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INTRODUCTION. 

This bulletin contains the results of experiments made in coopera- 
tion with the State Land Board of Idaho to determine the quantities 
of water needed to produce the ordinary farm crops on the types of 
soil common to that State. The experiments, in addition to investi- 
gations strictly bearing on such irrigation requirements, included 
certain supplementary investigations. 

The irrigation-requirement experiments extended from 1910 
through 1913 and consisted in applying different quantities of water 
to plots receiving similar treatment except for this factor. It is con- 
sidered that these experiments fix within reasonable lmits the 
amount of water which must be delivered to fields to produce profit- 
able crops under the conditions described. The supplementary 
experiments were made for the purpose of determining how much 
additional water must be allotted to cover waste and losses between 
the point of diversion and the fields to be irrigated. 

The conclusions contain a discussion of the factors affecting irriga- 
tion requirements in actual practice. 

Notre.—The work on which this bulletin is based was done under a cooperative agreement between the 

Office of Experiment Stations and the State Land Board of Idaho, several of the canal companies and the 

railway companies operating in Idaho contributing to the expense of the work. The bulletin will be of 

interest to officials administering the water supply of the Western States, to students of irrigation prac- 
tice, and to farmers. 
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PLAN OF INVESTIGATION. 

The investigation was planned to show the actual irrigation require- 
ments of the various soils and crops common to southern Idaho. 
The staple crops—alfalfa, clover, pasture, spring and winter grains, 
potatoes, and orchards—have all been represented. The fields mes 
a varying topography, with slopes ranging from 20 feet in 100 to4 

feet per mile. 
In order to make the results practical and dependable and such 

as good farmers might obtain under average conditions it was — 
decided: (1) That the investigation must be conducted in the main — 

by men employed especially for the purpose and without outside — 
interests; (2) that the areas experimented upon must be compara- 

tively large; (3) that the investigation must extend over several 
years, so as to eliminate or neutralize the individual characteristics of 
the different seasons; and (4) that the mere measurement of the 

water applied to single tracts would be insufficient, for this would 
not show the yield that might have been produced by a greater or 
lesser application of water. 

SCOPE OF INVESTIGATION. 

As mentioned above, the study extended through four seasons, 
during which time water was measured upon 529 individual tracts, 
having a total area of slightly over 3,600 acres. In order to determine 
the normal quantity used by the farmers when such use was unre- 
stricted and not influenced in any way by the proximity of experi- 
ments, the water applied by them to 28 other tracts, having a total 
area of 1,306.8 acres, was measured with automatic water registers. 

The water diverted and used by seven different canal systems in 
1911 and nine systems in 1912 was measured, and the areas irrigated 
under them were determined. 

In a comprehensive study of the transmission losses of canals the 
seepage losses in 118 sections of different canals with an aggregate ) 
length of 278.3 miles were determined. The canals measured varied 
in discharge from 0.07 to over 3,190 cubic feet per second, and j in 
cross section from 0.117 to 984 square feet. 

The percentage of nonirrigated or waste land in a typical project 
was also determined, 16,067.8 acres located in two bodies being sur- | 
veyed for the purpose. 

The territory covered extends from Rigby, with an altitude of — 
4,950 feet, in the upper Snake River Valley, to Weiser, with an alti- | 
tude of 2,114 feet, on the western boundary of Idaho, a distance of _ 
368 miles. Y 
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IRRIGATION EXPERIMENTS IN IDAHO. 3 

SELECTION OF TRACTS. 

As it was imperative that the final results of the investigation 
should show a duty that could be secured by good average farmers 
without more expensive preparation than would be justified, only 
‘such tracts as were considered typical in regard to soil and practical 
in regard to preparation were included, and they were not especially 
prepared for the investigation in any way. 

DIVISION OF TRACTS AND VARIATION OF WATER. 

