -I, 2 , ________ I 1.70 
fI RIO Grrmde Basm, 2\. 1\Ic.\:_.__________ , 1 2 ( 12 18 22 16' 10 6! 3 2 1; 2.60 

10 Pecos Ri"cr Basin, N. :\lex___________ ·; 1 1: 7. 13 20 22 10: 10 6~! 2 1 "___-1_-_-1 2.40
11 Northcastern New Mexico___ .__________ i____ 1 5: 14 22 26 17 I 8 2: 1 _.__ 1. 60 
12 IUo Gmnde Basin, west Texas_________ l' 1 6: 16 21 24 15; 9 2 1 2.40 
1:l Pecos Hiver Busin, '1'ex________ ._______ 1 I 1 fi' 17 22 23 14: 9 ii I 2 1 2.2.) 
14 ' West-central Texas.____________________ :1 4 6 12 14 J5' 15 12 l) j 3 4 --3-1 1. 00 
15 I.ower Hio Grande lla<;ln, '1'ex_________ 5 12 12, Ii 15 12: 8 5 3 3 4 4! 1. 75 
10 Upper Nucces nnd Colorado River:' I

Rasin, Tex.._________________________ j:l 7 12; 14 17 16 i 14 7 3 3 2 2 l. 30 
17 ' l'rliler Urnzosl\ml Red lUverBnsin, '1'ex_ 2 3 6; 10 10 18' 17 ! 12 8 'I 2 2 1.10 
JS , Enstern l'nnhnndle, Tox_______________ '" ___ ,___ 3 8 ].I 22: 20 ,18 11 -I 1. 35 
10 Wcstern rnnh~ml1e, 'l'ex_.. ------------~---- ---.. 4" 7 1:! ~~: §~ 19 0 3 I. 65 
20 Pnnhandle, Okln_______________________ ,____ ---- ---- 80 1171 00 20 1r. 11~ I' 05 '---- ---- 1'00
21 Western Okluhollla _________________________________ , __ _ ! a - i----:---- 1. 

25 

22 Snll Lnislla~in, Colo___________________;________________ (; 30 :15 22 S t----,-- __ :____ 1.80123 Fan JUlIll TIMin. COlo _________________.. ________ ____ S I 17 aD 25, 13 7 t____ i________ 1.90 
2-1 IYampnand White )HverB,!slns, Colo __ :___-. ____ •___ '___ .1 13 3305; 3·1 18 ____ j'____ '____ ____ 1.35 
25 Upper Colorlldo Hlver HUSIII, COIO_____ ',' ____ ,________ , 5! 20 25 15 5 ----J----'---- 1.70 

~ I ~~~g~r:I~:ii~s~~stl(llt;~~!~==:::::::::::: ::::, __ ~___~_ l~ ,}~ ~g g'}~ :l j__ :_I,!,:_-~_:::: ~: i8 
28 Green River Unsin. tilah __________________ '____ ---- 4 ' 10 2-1: 26 22 _ I __ ____ 2.00 
2!l Uintllh Busin, northeast Utah._________ ,_______ • --__ 3 18 ~S6: ~g ,20 0 1" __ +_______ T.75130 Green River Ensln, Wyo_______________ - ___ ---- ----:----1 12 16 ---"f--T--T--- 1. GO 

http:J----'----1.70
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APPENDIX 

USE OF WATER ON CROPS IN THE SOUTHWEST, IRRIGATION WATER APPLIED, RAIN
FALL, AND CROP YIELDS IN COLORADO, CALIFORNIA, ARIZONA, NEW MEXICO, TEXAS, 
AND OKLAHOMA 

TABLE 6.-Irrigation water applied monthly, rainfall, total water received, and crop 
yields in San Litis Valley, Colo.1 

ALFALFA 

i 

ITotal Quantity o( 
Monthly application or water In sere-feet per acre w~ter in acre-feet re-

I calved by crop per 
frriga- I scre Yield per

Year tlons _ + ____I _ ___"____ Bcre 

May June July) Au- Iseptem-! Octo- lb~ga- Rain-I TotalI gust her ber I tlOn (all 

---.---------... - i--l----;---------
Number : ') I I Tons1913______ 3 0.77 ______.. 0.30 j________ 0.28 ________ 1' 1.35 0.491 1.84 

1913______ 4 .82 0.31 ________1 0.41 -----.-- 0.10 I.Td .491 2.22 
1913______ 3 .39 .45 _______"' .59 __ •• _••__.•_•••,1 1.43 .49 1.92 
1914. __ ._. 3 1.16 .99 1-"---'-j--"-'" __..._.,' 2.77 3.47.62 .70 2.06
1914. __ ._. 4 .21 __ •__••_ .92 .90 "__._••••_. __•••' 2.03 .70 2.73 '.46I 

1914___._. 3 .65 _.,___._ .871 .45 __• __••••_•.. _•• :. 1.117 .70/ 2.67 '1.30 
1914_____. 3 1. 31 .61 .97 i.-..•...i'..---...___ .__ ': 2.89 .70 3.59 1.34 

1 , 

DARLEY 

I Buthtl. 
1913 ___._.: :I 0.42 0.86 ': 0.381913______ 1.241 ItS1 3 .39 1.•37~; .38; 1. 75: • Wi.9·
1913_____.1 3 1.46 ! .45 1.91 '15.95 . 

DEETS 

Tom ________ 4.111913------1 4 \ 0.371-------.1.-----•.1 0.71 I 0.42 ! ': 1.50 I 0.49 I 1.991 

------~-----.--~~ 
EMMER 

Pound.! 
1.181013__...., 2/_____.__ 0.36 0.44 !.--.---.:..----.-11...._. __ 0.80 I 0.38/ • 531

1913.__• __ 2 0.25 _______ • .28 ;_. __ • __• _. ___••__• _____ _ .53 . .4.1 i .98 , 625
.55 t---__________________• __1913._•.•_ 2 1_. __,... .37 .92 1. 34 .7473 

1913_.•_••. .26 i 0.26 _.__• __ • - _______3 ! .55 ••.••. _. 1. 07 1.52 '6221914____._ 2 .29 ••__•••• .52 .73::~ I 1. 25 .7443.23 '-------- _·------1········14 •••__ .__ .521914.____ -, .99 --•••- ................-.•1 1.51 .70 2.21 • 864 

1 

}'LAX 

1913_•.. .-1 21,•.••••••I 0. 43 11 0.27 ----_ ..-- -------- -------- 0.70.86 I 0.45 1 
1. 15 l '137 

2, 0.27 •• _••.•• .59 .45 i 1.31 '320 
1913_••••-', 2 , .85 ••••• __• .29 -----... -- ,---- -.- .. ,... i-- ------ 1.14 .45 i 1.59 i 

1 
8 85 

1913·_··.·1 -------- --------,--------, 
1 1 

OA'rS 

1013._•• __ 2·• 0.51 jt•••••••• o. OS 0.38 1,36I 0: gi...O~iii-!==:::::: :::::::=1913••.••• 3 '•• -.....1 0.41 .72 .45 1.17 :~f:~ 
Buthel. 

1913••..•• 3 .421•••-·-••1 1.46 .45 1.01 69 
1.20 .70 1.90 411914•••.•• ~ ;•..._•._1 •~6 j :!j 1····:,,·1::::::::r:::::::

1914...... _ '._._.... .54 1. 39 .70 2.09 41.7
.8. [==-==~i......--

I'gAS 

• I 

J I , I Pouncl. 
1013...... 0.86 0.421 1.281 11352 

1.07 49 1.56 I 11293f~g::::::; .70 .40 1.281 11295 
19140_•• _.: 1.02 ..70 1' 
1014._••_., 1. 51 .7011.:~;ir,i:::;:~:~J,~;.~~i~I~·~~~·~!~··~~1 ~:~~t:::~::: 

Footnotes on pago 38. 
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TABLE 6.-Irrigation water applied monthly, rainfall, total water received, and crop 
yields in San Luis Valley, Colo.-Continued 

PEAS AND BARLEY 

Total q uan tity or 
water in acre-reet reoMonthly application or water in acre-reet per acre ceived by crop per 

Irriga· Yield per acre 
Year tions acre 

May II June ! July Au· !septem·i Octo· Ir~~~~!i Ra;:-' Total 
, : gust ber I ber tlOn rall 

--!~~i------,------ ..-----
Number !' I 1 Tom 

191L_.... 3 ........ , 1.18; 0.71 ................:.....__. 1.89; 0.70 2.59 "2.31 

1914...._. 3 ........ .85 i .44 ................,........ 1.29 i .70 1.99 "2.31 

1914...... 4 "--,,,,1 .521·.~9_~............--'1'....... l'_~~i .._~73_ 2.2-l l' 2.66 


PEAS AND OATS 

, 
1913......' 
1913. ____., 
1914......! 
1914..__..; 
1914..____ ' 
191L ____ .1 

i 

3! 0.42 __......1 
3 .42 ..____... f 

3 

1 

'.----... 
3 ....... . 
3 •__..... 
4 ........ 

1. 24 ! 
.89 1 . 70 I 
.52 I 

I 

0.42, 0.62 ________________ 1 

.42 1 .62 ____ .___ i 

1.05 i........ .. ...... ; 
.98 

1 

........ ...._·..1' 

,89 ........ ........ 
.99 --...... ____....1 

; 

1.46 ; 

~:~ I 
1. 

87 
1.59 11.51 

0.45 
.45 
.70 
.70 
.70 
.70 

1.1)1 , 
1.91 i 
2.99, 
2.57 
2.29 
2.21 

121.28 
12 1,79 

11134.44 
11 134.00 
1113 3.43 
12 13 3.07 

POTATOES 

1913._....; 0.30! 0.48\........\...----......... ' 0.7S 0.28 1.06 18.3 

1.31 .73 2.04 i I! 19.6IDl4._.... . i4 i-------- --..----- ----____ ;________ i 

___-'-__ .'-,__-'-__'--'-_--'__•..,..:..__•...;I, 

1 " 

WHEAT 

1913._.. .. 
1913._.. .. 

1913.___ __ 

1913._.__ . 
1914 _____ • 

2! 0.43 ; ______ ._i 

2 i--------, 0.66', , 
~31 .61 

3' .42 ,...._... , 
2 ; .33 .........,' 

0: ~ i======== ========;========1 
t : j
f 1 t.19: 0.19 ........;_...._.. ,

I !
.~21 .62 ........:........1 

I 

, 18 I................;----.._.! 

~: ~~ \ 
1 

.99; 

1.46 Ii 
1.11 

0.421 
,42 

.40;

l 
.45 i 
.73 

i 
1.13 . 11.2 
1.88 i 119.7 

i 
1.48 i " 0.34 

Tons 

BU8htl8 
1.91 : 28.8 
1.84 1I 17 15.5 

.~I..___ ___....c__...__~___ 

1 This experimental work was conducted by the Division or Agricilltural Engincering, 11ureau or PUQUe
Roads, U. S. Department of Agriculture, and the Colorado Agricultural Expcrimcnt Station in coopera· 
tion with the Costilla Estates De\'elopment Co., on three tracts near San Acacio, Colo. Each crop was 
grown on a group of plots, the groups including from 2.1 to 11.1 acres. The soil of rarm A is a heavy sandy 
loam, cut up by gravel deposits; of farm D, much heavier, in some places almost adolle, with a rcw grave
deposits and on one side some sand; of rarm C, sandy. 

, First·ycar aIraUa. 
• Damaged by rot. 
I Nurse crop ror aUaIra. 

I Damaged by wind and animals. 

! Grain. 

7 Winter emmer; March and April rainrall included. 
, Seed; crop afIeeted by wilt and thistles. 

, Seed; atfected by thistles. 

10 Sheaf; needed ror feed. 

11 Seed. 

lIHay. 

11 Estimated yield. 

u Crop practicall~' destroyed by wilt. 

U Damaged by wilt. 

I! Winterrye; March rainfall Includecl. 

17 WInter wheat; March rainCalllncluded. 
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TABLE 7.-Irrigalion water in acre-feet applied on cotton in Imperial Valley, Calif.1 

\ Montbly application of water per acre Total 
Quan· 

Year "};i;C: 1 I,' I Sep- ir~~~~n1gated March: April May June July August tern- Octobeq received 
, her I by crop

j : ' I per acrc 

~~........!--1;==:~,~~-;;~ -~;;; ~l~ 

1926............... 160 ........1 .67 .25 I. 01 1. 12 .99 I. 00 .581 ' 5.62 
1926...... ......... 321 0.15 .70 ! .19 .69 .81 .98 .55 .35 ) '4.72 
1926•..••..••••.•••: 160 ........! .34: .48 .59 .28 .71 .48 .26 t '3.14 
1926...............\ 160 ••...•.•i .50 i .14 .91 I. 17 .90 .62 •••••••• , '4.24 
1926............... 200 .66 .11 i .38 .86 1.16 1.13l .81 .68! 35.79 
1926•••.•••..•.•..•! 160 ••••••.. : .43 .451 .50 1.47 I. 30 1. 25 .••...•• 35.40 
1926.•..••..•••.••• 160 .17 I .73 .25 .27 .77 1. 12 I 1. 45 .21 ! '4.97 
1926•..••..•••.•..•1 

j 
150 ••••...• j .84' .21 .75 1.35 1.10 I 1.07 .591 35.9j 

I Information furnished hy M. J. Dowd. chief engineer nnd general superintendent, Imperial irrigation
district, Imperinl, Culif. . 

, Orown in Calipatria area 011 soil somewhat barder than Imperial loam. 
3 Grown in Bmwley area on soil somewhat harder tban Imperiallonm. 

TABLE S.-Irrigation water applied on cotton in Imperial Valley, Calij., and Lower 
Cali/ornia, Mexi~o 1 

! '.Potal I Total 1: I Total 
CIuantity i Quantit}· i Qu~n~it}· 
of irriga· I' of iniga· ! '\'rea 'I ~f lrt.Jga·

Year Arca tion water Year , ,erea tion water!
I 

Year irr"I'gated tlOn\~ ater 
irrigated received ! irrigated received recClved !

by crop I hy crop • , by crop 
per acre ; pcr ncre i' I per nere 

Acres ll-~~--:;;ct ----~ 'I Acres Acre.feet:, " -:'~;;,;-I.Acre'feet 
1023•••••__• 600 4.4l 192-1. .•••••) 500 3.90 :', 1U25.._••_.. ' 350, 3.38 
1923........ 12,000 3.24 192-1._......1 450 3.14 'j 1925.._._.... 1,221 i 3.04 
1923........ 3,000 3.22 1924........1 SOO -1.72;! 1926••.:_...1 645 I 4.06 
1923. •.••.•• 1,500 3.60 1924, •.••..•i 300 3.3·l I; 1926.•..,... 1,000 I 3.38 
1923........ 450 3.00 192-1......._ 1,000 3.06 I' 1926.._•• _•.1 25 I 4.00 
1923........ S51i 2.54 1925_._••_._1 600 4.28\ 1926-'-"--'i 100 i 3.02 
1923........ SOO 3.66 1925........ r 2,500 4.46 I 1926......_., ~6980 I 22.' 7546 

1 

11023........ 300 3.06 lU25· ..·····i 2,400 4.06 Ii 1926........ - I 

11124........ (150 3.88: 1199~~ ................1 400 ~.88 ,1926........\ 1,575 3.34

192-1........ 560 -1.52 I ~ 3,900 3.92 II 1926........' 380 2.52 

1924........ ____.500. __ 4'2:.L1':'~:=~.:_~::l_~~~__3_.1:Jl _____l..___--,-___ 


I Information furnished hy l'vL J. Gowd, cbief engineer ond general snperintendent, Imperial irriiotion 
1istrict, Imperial, Calif. 

TABLE 9.-Number of irrigations, dates of first and last application, irrigation 
water applied, rain/all, total water received, and crop yields in Salt River Yalley, 
liriz.l 


WUEA'!' ITAY 

~_ "~_ _ __ _ ~._, .............. _. ____ " .... __ __.~_ ~__ e __ .~~__ "__ _ __• 


j : Date of first and "I'otal Quantity of water re· \ 
: I' ! last ttppUcation' celved by crop per aCre Y' Id Litera· 

Year It'i~g~·I~ r-~~~-' li~~~~' ! Rainfoll Il~cr~er ;ill~~Totol 

---------!l"mnber!---·I---- Acre·feet Acre·feet Acre·feet ~ --- 
1900..............._.... .\ INo\". 1\ I Mar. 10 2.1 0.12 '2.221 3.4 w 
1900........._._........ <1 Nov. 10 \•••do.•_.. 2.1 .12 , 2.22 I 3.5 (4) 


WIlENl' 
-----------------------.--~----~----~----~------~----------~

,Bushel. 
1900.................... .J No\,. fi Apr. 1-1 I 2.2 0.16 ' 2.36 40.0 
1901..._................ a Mar. " Apr. Ii, 2.2 .17 '2.37 35.0 ' ~il 
1901.................... 4 Dec. S ...do ••••• 2.5 .17 2. 67 30.0 , (5) 
1901................_._. a Mor. 5 APr. 11 I 2.1 .17 22.27 35.-J ' (5) 
1901.................._. 3 Mllr. 7 Apr. 14 I 2.1 .n '2.27 32.0 

i 
(5) 

------.---~~-..----'-~~-~ ---- -----'-----'------'-,---'------'----
I Experiments conducted at Phocaix~ Ariz., by the Arlzonn Agricultural Experiment station. Soils 

are clayey, gravai1y loam underlaid wltn grnvel. J.onm is 5 to 0 feet deep. 
'Includes 0.0 acre·Coot before planting. 