Each tract selected, wherever its topography and size permitted, 
was divided into three approximately equal parts, care being taken 
to select only such tracts as had uniform soil conditions and previous 

_ preparation and cropping throughout, in order that the results from 
the different plots might be strictly comparable. In most cases the 
tracts consisted of about 15 acres, divided into three plots of about 
5 acres each, in the same crop on the same soil, with all conditions 

uniform, except that a different volume of water was applied to each 
plot. 

Weirs were installed in the ditches leading to and from each tract 
in order to measure the water applied and wasted. ‘These tracts 
were selected from average irrigators’ farms in representative dis- 
tricts, and the owner of each was allowed to select one of the plots 
into which his tract had been divided and to irrigate and handle it 
during the season and apply the water at such times as had been his 
usual custom. The two remaining plots were irrigated by applying 
more water to one and less to the other than the owner applied to the 
plot he himself had selected. The yield produced usually indicated 
which plot had received the supply of water best suited to the soil 
and crop in question. Usually four or five experimental tracts were 
selected from as many farms in the same neighborhood, since one 
assistant could look after and irrigate that number of tracts pro- 
vided the same were located within a radius of 2 or 3 miles. The 
water wasted from each tract was measured, and all amounts tabu- 
lated in this report unless otherwise specified represent only the 
quantities retained upon the land. 

MEASUREMENT OF WATER. 

Cipolletti weirs were used in the measurements, the weir boxes 
usually being built of 1-inch lumber. The weir plates used were 
16-gage galvanized iron. The head on the weirs was measured each 
hour or oftener, as was required, with small steel rules graduated to 
0.01 foot. Measurements of the head were made from the tops of 
spikes driven vertically into substantial 2 by 4 or 4 by 4 stakes placed 
in the weir pools upstream from the weirs, at about twice their length. 
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The spikes in the tops of the stakes were leveled with the weir crests" 
by means of long carpenter’s levels, great care bemg exercised to 
keep them level at all times. It was found that excess velocity of 
approach, due to the filling up of the weir pools, was the most fre- — 
quent source of error in weir measurements, and special care was 
taken throughout the entire investigation to maintain weir pools of — 
sufficient size and depth to insure a slow velocity of approach. The 
formula used in computing the discharge over the weirs was Q=3.367 
L H?, where Q=discharge in cubic feet per second, L=length of crest _ 
in feet, and H=head or depth of water on the crest in feet. a 

Usually the head was measured every hour, but where the flow 5 | 
remained rather constant measurements sometimes were taken at 
two-hour intervals, and where much fluctuation occurred the head 
was measured oftener than every hour. Plate I, figures 1 and 2, 

should furnish a clear idea of the type of weirs used. The volume of — 
water diverted by the large projects was determined by daily gage = 
readings and current-meter determinations. 

DETERMINATION OF AREAS AND YIELDS. 

With the exception of the large projects, all areas included in this — 
investigation have been determined by transit and chain surveys. 
The transit notes were plotted on a scale of 100 feet to the inch, and _ 
the acreage was determined from the map with a polar planimeter. 3! 
It is believed that the areas of all of the tracts in this vari ation eX- 3 
periment have been determined within 0.01 acre. | 

The crops from the three plots into which each tract has been di- _ 
vided have invariably been cut, stacked, and‘thrashed separately, 
and weighed wherever possible. In cases where grain or alfalfa fields 
were located at long distances from a set of wagon scales and weigh—@ 4 
ing has been impracticable, the yields from the different plots have © 
been determined by the automatic weighers attached to the thrash- 
ing machines and by the measurement of the hay in the stack. 
While the determination of the yields by the latter method has not 
been absolutely accurate, the same method has been used with all | 
plots into which a tract was divided, thus insuring comparable | 
results. 

CLASSIFICATION OF SOIL. 

The soils on the different tracts have been classified with respect — 

to their mechanical composition only, chemical analyses having beous 
made in but few cases. Representative samples of the first, second, © 
third, and fourth foot of soil from each tract ees upon — 
have been secured and prepared and are now filed away for further | 
reference. The soils varied from the finest of adobe clays to the — 

coarsest gravels. The extremes of soil which have been included © 
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Fic. 1.—UPSTREAM VIEW OF CIPOLLETTI WEIR USED IN THE IDAHO INVESTIGATION. 

Fia. 2.—DOWNSTREAM VIEW OF CIPOLLETT! WEIR USED IN IDAHO INVESTIGATION, 

SHOWING METHOD OF MEASURING. 
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Fic. 1.—SAMPLES OF FIRST, SECOND, THIRD, AND FOURTH FOOT OF CLAY LOAM SOIL 
OF FINE UNIFORM TEXTURE. 

Fic. 2.—SAMPLES OF FIRST, SECOND, THIRD, AND FOURTH FOOT OF VERY GRAVELLY 

SOIL. 
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e well represented in Plate II, figures 1 and 2, which show the 
average soil of the first, second, third, and fourth foot of two of the 

_ experimental tracts. 

. 
4 

MOISTURE DETERMINATIONS. 

The primary object of this investigation having been to determine 
| the quantity of irrigation water required by the soils and crops of 
_a farm or project, it was not considered advisable or practical on 
account of the large territory involved to go to the expense of mak- 
ing exhaustive soil-moisture determinations on all tracts throughout 

\ the season. A careful determination of the moisture in the first, 

second, third, and fourth foot of soil of each plot experimented upon 
was made, however, before the first irrigation and about the time 

plants started to grow in the spring. This was done by securing a 
large number of representative samples from each tract and drying 
_ them in an oven at a temperature of 108° C. While the available 

soil moisture has not been taken into consideration in averaging the 
‘quantities of water used and the yields obtained, these determina- 
tions have permitted of a careful comparison of the results secured 
from the different experiments. 

REIMBURSEMENT OF LOSSES. 

The owners of the various experimental tracts included in the 
- investigation have been reimbursed for all crop losses that have 

been experienced because of variation of the water-supply. The 
yield of the plot selected and handled by the owner himself was used 
In each case as a basis for determining the loss. Reimbursement 
was found necessary in connection with less than one-third of the 

tracts included in the investigation. 

METHOD OF INTERPRETING RESULTS. 

The correct and proper analysis of the results has been the most 
difficult part of the entire investigation. Even when the greatest 
care is used in agricultural experiments there are many factors 
other than those under observation which may influence the yields. 
Normally it has been assumed that the plot which produced the 
best yield in each experiment received the best application of water. 
In many cases, however, the largest yield has exceeded the yield — 
of one of the other plots by not more than 2 to 5 per cent, when 

_ the quantity of water applied for the maximum yield exceeded that 
applied to the next largest yield by as much as 100 per cent. In 
such cases it is apparent that if economy of time and water is to 
be considered, it is better practice to apply the smaller quantity 

of water. The investigation as a whole has emphasized the fact 
that the results from single experiments can not be depended upon, 
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because there have sometimes been great variations in the yields 
produced by the same quantity of water on the same crop upon — 
adjoining farms. These variations have made it very evident that 
dependable results can be secured from agricultural experiments 
only by basing conclusions upon the average of results from a large 
number of experiments. 

WEATHER CONDITIONS IN IDAHO DURING THE INVESTIGATION. 

It has not been considered practicable, although it would have 
been desirable, to install a rain gage in connection with each tract 
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Fic. 1.—Comparison of average annual precipitation with that occurring during the growing season. - 

experimented upon. The United States Weather Bureau has a 

large number of cooperative observers’ stations scattered quite 

aeionia throughout the territory involved in the investigation, 

and the precipitation recorded at the station nearest each tract 

has been used. This may be slightly inaccurate, but the errors 

are compensating and small at the most. 
The normal annual precipitation in the districts of southern 

Idaho which have been investigated ranges from slightly less than 

10 inches per annum at Ouldlie to 17.75 inches at Hailey. Hailey 

is situated at a comparatively high altitude, and the precipitation 

in this place is consequently bem the average for irrigated southern 

Idaho. The average precipitation in the Src eared districts 
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Fig. 2.—Range of temperature duriag the growing season for three representative districts. 