40 TEC~IC.AL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

TABLE 9.-Number of irrigations, dales of first and last application, irrigation 
water applied, rainfall, total water received, and crop yields in Salt River Valley, 
Ariz.-Continued 

POTATOES 

Date of first and Totnl quantity of water rEl
last application ceh'ed by crop per acre 

Year Irriga- �----,----�---~--_;_---Iyield per ~~~~a-
tions ! licre cited 

First i Last, IU~'i:'- Rainfall Total 
______________1__- _______________ 

I
Number Acre-feet Acre-feet Acre-feet BUo'Jhela

1900____________________ 4 Feb. 17 IMay 2 2.0 0.11 22.11 66.7 w1900____________________ 4 ___ do________do____ _ 2.0 .11 22.11 53.3 w11101____________________ 4 Mar. 17 : May 10 2.4 .17 , 2.57 (5)53.4
1901..__________________ a Mar. 27 i---do---- 2.0 .17 , 2.17 60.0 (5)1901..__________________ a ___do_____ ,___do___ __ 2.0 .17 , 2.17 50.0 _, (5) 

CO'l'TON 

------------1 131 Apr. 11 1Oct. 31 5.0 I o.ao 1 '5.30 I Pou~U I (5)1901._______ 

CORN 

190L---..- --.. ________ 1 (5) 

MELONS 

I 
Tom 11900____ -- _-- ___ -- _-----I 0.20 I 23.40 15.0190L__________________ _ W}~ 1 ~:~: ~ 1 ~~l~ 1~ I ~:i 1 .03 3.33 13.5 (5) 

1 

STRAWBERRIES 

1901.________ --- -- -- ____I (5) 

'J'OMATOES 

190L~_________________1 271 Feb. 261 Oct. 281 4. al 
BARLEY HAY 

I 

1900._---. -- _---- __ --- __I al·No\,. 10 IMar. IS! 1.6! 0.12! 21. nl 7'o~~21 

CABBAGE 

1900 __________________ --I
1000__________ •________ _ 16 1 Sept. 15l Feb. 25 1 5.01 0.20 I '5.20 i 7.0116 Nov. 22 May 9 5.0 t .28 I '5.28 ' 0.2 

I 

COWPEA HAY 

1900 ____________________ / 
9 IJune 0 ISept. tJ! 3.SI O. 11 I ' 3. 01 I 

------,
1000___ -- _-- _---- _-. ____1900 ___________________ _ I 51 Apr. 1 IJune 26 I 14.51-~(4J 

5 Apr. a I July 15 i 10.5 W 

ONIONS 
1000____________________ i 20rScpt.10 !.lUIY 11: 6.21 0.301 26.501 2.01 w____-L____~____L-__~_____ 

GREEN PIMS 


1900_-- _-- ---- _-- -- _____ 1 6 IDec. -~M;;";'I-~---o:osr '2.48 I w 

2 Includes 0.0 ncre-foot before planting. , Jllrluues 0.7 acre-fooi before plllnting. 

http:20rScpt.10
http:TEC~IC.AL
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TABLE lO.-Nu.mber of irrigations, quantity of water received by irrigation and by 
rainfall, and crop yields in Balt River Valley, Ariz. 

ALFALFA (16) 

'rota! quantity of water reo 
ceived by crop per acre 

Year Area irri· Irriga· 1-------...,----1 Yield per 
gated tions acre 

Irr~~' Rainfall 'rota! 

-- 

11113. 11114. 11115............................ 
1913. 1914, 1915............................ 
1913.1914.1915..................__......__ 
1913. 1914, 1915............. __ ....__....... 
11113.1914.1915............................ 
1913.1914.1915............................ 

Acres 
25.0 
35.0 
28.0 
20.0 
60.0 
40.0 

Number Acre·feet 
2.24 
4.06 
5.68 
2.34 
3.10 
4.38 

Acre·feet 
• O. 86 

.86 

.86 

.86 

.86 

.86 

Acre·feet 
3.20 
4.92 
6.54 
3.20 
3.96 
5.24 

Ton8 
4.00 

• 6.00 
'8.00 
64.80 
68.00 
76.00 

1913,1914.1915............................ 
1913, 1914. 1915.......____................. 
11113. 1914. 1915...............~ ............ 

20.. 0 
48.0 
40.0 

3.08 
2.44 
1. 77 

.86 

.86 

.86 

3.94 
3.30 
2. 63 

75.00 
74..20 
73.00 

1913,1914.1915............................ 
1913,1914.1915.............__............. 

30.1 
24.0 

3.77 
4.07 

.86 

.86 
4.63 
4.93 

76.50 
16.50 

1913.1914.1915............................ 
1913.1914,1915....__............__........ 
1913. 1914. 1915 ..................__...._... 
11113.1914.1915.. _..........._............. 
1913.1914, 1915••____ ._..__......._........ 
1913, 1914. 11115..................._........ 
1913.1914. 11115. __ ••_. __..._. __ .• __...__• __ 
1913.11l14.11l1s··_··___....··_·_.._·_··_· ..1 
1913,11114,11115.• _......_.................. 

. 1913, 1914, 1915 ................_........... 
1913. 11114, 1915.............._._...: ....... 
1913. 11114, 11115.........._..._....._....... 
1913. 1914, 11115•• _..............~........_. 

24.0 
70.0 
70.0 
70.0 
30.7 
30.7 
48.0 

48. 0 
48.0 
37.68 
6.0 

34. 85 
37.68 

2. 85 
5.10 
3.13 
5.60 
3.46 
2.50 
3.03 
1.51 
1.46 
2.62 
4. 32 
4.16 
4.84 

.86 

.86 

.86 

.86 

.86 

.86 

.86 

.86 

.86 
.86 
.86 
.86 
.86 

3.71 
5.96 
3.99 
6. 46 
4.32 
3.36 
3.89 
2.37 
2.32 
3.48 
5.18 
5.02 
5.70 

75.00 
17.50 
15.50 
74.30 
12.30 
75.00 
14.80 
72.80 

1.80 
74.50 
14.40 
73.73 
77.00 

1913, 1914. 1915 ............................ 
11113, 1914, 1915.............._............. 
1913,1914.1915_ ...................._...... 

18.53 
18.53 
44.0 

4.311 
5.61 
4. 31 

.86 

.86 

.86 

5.25 
6.47 
5.17 

77.39 
17.60 
76.99 

1913,1914,1915_........................... 
1913. 1914,1915 ...._..........._........ __ • 
1913,1914.1915..............___........... 
1913.1914,11115.............__ • __ .• __ ...... 
1913.1914,1915••_....._................... 
11113.1914,11115........__.. __.............. 
1913,1914.11115.................... __ ...... 

46.0 
100.96 
100.96 
75.00 
51. 41 

118. 53 
111.22 

5.36 
3.22 
1.08 
4.47 
4.71 
3.00 
4.71 

.86 

.86 

.86 

.86 

.86 

.86 

.86 

6.22 
4.08 
1.94 
5.33 
5.57 
3.86 
5.57 

77.39 
15.35 
13.68 
16.25 
74.97 
75.00 
76.36 

1913,11114,1915•• __ ........................ 154.02 1. 72 .86 2.58 72.24 
1913,1914.1915 __ ......._•••. __ .•..••.•__ ••\ 
1913. 1914. 11115..............__............ 
1913,1914,11115...._. __ ............ __••._..1 
1913. 19lo!. 1915........ __ ...............___ j
11113. 11114. 1915.... __ .• __ ...............__• 

154.02 
147.86 
42.33 
42.33 
42.33 

3.26 
5.80 
1.82 
2. 02 
3.10 

.86 

.86 

.86 

.86 

.86 

4.12 
6.66 
2.68 
2.88 
3.96 

75.57 
77.85 
73.00 
74.00 
75.36 

1913,1914,lIl15................ __ ......._•• 
11l13,1914,1915.... _.... __ .............: ..., 

19,4 
18.0 

==========, 

3.5" 
1.87 

.86 

.86 
4.41 
2.73 

I 
75.70 
13.50 

LINT COTTON 

Pounds 
1913.1914,1015••.•.••••...• ___••.._....... 27.0 1.83 , 0.28 2.11 7251l 

1913,1914,1915.................... _•••.••. 70.25 1.87 .28 2.15 7371 

1013, 1914, 1915••.••.••••.••••_............ 88.80 2.51 .28 2.79 7449 

1913,1914,1915............................ 105.25 1.41 .28 1.69 7155 

1013, 1914, 11l15............................ 39.0 1.27 .28 1.55 786 

11113. 1914, 1915 ........................._.. 12.76 2.05 .28 2.33 7438 

1913,1014.1915........................__•• 1.00 """'i2' 2.21l .28 2.57 7375 

1913,1914,1915.........._................. 70.25 1.50 .28 1.78 7275 

1913,1914,1015•. __......_................. 40.00 1.50 .28 1.78 7235 

1913. 1914, 1915.........._..........._••••• 34.88 1.22 .28 1. 50 7175 

1913, 1914,11115............................ 17.00 1.25 .28 1.53 7218 

1013,1914,1015.................... _....__. 55.00 1. 84 .28 2.12 7Ii7 

1013.1914,1915....._•••••••• __ ••.• _•.••••. 55.00 3.60 .28 3.78 7400 

1913. 11l14, 1915............................ 55.00 3.50 .28 3.78 7650 


Footnotes on pago 42. 
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TABLE lO.-Number of irrigations, quantity of water received by irrigation and by 
rainfall, and crop yielc{s in Salt River Valley, Ariz.-Continued 

SlJGARCANE (16) 

Total quantity of water re
ceived by crop per acre 

Area itri- tniga- 1___--;-___...,-___IYi~~~~erYear gated tions 
In;iga- IRainfall TotaltlOn 1

------------/------------------
ACTea Number Acre-feet Acre·feet Acre-feet Tons1915_______________________________________ Plot. S 2.68 0.83 3.51 3.87 

1915_______________________________________ 
1915_______________________________________ 

Plot. 3 1.07 .83 2.80 1.02 
1916 Plot. a 1.85 .83 2.68 .42 
1916_______________________________________ Plot. 6 2.81 .78 3.59 5.47 
1916 _______________________________________ Plot. 6 3.04 .78 3.82 7.81 
1916_______________________________________ Plot. 6 3.32 .78 4.10 7.39 
1916_______________________________________ .Plot. 6 4.19 .78 4.07 16.95 
1916_______________________________________ Plot. 6 4.23 .78 5.01 20.53 

Plot. 6 4.33 .78 5.11 25.41 

WHEAT (16) 

Btuhe/, 
30 :I 1.08 '0.78 1.86 10 17mg:::::::::::::::::::::::::::::::::::::::1 20 :I 1.67 .78 2.45 10 29 
12 4 2.19 .78 2.97 1128 
45 3 2.28 .78 3.06 1133 
20 2 1.42 .78 2.20 1130ti~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 14 3 1.06 .78 1.&1 1128 
62 3 1.67 .78 2.45 1133 
45 4 1.60 .78 2.38 1023 
75 3 1.10 .78 1.88 1020 
40 4 1.40 .78 2.18 1123 

100 4 1.51 .78 2.29 U26 
40 a I.Gl .78 2.39 1033 

mf~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 
13 2.27 .78 3.05 10 31 
26 1.10 .78 1.88 '0211i~~~~~~==~:~~~~~~~~~~~~~~~~~~~~~~~:~:1 I+~I36 1.61 .78 2.39 1133 

MILO (16) 

Tons1915_______________________________________ 20 4 1.65 HO.17 1.82 u 1.5 
1915_______________________________________ 50 3 1.13 .17 1.30 111.0 
1915_______________________________________ 8 5 1.57 .17 1.74 '01.0 
1015_______________________________________ 

1915_______________________________________ 

7 3 .81 .17 .98 10.28 
1915_______________________________________ 15 4 1.00 .17 1.17 u.75 
1915_______________________________________ 40 4 .75 .17 .92 '01.25 
1915_______________________________________ 8 3 .95 .17 1.12 '01.00 
1915_______________________________________ 20 4 l.lil .17 1.68 10.7li 
1915_______________________________________ 10 3 2.26 .17 2.43 12.75 

43 2.29 10.751915_______________________________________ 7 .17 2. 46 
1915_______________________________________ 8 3 1.67 .17 1.&1 10 1.12 
1915_______________________________________ 15 6 2.10 .17 2.27 10.75 
1915_______________________________________ 6 3 .70 .17 .87 10 1.25 
1915_______________________________________ 7 1 .23 .17 .40 10.75 
1911i______________ .. ________________________ 20 3 1.13 .17 1.30 101.00 
1915_______________________________________ 20 10 2.29 .17 2.46 10.75 
1915_______________________________________ 40 3 1.13 .17 1.30 101.12 
1915____ .-_________________________________ 60 4 2.20 .17 2.37 10 1.00 

17 4 1.97 .17 2.141915_______________________________________ " 1.00 
1915_______________________________________ 1 2 .35 .17 .52 ".67 

18 3 .99 .17 1.10 '0.50 

, Data gathered undercoopemtlve agreement· between Division of Agricultuml Engineering and State of 
Arizona. 

'Rainfall is average for entire years of 1913, 1914, and 1915. 
'Maricopa gravelly loam. 
• Glendale loess. 
I Maricopa clay loam. 
I Salt River adobe. 
7 Maricopa sandy loam. 
I Mean of 1913, 1914, and 1915, April to October, inclusive. 
• December to May, Inclusive. 
10 Sandy loam. 
II Clay loam. 
"Loam. 
13 Partly irrigated a second time. 
U March to July, Inclusive. 
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TABLE ll.-U8e of water on alfalfa (16), irrigation water applied monthly, rainfall, 
total water received, and yields in Salt River Valley. Ariz.' 

Total quantity atwater 
Mouthlyapplication of water in acre-feet per acre in acre,feet received 

by crop per acre. 

Year Irrlga· 
r ! .Yield per

tions ; Sep· ! I acre 
tember Irriga·! Rain· Total tApril i May June July August aod tion I fall I 

! October ~ { : 
--1------------i---i---i---

NUmMr I I I TomI1916...... 5 0.42 i 0.31 0.31 0.21 ... -- ... _--- 0.71 1.96 i '0.i8, 2.74! '2.92 
1916...... 5 .~O .27 -------- .86 2.36: .78! 3.14 i • 3.15 
1916...... 5 :~ I :~g .47 .31 -------- .96 2.63 .78 l 3.41i '3.60 
1916...... 5 .431 .60 .59 .40 ... ------- 1.19 3.21 .78, 3.99, '4.84 
1916...... 5 .42 I .SO .SO .M -------- 1.51 4.07 .78: 4.85; '6.:14
1916____ •• 5 .52 i 1.10 1.10 .73 -------- 2.00 5.45 .78 i 6.231 '7.70
1916__ •••• 5 .46. 1.37 1.46 .98 ... ------- 2.04 6.91 .781 7.69 '8.88 

I 

1 Data gathered under cooperative agreement between Division of Agylcultural Engineering and Stat~ 
at Aruona. 

• Rainfall tor entire year. 
• Average from 3 plots. 



TABLE 12.-Irrigation water applied monthly, rainfall, total water received, and crop yields in Mesilla Valley, N. Mex. 1 t 
ALFALFA 

~ 
Total qUllntlty of water In 

Monthly application of watcr In Ilcre-feet pcr ncre ncre·feet received by crop 

~~ IYear m=~r:~d I rrr~g~' j~'~-.--,~-' --~--~--'---~-'-~ --..---·t_ _._.____ ..____ YI~~fer ~ ,,~.~, I"~' M~'b I ."n 1 M., "'M ''''' ••"'" S'l:~ O."b~ ~ Ro'"," ,.," ~ 

1905...... -·~~i~t.-I-1'i-rU-m-b-~- .-.--.--.- -.--•• •• •. •• •• -.--.--. .. .. ..1•••• •• - •••~~~.--••11--0.-29-1--0-.-58- --0-.-58- ---0.-88- ---0.-29- .--.--.--•• •• .. •• --2.-0-2 --0.-82- ---3.-44- -.-;~~. 55 

1905...... Plot. 0 •••.•••••.1.••••••••••••••.••,. .38 r .75 .75 1.12 .38 •••••••••• .......... 3.38 .82 4.29 '4.36 

1905...... 3.4 12 ••••••••••1.......... 0.42 .36 .05 1.12 .80 .92 0.46 .......... 5.12 .82 5.94 4.37
I I 
1913...... 24. 4 7 ••••••••••i ...... ·... .50 .50 I .73 1.00 .......... .......... .......... 0.35 j 3.08 .64 3.72 1.62 

1913...... 29.95 7 .55 .47 .78 .87 .37 .......... .......... .......... 3.94 .64 3.68 3.05
..........j.......... ~ 

1913...... 14.5 J 6 .......... .......... .47 .63 I .30 .16 .21 .•••••••.. .......... .......... 1.77 .67 2. 44 6.10 ..... 

1013...... 8.37 4 .................. _ .47 .42 I .40 .71 .......... .......... .......... .......... 2. 00 .67 2.67 4.28 00 

1914...... 24.4 11 ..........; 0.28 .29 .26 .81 .58 .31 .36 .30 .43 3.71 .08 4.69 3.69 C>l
11914......) 6.37 71 0.83............. .45 .30 .34 .43 .45 .38 ..................... 3.18 .50 3.68 4.75 

1914....... 14.5 9 .47,.......... .34 .33 .30 .28 .......... .62 .......... .30 2.68 .51 3.19 4.28 

1923...__.' .565 13 .. __......'.......__. .38 1.01 1. 1.08 1.04 .47 .79 .74 .38 5.89 '.50 6.39 6.42 ~ 

1923...--.1 .580 13 •__••__....___•__... .44 .79 i .89 .84 .42 .68 .67 .38 S.Il .50 5.61 6.n r:tJ 
1923....... .581 13 __•__........__..... .39 .84 i .97 .70 .35 .64 .58 •32 ~. 88 .50 5.38 6.66 
1923__...., .596 .31 .68 I .69 .71 .31 .55 .46 .28 3.97 .50 . 4.17 5.5413 i.......--. .......... 