13653°—Bull. 339—16——2 



8 BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 

ranges from about 10 to 14 inches per annum, of which from as 
low as 3 inches to as high as 6.7 inches, or about one-third, occur 
during the growing season from April to September, inclusive. 

The growing season of 1910 in Idaho was the driest on record. 
The precipitation during seven consecutive months, from March to 
September, inclusive, was below normal, but the temperature ranged 

above normal during the entire season. The seasons of 1911 and | 
1912 averaged much cooler than that of 1910, but the precipitation 

a te 

during both of these years ranged above normal during the entire _ 
growing season, aS may be seen from the tables which follow. The 
season of 1913 was another with high precipitation, while the tem- 
perature was a fair average of the other three years, 1910 to 1912, 
inclusive. The following tables and charts have been compiled from 
the records of the United States Weather Bureau for the purpose 
of showing in condensed form the weather conditions that existed 
during the four years covered by the investigation. Figure 1 shows — 
the precipitation for one town in each district and figure 2 the range © 
of temperature during the growing season for three representative 
districts, and it is believed that a careful study of these charts will — 
furnish a correct idea of Idaho’s normal weather conditions and of © 
the weather experienced during the four years’ investigations. 

TABLE I.—Precipitation, seasons of 1910, 1911, 1912, and 1913. 

SEASON OF 1910. 

Avera: ae rene 
Length | preci sHaniore Precipitation by months. ne 

of : Total | ont 
Locality. OE | et TE of a 

in hee ae months 
years. | 1 [ee pt. | Pr: | May. | June. | July. | Aug. | Sept. 

Inches .|Inches .|Inches .| Inches. re ees Inches . Inches .| Inches. = 
IB lackiO0ts. = ooee ee 14 | 10.46 | 4.84] 0.67] 0.7 0.10; 0.21 Abe 0.47 2.23 46 
IB OISG Ee ae | 25 | 12.7 4.10] 1.10) 1.14 30 “Ty: 0 -90 3.04 74 
IB UNE eee e Si, £22227) 5243 82 BOO 20 |) 28 QO: |=2. Se sE ee eee : 
Caldwelliee see 5 | 10.54 | 3.51 1.05 . 84 . 03 Abe 0 .89 2.81 80 
Goodinsats-ee-e-e a ase Meee 77 Sey? 08 24 0 .44 1°85) | 
Hailey sas see ees 8} 17.15 | 4.04 81 . 80 . 06 S27 0 1.33 Soe 81 
Idaho Falls.......-- 15 | 14.45 | 6.24 06 =D .14 aia At 1.30 2.36 38 
Shoshonese 5-2 oee 3 | 15.06 | 2.91 33 -43 .O1 -18 0 .o4 1.49 51S 
twain Hallss- see 5 | 12.90 | 4.40 7 52 - 06 aah? 95 2.38 54 

SEASON OF 1911. 

IBOISONssec eee eee 26:| 12.71 | 4.10) 1.59 | 2:57/]- 2.55 0.05 Ate 0.04 6.80 166 
IBuhlSssss eee Pa TTS) | eta 117/ . 86 1.97 | 2.34 .18 ibs iis 5.35 103 
Caldwells.. 2252-2 Go| SLOSSTE ie Sy59s | MeOSe eiatS 1.44 23 Ab ~12 3.95 110 
Gooding= 252 ae PF | WE ORC eee 9) [Ps a ker is Tid. 1.06 0 0 Ay 3.98 124 
Hailey 455 Ses ON M6527) 45301" 15670)— 2291 TGGS5 |) AOR: AN 03 6. 18 144 
idaho Halls 5-2 16 | 14.00] 6.00 S952 eZ On 2407 30 | 0.07 67 6.95 116 ~ 
Oakleyce es. 18 | 9.5 4.61 5105 Ty se . 84 0 30 5.80 126 
RwaneWalls fee cas 6 | 12.10} 4.19 .43 1.74 . 883 .05 | 0.04 10 3.19 76 
Wendell.........-.- 3 | 13.86 3.96 1.35 2.00 1.95 He 0 4 5.30 134 

ree ahi: 
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TaBLE I.—Precipitation, seasons of 1910, 1911, 1912, and 1913—Continued. 