1923......: .409 13 ......____ • __ ....... .43 .03 1.02 .96 .42 .85 .73 .38 S.72 .50 d.22 6.42 ~ 

1923.__•••1 .494 13 .......... .......... .37 .92 .92 .02 .40 .72 .70 .38 5.33 .50 I 5.83 6.01 

1023...... ' .503 13 ....____............ .40 .86 .84 .86 .41 .72 .66 .35 5.10 .50; 5.60 5.09 
 ~ 1023......1 .513 13 ..................... .33 .77 .80 .70 .36 .65 .44 .29 4.43 .50 l' 4.93 6.08 

.. . .336 13 1 __.................. .43 .02 .97 .00 .43 .70 .69 .33 5.46 .00 5.96 8.08 o
1923....._ . 
1923...... 1, .338 13 1......__..."........ .38 .82 .78 .92 .34 .60 .59 .27 4.70 .60 0.29 8.83 »j

1923......\ .332 13 I..........·.......... .33 .76 .84 .68 .32 .00 .52 .26 4.27 .50 4.77 8.21 

1923__• __., .353 13 ,.......... .......... .25 .60 .73 .62 .23 .54 .36 .17 3. 50 .50 I 4.00 8.13 :.
1923...._.1 .170 13 '..._................. .29 .74 .81 .61 .32 .42 .46 .36 4. Ol .50 ' "- 51 5.66 

1923__....\ .174 131........_............ 36 1.07 .66 .83 .36 .54 .57 .24 4.63 .50l5.13 0.19 ~ 

1923"·"'1' . 168 13 .•• __....__ ....-.-... .39 .74 .80 .64 .36 .49 .48 .20 4. 10 . 50 4.00 5.92 


I 
o

1923...... .177 13,.............__• __•• .32 .64 .71 .58 .30 .45 .41 .18 3.59 .60 4.09 6.44 

-.~---~... - ... - - ...---- ...--.-~-----.._,___.t--___ 

OORN 

I ,I BU6htl&
1913.._... --·~:·~·-I· -~~ I10.10 0.68 0.82 0.35 ----.--... ..........,--........ 2.36 35.4
1915____ __ .55 .56 . 51 .35 0.67 ..... __............. 
 2.31 44
1915__.... .40 .33 .li5 .35 .65 __....__.. __ ......._ 
 1.88 .221 2.10 35~ [~~~~~~~ ~~~~~~~j~~~~~~~j~~~~~~~~~~1915_..... .42 .40 .57 .33 1 .73 1.........___........ 2.03 .22 2.25 31 




--

1915•••••• .38 6 1_"___ ..... ___ 1_ ... __ ....... _ .... 1_ .. _ .. __ - ___ 1.. ___ .. ____ _ .38 .58 .~ .~ •••••••••• •••••••••• 2.10 .22 2.32 27 
1915•••_•• .W 6 .29 .47 .~ .S\ ••.••••••• •••••••••• 1. 89 .22 2.11 62 
11)15••.••• .U 6 .19 .57 .30 .~ •••••••..• •••••••••• 1. 94 .22 2.16 66 
1915._•••• .30 6 .36 .52 .~ .n •••••.•••• •••••••••• 1. 93 .22 2.15 37 
1915••.••• .30 6 .30 .58 .U .94 •••••••••••••••_.... 2.19 .22 2.41 31 
1915•••••• .W o .35 .39 .30 .M ....•••.•. ..•.•..... I. 74 .22 1.9fl 39 ;
1915•.••.• .~ 5 .32 .15 .W .M •••••••••••••••_.... 1.17 .22 1.39 23 
1915•••••• .29 5 .37 .20 .n .00 •••••••••• •••••••••• 1.47 .22 1.69 39 
1915.••••. .29 5 .37 .42 .~ .~ ~ .....::~~~ ~~~~~..~t_l. 7~_~_.22 2.00 39 

___ I_~___~~ , __-'__._. ~ 
SORGHUM 

I 
~ 

Ton! ~ 
0.32 62 0.36 0.69 -------- .. - --- .. ------ 1.99 0.221 2.21 4. 7ft1915...... 0.63 0 ·_···--···1--·.··_··· _....-...1..._..... .59 0..70 1 .52 .77 - ..... ------- ---------- 2.07 .22 I 2.89 0.42 
.49 .84 .52 .92 ---------- ---------- 2.77 .22 2.99 9.93 
.40 .69 .41 .60 ---------- --------_ .. 2.10 .22 2.32 5.59 

_____ w ____Im~~~~~~ m ~ ~~~~~~~~~I~~~~~~~~ ~~~~~~~)~~~~~~~~~~ .41 .22 4.77.42 .68 I .88 --------- .. 2.39 2.61 
1915•••_.. .46 6 _•••••_•••\._•••••_••••••••••••t......... .38 .68 j .47 .93 ---------- ---------- 2.40 .22 2.68 7.83 

1915•••_.. .43 ._••••_•..•_••••_••• _•••.••••••••••••••• .42 .58 , .40 .37 1.77 .22 1.00 5.19---------- ---- ..----
1915.__•• .46 0 ._••••_••.•.••.••••••.•••••••••.•••••••• .42 .57 : .40 .86 2.31 2" 2.53 8.67---------- -------_ .. 

.51 .72 .49 I. 01 ---------- --- ....- ._-- 2.73 .22 2.95 14.34 

.04 .58 ' .31 .83 ---------- _._- .. ----- 2.36 .22 2.58 3.72 

.50 .56 : .48 .87 .••••..••••••••••••. 2.41 .22 2.03 0.62mt:=:= :~i_._ .. }:::::::::f=::::::: :::::::::: :::::::::: o 
....! ~ 

SUDAN GRASS. ~ 
1915..•_•• 0.24 8 .... ________ 1.... __ .._..___ 0.48 0.84 l 0.25 0.50 0.25 1..........\ 2.32 0.44 2.76 : 3.05
.... _------- ---------
1915.••_•• .26 8 ._••••_.••:._.__._••• ---- .. _---- ---- .. ----- .44 .79 .25 .67 .33 .••••.••••• 2.48 .44 2.92 ! 3.02 
1915•••_•• .24 8 ._.•••__ •• '._ ••••_••• ---------- ---- ... ----- .45 .86 .2.1 .67 .331••••••••.. 2.56 .4.4 3.00 ' 4.67 
1915•••_•• •27 S •••••__..•••••••_•.• ---------- ---------- .45 .SO •25 .67 .33 •••._••••• 2.50 .44 2.94 3.29 ~ 
1915•.•_.• .27 8 ._••• __••• ,._•••__••• ---- ..----- ---------- .42 .83 .25 .07 1 2.50 .44 2.94 ! 4.41 

8 ._••••_•.. 1.••••••.•• ---------- ---------1915._._•• .30 .38 .73 .25 •Oil :~~ ,::::::=::=\ 2.35 .H 2.70 I 3.23 
1915._._•• .26 8 _•••.._••" ••.•••_••• ---------- ...._------- .53 .92 .33 .07 2.79 ( .44 3.2:1 I 4.75 
1915••__•• .32 ---------- .48 .95 ' .33 .67 :~~ 1:==::::::=1 .4.4 3.12 f 3.47 ~ 
1915•••_•• .25 1.00 1.00 , .33 .67 .25 ••••.•-••.1 .44 3.69 I 4.85i:~ I ~1915_••_•• .32 .40 .9S , .33 .67 .25 ••••••_••• 2. fi3 .44 3.07 4.05 
1915•••_•• .31 .41 .92 ' .33 .67 2.66 .44 3.10 ! 3.19 

.35 .32 .97 .33 .73 2.68 .44 3.12 ! 2.8-\ 9
m~===:::l • 39 .29 .98 . .33 .67 2.6!J .44 3.01 : 2.51jll~~~~~~~~~~:.38 .19 .98 ' .33 42 .44 2.61 ' 2.551915···-·-1 2.171Iri~;~ii~;[ilii~~l~i!~i~~~i~~! 51915•••••• .29 .60 .95, .33 .42 .331••••.•••.•1 2. 63 .44 3.07 I 2.53 
1915.••_••1, .2·\ .70 1.00 .33 .42 .33 •••.•••.••1 2.78 .44 3.22 ! 2.811 t::I 

UlI These e:tperiments conducted cooperntivel~' by the DiVISIon of AgrICultural Engineering, Durenu of Public Roads, nnd the New Mexico Agricultural Experiment Station. 

J Average of 8 experiments. 

I Mar. 1 to Oct. 1. ~ 

t Result,s not as accurate as desired, IlS plots were flooded with sterm water which could only be estimated. Ql 
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TABLE 12.-lrrigation water applied, monthly rainfall, total water received, and crop yields in Me8illa Valley, N. Mex-Continued ~ 

SUDAN GRASS-Oontinued 

I 
~ 

Total quantity of water In 
Monthly application of water In acre·feet per acre 	 acre·feet received by crop 

per acre 

Year ~I ~~
Area 

irrigated tions , 	 acre 

~ . January 1F~~'I March I~I~I~!_JUI~I August Iset~~m'l October I~~~a'I~1 Total •___ 

Acrta Numbtr 	 Tom 
1915••••••1 0.27 7 ··········~··········I·········· ---------- 0.64 0.95 0.33 0.42 0.33 2. 67 0.44 3.11 3.09 
1915······l .26 7 ------ ...---'---------- ---------- .58 .85 .33 .42 .33 2. 51 .44 2. 95 2.63 
1915•••••• 	 .30 7 ••.••••••• ,.•.••••••• -----_ ... _-- ---------- .70 .86 .33 .42 .33 2.64 .44 3.08 3.08

7 __________ '.. _________1915•••••• 	 .27 .55 1.04 .33 .42 .33 2. 67 .44 3.11 2. 39---------- -----.. ---- I1915••••.•: 	 .29 7 •••••••••• ;••.•••..•• .52 1.08 .33 .42 .33 2.68 .44 3.12 3.13 
1915••••.•! 	 .26 7 •••••••••••••••••... ---------- ---------- .70 1.00 .33 .42 .33 ---------- 2.78 .44 3.22 2.28 .....

7 __________ ,__________1915.. _____; 	 .29 .52 1.02 .33 .42 2. 62 .44 3.06 3.82 00.33 r........

1915••.•. .1 	 .26 7 """"" •••••••..• ---------- ---------- • 46 1.00 .33 .33 .34 ........... 2. 46 .44 2.00 4.23 c:J1 


1915•..•••1 	 .29 7 """"" ••.••••••• ---------- ---------- •52 1.06 .33 .33 .34 .•.••••••• 2. 5S .44 3.02 4.08 
.28 ------ .. --- '---------- --------- .. ---------- .39 1.07 .33 .33 .25 .••.•••••• 2. 37 .44 2. SI 4.16 l!=~~"I . 	 m-~---~ .....""'.-------~--'--~-~ 

TOMATOES 	 .. 
~ 

I Pou7lda ~ 1005••••••\ 1.1 	 0.28\ 53 n 251•.•••.••••1 1.771 59 2. 36 6, 591n251 n281 0.	 0. 11005•••••• 1.66 10 ••.••••••• ••••••••.• ••••••.••• .15 .53 .29 . 37 .20 1 .23 ••.••.••.• 1.77 .59 2. 36 2, 314I 11 I·····~···I··········I··········I o. lsi 	 ~t 

ONIONS 	 > 
~ 

1904-5••••1 2. 51 I 9 ••••••••••I•••••••••• ••••••••••I 0.47 I 0.68 I 0.551 0. 38 1••••.••••-1--.......-1--........1 I 2. OS I 15 23 
T07ls 

11.74 
c=l 


1913••••••__•672 	 I .36 • 26 1.03 0.51 •••.•••••••••.••...• 2. 19 0..44 1 2.2. 63 1 12.109 ······--··I······~···I·········· ..........
I 	 1I 	 IBARLEY 

Bmhtls 
191(.•••••1 a. 27 6\..........\ 0.49\ 0.38\ 0.47\ 0.78\ 0.46\..........\..........1.........-1--........\ 2. 56\ 0.17\ 2.73\ 30 




'~i-'--#. ~..·<qr '.,' 

OATS 
"'l',""" 


0.36 ! 37~1~'~~~1 0.42 ~~~:~·~~""~I:. _0: .191 O:"~ L'0.'78[_~~1=·--·..·I'~···-..···I··:~.~~~~r~~~~~~'{=~~I-'~··1-71-';';~T-
~ SEED CO'I''l'ON' t;) 

----'-~~,.,-.--.-., "-'··----.----1·"--- --" ...-.---. Pound« ~ 
1926...... Plot. 6 .......... .......... .......... 0.50 i 0.4.1 0.35 0.73 0.61 0.46 .......... 3.09 0.47 3.56 , 1,352 o 

1026.__.__ l'lot. 6 .......... .......... .......... .53 ' .37 .35 .47 .57 .15 •••••.•••• 2.74 .473.21 11,013 z 


I I1926...... l'lot. 6 .......... .......... .......... .36 i .56 .44 .57 .51 .34 2. 78 .47 3.25 I 1, 739 

1926...... l'lot. 6 •••••_................__...... .47 ! .24 .37 .43 .42 .30 2.23 .47 2.70 11,789 


I 
~ 1926...... Plot. II ..--...... .......... .......... .40 r .35 1.07 .67 .79 .72 4.00 .47 4.47 '2,113 

1926...... Plot. 11 .......... .......... .......... • :13 .18 .98 .65 .67.60 3.41 .47 3.88 11,995 
.49 .as .43 .39 .34 2,00 .47 2.47 '1,479