SEASON OF 1912. 

Length] pr Bas Precipitation by months. P 

of j Motal | ate 
Locality. TCCOLG! | mamas ee —| for 6 nino 

Ja) An- |Apr.to Mont OS: Taal 
years. | nual Sept Apr. | May. | June. | July. | Aug. | Sept. : 

Inches .|Inches .| Inches .| Inches .| Inches .| Inches .| Inches .\Inches .| Inches. 
BOR@s 3.4586 eee oes Qo ribet ae LO} |i oud4 5 1s 94a ORSON al 271 | sO50%- 1s Old 8. 25 201 
Bula sSeeeeeee ae 5 | 10.90} 4.99} 1.92 43 90 18 08 .30 3.81 76 
Waldwell:,.-...----- Ga LOSO5 S| Re Ael3n pel 908 ey 2. Oor |main| Le22 5731 50 to til 187 
(Gooding ......----- 3 | 10.82 | 3.24 96) | 91533 67 noe | IN .18 3.47 107 
Idaho Falls.......-- A Las230 SS VOMLOE i Us94: |) ete 36 .89 | 1.60) 2.28 44 8.51 137 
Twin Falls.....-.-- 7} 11.98 | 4.13 1.68 . 63 . 46 .48 .16 .30 3.71 90 
Wendell......-...-- 4 13276 | -3282) |, 1.38 Oi . 86 104 ek. 31 3.16 83 

| 

SEASON OF 1913. 

POISON ys ee ees = 28y l2e7 4.10) 30895 | Ol587 "156454" 2501 | 0803" 1-- 0:65 5. 86 143 
Bilas Gea eee 6 | 11.25 | 5.25 .62 1.58 2.49 | 2.29 .13 05 7.16 136 
(OodIMg ==. ..2--.--. 4] 11.14} 3.04 47 eal 91 73 08 05 2.39 7 
Hollister..........- 2 | 12.97 | 6.74 .89 le 2.40 1.65 13 49 7.35 109 
Idaho Falls.......-- 18 | 14.35 | 6.19 sei) || Meek!) || PEC) eee .08 88 8.55 138 
Walleye... 2h. ke 19} 9.99] 4.89 ole On| non Ola |i Se . 84 65 7.86 156 
[EGQOROM 6 5 3b obSa GSE eee (Gewese) | aera |eeeama tes aL ay | me Sera Me Nl Ne i Neg) Wal b/c al listo oe 
piwan' Halls. 2... -. 8) 11.78 | 4.54 53 75 | 2.54 1.50 a1 2209 7.58 167 

RESULTS OBTAINED DURING 1910, 1911, 1912, AND 1913. 

Tables II to VIII show in condensed form the principal results 
secured from the most of the experiments. It was evident that soils 
and crops differed so widely in their irrigation requirements that 
comparisons could be made only by grouping the data according to 
soils and crops. The crops are therefore segregated in two groups 
in the tables, according to their water requirements: (1) Spring and 
winter grains, potatoes, and orchard; (2) alfalfa, clover, and pasture. 
For convenience, the results from the three or more plots on each 
farm are grouped together so that the experiments on the different 
farms are separated slightly in the tables. The total depth applied 
includes only the irrigation water that was retained upon the tract in 

question, the rainfall during the growing season being given in 
another column. 
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TaBLE II.—E fects of different volumes of water on grains and potatoes in Idaho during 
the season of 1910. 

al 2 ; q Sp ats 
eS Olly os eee 
ore ~ 3 = = . 