j § 
~~~:::::: flg~: ~ !:::::::::: :::::::::: :::::::::: ::::::::::) .49 .35 I' .33 .34 .30 1. 81 .47 2. 28 11,167 
1926...... Plot. 6 .......... .......... .......... .50 I .27 .33 .33 .34 .33 2. 10 . 47 ~ 57 I 1,118 

1026...... Plot. 6 j.......--................. -... .50 I .28 .35, .33 .37.33 2.16 .47 ~63 1[,253


.32 .38 I .44 .41 .37, 2. 43 .47 2.00 I 1,527 
.38 .32 11,871 

1926...... Plot. 11 .......... .......... .......... .33 I .31 .051 .63 .67 .63 3. 52 .47 3. !lO , 1, 352 
1026...... Plot. 11 ).......... .......... .......... .:13 : .26 .98 .65 .67 .55 3.44.47 3.9J 

fg~:::::: ~l~t: ~ /':::::::::: :::::::::: :::::::::: :~~ I .2Il .26 I .45 2.18 .47 2.Q5 

I 1,231
.50 .43 .43 .51 .33 2.20 .47 2.67 71,626 
.40 . :19 j .45 .50 .43 2. 26 .47 2.73 , 1,844i~1:::::: i!~t g1:::::::::: :::::::::: :::::::::: :::::::~~:; .22 .251' .17 .36 1.26 .47 1.73 '),000 ~ 

1926...... Plot. 5 1.......... .......... .......... .41 I .27 .32 .36 .......__• .42 .......... 1.78 .47 2.25 , 1,485 

1926...... _~)lot. ~ .•5 1--"""" .......... .......... 26 .32 .51 .2Il .......... .......... 1.61 .47 2.11 !J,500 
__ .26• .l..1__-,-_ ~ 

WHEAT 

~ 
I I;)

BII.hel. 
8.46 231914--··..1 I·-....~~..l~~l o. 36 1" 47 1 O·~I o. 461•••··•••~l........-I..........I...~..--.-.l_.......~1' -2.~ol 0.171 2. 731 ~
0. 

~ 
'An nd,lItionnl omount equi\'nlont to 0.10 ncro·foot usod on scOtI bed Oct. 20, 10(H, to Jnn. 5, 1005. 
, Adobo soil overlying conrse sBnd. 
t Does not lnclude bollies whIch varIes from 52 to 187 pounds of lint cotton per nero. ~ 

5 
~ 
~ 
W 

~ 



48 TECHNICAL BULLETIN 185, M. S. DEPT. OF AGRICULTURE 

TABLE 13.-Use of water on alfalfa, irrigation water applied per cutting, rainfall, 
total water received, and crop yields in Mesilla Yalley, N. il-Iex.l 

-----;;----,--......--------'-"- ~--.....-~-------'- --,' 

j Acre.Ceet oC irrigation water applied Total quantity oCwater ! 
per cutting in acrc·Ccct received: 

Area I' , by crop per acre IYield per
Year irri rrl'olgnas' '_____.....__-;-__-...__-1

gated t
 - [ ! I i acre 
! First Second, Third Fourth FiCth Irriga·: Rain· Total! 

____1,______' cutting cuttin~!~ cuttingr_~t~~g~tion :_ca_I_1_, ___1___ 

Number: I ; I ' Tons1915______ Plot. 13: 1.33 0.92 i 1.00 0.33 i 0.67 4.25: 0.48 i 4. i3 ; 8.461915______ Plot. 14 .75 .58 .50 .33! .34 2.50' .48, 2.98: 7.651915_____ _ Plot. 9 ' .67 ' . 67 .83 .83 .42 3.42 : .48: 3.00; 5. S81915_____ _ Plot.1915_____ _ 11~" 1: 00, '. 77~ .• 77'5- •• 6I I, •. 5050 3.67 .48' 4. 15 : 6.12Plot. 7u u 2v 3.00 : .48, 3.48 5. 151915______ Plot. 10, 1.08 1.08 .83 . 25 i .42 3.66 . 48 i 4.14.! 6. 601915_____ _ Plot.1915______ Plot. n 1: gg :~ 1: n :~ j :~ g~ ! ::~; n~: 8jg
1915_____ _ Plot'1915______ Plot. l 14 .70', .58 .50 .33 •34 ~: ~~ : •~~: ~: ~~ , ~: g~
1915_____ _ Plot. g, ~:gg j :~ 1:~~ :t~ :~ 3.84' :48 i 4.32 6.061915_____ _ 
1915_____ _ Plot. 14; 1.00 .75 .75\' .25 .75! 3.50 .48 i 3.981' 6. 30

Plot. 13 .75 .58 . 50 .33 .3-!: 2. 50 .48 I 2.98 4.411915_____ _ Plot. 13, 1.50 1.08 1.25 .42 .83 5.08 .48 i 5.56 6.971915 _____ _ Plot. 12, 1.00 .75 .50 .25 .50 3.00 .48: 3.48; 5.621915______ Plot. 12 , .75 .75 .751 .25 .50 3.00 .48' 3.48 i 5.1161915______ Plot. 10, .92 .92 .67 .33 .33 3.17 .48 3.65: 6.501915______ Plot.1915______ Plot. i~: 1:~ 1:~ :~ ! :~i :~ U~ ::~ ~:g~ j ~:6i1915_____ _ Plot. 11 .92 .~ .67 i .67 .66, 3.50 .48 3.98 5.851915______ Plot. 13 .83 .7, .75 i .50 .50 I 3.33 .48 3.81 5.511915______ Plot.1915_____ _ Plot. ~~ 1:::;; :~ :~~ I :~ :~: ~:~ :!~ i~~ i:f&1915______ 
1915_____ _ Plot. 11 .92 .58 .671 .33 .33 2.83 • .48 3.31 6.15 

Plot. 13 1. 50 1. 08, 1.25 .42 .83 5.08 .48 5.56 7.361915_____ _ Plot. 11 .58 .42: .50 .17 .33 2.00 ' .48 t 2.48 6.781915 _____ _ Piot. 11 .50 . 67 .75 25 • 50 2. 67 : .48' 3. 15 5.691915______ Plot. 11 .92 .92 i .67 .33 .66 3.50 ' .48 I 3.98 7.69
1915_____ _ Plot. 14 1.00 .75 : . 75 .50 • 50 3.50 .48 \ 3.98 7.461915______ Plot. 16 • 75 . 58 ' • 50 . 50 . 50 2.83 .48 I 3.31 5.801915_____ _ Plot. 10 1. 08 1. 08 • 67 .42 . 42 3.67 : .48, 4. 15 8.741915_____ _ Plot. 15 .75 .58 .50 .50 .33, 2.66, .481 3.14 6.651915_____ _ Plot. 10 .92 58 .33 .67 .67: 3.17: .48! 3.65 7.351915______ 
1915_____ _ Plot. 12 1.00 .50 \' .50 .50 .50; 3.00: .48 t 3.48 6.79 

Plot.1915_____ _ 1122 1'. 725~ '. 7'2- . 50 ! '. ~3 '. 50 I 3. 00 , •48 I 3. 48 6. 06Plot. 9 .67 1 " 66 3.S:{: .48; 4.31 6.63
1915.____ _ Plot. 9 .67 1.08 .831 .42, .42 r 3.42; .48 I 3.90 5.971915_____ _ 14 • 75 • 58 .50 .33 i 34 i 2.50' .48 I 2.98 4.651915______ Plot.Plot. 1 13 .92 .92 1.00 .67 I .66 I ;.1-, I .48, 4.65 6.861915_____ _ Plot. 11 1.00 .92 .67 .33 I .67 f •59 ! .48 I 4.07 i 6.35

1 
I These experiments conducted cooperatively by the Division 01 Agricultural Engineering. Bureau of 

Public Roads, and the New Mexico Agricultural Experiment Station. Experiments were conducted at 
tbe experiment station on mesa lands in 1915. Soil: Sandy loam, open, Iriable, and easily tilled, quite
uniCorm to a depth oC 6 Ceet except where pockets oC gravel Bnd coarse sand appear. 

TABLE 14.-Use of water on (Ilfalfa (fdO), waler applied at each irrigation, rainfall, 
total water received, and crop yields in ilLesilla Yalley, N. Mex.' 

---------.-------:----;-------"-~- ..--~ 
1 I Total quantity 01 wnter 
iArea irri. Irriga-: ~~\)i~d received by crop per acre ,Yield per

Year i gated tions each '-" -""----,----.------ ncre I 

irrigation, Irrigation! RainCall" 'rotai 
1 _____ .__' ___1 

-----,-''''- " 

1916_____________________________ ' NUmber Inches 'Acre·fect IAcre·feet Acre·feet' '],ons
Plot. 14 4. 4.07· 0.56 5.2:1, 7.841016________________________ •_. __ 

1916__•__________________________ Plot. 18, 2 3.00 ' .56 3.56 6.20 
1016_____________..__________ •• __ Plot. , 9 5 3.75 i .56 4.31 0.70 
1916____________________________ _ Plot. J.I 3 3.50" .56 4.06 5.52 
1916_____________________________ i Piot. 1:1 .3 3.25 .56 3.81 4.50 
1916.____________________________ : Plot. 12 5 ' 5.00 .56 0.56 6.70 

Plot. 12, .j, 4.00 .56 4.56 j 5.9,1 

I These experiments conducterl cooporatively hy the Division 01 Agriculturnl 'Engineering, ilnrenu oC 
Puhlic Roads, and the New ]'vlexico Agriciliturni li:xperimcnt Station. gxperiments were conducted 
at the experiment station on mesa lands Cram 1015 to 1919, inclnsive. Soil: Snndy loam, open, friable,
and easily tllled, quite uniCorm to n depth oC 6 Ceet except where pockets 01 gravei and coars~ sand nppear. 

I PreCipitation not published with other datn, hut R.<;sume<i te. be Crom Mar. 1 to No\,. I, 1916, 1917, 
and 1910• 

• During 1916,6 cuttings were secured and 5 cutting'lin each oC the years 1917, 1918, ami 1019. 
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TABLE 14.-Use of water on alfalfa (20), 'water applied at each irrigation, rain/all, 
total water received, and crop yields in Mesilla Valley, N. lvlcx.-Continued 

Total quantity of water re· 
Depth ceived by crop per acre Yield per Area irri· Irriga' appliedYear 	 acregated tlons each 

irrigation :;:~~t;oni Ra~fall I Total 

I 
 Number 
1916.•••••••_________•_____. _____1 
 Plot. 17 


Plot. 18

m~:::::::::::::::::::::::::::::i Plot. 11 


Plot. 12 

Plot. 16 

Plot. 17 

Plot. 12
tf!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!

1916_._____• ____• ____.,.- __•__•••: 14
Plot. 
Plot. 15 

Plot. 12 

Plot. 9 


1916_.•_. ••••• , ...-...._.: 

1910.__.•____..••_____ ._ ---.. -- .• : 1'lot. 10 

19 \ 6.__. ____•._. _______ - - --. -- -."- Plot. \6 

1916___. _____. _. _••.__••_. - '''-''. Plot. 18 

1916___._••••___ .. __...__....._... 


iiig================::===:::::==:________ 	 Plot. 12 


Plot. 15 

1916__....___.•••••._______ ..---- Plot. 12 

lOW__• _____ • __..._--- -...- ---.-., Plot. : 13 

191<L____...._....-...- .--.----- Plot. 16 

1016___..._._..__ • - •__ ,,,._._-.-. Plot. 13 

10W.__ ......._._ ........_..... .. Plot. 12

1916...._•.______.. ___.._____ •.•. Plot. 17 

1016.________._.________ -..., ---  l'lot. 21 

1910....__ • ______ • __ .-....-.-.---	 Plot. 12 

1916.__._.__ ..___ •______ " -_.__ ._ PlOt. ; 10 

1016._... ______• ____• __ .,,___ •-.- Plot. 14 

1910__.....___.•___ • ____ ••• ___ --- ]'lot. 16 

1016__..__• _____ •• _....__ •. ---.-- Plot. 15

1916___• __•_____________ • ___._.._ Plot. 13 

1916.___...., __..... _._._ -.____._ Plot. 10 

1916.__• _____..___. ____...._·_· __ Plot, IS 

1916______....____ • ---........--- Plot. 10 

1016__.._______._.- - - -- --- - - ----- Plot. 12 

1917___._.__ .-. -._._______ --- ---- Plot. 14 

1917.__.._....... _. ----------.--- Plot. 1M i 


1917__..____.-.•_.---..-.- - ------ Plot. JO ,

1917___• __ ,,_. _... , ----'" --''''- Plot. \3 

1917.__._.__ .._______.... ---' ----	 Plot. 14 i
1017__________________ ---- ------- . Plot. 12

1017_____ . ___ • ___..._______..._. 1'lot. 11 I
1017____...__._..._._.___• ______ 1 	 plot. 16
1917_...._._____________________; plot. 17 

lOti•••• ___....._.___._..___• ___ Plot. 12 

'. 

1917_.. _._._____________..._____ ; Plot. 12

1917. ____ • ________ ..______ ..____ Plot. 14 i
1917. __..__ .._____ ._....__ ..____ Plot. 10
19t7_____________•• _____________ Plot. 12 

1917_.._....___...____.._...._._, Plot. 14 

1017.___..._.._...__...._··..• .. Plot. 13 

1917__ ....__ .. __ ... __ ......._.._ Plot. 10 

1917_.. ___....___.. ___•.__.._...! 1'10L. 9 

1017___ • ____..... _.. __ ....__• .. _· Plot. 11 i 


Plot. 10 

Plot. , 15 i 


1917 __________...... ----..------, Plot. 18 

1!117___ " __"_"'___ .... , -----... Plot. 15 


m~::::::::::::::::::::::::::::' 
1017•• ____ ••_..__ >_..___ • __ •• ___ Plot. H 

1917•• _...___......_.__.._.. -- ... l'lot. 13 

1917_.__...... ___ • ------••---.... Plot. 14 

, 

11117......_.._......._._..· .....: 	 Plot. 15 


Plot. 13
1m::::::::::::::::::::::::::::1 	 plot. I 14 

l'lot. III 

Plot. 11 

Plot. 17 

Plot. , 12
1m~~~~~~~~~~~~~~~~~~~~~~ ~~~:~~;

1017. ___......__.•____·_·...___ ·i 	 Plot. 13 

Plol. 12 


11 

1911_____________.........---- •• ' Plot. 0 

1017_•• ___.......__ ._ ••• _____...1 Plot. 10 

1017__ ....__..._.. ____........__ 1 Plot. : 14 

19l? __________.._....___ ......_! plot. 10 


Plot. 15 

Plot. 18 

Plot. I R 


m~::::::::::::::::::::::::::::! 	 Plot. 

I 
 .,Uil~~:~::::==:::: =~:~~:===:::==1 Piol. I" 

------,---
TonsInches Acre·feet Acre·feet IAcre·feet 

7.003 	 ·1.25 i 0.56, 4.81 
0.452 	 3.00 .56' 3.56 
0.15 


4, 4.00 .56 i 4. 56 6.02

5 	 4.58 .56 I 0.14 


5.983 	 4.00 .56 ! 4.56 
4.122 	 2.83 .56 3.39 

5 	 5.00 .56 \ 5.56 7.27 
.\.83
3 	 3.50 .56 4.06 
5.90 


4 i 4.00 I .56 ,1.56 6.02

3 	 3. 75 .56 ·1.31 

5 	 3.75 , .56 4.31 5.49 
4 	 4.00 .56 4. 56 6.52 

5.624. 	 3.33 , .56 3.89 
6.103 	 4.00 .56 4.56 

2 	 3.00 .56 3.56 5.98 
0.343 	 3.75 .56 4.31 
6.364 4.00 .56 I 4.56 

i.455 	 5.42 .56 5.9S 

3.23 4.552 	 2. 67 .56 

3 	 3.25 .56 i 3.81 4.10 

4. 	 4.00 .56 I 4.56 5.76 

3 	 4.25 .56 i 4.8\ , 6.32 


5.652 	 3.50 .56 4.00 
7.03 

2 f 3. \7 .56 3.73 5.66
5 	 5.00 .56 5.56 

4 I 	 4. 07 .56 , 5.23 5.53 

3 	 4.00 .56 1 4.50 5.56 


5.293 	 3.75 .56 4.31 
6.41 


5 i 4.17 

4 	 4.33 .56 4.89 

.56 4.73 6. OS 
4.182 	 3.00 .56 3.50 
7.914 	 6.33 .56 6.89 
7.205 	 5.00 .56 5.56 

4 	 4. 07 .44 5.11 j i.36 
2 	 3.00 .44 3.4·\ 5.51 
5 	 4.17 .44 -\.61 6.53 

5. OS3 	 3.25 .44 3.69 
3.50 .44 3.9·1 5.653 I
5 	 5.00 .44 5.44 6.~2 

I
-I 3.67 .44. 4.11 6.03 

3 I 4.00 .44 4.H 7.00 

2 ! 	 5.432.83 .44 3.27 
5 	 5.00 

, .44 0.4-1 6.94 
4 	 4.00 .44 4.44 6.23 
3 	 3.50 .44 3. Dol 5.71 

4.322. 	 2.67 .44 3.11 
, 	 7.305 	 5.00 .44 5.44 

3 	 3.50 .44 3.94 4.96 
3 3.25 .44 3.69 5.52 
-I 3.33 .H 3.77 li.ns 
~ 3.75 .44 4.10 6.00 

6.074 	 3.67 .4-1 4.11 
4 	 3.33 .44 3.77 4.95 
3 	 3.75 .44 i 4.10 6.13 


5. ,552. 	 3.00 .44 3.+1 
IJ.29 


-I 
3 

3.07 1 .44 I 4.11 

3.75 .44 ·1.19 

5.01 
5 	 5.42 " .44 5.86 7.53 
2 	 2.3:1 I .44 2.77 4.10 

5.233 	 3. iii I .4·\ 4.10 

4 	 4.33 i .44 4.77 7.35 
3 	 3.50 , .44 a.04 5.52 
2 	 3.17 I .44 3.61 5.28 

4.58 I .44 5.02 0.02 
2 	 2.83 .44 3.27 : 5.66 

5.334 	 4.00 .4.-1 4. '4 
3.d9 5. os3 	 3.25 .4·\ 

3 	 3.00 .44 3.4.4 4.53 
5.324 	 3. li7 .44 4.11 ! 4.355 	 3.7li .44 4.10 I
2 	 2.67 .44 , 3.11 :1.37 

4 	 4.07 .44 li.ll 0.77 
«I 	 4.17 .44 4. OJ 6.47 

8.04-\ I 	Ii. 00 .29 5.29 
2 	 3.00 .20 3.29 0.10 

Q 	 3.33 .<,!\l 3.M 0.11 

3.2[1 .!:ll 3. ~4 , .1.17 
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TABLE 14.-Use of water on alfalfa (20), water applied at each irrigation, rainfall, 
total water received, and crop yields in Mesilla Valley, N. Mex.-Continucd 

I Depth Tot!,1 quantity of water reo I 
Area irri. Irriga. ' applied celved by crop per acre ,Yield per

Year 
gatecl ' tions !. ~ac~ ----~ , I i acre ______________,___l~ Irrigation Rainfall ;___Total 

~ "Vumber i Inches Acre·feet Acre-feet I Acre·feet I' 'l'ons 
1918••••______ .•_••••••__ •.••••• Plot. 141 3 3.50 0.2\l 3.79 5.57 
1918•••_•..•••.•••••••••••_. __ •• Plot. 11 5 4.58 .2\l 4.87 , 7.58 
1918••••.•.•.•.•••.•• __•••.••••• Plot. 12 4 4.00 .2\l 4.2\l I 7.27 
1918..•••..•__.•.••.•••_••••_••• Plot. 17 3 4. 25 . 2\l 4. 54 I 7.64 
1918••• __ ..•__ • __••• __._. __ ••.•• 

'I'Plot. 19 2 3. li .2\l 3.46 6.33 
1918. _••____ .••••___•••• __••__•• Plot. 11 5 4. 58 . 2<J 4.87 j 6. 77 
1915._••__ ••••••••••__ ••__ ._. __• Plot. 11 4 3.67 . 2\l 3.961 5. 78
1918.•.••••••_. _____ ••• __ . __ •.•• Plot. 15 3 3.75 .2\l 4.04 5.22
1918 __ . ___ •• _. __ •_______• _____ •• Plot. 17 2 2.83 . 2'J 3.12 4.34
1918. _.••__. __ ._..._._____....__ Plot. 12 5 5.00 .2\l 5. 2\l 7.89 
1918 __ •••.•___..._____ ..••..•••. Plot. 14 3 3.50 .2\l 3.79 \ 4.92 
1918._•• ____..____.•••_•.. __•••. ,Plot. 12 3 3.00 .2\l 3.2'J 4.35,
1918•• _•• ____ ._...•••__ •.• __ ._.. Plot. 10 4 3.33 . 2\l 3.62 5.42 
1918._•. _____•.••._.._._ " .•.• __ Plot. 9 5 3.75 • 2\l 4.04 6.33 
1918_. __ •___......__ •• __. ___ ••.• Plot. 12 4 4.00 .29 .1. 29 6.38 
1918__ •___ • _.•____.••_.••••• ___• Plot. 9 4 3.00 .2'J 3.2'J 1 4.75 
1918 ______ ._.•••.••____. __ •...•• Plot. 16 a 4.00 .29 4.29 6.10 
1918._••••.•..•.._•.••_•.•••.••• Plot. 20 2 3.33 .29 3.62 3. !l4 
1915 __ .•._••_. __ .• __._........__ 
 Plot. 16 3 4.00 .29 4.29 5.71
1915 __ . ____••__• ___•______ ._._•. Plot. 12 4 4.00 .29 4.29 5.28 
1915 __ •.•_•.•___ • __••____• ___..• Plot. 12 5 S.oo .29 5.29 7.46 
1915. ___• __•.•._••__ •.• __.• __••• Plot. 15 2 2.50 . 29 2. 79 3.55 
1918. _••••____._.•___ ' ._•.•__••. Plot. 14 3 3.50 .29 3.79 4.00 
1918._•••_.__ ••. __ • __ •••••••••.. Plot. 13 4 4.33 .29 4. 62 7.31 
1918 ___ •.•••••••_.•____ • __ .•••_. Plot. 16 3 4.00 . 29 4. 20 6.06 
1915_..•.•.___•• __._._. __._, __•• !'Iot. 20 2 3.3:1 .29 3.62 5.00
1918. _.••_•.•___ • __••_____ •____• Plot. 10 [I 4. 17 . 29 4.46 6.68 
1918••______••.•____•••.•.•__ ._. Plot. .'3 2 3.00 . 29 3. 29 5.58 
1918._•.•_•.•_.•___••••••.••.•.. Plot. U 4 3.67 .29 3.96 Ii. 66 
1918 __ ., __._•__• __ ..••••__ •••. __ Plot. 14 a 3.50 .29 3.79 3.87 
1918.•.•••__. ____••.••_.____ • __ • Plot. 15 :l 3. 75 . 29 4.04 5.40 
1918____ .••••__ ' ••••.•_••••••••• ,Plot. 12 4 4.00 .29 4.29 6.08 
1918_•._............__•.•.•..•.• Plot. 9 'I 5 :l. 75 .29 4. 04 5.95 
1018_••••_._..••__ •.. ____ • __•••• I'lot. 16 2 2.67 .29 2.96 3.76 
1918••__ .• __.....__••__.... __••. Plot. 14 I 4 4.67 .20 4.96 6.93 
10J8. ______._•.•.___••••••_..... Plot. I 10 I 5 4.17 .29 4.46 0.50
1919__ • __........ __........_••__ Plot. 15 4 5.00 .58 5.58 7.03 
1910_•._•••• __.._...._. __..._. __ 
1919..._............ __•• _____• __ ~lgt ~6 i ~ n~ I : ~~ g~ Ug

1910_ ..__ .•.••.•.•._.........___ Plot. 11~ I :1 3.00 .58 3.5S 5.22 

1019_................. __ •••• __.• Plot. 3 3. 17 .58 :1. 75 5.31 

1919.......____................. 1'10r. Iii i 5 4.08 .58 '1. no 0.76 

1913....__._•••••••• __ ......... . Plot. 10 , 4 3.2.0 .58 :1. 8:1 6.44 

1019. __....................... __ Plot. :l 3. 17 I .5S 3.75 fl. f>l 

1910........ __ .................. Plot. "--"'iii'; 2 , 2.67 I .5S :l.25 5.70 

1919......__ •••••_•.•- •••__ ..... l'lot. 11 ' 5 4.5S .58 5. 10 O. 66 

1910....__ ...... __ .••.••••__••__ PloL 11 -1 a.07 .58 4.25 5.71
I 

1010............................ Plot. I 1:1 3 3.25 .58 3. S3 4.64 

1019.••_•• __....__......._.. __ __ J'lot. 16 2 2. 67 .58 a. 25 4.69 
1019. _........__.......... __ •••, Plot. 11 5 i 4.58 .5S 5.16 S.02 

Plot. 12 3 3.00 .58 3.58 5.23 
J818::=====::::::::::=:::::=::::1 Plot. I 10 3 2.50 I. . 58 3.08 5. 23
1019.......____• __• __.........__ Plot. 8 4 2.67 • 58 3.25 5. 20 
1919...__.•••__• __ •__• __ .• __ •..• 
1910._.__• ____......___• __• __••• ~:l~~: I 19 ~ U~ :~~ t ~i ~: ~g
lU19..........._•••__ ._. __•• __ .• PhlL.1 9 4 3.00 .58 3.58 ' 5. 14 
1919 __ •••_•••• __ •.•__ • __ ••••.• __ Plot. Iii 3 4. 00 .58 4.58 6. 13 
1919.__..____....... __ • __ .. ____• 
1919. _______••••• _____.......... , ~l~t I i~ ~ ~J~ :~~ t6~ , Ug
1919••__.•____••______ ...... __ __ Plot. 11 ·1 3. 67 . 58 4. 25 . 5.41 
1919•• __ •••••••___..__...._..... Plot. 12 5 5.00 . 58 5. 58 7.53 
1919._•.•••••••__• ____ •• __ .••••• ' Plot. 13 2 2.17 .58 2.75; 4.26 
1019•••••••••_............____ •• Plot. 10 3 2.50 .58 3.08 4.08 
1919•••••.•••••••.•• __•••••••••• Plot. 13 4 ! 4.33 .5S 4.91 7.85 
1910................________ ..._ Plot. 1:1 3 3.25 .58 3.83 5.68 
1019•••.••• __ •______..."'" .... Plot. ! 16 2 ' 2. li7 .58 3.21; o. 00 
1910....__•••___............ __ __ Plot. 10 5 4 17 58 4.75 7.19 
1019._ .••••______ ._•••.••_•••___ PIal. 12 2 2: 00 : 58\ 2.58 : 5.34 
1010. _.............. ' __...._.... . Plot. , S 4 , 2. 67 . 58 3.25 5. 23 

1019••___....___ . ___•• __ " ___ •__ Plot. I 10 3 2. 50 .58 :1.08 3.92 
1 U to•.•••___ •• _ ....__•__ " ..... . Plot. \ 11 3 i 2.75 .5S :1. 3:1 5.38 
1910•• __•___ ••" ............___• 
1010....__ ... __ ........__••••__. ~lgt t 1~~ ~ I ~: ~~ : ~~ t ~~ , ~: ~ 
1010.......................__ • __ ' Plol. 'I 12 2 2. 00 .58 2.5S ' 4.52 
10tO. _............. ______...... . Plot. 12 4 4. 00 .58 4.58 , 0.64 

1019_____• __ •••_._......____ •••• , Plot. I 11 5 4.50 .58 0.08 i 6.82 

, ~ 
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TABLE 1S.-Date of first and of last irrigation, irrigation water applied at each 
irrigation, rain! all, total water received, and crop yields in lY"esilla Valley, N. M ex.! 

ALFALFA (!) 

! !Total Quantity of water rei Depth cei ved by crop per acre 
Year 'Areair. Irriga'IFirstirri. Lastirri· applied Yield per Litera· 

1rlgated tions gation gation each ir· ' I acre ~n~I
! rigation! Ir~iga. Rainfall t Total 

, I, I uon I : _____'__- " " 

l, Acres NU7nber'---I--- -;;;;;;IIAcre-/eet IAcre-/eet '.Acre.tett --:;::;;:-- --
••••••.• 12 Mar. 5) Oct. 15 2 2.00 0.56' 2.56'" 3.59 
I........ 18 Mar. 30 Nov. 9 21 3.00 .61, 3.61' 3 • 5. 79 
;........ 18 Mar. 13 Oct. 23 2 3.00 .56! 3.56' , I 5.24 
•••••••• 17 Mar. 15 Oct. \5 2 2. 83 .44, 3.27" • 4.90 
I........ 18 

l 
. Mar. 11 Sept. 26 21 3.00 .29 3.29' II 4.82 

i:::::::: i8 M:~: 1~ ~c't~. ~ ~ i ~g :~g ~: gg ::: t ~~ 
;........ 14 Mar. 30 Nov. 9 3 I 3.50 .61 4.11' 3 I 6.20 
,•• -••--. 15 Mar. 13 Oct. 23 3 I 3.75 .56 4.31' 3 • 5.62 

14 Mar. 15 Oct. 15 3 3. 50 .44 3.94' , • 5. 60 
15 Mar. 11 Sept. 26 3 3. 75 . 29 4.04 I 3 I 5. 37 
12 Mar. 18 Sept. 29 3 3. 00 • 50 3. 50 '3. 5. 25 
8 Mar. 5 Oct. 15 4. 2.67 .56 3. 23 I •• 3. 62 

12 Mar.30 Nov. 9 4. 4.00 .61 4.61 "'6.77 
1-------- 13 Mar. 13 Oct. 23 4 t 4.33 .56 4.80" j 6. 36 

12 Mar.15 Oct. 15 4 I 4.00 .44 4.44'" 6.10 
12 Mar. 11 Sept. 26 4j 4.00 .29 4.29 I 3 • 6. 32 
11 Mar. 18 Sept. 29 4 3.67 .50 4. 17 , ,. j 6.09 
11 Feb. 25 Oct. 9 4 3.67 .93 4.60 \" • 2.07 
7 Mar. 5 Oct. 15 5 2. 92 • 56 3.48 j ". 3.88;....... . 11 IMar. 30 Nov. 9 5 4.58 .61 5. 19 I 3 • 7.04 .-------- 11 Mar. 13 Oct. 23 5 I 4.58 .56 5.14" • 6.67 

11 Mar. 15 Oct. 15 5 I 4. 58 .44 5.02 I 3 • 6. 55c:=::: 10 I Mar. 11 Sept. 26 51 4.17 .29 4.46' 3. 6.81 
10 Mar. 18 Sept. 20 5 4. 17 .50 4.67 I 3 I 7.08/=:::=:==' 6 Oct. 5 .44.Mar. 19 4 2.75 3.19' 3 • 1. 62 

,-------- 6 Mar. 24 July \6 51 2. 67 .44 3. 11 " , 2. 56 
12 Mar. 3 Oct. 7 2 2.00 I .47 2.47' "3.75 
11 • __do..••...•do.._.. 2 I 1.92 .47 2. 39 '" 3. 42 
11 •••do•._••..•do..... 3 2.83 ! .47 3.30' 3 '3.70 
11 i ... do•••••..•do..... 3 2.42 ' .47 i 2.89 !' " 3.45

1-------- 10 i.•.do••••••..do..... 3 2.50 ' • {7 2. 97 , .. 3.39 
10 i··.do••~•••._do..... 3 2.50 ! .47 I 2.07' 3 '3.40 

··-····-1 11 I•••do•...• ,.._do..... 3 2.42 : .47 I 2. 89 , 3 '3.00 
!---_ .._-- 11 ! Mnr. 5 •..do•.. _ 3 2.67 t .47, 3.14 "'3.80 

SiMar.7 Aug. 8 3 2.00, .48, 2.48 "'2.80 
\-------- \3 I Apr. 3 Sept. 19 3 3.25, .61 3.86' 3' 2.72 

12 : Mar. 10 Oct. 10 -I a.83 , .36: 4.19" '5.97 
:------- 8 ,Apr. 1 Sept. 14 4 2.67 .23 2.90' " 2.05 
I"""" \)1 •••<10""1-··<10.... 4 3.00 .23 3.2'J "'3.47 

8! l\Inr. 7 Aug. S 4 2.67 .48' 3.J5 "'3. Ll 
, 8 '•..clo •••• ;•••do.... 4: 2.671 .48 3.15 "'2.78;-------- 8 I Apr. 10 i Ang. Jij 4 1 2.67 .35 3.02" '4. 06i------- 8,••_do.••.·.••do·· __ 1 -I, 2.67 .35: 3.02, "'4.03 
(..._------ 1O •••rlo_ .••!...tlo •••• j 4 \ 3.33' .35 3.08 1H2.S5 

1O·.•.do •• __ ,._.do._._ 4, 3.33' .35 3.68:"':1.08\ 
13 .1\fnr. 0: Oct. 2 4 : 4.92 I .51 5.43' 3 I O. 78c::::: g==:3g::::c:l~:=:= 1; ur :~i! Ui,;i:g:~
13 .• __£10. __ ..••_(1Q ___• 4. -I.50i .511 5.0\:'''S.31 
13 :••. rlo •• _•._.do____ -I I 4.08 .51 4.59' "'0.05 
12:••.do.••• Sept.14, ·1,3.50 .363.86'''5.11 

tr·?;[~~'-'8'h.i~r·2 :1 U~ :~g! Ug :::~:~ 
13 _...do •• __ '___ do____ ·l ~ 4.58 .46 5~O·t 23.)n.49:"""'-1 13 '.•.do•.•••.•£1o __ .• 4 I 4.75 .46 5.21'" 5.90 

t-------
13 !___uo ___ -: ___do____ 4 1 ·1.33: .46 4.79 2;1.54.00

I.:::::::::, 8 I Apr. 1, Sept. 1<1 5 :1.33 , .23 3.56 13 '4.47I 

,.-------- 8iMnr. 7 Aug. 8 5' :1.33' .48 3.81 IH3.01' 13, Apr. 4; Sept. 10 5 5.42 I .01 0.03, "'3.28 
12 ' :Mllr. 31 i Sept. 15 5 5.08 .62 5.70 : • 3 '4.37i:::::=::l 13 ':I',[or. 0, Oct. 2 Ii 5.25 .51 5.76 I ,3' 6.64 
12 i-·.dO ....i_••do.... & : 5.00 .51 5.51 H' 5.93I 

13 .._r10. ___:•••do. •• 5' 5.17 .51 5.08 ~ 23'6.12 
\2 :•••c1o.• _.: Sept. 141 5: 4.75, .36 5.11 ! '" 5.84 
12, •••do .••• I••• r1o ••••: 5: 4.07 .31i. 5.0a j '''5.70 

112 __ dO ___ ,.!. __fhL ___ i 5' -1.50 I .an: 4.80 ~ 2,1.5 5.24 
12 I'···do •••.'_••dQ_ •• ·1 fi, ·l.50· .36 I 4.8Ii \ H' fi.IS 

, 12 .•_do •.• '!..•do .. __ ' 5; .J.07 .:36 5.03""01.97 
l_.__ •••• J2 L.r1o •..• ' ••• tlo •.• .1 f> j 4 .• 50 .30, ·1.86 11315.40 

Sce footnotes on page .53. 
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TABLE I5.-Date of first and of last irrigation, irrigation water applied at each 
irrigation, rainfall, total water received, and crop yields in Mesilla Valley, " 
N. 	Mex.-Continued ' 

A.LFA.LFA (f) 

ill '1'otal quantity or water ra- i 
Depth I ceived by crop per acre \ i L't •IArea ir· Irriga' FirS~irri'l Last,irri· appli~d I 	 tYield per 1 tluerren 

Year rigated tions gat1011 gatlOn 	 C!'ch.lr.,. ! I ncre I cited 

rlgatlOlI: Irngn· R' r III 'rotnl I
I tion om n I i 

----- -----------;---- ---i---'---~I~~~ -~.. ; ~~--.-:---I !:, 	I ' 
Acres NU111ber Inches ,Acre·feet i Acre·feet: Acre·feet, Tons 

13 Mar. 3 Nov. 23 6\ 6.08 ! 0.36 i 6.44,'" 8.00 
13 .•.do•.••.•do•.•.1 6 5.92, .36 I 0.28 "'5..52 
13 ...do•••...•do._ .•1 6 I 6.33 .36 ! 6.69'" .5.50 
13 ...do ••....•do.•.., 6 i 6.58 .30 6.94' "'5.25 
8 Apr. 1 Sspt. 14\ 6g~ I 4.00 	 .23 4.23 ! '''3.13
8 ::\1ar. 7 Aug. 8 4.00.48 4.48 J '" 3.54 
6 ::\lay 2 Sept. 19 3.00 : .61 3.61 1'" 2.36 
8 Apr. 1 Se:>t. 14 I 5.33.Zl 5.56 I '" 2.30 
8 Mnr. 7 Aug. 8 I 5.33 .48 5.81 I '" 3.11 
6 Mny 2 Sept. In. 101 5.00 .61, 5.61,'" 3.17 ' 

·_------ 8 Mar. 4 Oct. 16 \ 3 I 2.17, .58 i 2.75!' "64.26 
-------- 11 Feb. 25 Oct. 20 4 I 3.67 ' .93; 4.60!" 3.59 ' 

6 Mar. 18 July 1 4 I 1. 75 , .72 I 2.47\ " '5.10 
4 Mar.24 June 3 6 I 2.00 ' .72 i 2.72'" ·1.281 
4 1>[ar. 26 Aug. 7 6 " 2.00 ! .58 I 2.58" '4.75 (1.)1924________I--PI(iC 12 Mar.28 Sept. 10 ,4.32;.29 ! 4.61 t 2.9Q " 

1924-_______ i Plot. 14 "'Iar.20 Oct. 3 __.•.•..t 5.86 .331 6.19 ' 6.81 (m
1924________1 Plot. 14 ,.••do. __•.••do .•.•:••••••..1 6.68 .33 I 7.01 4.87 (13)11924_______ -'1 Plot. I 14 :•••do···.I··.do___.•••.••__ 1 6.31, .33 I 6.64 4.5~ (13)
1924________ Plot. 14 ·--dO.. -----dO ____ : ______ • 5.58 	 .331 5.91 ___3.~~1_~ 

1 1	 1 1 

CORN (£) 

---~-

Bushels 
4 1 May 15 Aug. 26 1.25 0.22 1.47 3,! 39.9 
4 , "\pr. 30 Aug. 17 ~ I 1.67 ..22 1.89 "36.0 

J Pounds 
4 : ___do____ •__do ____ 1.67 .22 1.89 3 '13,719

5 ! 
Bushels 

8 May 5 Sept. 1 ' 4 I 2.50 .00 2.50 "44
1924________, Plot.1--------1 8 	 2.47 .36 2.83 44 (Ill) 

8 	 2.61 .25 2.86 23.5 ' (18)~~:-:-~--I Plot. ':::~~-~~j:::~~~~~~~:::~:_::~:L 
-

RYE 

~8;l::;:::=f~:l~I· ~I~·~·,,··,;·d:~:;;r-;I-;-;-·-;, '-; 
CABBAGE 

CRILl 

---.....----.,---~~-;-------~-'-' --. ---c--~.~.-'--~-------
.92 (IS)_192_4-_-_--_-_--_~_'_!_P_Io_t,'.-'.i__1_4-,-t_"'.I,B_y_14 : SCP~'~1::~~=~ .. ~~~_ 3.39_ 3.11 : _ 

CANTALOUPES 

102,1___ •__ ._, Plot. II' I I I I I ' Crates 
________"--__10-'-_~_[n_y_l_4_'_A_I,I_g_.,~5"c=i~~i__=-.._~C__~~....~ 

BEe tootnotes on page 53. 
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TABLE I5.-Date of first and of last irrigation, irrigation water applied at 'each 
irrigation, rainfall, total water received, and crop yields in j\:1esilla Valley, 
N . .i\[ex.-Continued 


WHEAT (e) 


I I, :Total quantity of water re
, Depth ceived by crop per ncre 

! 
. . I I . ....rea Ir'j rnga· First irri- Last irri.!apPlied Yield per Ll~~r:' 
rigated i tions galion gation each ir-'I acre cited 

rigation lr~iga· Rainfall Total 

Year 

J "i tion 

---- '---:Nu.mber ----1-,---',' Inchfs 'Acre.!eetIACTt-ftet Acrt·feet Bu.shels !--
__ ._ •• __________ Oct. 4 May 28, 2 1.42 0.2'2 1.64 '''11.4, 
__ ._. ___'. _____ ._ No\". 3 ___dO,____ 2 1.08: .22 1.30 '''2"2.71 

,--------' •.••• - •• D,ec. 3 -·-dO----,' 2 .92 .22 1.14'" 22. 91 
_____ •• .' 5 Jan. 1i May 29 2 .83 .22 1. 05 '" 16.5 
1'-"-"-' 5 Feb. 3 ••_do.___ 2 .83 .22' 1.05 "'17.6 ,.-..-..- 51 Mar. 3 ...do•.._' 2 .83 .22 1.05 23'13.2 
•••••••• S Jnn. 5 JuneI5 2 2.00 .54: 2.54,'''15.1;1i··--·-·· Ii . __,dO. ___j_._dO.___ 3 1.50 .54' 2.041 "'10.6,1 

:..--.•••. - ... - •• NOct. 4 ~Iay 28: 4 12.'8317, .22 2.39 2"14.3 
•••••.•••••••••••• '0\-. 3 __.do. ___ ' 4 .22 2.05 2"18.9 
.- ..... - •..•• - •• Dec. 3 '·-.dO.. -- 4 1.50, .22 1.72 "'30.01 

Jan. 17,I :Hay 29 4 1.33' .22 1.55 "'16.8, 
._ ••. __ ., .• __ .••• Feb. 31.._do.... 4 1.25: .22 1.47'" 19.1, 
.••• --- •••-- •• _. ~Iar. 31___do____ ~ i, 1.25 .22 1.47 '" 4.4 
-- •.•.•. -- ••. _•. Jan. 5 i June 15 , 2.42 .541 2.96 "'16.6 

7 ._.do. __.i. __do_ •. _ .1 2.9"2 .54, 3.46 '" 18.0 
{\ Oct. 41~raY281 Ii 3.00 .22/ 3.22 '''16.2 
5 No~. 3 L__do __ .._ 6 2.50 .22 i 2.72 ll.i21.1 

... -- Dec. 31.--do""1 6 2.17 .2"21 2.3U "'30.7 
___ ._._ •• ____ ... , Jan. 17 ,.May 29\ ~,1.67 .22\ 1.89 '''14.9 
............ -.--, Feb. 3 :--.do-'-·i 1.67 .221 1.89 "113.0 

.... ______ . __ , Mar. 3 (-__do_ •.•, ti 1.i5 .22 1.97 ,,; 9.6 
__ .. __ .. __ • __ .._ Apr. 18 , May 30 ( -I 1.08 ___ . __ ._. __. __ ..__ ,. 6 43.5 

M\L._•._ -- PIOL~' f _~~~:.=~_:_~~~:_~~.1 ~ i: gg :: '.' *_, !I i:~ ,\: ~.u
l00<J._._____ Plot. 5_._..___ . __ ._ .. _._._ 3 : 1. 25 , 1. 54 ,u 15.1 

I~~:::::::: ~l~~: E:::::::::i::::::::::: 5 ::M ::: ~~ Ug;:: 11J 
1!()9.. _____ • Plot. ~i------"-'_"'"'''' 2 .83jll.2<J, 1.12, 129.0H!09.• _.•••• Plot. • ______ •• __ •___ ...._. 1 .58 1I.2!lj .8i i 1111.7 
lOO~_._ ••••. Plot. 5 ____ ._._._ .•_••_ 1 42 ".291 .n j 112.2 
1~24•.__ . ___ Plot., ' Feb. 14 JUDe --i,. __ .____ ,' 1.06 .15 i 1.21 j 7.3 (IS) 

, I 1 

POTATOES 3 (£) 

I ,, :.rar. H IJune 20 3 1_75 1.81 , ,. 58.4 
--~-~--'"' 0.06 ' 

-I ___do_ •.• Illne 13 ' 1. fli .06, 1.73 " 86.2
3 .• _do. _ . .' ___do__ .-' 1.25 .06 : 1.31 lJ 60.5 
2 ___do_ ._-' ~r"y 30 5 .83 .06 : .89 I 1) 58. 7' 
3 __ .do....' June 15 5 1. 25 1.31 !J 54.0 

_w", .. ___ ... ( 2 .••do_ ._.: l\Ia~' 30 j 5 .S3 :g~ i .Su: ! 3 ll~-; 

.. -.- ._.do_•• _' June 13 5 1. 25 .06 ) lJ 39. 9 1.31 f , 

SOYBEANS (£:4) 

lYIL. ____ •• Plot. 
lUlL...... Plot. 
IUn..... _.. Plot.. 
HIl1._.... .. Plot, 
J91L ...... ., Plot. 
ImL .... __ • Plot. 

- .. -.-.. -..;---!-.----'----'-------..-!------~---'-------'---
I These experiments conducted cooperatively by the Division oC Agricultural Engineering, Bureau oC 

Puhlic Roads, and the N"ew ~Iexico Agricultural Experiment Station. 
• ~:~periments co,'ered ,,,,,,.-eral years an(l are here grouped together. 

Fields lind plots vary (rom 0.6 acre to 29.95 acre.s. 

, SoU: Coarse sand. and sand nnd grovel. 

! ::ioil: Equal parts SflOdy loam with adobe or clay.

, Good soil. Cairll- deep, with sand), loam texture• 

• Corn, grain. 

; Corn on cob. 

I Corn, silage. 

" A "eralle 01 6 plots'. 

1: }{ainfall Cram Apr. l tj) :\0", 1 

<, ,\..craga 0(:\ plots. 




CJl 
TABLE l6.-Irrigation water applied monthly, rainfall, total water received, and crop yields in Texas 1 ;j:o. 

CORN' 

~ Total quantity oC water in 
acro·leet received by crop @Monthly application oC watcr in ncrc·lect per ncre pel' acre Yiel(l per ZIIrrign' acre'I£"enr tions 

-------I---I~~~~_~ Ma~_ ~ July I ,~~g. L~~~-r-~~·-· ~rr~~~ Rnincalll '1'otal ~ 
bj

BltshelsI ' I 32.9 
33.3:::::::::: :::::::::: :::::::::: :::::::::: · .... ii.·2S' ::':::::::c::::::::'::::::::::C::::::: :::::::::: "'--ii:25' 0:: 32.5 ~ 
35.4 
32.1 
30.2 ~ 
40.0 .....
38.1 00
35.4 <:ll 

322.4 
34.1 is:31.8 
32.0 Ul
42.2 
41.8 t::;j
44.4 t;I 

~ 
CO'1"l'Oi'" 

POIL'nilS >1. 24 1. 21 '233 
1. 24 1. 24 214 

.B5 1.02 11:(0 ~ 

.85 1.10 ~52 

.85 1.18 3.j~ 

1.27 1.44 lEa 
1. 27 1. 52 2.4\'_!_~_~:_;_;_~:_;;_~;l_:_~~_~;...!.I__1 il;l;:i~;: ,::;::~;;~I~~i;~ij:;~!~~i:~~;::i\:l;;~j;~t::'[~:::lll;;:ti :~~~;;;;;; ;;j:\;~;;Jj~:;;;:~ :::_:_:_'l_l_t_'___.L..__...L___ I 

~ 

__ 1. 27 1. eo 1~'6 
1. 27 1. 27 182 



('BfA C'O'l'1'ON' 

~~~~:::::~:~:~: ~T:~::::~t::~ ::~:~::~~:}~ /-:~.;~ ::~~-:::::::::::::-::-~l::::::i-'~ ._Hi
(,OWl'EAS' 

�\l20 •• __ • ________ J~-~=..l ___ -~._=_:==~C~~:J ______~_:===::~~=]:_=_~~~~· ___ .. I_ .. _. ____ J__ .. ______ 1 
O.7fi i 

.'{2;~~~~--==-~_~-_:1__I------=L~~=- ----------i·-----..·-!·----·--· ~~I==~!--·----_-~C:·_·~·---i-~:~=-J O.a'l I \ 

1\111,0 2 

1.42 
Lr.5 
1.72 
1.89 

O.71l I 

. £:5 J 

i~~g··----··..-·· Ii::_::-::.l_:::-_:•• _: ••••::~.I :~_~:.;.;;.·-.ili;.];:j~J;E~::;:.:;~.::~]=".~. _. "fi,.... i~ t~t~m~~m~~~~=:: 
SORGHUM' 

1020 ___ •__________ .-1 J i.-------.- I.•.-- .... - -.-._. __ ._ 0.17 1. __ .. ___..:__ ._______1._. _____ ..1. __ .. ____ 1.._.. ___ .1. .._.. _--.i 0.17 o.S·' 1.00 

See footnotes on page 61. 
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TABI,~} 16.-[rl'igalion walcr applied monlhly, min/all, lolal walcr l'ccC£vcti, a,nd cro11 yields in Texas-Continued CJl 
O:! 

SlTOAH llEE'I'S' 

--------~ -"- ~-~~.-~ -----,.-----,------,--------,--  ~ 
Total quantity of water in 

~1()lIlhly 1I1lllJieotioll of wuter ill nere·fect per Rcro acre· feet received by crop 

Iler acre Yield per ~ 


Irri~a· 	 ....lIeroYCllr liolls 
No,'. ~ IrrigationIHainfall I 'l'otal .1_____~I. ~lar'l~~L~:~1 JUIY-I~I~L~_ 	

td 
I 'ron" o 

1!121 Number 	 0.10 0.551 0.1l7! 1.52 "14.0S0.17 0.17 
1021 • .......... .j 	 .SO .971 1.i7 11.60 8
.25 .25 .25 
J021' '" .", -\ 	 1.05 .!li: 2.02 12.88 l".l

.33 .33 .34__.::::\:::1 0 ~ I.............. 4 
 ~ 
Z 

SWEgTPO'J'A1'OES' >-' 
00 

Blish tis 
0.85 	 O.SO 1. 65 )J 175 !;>I 

.80 1. 89 t3 225 ~ 
1.01l I 

2.25 )321:;.80 	 UJ1.45 !i~i. :-:::::::i ll~:~-::::L-::L_ :Oil_:-:-;~L:iLj _;~-;-::::::.;;:r-::; 	
5" 

tj 
l".l1'0]\[.\TOES' 
'"d 
"'3 

.------.•••--j- --::r~'...... 	 Pounds 
0.21 0.80 1. 01 115,7Sij o 

!oj1!121, ... ,,, O·17I· .. ··~· .. ·I..···....· ··~· ..··I··········.25 _.~TW_~.~~ ~~ ... ~~_~_ ...... __~~w~_ -.--~-~~.- .20 .80 1.0!1 )I ".810 
I~~ •• ~"~~~"I ... ~~ _ •• __ _'·_~ __ T~ .......... 	 .:3R . SO 1.18 )11I,801i
1921. • 	 .O'! I

. 0" ......... . .3:1 ....................................... . 	 >
1021. .. 
) 	 (4.) 

-~- ~ - _. - ~ 
\\'A1'EHl\n:r,ONS' § 

lU21. .• , .. , .... '1 1 : .........1......._..1......... ,1.... ,.....: .......... -1- 0.17 '····· .. · ..I.. '·..·.. J·....·.. ·1........·~- 0. 
17 1 0.55! 0. 

i2 1 )'\7,742 ~ 

)921. ....... '...... 1 I .................... ,........ , .......... '.......... .21 I.. ·.·..... '...... ·..1···......·..........' .21 .55 .76 "15.61i8 

~~~~~~.._.. ,__l_L:.::__ :.:~~.:.:..:.... i· .. ·,:_:' ~:.:.:~:~~J:.:.:=:~___ .25 I.. ·• .. •..• ................... '1"........ , .2.5 .•15 _~.•~'21,3n4 ~ 




(,OHN I' 

I [l1/,IIIel.1
Jlll5 •• '" a tl.I).~ 11.12 n.21) ~w 0.110', IT(ifi
1915....... w -I 
., 11.1:1 .27 .:!ll .IiR .·111 I.I-Ij Ii 75 
1015, •. .:1·1 .W · ·12 1.2'J .~ I. fiR j ,t 87 ~ 1010. -' ~~ .~ .11 .U5 1.2:'1 '821) .... 
IDIO ••. IS 41i 

•.'is., " .~ .~ .17 .711 .M 1.·11
1916•• _. ·1 .~ .·,,1 .22 •nil .05 1.1l1 Hi ]j5 ~ 
1916••_. :\ .~ .~ .58 .M 1,23 IS a5 
1016••" ;1 .% .W .75 .05 J. ~o '1·10 ~ 1916...... . ;! .~ .~ •liS .91 .M I. 5/.1 "(10
Illl7 ..... ,-" 5 .12 . Ii . J1 .:13 .79 .41 1.20 115:1 ~ 
1917.... .. 5 12 .21 .~ · t.o 1.08 1.4\l 
1917... . (\ .11 .~!} .~ .R2 1.5:1 .41 1.04 15 (,8 ~· ·Il " 5)) 

1018••.. -I .1-1 .10 • III .Ii ,/jl .n ], 30 1151) 
1018••. ·1 .14 .1-1 .~ • 2ft .08 .N ]'·17 " 7011118•••• .14 .10 • III .:1:1 .85 .N 1.6·' "81 
1918•• 3" .~ .:1:1 lI.ft·1 1.10 .d I.SS 1\ 00 
1918••. :I .~ .20 .M I.(l(l .d 1.8·1 19 55 ~ 1918. ___ ~:I .~ .37 .lH 1.J.I .d I. 92 1154
1918 __ •. 3 .~ • M ~·t2 '1.18 .d ], 00 II ,~o t;
1DI8••. :I .~ 0,12 .ai' I. 01 .d I. 70 J~ /iiims.... ;! ~~ .·I/i .2il .00 .d 1.74 II Sf) 

~ 
1919•• a .21 . I; .M .~ 1.-18 ~ " 114

.25.111 I1919... a .21 .25 .71 .~ J.flfi Isnr, 
19\9•••• a .21 .:13 .S; .~ 1.81 Ii fiR o

_:~I::,.- I".j 

J.J N1' ('01"1'0111 " ~ ..... 
1'0 II li1l. t::! 

1915... , ........ . '1 O.lll QIIl I). on n.23 0, -Ii ~7 700 
1915•••••..••.• Qli .~ .1:1 .24 .Rl 11 J.OOO 

I 0.2.,/ ~ 
• fi7

1915"•••.. "" • g .. .::i :::: .25 .G .25 1.0:\ "·1 1.2; I:' 1,125 ~ 
19ltl............. . :J tl.!!5 ;~_ .... .15 .00 .41l 21 :58 i 1.07 '" 38S t::! 
1Dltl. .••••.•.• 5 ~ !![, i_ .. __ ... I') .00 '1\ • ,IS ! ~u 25'.!· [~l 1.0~ vi
1911L.... .~ .~ .~7r 82 2I. 58 l 1.·111 '°27:1 reJ5 . ~51-"'--11116.. ••. _ () .25 .. ~~_ .~ .~J .85 2I. 58 1.4;1 '" 427 ~ lOW .••..••.•.••••• 5 .25 '_ .. .00 .G 1.1:\ 11.58 l 1.71 :to 7i9 
1916............. _. t\ .. ~ .. ~ .. _..... .25 .47 .~ I. 15 ~I .58 1.7:1 ~o 510 
1911... .. • ••••• 4 0.25 ~~ ~-~~ -1- .ltl .17 .58 .·17 1.0;1 ::0 n '.!70 ~ .....1017 ••..•..•••.. 4 .25 ""'"',''' *17 .16 .58 • -Ii ~ 1.05 2u 27 aoo 
191i••••.•••.•• ""J' .~ .~ .sa ,47 1.30 20" 4aO t::! 
1917............. . .~ ~ .l\3 .·17 1.:10 "n 411,;
~ :~g ·::~:::~t:~:··:. .~ :i .011440 ~1017............... "'/ 1.17 .47 1.1\4 


.)t: !1917...... __ ••.•• .-., , .iii"!. ....... __ .~ .8 I. Ii ,·17 t.M '"" 480 Z 

lOIS••.•••• """"1 .1:1 .70 0" " 378 t::!
1918•••••••.•• """ .11 .111 :08 ,. ·'1·1 Ul.118 I" ".- · iO 

.~.I~~ I .. ··· .28 I. OJ "41-1~..:.:=:~::L_,._~ • iU 
1;)1

See rootllotl's Oil pogo !l3. .....1 
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TABLE 16.-lrrioalion waler applied monthly, rainfall, lotalwater received, and crop yields in Texas-Continued ~ 
RHODES GRASS" 

~ 

I
Totnl quantity 01 water in 

l\lonthly applicntion 01 water in ncre·leet per ncre ncre·leet received by crop @ 
per ncre Yield per ZIIrriga --,___-,-___.--__-,-___-!-___,_______ acreYear tions 

Feb. \ Mnr. ,\pr. I Mny June July Aug. Sept. Oct. Nov. !Irrigntlon Rainlnll '1'otnl I ~ 
-I~ -,------ --1- -- - t:d 

NlLmber I I I I I Tons 
1918, •.••..• ,,,._._.. ,. _____ •• -1 0.31 -- •••----.1 0.48 0.:18 0.43 O.liO 0.0:1 0.50 ••• __ • ••• 3.23 1.18 4.,11 18u5.26 ~ 
1915••••.. , __ ........ 7 __ ...____ .1 .31 ••••______ 1 .67 .50 .50 .50 .87.50 3.85 1.18 5.03', 1123 5.29 f;j
1918____••• __ ••••• __ • .. .......... ; .38 ......... .42 .42 .41 .41 • flO .42 :3.00 1.18 4.24 16 23 5. IS 
1018____ ••••••• ___ .__ 7 '.3S ...... ____ 1 .6·1 .41 .42 .42 .09 .42 3.38 1.18 4.561 18235.30 ~ 
1915.__.............. 7 .......... ' .46 ..........1 .47 .42 .33 .25 .38 .25 2.50 1.18 3.74' 18" 4.62 Z

1915.__.._...._...... i ...._..... ; .40 --........ i .57 .25 .36 .25 .39 .252.53 1.18 3.71, 1123 5.44 


..... 
00 
Col.tlit~~~~~~~~~~~~~~~, !l~~~~~~~~~~\ ~ ~i ~~~~~~~~~~;~~~~~~:~~~ ~ ~ 1~ fi ~~~~=~~~~~I~~~~~~~~~~'~~~~~~~~~~ n~ I~ ~ U! I lll~ f~ 1123 !>' 

1019................. .1 1....-- ''', .17 ..............--.... .26 '--''''''-1 .52 ••••....·-1·····..·--1..·---..·· .95 2.011 [ 3.1)4\ 4.97 r

:~L"--'~.--"----t 4 r....~=~- ·I~_L .. -· ..·I· ..·:~~.. ____ ~__ .... -..... .58 ...... --.'1"..----... --.. ,--.-- 1.08 2.00,_1~_~.li !~_I_!214.89 (fJ 

SNA l' BEANS 18 
l':l, .' I ,. ,. i I 
1:1 

----~-'-,~-' 1-3l j I'Oll.1ul.,
5 __________, _______________________ ._.... •____ •__ • _______ .._ 0.38 0.30 0.50 i 0.25 I. 013 0.27 I. iO i IS" 5, ·103 

1918___________ • ___ _ 
1915_____..___ ..._._ o

n::1918_______ ..______• 

1918. __________ •___• tl
1918_______________ • C) 
1918 ______ •________ _ ::::J 
111'20 _______•_______ • 1-' 

o1920 ___•___________ _ !,~;~~~~;;\~m~~ :::::l:~~ :_~::l1~:~~~;~;;;~::;~;I~:::~~;~- ::::}i: ::=~\~:'::::::\~- ::~t ::~ \;~m~ 
"d 

(j1920 _______________ _ 

~ 
q 

~ 
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souonUi\{1O 

, --I-'~"-l Ton«----.-------1910____ • __ • _______ _ 3 : ____ •• ____ i1010___..__________ _ 	 0.11 ____ • _________________ •____ • __ , 0.63 2.00 2.63 "1710.253 '._. _____.. , 0: M, ',1" - ~:~3~~:~~::::r:::-::::: ==:::::::/1910__ •• _________ •• _ • 25 _____________ • __________• _____ ; • BI 2.00 2.81 .017 10. 643 ______ ._._! .33 ______ •__ ••_•• ___ •••••______••• • \\8 2.00 2. OS U 17 12.23 
.41 _. __ ••._••••_••• _______ ._. ___ .' 1.l-l 2.00 3.14 10 "11.63 Q 

1010._._..._. ____• __ ')'1 4') I I 	 ~ 
LUIIl.........._•••• _
101 0_______________ _ •26 - ________ • ____ •• _••_ • ___ ••____ ' .60 2.00 2.66 1127 0.63 
1010___ ._.______• __ • g::::::::::~! 	

.33 : .83 2.00 2.83 1117 10.63 e3:\ ;_··..-----1 mI :~ ~~m~~~~:i~~~~~~~:~~ ~~~~::~~ 	 .... ·12 ___ • __________________________ , 1.02 2.00 3.02 '''111.14 
.. _..1,. ___ ..._______.. ___•~:__,,____._____,_~~~___ ~ 

SUOAHOANE .0 

~ 
IDl8-1 0 •••________ ._' 	 D 
1018-10••_________ 0_ oI 0.21 , 0.12 0.171' 0.20 0.0-1 2.2,1 4.50 .0 II 16.02
1IlIB-I 9 ___ ••__ • _____ , 0: ••-----, .13 .OS .10 .17 .52 2.24 

0:::·------I 	 oiL:::::::: :::::::) "- -iJ~
50 ,__________ __________ 1.85 3.58 ' 028 22.16

1918-10____ •••__ •__ _ 0-'-'-'--'.' .17 .10 12 .21 .75 
.21 	 2.2·1 4.09 '0" 20. 43 

11l18-11l •• _•••••__ • __ ' .12 .17,'1 .9-1 	 2.2·1 4.59 1028 22.85 ~ 
.20 	 ~1018-) 0 ____________ • .13 .08 .10 .17 5" 	 2.24 3.58 10111-1.61.17 .10 .12 21gi::::::::::1 	 :76 :~J :::::::::::1:::::::::: l: ~~ 1918-10•• _., __ ,, __ .. 	 2.24 4.00 .0 II 20.87 &.3.62 _____ • ____,__________ 2.35.21 .12 .17 .20 .94 2.24 4.50 10 II 15.00 ~.C~~~~~-·; 	 .. __~___.......1 "1___........ ~_____I ...... 1.... _----..__ 8


._-'>-... ..........,... "----..---~- ---..... [fJ 

'l' 0 l\fA'rOES .J 
~ 

8m- - -'-- --- ---. -··1 	 0.52 0_00 I" "" 12.50III 8 •••• -----•• -.-.. . 78 • 52 .1.30 ""2012.78 
1.11lol~· ..··---..·----·I 	
0.11 

.li~ 1. 03 j II 18 20 t-l. 10 ~ .. -"'* ...... __ ...... _-
20:3:8• ---- ..__ •••••_: 	 .47 .. .00 12180.53 ~B._ •• ___ •• __ .__ ! 	 8" • 2~ 1.01 . 12 IS 5. OS 

11l18_ ••_•••_____ :- 1.10 .22 1. ·11 l2'i 0.46 Z 
.5-1 .22 .70 10 -1.3219:~- ----------.:-::, 	 t:I 
.02 00 1.1-1 11I2.li7 

1.30 	 :z~ ,1.62 "3.111 ~ 
.67 .3-1 1. 01 JS 8.27 !,oJl!~f::==::=::::::: .96 .:H 1.30 " )0.1).\ :::10:;0. '-- --.----.----	 1.33 .34 IS 10.IB 

1.01 .3-1 1.35 10 0.05 ~ 
I. 6'1 "IU17t~::::~::::::::::: 	 .73 .3-1 1.07 5 . 5t .3-1 .85 '05. naI t< 

See footnotl'S 011 pngo 03. ~ 
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~ 
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TABLE 16.-Irrigation water applied mont.hly, rainfall, total'waler received, and crop yields in Texas-Continued ~ o 
KAFFIR:30 

--~----~~-~--- ~ 
oTotnl quantity of wnter in 

nero·feet received by crop 
por aero Yield per 

:Monthly npplicnt.ion of wnter In ncre·feot por nero 
lrrign· 	 ~ 

Yenr 	 '. . _.. _ •. ," .,.. ~.__.•.. ...... _. . acretions 	 1_...._....,. -- ..-.'. 
! Feh. 1rnr. Apr. Mn~' Jnno :~I~L Sept. ,., ,~e:~.\ Nov. Irrigntionl Rninfnli L~otnl 1____ ~ 

-------,----,--------	 q 
~ 

iiI • I Bushels 
0.341.................... 1.. , ..... ,' 0.67\ 310.49 1.16 


65.7 	 ~ :i~ 1'::::::-::: ~:::::::.:i:::::::::f j~ :: :!~ :g~ 38.7 t-3
·10.1.33 ..... '.'....................'.'., .33 .85 1. 18 
40.7 
 Z!!!!~ _~_-~_:::::--::j Nom", I:~;~:::::-_:_-:~.: ~:~:--[:I~_::[~t:~:):.-f~"fu :i~E::::~~~:~~::::;::::=~~!_ :~L_ J~ U~ 

58.6 

....48.5 
CI> 
<:>. 

M1I.0 30 	 ......e •••• __• ____ 

-~~-j-··~.-4n 	 Ul;91~~.....~~~-=-· 2-=~I:=~~C~,~............. ....... 0.:\3 n. :1I 	 1. 07 Ii '0 60. 5 

')5 ::~: ::~:: =: ~:::~: ·,:~:r:-:::·:~) .50 . .40 .90 '007.8 t::I.73 '0 43. 5 

.33 .33 .85 1.18 '065.5 

.26 ~ 
:i6 .---~ ... ~-.- ~-~---"~~-t-~ -.--- -~ .331 .40 	 i:'.l 

.26 .85 1. II '0 115.2 
. Ii 	 . Ii .85 1.021 '007.9~~~ ~~~:~_~:~~:. i . :~:~:::-:~I::::~.~i:•••~.:~!••••:~. -~•• :j::::~:: ::::::::::;:::::::::=J= :':.::: 

~ 
Mll.LE'I' '0 

']'0118 ~ o0.48 : 3.69! 	 0.661 l.U I 
.98 I 3.10 Co•~O I .48 ' m~:=:::=::::::::::i 	 .48 .81 ! 2.90~ ::::::::::\:::::::::: :::::::=::::::::::::: ~ ~:-;:::::I::::::::I-::::l-:~::::.;. _::i .331 

, 

1918_. __ .-.----- .. --I I 



:;llIHln{,~1 M 

O. ~\a 
.2.1!!It::::::::::::! ::: ::L~::.L::~:: .. : .. • Ii 

WIN'I'gn WBl""!,," 

. 
1Il18-1U __ ... _ •••.• -'"' -.. ~ 1l.2.1 
1V18-19. _.......... . 

1918-10 ........... _. :1 .os
~ 

I
\::::::::.: :::..::::f·····: I ~______I ~ 

I 'I'hese experiments were cODducted under cooperntive agreement hetween the 'I'cxus 
Stnte Doard of Water Engineers and the BUrCntl of PlIbl!c Ro\\ds, U. S. Department of 
.\ griculture. 

, These clpCFiments weTO conducted on plots nt J\fe<lina EXIJl'rlnteni Rtutitln, 'I'h('
solI Is fine sand or sandy loam, ...nrylng to sandy clny with (Iellll, 

1 It is estimated this yield was ellt 30 to 50 per ('cnt by lnek of wuter in ('ril i(,l1l slugl', 
I Snlfered (rom lnck o( water, 011 ilrcoun~ o( brellk in ('1111111. 
• SulTered from lnck of water (ollowed by hcn...y mins. 
• Crop o( hny only. Lnck o( irri!pllioD, dun to cnnni brenk, ('IIIISl'd Inw yield. 
I Resili. (rom a\'erngo small sect lOll of Oeld conlainlng )ler(ect stlln<l. 
I Yield reduced about one·hal( by midge and hirds, 
• Thinned t.o I stalk to a plant .• 
Iq First crO)l. 
II Second crop. 
12 Plot WaS so smnll results shoul,inot be considered. 
" Slight damnge by wec\·i1s. 
1/ J~ntlrc rrop o( yery poor quality, indicating insullil'icnt Illoislur,', 
U Culls not inclUded. 
" Plot eXJl!'rimenls t;onducted at st.ation 1 mile sOllth of lItercedes, Soil of l\'I'sl '" 

acres consists o( light·colorel! sandy lonm underlnid with ,ellowish sllnd~' IOIlIll, Boil 
of the eRSt 17 arres consists of !Inrk, heayy dill' ionm underlaid at·, ('ct wit.h SlIntly ('illY.
Soil at lIterccdes a gray·hlark soil o( fine te,ture IInderillid with snndy clllY suhsoll. 
Rninfall under 0.25 Inch, unless (allowed by Rlloliler rnin in 24 hours, II'ns g('IU'fllliy not 
counted, although lighter showers on shnllow·rooted plnnts during wInter sellsons W('r('
sometimes included. 

~T 

11 Lonm s()iI.
lIj;nndysoil. 
" ('IllY soil, 
~I) Snntly- IOatU soil.. 

~I'Oll"" 
O. :13 1.11 I.H 12 1.77 
.25 1.11 I.ao " 1.61 
. Ii 1.11 1.2H " I. 66 

fl. '.!.'l 1.·12 1.117 
/lII"IIc/"

2\\. a 
• OS I. ·I~ 1.00 2\'.3 

I. I!! I.·I:! 25. I 

II 4.0\8 inches !IeduI'l",1 (rolll Tilinfillius heing hlt'ITCl'l!I'(',
" First irrigntifm o('('lIrrNI II dllYs hefon' pillnl lng, 
Il '1'0111\ 01 5 cullings, . 
" First irriglllionIlPI'Iil'd ii dllYs hl'(or~ plnnting to lIIn1st.'n (I I'l'ry dry sIIil, Prohuhiy

a inehl's of wlII,'r was ost in the Hrst 111\(1 SCl'OndllPI)I\,'atioll.
" 2 indles of Ilrst npplil'1I1iOil lost in erne"s in th" soil nnd of no hellt'lll. 
"3 irll'hes of Ilrs. nJlplil'lltioll lost In "rOl'ks In till' solluml or no Iwnrllt, 
2: 'l'utal frmn 3 t-'ultings. 

l' Stubble SN'Olul"ycnr (-'nOl', 

" Hninfnll in A Ilrll following trllns(lillnting !nen'nsctl moislure nl. 1"lIst 2 111('11('5 I\bo\'e 

hrlll'llclnlns('. 
'0 1'iw Inrgl'r portion o( I his riistrict ('(ll1sl~ts or hinck to ~rny slIndr ('IllY 1011111, underlaid 

Ilt 3 f"el h~' i\ light (''''''lIn'OIls formation whlth rlrnins ilnickI)', 
'I Inriudes 1.10 incht's rninfull, o('('lIrring 10 linrs ill'fort' planting. 
" ('Ul for b'fnin, 
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TABLE 17.-Irrigation water applied monthly, rainfall, total water received, and 
crop yields in lower Rio Grande Valley, Tex. l 

TABLE BEETS 

---------~----------------------------~--------~---
Total quantity of 
water in acre-feetMonthly application oC water in acre-Ceet per acre received by crop 

Irriga per acre Yield 
Year per acretions 

_____ ---I scPt.oc_~J=- DC~ Jan. ~'eb. g~~i~n ~:[f- ~~:~Mar. 

'1'0718Numberi 1 i _______ 0.441917-18_____ 8 1_______ , 0.17: 0.10 0.34 0.34 1.39 ' 0.04 " 10.32 
_____ ._ .44 1. ! 311.841917-18_____ 8 ,-------i .17 .lO .31 .34 1.30 I .04 1.40 

43 1 
1917-18_____ 8 1_______ 1 .17 .lO .31 .34 .44 .04 1.40 23 S. 53 
1917-lS_____ 8 _______ .17 .17 .32 .34 _____ ._1 .37 U~I .04 1. 41 , 311.45 
1917-lS_____ 8 _______ .17 .17 .30 .34 .37 1. 35 .04 1.39 , 30.70 
1917-lS_____ 8 _______ .17 .17 .29 .33 1.29 .04 1. :13 23 7.50_______ : .33 

_______ .291917-lS_____ S _______ .12 .13 .2.5 .25 1.04 .04 1. U8 " 7. 49 
1917-18_____ 8 _______ 1" .13 .25 .25 1.04 .04 1. 08 " 9.90_______ ' .29 
1917-1S_____ 8 _______ .12 .13 .23 .25 1.02 .04 LUG '38.58__ .____ .29 
1917-1S_____ 8 _______ .12 .13 .23 .25 ____ ._.1 .29 1.02 .04 LUG 23 7.78 

_______ .27 ; 3 7.03.11 .24 .25 .99 .04 1.03 
1917-1S_____ 8 ___ :::: .12 .11 .20 .25 .97 .04 1.0l '37.29
1917-18_____ S --- 1 .12 _______ : .2'& 

191~-IS-----1 8 _______1 .08 .11 .23 .25 .88 .04 .92 "0.86 
1911-18_____ 8 _______ , .08 .11 .19 .27 ---'---1_______1 .21.21 1 .86 .04 .90 2 3 5.72 

_______ .21.17 .19 .27 .92 .04 .96 23 5.79
.42 ______ _~~g=~::::: ~ :::::::1 :~ .31 ______ _ .25 .25 1------.: 1.25 .15 1.40 " 11. 12 

1919-20_____ 5 ______ J .25 .17 .90 .15 1.05 " 10.44 
1919-20____ .1 5 _______: . 17 .2'3 ___ •__ _ • OS :~ c:::::\ .56 .15 .71 ! , 10. :I~\ 

• 16 ______ _1910-20-----\ 5 _____________ _ .08 .41 .15 .56 " 9.90
1919-20_____ 5 _____________ _ .16 !______ _ .OS .41 .15 .50 "7.08:~ I :8l: I.16 ______ _1919-20_____ 5 _____________ _ .15 .50 "7.36.OS .O~ .•~ i .41 
1919-20_____ 5 _____________ _ .27 ______ _ .17 .11, .16 .77 .15 .92 , '8.09 
1919-20_____ 5 _____________ _ .27 ______ _ .17 • 17 ~ .16:1 .77 .15 .92 ~ .5 7. 26 
1919-20_____ 5 ____ •________ _ .2i . _____ _ .17 .77 .15 .92 " 7.421 :~X: :~g ii 1.17 1.32 , '7.47
1919-20____ :1 5 ------- ------- .42 .25 .15 
1919-20_____ 5 __________ . __ _ .25 .25 j .25 1.17 .15 1. :)2 "7.36.012 ------..42 ._. ___ _ .25 1.17 .15 1.32 "5.391919-20_____ 5 i----~-- ------- .251 .25! 

1 

CABBAGE 

1 0.17 0.93 6715.71914-1~____ '1 1 ------- -------1 0. 76 1
1914-10 _____ 3 0: g ::::::: --o~iii- --o~oiir::::: .20 .97 61 16.3------- -------' 1914-15_____ .13 0.11 .12 .14 I_______ .50 1. 26 6721. 5-----14 ----- ... -__ I' :fg I
1916-17_____ 14 0.17 1 

1.35 .2l 1. 56 g, 3.8 
1 ------- .26 .26 .30 .a6 r------ .21 1. 41i i'12.0419HH7____oj .17 .241 .2,1 .31 .28 _______ 1.25 

1910-17 _____ 
14 ------- .18 .17 .20 .20 _______ .21 1.10 i 9 4. 8414 .14 , .S9 

1910-17_____ Il 
-------

• !.5 .20 .15 .14 .25 1------- .89 .21 1.10 " 7.87 .. -----1916-17_____ Il .16 ! .16 .20 .14 .2'21 __ •____ .88 .21 1.00 " S.3ti 
1U16-17 _____ ------- • 12! .14 .10 .18 ______ • .21 .92 "3.7411 _... ,.. .. - ... .17 .71 I.20 .36 .86 1. 2'2 '0.5'21918-19_._._ 4 

~ 

---,.--- l.tH , 10.7'19I5-I9.____ 5 .28 .78 .86 2-- .... •~I ~ :•••:: .:::::::::.:. 1.11 .86 1,97-~- 1 59.75 .36
19l9=~~~::=1 4 --0:28- .17 .O~ •• -----,--.---- • ______1. ______1 .S:I 1°.';5 I. US ! II 6. UG 
1919-20_____ ; 4 .28 .:1:1 .78 1°.55 1.3:! ,II 0.24 
1919-20_____ : 4 .28 .50 I.m la.5!i 1.58 !l l 6.57 
lU 19-20_____ .41i .17 .1i:1 i 12 0.72 
19\9-20 _____ : -.----- .. --_ ... --

.75 .17 .92 5 n u.:n5 :~f; f-::::r:.:i,~f:.:~~r5:ii: 
5 ......... - .. ------- .08 \ __ .•.•• 17 .17 \ .a3


1910-20 ____ .. 0 
~-

-... _... _-- : .1:1 _____ ._ .25 .50 .50 1.:18 I.fi!i ' 1l7.a - ...... "'--- .17 
17 1.14 __ •__.•25 .25 .50 . 1.3l ' 13.0'2 

1019-20____ -' ~ j---'-'- -..._--- .14 •______ .t7 .17 .3:! .SI .98 ' \).\18
1919-20 •• __ .: I.B 

a _.. _____ 
.H _____ ._ .08 .081 .17 • ·17 .17.17 ! .61 18.4oW19-~'O_._._: 5 .... -_.- -------

I [ I 
OAIUlOTS 

, \l6.97IOIS-I9 .. __ _ 3 ;•••. __ .\ 0.17 
Al35.81 

I!WHU ____ -' .17 I .;1;1 I' O.II \.------ .-.--.- -------1 .67 .85 1.52 1\30.30
I\WHO __ .. ; a :.. ~ ........ .17 , O:~~ !:::::::l::::::: ::::::~ :;:;:T O::m -~:ig I-I:'~fll 


..~I .11 i------- ________ ._____ , .07 .85 II 1..52, all 5.25
19IH-I9. '_" ~ t:::::::, .17 ' 
IUlR-l\I __ ._. .10 . .42 'I .251. ______ -- .... - -·-----1 .8:! .85 I. liS I "! O. 04 

-I I.------ t .42 .25,.. __________ ...______ .8:1 .85! 1.68 bll O. 20
191~-IO. __ .• .10" ---.. ··1 ----------'----- - --.-.,--'--.....:..-~-

Sou footnotes on PUgo 0,1. 

http:0:28-.17
http:1-------.89
http:r------.21
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TABLE 17.-Irrigation water appl'ied monthly, rainfall, total water l'cceived, and 
crop yields ,in lower R'io Grande Valley, Tex.-Continued 

CAt"L1FLOWER 

'--~--~----'--~---

'rota. quantIty of I
water in nCn.'·(eet Monthly application of water in acre·feet per aero rol~i\"e<l hy crop 
per acre . Yicld 

Year Iniga· J per Hcn'
i tions 

1 NO\..~::~:a:-~~:-!~;a~ g~i~~'n ~~ir': Tottll t 

;£.....llmber~ 
1919-20. __ .•; 4 
1919-20..... , 4 
1919-20•..• ,' 4 
1919-20..... 4 
1919-20... • 4 i 
1919-20•.••• ' 4 

O.li ....... . 
• 33 : ..... 
.50 
.50, ....... 
.33 
.l7 

O.OS ...... J ....... 0.46 
.il 
.00 
.94 
.69 
.H 

0.90 
. 90 
.90 
.90 
.90 
.90 

1.36 
1.61 • 
1.86 Ii 
1.84 
1.59 
1.34 

'1'0113 
:1115.12 
$ u 5.~\i 
j II .1.45 
t I' i.72 
, 11 8.24 
til 8. 03 

L E1"I' [. (' g 

1914-1;' 
191+-1" 
191+-VL 
IQ16-I. 
1916-1•. 
1916-1. 
1916-1. 
1916-1. 
1916-17 . 
IQI'-IS .. 
tUn-Is .. 
191.-1,,, • 
191.·IS,. 
191'-lh. 
1917-1, 
19!7-1~ 
191i-IS 
H!l,~IS 

191.-1:-; .. 

JUI'-I'I!H'-Il-i. .. .. 
1917-IS ..• 
191.-lS. 
1!Il';"UL, 
191tH\! 
19UHU •. 
191s-m 
1915-1ll 
lUl'-LU . 
1!1I"..W 
IOIlS-W 
lIllIS-HI. 
UlJi'H!I . 
lQII<-W •••. 
1911i-W 
1U1,'-LU 
191~··m 
lHlP'"-~) 
ltil\J-20 
WUI-!''O 
1!1l9-20. 
1\l19-~'O 
IU19-20 
WI~"~~1 
WI· ..11l 
I~I~ ·:m 
HHc"',!O 
WI9-20 
WW·.20 

.-- ...j. ............ :::::: 

~ --···o.-i.~··o:~il· --o:.j~·i 
R .15.:17 .42 
S .W .:n .:Ifi: 
s .10 .:11 .:12 
" .06,10. IS i 
.... .07.20 .:!'.! 
fi .0".10.21 
r, ,0.".10.21 
tl .0.,. 1lJ .21 
Il .OS' • III .21 
fi • OS .11 .21 
r, .O~.IO .21 
Ii .12 .1. .31 
tl .12 .1. .:11 
Ii .12 .17 .;11 
r. .10 .17 .;\;1 
11 • J() • IS .:12 
fl .1·1. IS • ~I 
n .14.10 ~ 
fl .12.21.!:! 
,~ . If .0\'. 
'I • Ii .47 
~ .17 .:iU 
4 ,17. 3V 
a . I. .30 
!l .17 .30 
2 .~j2 .. 33 
:! .2H .aa 
:I .17 .:13 
2 .35.~ 
2 ~ '2.; .. 2.i 
2 .2.i .2:t 

.211 • !Ii 
.. ltj 
.11; 
~;S2 
• 2~1 
.I!J 
.1') . 
.1'1 
.27 
.2;.,

'O:(j.j 
.17 
~ 21 
. Ii 
.li 
.07 
.06 
.0., 
.os 
.0'-; 
.0'.0., 
.1)" 
• Ih' 
.13 
.1.1 
.1:\ 
.1:\ 
.1:1 
.W.1. 
.Ii 
.2~ 
.2.; 
.m 
.16 

...... -." ~ ~ - ~ 

0.14 ....... 
4.') .' _. ~~ _• 

.1:1 

.1:1 

.1:1 

.1:1 

.10 

.1:1 

.1:1 

.1:1 

.1:1 
.15 
.15 
.14 
.14 
.16 

.WI 

.lI'
.2.) 

" 

o. i~' 
,.,0 

1.31 
1.11 
.!H 
.~o 
.49 
•.1,
.nO 
.£0 
.60 
.60 
.r.s 
.no 
.~n 
.:-;6 
.KG 
.&'i ..~' 

1.06 
I.On 
UJ" 
• >;!I 
.~u 

· i2 
· i2 
.47 
.4t 
· s.~ 
.H2 
.,'0 
• flO 
.;0 
· :0 
• ,t•• 
.41 
· in 
.W 
.tljj 
• 27 
.27 
.27 

O••4 
.. 74 
..74 
.24 
~ :!-l 
.24 
~ 24 
.2·1 
.24 
.04 
.04 
.01 
.04 
.04 
.04 
.04 
.04 
.04 
.01 
.04 
.Ol 
.04 
.04 
.7h 
.7., 
• 'j~ 
.!~ 
• f.", 

• is .uo 
.90 
.91l 
·~o .uo 
.vo 
.uo 
.uo 
· I.' 
.l~ 

· IS 
.Hi 
.l~ 
.I~ 

· I, 
.I~ 

.1' 

.I~ 

.I~ 

.1·' 

o.~~ I 
l.aa 
1.5;; I 
1.35 
I. IS i 
I:~:~ (I
.SI 
.IH 
.64 

:~l;.62 
.64 
.00 
.00 ! 

:~g I' 
.92 

1. to 
1.10 
L12 
l.B• 
LfJ. 
1.10 
1.50 
1.25 
1.2;; 
1.75 
1.r2 
1.40 
1.50 
1.40 
14U 
1.:1;' 
Vi) 
• \14 
I.[~, 

L\.t 
.4.• 
• Ll 
.4;; 
.f)2 
.Il:? 
.1.2 
• it) 
· iii 
• it) 

a II 10.6;' 
'"13.91 
e u l.L57 

H6:l.BS 
• "4.:1:) 
, "3.50 
5l!J.,1.1H 
J t63, 71 
5 l~;;. (,0 

l I~ 72 
I ~!.l-;\l 
, :1.0;' 
t 2. 70 
22.2,!) 
':l.l'i' 
'4.J:I 
':!.fIO 
:!:J. 77 
13.6.~ 
, 3.0:\ 
~ 2~ 5:i 
I :l.49 
t 2.90 

3 ,- 4__ \)"j 
J f:.t. 72 
~ F 4.4fi 
'I' 3.UI 
, ,. -1.04 
• t' -1.-17 

l;j.,sU 
:;j.71i
!4.:m 
, 4.3\1 
:~.~~'.l.s.• 
l:l.OI 
;. 2.:--1) 

'Ia.liI 
z l"l.~; 
I H.:J6
··.l..")H 
s .... U"i 
;f,.-t)."i 
~~. IH 

, 10.;,; 
'Il.-II; 

5 Ri") 
'II!.',I
, 11.62 
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T.... BI.E 17.-IrrigaHon water applied lIIonthly. rainfall, Iota I It'aier l'eceil'ed, lmd 
crop yields in IOIVer Rio Grande raUey. 'l'i'x.-Continu('d 

:lPLKA('U 

Y~ar Irrign·_ --1- -
tions : I 

Hnill':;"Jlt. . ON. l So,', I n~(·. Jan. Veh. 'I Irri· Tot'll;~rnr. gntion fnll 

[- .. --1-
! Tons 

HJl ~-15~ _ _ 0.41l 0.4U 66.15 
JUH-15••• ,. 0.0:1 n. (), n.l!! i-~O'-22- • ·19 .71 $11.20 
1914-15••••• .12 .~) .·10 .9U $ Jt.!'.i 
191&-19.. ,. [I:i:;: O. II .1;"... ,' :~ .IlS .91 5 :l.34 
101S-19••.•. . I;;. ,II .2fi .68 .UI i 53,!H 
1915-19••••• . IS' • I, .;{;"j • f,~ 1.0:1 '3.01 
191&-J!L ..• .I~, .17 .ail • (is 1,03 52.20 
Wl&-W..... .50 · n.'! l.lS , 2.12 
191&-10••• " 2 :~~ j :~~ .50 , f.~ I. I·~ !2. i.e; 
1918....... . 2 ' .,[,1 .4S .92 , 1.13 ., .50 , .4S .9S '.S91918..... , •. 
1918•••••••• ~j j~ !::=:::::::::~:: -I 

.59 ' .-tS· 1.07 ,,OS 
- I~ *.-~ -* 

I I I J ! 

1 '[,hese e,periments were conducted ulllier cooperative ngreement hetween the 're,ns ~tat~ Board of 
"'ater gnginccrs nnd the Burenu of Public Honds. e. s. Depnrtment of .\griculture. 'l'he<e were plot 
experiments conducted at stntion 1 mile south of ~lert'Cdes. Soil of west 14 ucres consists of Ii~ht·colore" 
sundy lonm underlaid with yellowish sund~' loam. Soil of the east 17 ilcres consists of dark. hem', clny
loam nnderlaid ilL 4 fl'Cl with Slimly clay. ~oil at ;\I.ercedes a gray·hlnck ,oil of tim' t~\tlIr" underlaid 
with snnd~' clny subsoil. nninlnllunder 0.25 inch. ulliess followed hy u/lother rain in !!I hOIl"'. was gen
erally not counted, although lighter showers on shallow·rooted plnnts dllrin/( wi'lI~r selNlII' were ,ome· 
times included. 

, Clay soil. 
3:~ frosts occurredt retarding J,!'fowth, lengthened PfO(l11Clion perioti, nllIl inCfE'Hseti w0.1('( recluiremeut~.. 
• A normal year. 

'Sundy soil. 

6 I.oam soil. 

, Estimated 4·inch ruinfull wuS of no henefit to shallow·rooted crop. 
, Handy loam soil. 
, Yield damoged twice by frost. 
Ie Hainfall 3.23 i/lches immediately following irrigation hus 1)l'Cn deducled. 
II }"irsl crop. 
11 Second crop. 
I- Irrigations 3 and 4 followed by I-inch nnd 3·inch rainfall prohably re(\lIc('" elTecti,·c npplic:ltion, at 

lenst 3 inches. 
11 It is prohable that 5.94 inches rainfall in September, immediately following nn irrigation, \l"a.< ""I,ted. 
11 At lenst 2 inches of the 4.04 Inches of rainfall in January wus of no heneflt.I. Growth cheeked by temperature of 24° F. in February. 

" Crop injured by hea\'y raills. 




•• 

TABLJ~ 18.-Jrl'iga/ion waleI' a1J7!li'ed monlhlll, ra-i'lljflll, lolal wale)' tcel'il'ed, (lnd crop yields ~''/l. 101(1er Ria Gi'nnrlc l'alle1J, 'l'rx. 1 

RUOAIWANB 

'I'nillt qUlllltlty 0( WlII('r in ~ ~I 0111 hlr lI)lplil'lIl ion oC II "I l'r in Iwrc·rr<'l pcr lIrre nl're·recl rUl'oh'l1d hr crop 
per urnJIrriga· Yield perYenr tion ncre 

])e('. JIIIl. 
II Fell. , :\Iur. Apr. I :\rur June I July Aug. Sept. lrrign Hllinfllll '['otlll ~ 

.._-, I 
lion Z 

SlImba 7'0118 ~ 
IOIil. _ ....... . .IS Q~i
...1-='" o.:J-:O.H\ tl.·12 0.07 2.13 1. 88 4.01 '" 19. tl7IIlIO •••....• 1:1 , .67 .~ .2.i .ao .:!1 .18 i 2.0:! 1.88 i 3.111 2~~21.i5 
1910 ........... .. 23 .1l7 .~ .28 .50 -1') ~)5 0.13 .. 15 2. il 1.881 4./m 11'2:1.33 
191/;. .... . 15 . .67 .~ "8 .42 :41 :22 .Iil 12 2.65 1.88 4.4:1 2'~25.25 
19111-. ... . 21 ~ ljj :ill .62 .60 .32 .19 .13 :!.OO I.SS! ·1.88 " r 20.00
1910 .. .. Iii .117 .~ .:13 .·11l .~Q .:1 .20 .10 2. g·1 1.88 4.S2 2~'27.50 I1!1I7 .. . 15 0.12 .12 ! .la . :i2 • (;, .nO 1.17 3.0:! .117 ·1.00 " 20.3
1917....... . 15 .12 i .13 .la .-1-1 .. i , iU .07 ;U\J .97 '1.58 H33.tl z 

i)l': I1917 .......... . 17 .13 .08 .50 .33 lj~ I"' .17 2.51 .07 3.48 ' " 20.0 t3
1917. ... Ii .1:! . 12 :w" :iiiJ ........ \1 
.07 .50 J. 25 "5 :t57 .97 '1.54 "33.9


1017•• Ii .13 ' .OS .25 ........ . .fi() .33 .S3 : i7 2.51 .07 3.48 "30.0 o
" 1917 .. .. J7 .13 .12 :w .36 ...... .. 1.25 .25 3.57 .117 -1.fH ,r 32.18 >oj
'ti7! .50 

• O• 1 ,jt 22.941917 ... . 17 .13 1 • OS 00 .25 ........ . ,nU .:13 .83 .17 2.. 51 r 3.48 ~ 

191....... 17 • I:! ]~ :w .311 ..... .1 .67 .50 1.25 .25 :1..17 . Hi ·1.5·t 28.~0 

')0} , ~ 1917-IS ... 15 (l.W .09 i .OS .J.] .08 .... ···1 • _... ; ..l5 ' .51 .~ 2.00 1.0·1 , r 18.34 
1917-18.......... . 1.1 
 .16 • DU i • OS .m · iE) .W 2.61 1.01 :J.~. ~!b., " 2tl.la.W191.-18 ....... .. in .a2 .08 . .OS .~ 

.251 8 

.10 1".............. I. ,33 .7S .e 1. 0·1 "37.05.13 .93 3.19 4.53 

101.-18. ' ...... . 1[, .10 .00 1 .Oti .J.] .OS .........1 ~22 .3.; .51 2.00 1.(){ 3.0·t ~ 
.~ " 14.SS
1917-IS........... . J.'i .Hi • (J<J .08 .IS ,2'; I .50 • i;j .W 2.01 1.04 3.65 ~ t 26. fi!i z 
1017-18... .. iii 32 .08 .OS .22 ,:13 .7S .e a. ·W 1.01 4.5:1 ~lafi.9n tj• U:!:~~ .::::.:::)IOI7-1~ __ ... .. •. ]5 .111 .on .OS .W .22 i ~a.) .-il\ .~ 2.00 1.0·1 a.O·l " 1S.2Il
10Ii-IS........ .. 15 .09 .US .18 .10 ........! .25 : ,flO .75 ,00 2.61 1.04 :!.65 ~ • ~>g. 77 ~ IIllT-IS.......... . Hi :~~ '. .08 .o.~ ,j 30. Itt
.~ .Ia ........ .:13 I .78 .93 .02 3.411 1.0,1 4.5:1
19I5-IO......... .. 9 ~ 
.~ .17 1_'''_'''''< .52 .~ 1.3·1 2.2-1 3.58 ~1I20.25.OS .10 IIOlS-lU ........ __ •.. 9 
 .li .10 .12 • 21 1......... .: .75 .W 1.85 2.2·' ·1. (J<J " 21. i5
'i t _'_ .L,"_,__ _ @

1'J'hesc experiments \\ ere ('OlHlllcted uIt'let COOI}Crntivc ngrecment hetween tho 'l'o:ws , Sandy soil. 
Rtflto Bonnl oC \l'uter Engineers 1I1ll1 Ihr.' Bureau of Puhlie Hoads U. S., Doparlment oC I Dlle to excessive mins lit least 10 inrhes was nol bellelki:l1. 
Agriculture. Plot experiments conducted ul station 1 mile soulh of 1Ilerccdes. Soil oC r Pluut cnuc. 
west 14 .ncres cOllsists oC light-colore(l sflnely IOflm underlnid with yellowish snnlly IOlllll. , l'lay SOil. ~ 

~Soil oC the cast 17 acres consists of dnrk lIenq' chlY IO(llll untlerlni(lllt ~ feet with sllmly o 8tuh1)le s"'Cond~ye:1r cUlle. 

clu~·. Soil nt 111 erceues 11 grny blnek soil oC fine lexlure underlaid with suully chl~' lmh. t3 


\Jlsoil. HainCllll under 0.25 inch, unless followed by another nlin in 2·1 hours, was generally 
not conuled, nlthough lighter showers all shnllow·rooled pluuts during winter sensons 
w~re sometilJles ilwludcrl. ~ 

0-1 
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TABLE 19.-Irrigation water applied monthly, rainfall, total water received, and 
crop yields in Lawton, Okla.1 

BROOMCORK (DWARF) 

I Total quantity Of! 

:!\Ionthly applic'8tion of water in acre-leet water in acre-feet ' 


per aere receh'ed by crop . 

Irriga' per aCre IYield per
Year tions __--,-__--;-__. acre
I --,-~I-'---; I I' n' 

: I JUlie July Aug. Sept., Oct. Nov. :gaiPo'u I~lr- Total' 

WU17l~;)--I--~:' . __.1--\.__._-- -._._- ---'-;~und' 
1919_______________ 1,_______ 0,06 ................_...._, ..._... ' 0.06 0.94 1.00 I 1,235 

mg:::::::::::::::; gi::::=:: -"~~~'(~:~' ::=::::':::::::\::::::: :~ :t 1: ~ i I, ~~ 

RROOMCOR/\ (STANDARD) 

0.24 	 0.94 1.18 I 1,525 
.25 	 .94 1.19 : It 97.1 

.94 l,OiU . 
•94 . 1,360:gg It 	 .94 : i:gg \'.00 .94 1,830 

.00 .94 ! .94 1,690 

FE'rEIUTA 

i 
1919__ •••_.•_...... i 0.94 1. 00, 2,275 

.94 1.00 2,602mg:::::::::::::::i .94 	 .99 :1,336
1919__ ..__. __..._.. ' .94 1. 05 3,658
1919.- ___ ._........: 	 .94 1.15 3,905 

.94 1.11 a,195 ....· ........ ··1'
19191919 .........._._•• .94 .94 2,502
1919__ ...._...._... .94 .94 2t 790 

KAFIR 

1919. _.......____._ 
 1. 60 1.74 2,628
1919__ ..........._. 1.60 1.75 2,737
1919__ .._........_. 1. 60 ' 1. 71 2, 975
1019__..___......_. 1.60 	 1. 71 2,550
19l9.__..._..._._.. 1.60 1.76 2,020 
1919._........._... 1.60 1.74 2,128 
1919_ ............. . 1.60 1.60 1,825 
1919.............. . 1.60 1. 60 2.100 
1919........_._.... 1.60 1.60 2,551
1919__ ._._._•••_... 1.60 1. 60 2,111 

.lIIILLET 

191L"~==~I'--~~ I......) ..1···~~_~=~~··~·;~3-: -·0~~~~--:'.·91~\---5. 076O. 23\.__.... \1 ....· 

1919__ ._._.__ ..._.. 0 -.....-1'-.........-.....-... ·..··..:..·-..;....·..1 .114 i ' I 3,960 


.lIlIl,Q 

1 These c.tperimcnt.s were conducted ullder COO(lerntive agreement. het.wecn the Bureau 01 Puhlic Honds 
and the Oklahomll titllte Bonrd 01 A~riculturc at the Cnmer()n School 01 .\griculture, near Lawton. 'rhe 
plots included 0.1 acre euch. 'Phe SOli is II thin unland clay. 
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TABLE 19.-Irrigation water applied monthly, rainfall, total 10ater received, and 
crop yields in Lawton, Okla.-Continued 

ORANGE CANE 

j 'fotal 	 quantity of 
?!onthly application of water in acre-feet I water in acre-feet! per acre received by crop 

Irriga· per acreYear Yield per 
I tions I ,', I 1 I acre 
! - j lrri- \ Rnin~ I 

! June JulY, Ang. !Sept. Oct. ",,0,-. ,gation, fall 1Totnl 

-'I--~,---- -~ ;-- -~.-". ---,--,--f ~--. - 
'Number i 	 I Pound., 

;~:~===:=====:=====: ~==:==::li__ ~~~~J:=:::::;::::::: ::::::: ::::::: --~~~~- u:~ 1 1: ~ ~: ~ 
j 	 I ,f , 

PEAS 

1910. ____ • _ • _______ ,
1919. _____________ • 
1919 ___ ._. __• ____ •• : 1.1-:~:::I--":~I::::::i::::!:: :::::::;:~:=:c;::~:11 )~ _.1 a : __~_:~_~

i 

RIBBOl:\ CAl:\E 

11,_,,_,_ 31 1·------'-------!·--..--L.-----/ 1.39 i0.	 0.31' 1.OS 22,800o .------;.---~-- .... ,.----i------- _______ t~ ______ -- _____ , 1. os 15,8001. 1. OS i 
SlJDAl:\ GHASS 

_. -1---;--- 1919 ____ .._. __• ___ _ 
1919 _____ • _________ 2 '..----- 0.05 0.41 .... _._ __ • ,. __ _ O.4G 0.94 i 1.40 I .,200'_00 	 •• 

1919_____•• ___•• __ _ 1 ,--_____ .10 .- ..........._ ••.• _.. ...•••• .10 .94! J.IJ.l .,200 
1919 __________ •____ g;::::::::::::::i:::::::::::::: :::::::,:::::::t::::::: :ii.t 1:ii.t ~:~gg

1-------------~'---------'---~ --.--.-~'--.-~,-,---.-~'---~--~ 
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