<S S |= |e] BS 
= e Ee l/el Sa] ¢ 

Kind of a = =| at — ort 3 = _ s 

= crop. Class of soil. a z sales 8 = 

= ) S2 S & by ae 8 
a re} S S ae [<D) Lo} _- a 
oa 3 f or 5 ° Sg Q _s 

e. SS] a |o 2 w& || se < S = Bo | eieu| 28 ae 1S Re = 
A < < aA a 4 4/8 > 

Feet. | Acres. | In. Days. Feet. | Bushels. 
1 | Oats....| 3,968 | Slightly sandy loam.......- |} 3.91 | 1.49 | May 31 GSaieonleats DOES 
2a peed On| 35968) ae see dose ieee eee Cee Vetoerioue |e 490 |e 2edosesee (open 20 OTT 
3 do Se9685| Sac ae C0 KO ee ee ae ee dee aC Fee aik silty PeeGccadiacwlh Gs lhshsil 27.6 

4| Wheat..| 3,800 | Medium clay loam.......-.. AZQDs dleccame Tune, goles 1) S87 44.5 
5 doses S00) | Eeaer COE R A ee ein eee BEC [lSSosnse May 26 27 | 2) £44 67.2 
6 GO sKsal) eHell Besse Gon kee See c ose ne ae ee ) US. ecasce May 24 2S 3182520 59.3 

7 | Wheat..| 4,949 | Very gravelly ...........2.- | 4.96 | 2.36] June 9] 77| 4] 2.40 10.0 
Silas sO ser ASQ4Q: le. 2 SC Oa oye ae aaa ae ote ee | 45940 253632. dOssa- 78 | 4] 2.26 a Er | 
Oe doe 2) 245,949 loss e2 0 KO eee Be Nas 4.79 | 2.36 | June 10 GN <b || Pe 11.3 

10 | Oats. 4,949 | Very gravelly ............-- 2.93 | 2.36} June 3 545| Aa e326 22.0 

11 | Wheat..| 4,949 | Very gravelly .............- 4.02 | 2.36 | June 5 SAS Sa o3c0) 24.3 
1A ee OF a eed 949) Ee ee OE Reese eee a oe A298)|12530) |S -GOn eee 54] 4] 4.738 328 
Sa) ped Ose | 45949 neces GON eee ee ey eee 4.93 | 2.36 | June 4 53s >alae0s 30.2 

14 | Wheat..| 4,949 | Gravelly clay.............. 3.60 | 2.36 | June 10 31} 3 | 2.64 30.6 
15 Oar 45 O4G ies eee OS an en eee eo By Pi5 Eee seca) 2&0)! Ze) 8.10 SES 
16 dose 25) 43 949s sete CG Kees Nr Se Pane ee eae S 3.07 | 2.36 | June 9 50:1) -5:) 3-96 39.0 

Nal Oatseaas| Asc: Very; gravelly 2. 22840250 2.44 | 2.36 | June 3 71 |- 4 | 4.48 21.7 
18 Gores As (aoe ere ss Cea e ee Dene 3.78 | 2.36 | June 4 62 | 4] 4.14 34.2 
19 AOS 3 Sal SEO lSegac GOS AR eA PRT ee 4.50 | 2.36 | June 2 79} 6 | 5.68 33.2 

20 | Oats....| 4,742 | Impervious clay loam...... 3.46 | 2.36 | June 23 NE SB) ad 44.5 
21 OMseaclh 4h" ledsee Oe a on eee 3.44 | 2.36 | June 24 S2a| Sa ts22 49.7 
22 Gone |) Anl42nta oe GOP eee oe ake ae eee 3.66 | 2.36 | June 22 SIG |S Sa eal 54.3 

235 eVViheates|= 4-497/|2 VeryySandiye «5 25262 sone 2 Ar | 2e287 lly eo eeces el e783 27.8 
Dads O ae eel 497, eee GS ae eee ae eee NT) PIES |) Wibt) PH) ee sece 1} 1.05 26.9 
25 doz ss PA SAG Tae: GOSS Seen eee 4.76 | 2.23|June 9 15} 2 | 2.93 27.3 

26 | Oats....| 2,482 | Impervious clay loam....-. 4.36 | 2.81 | May 24 13 | 3] 1.02 21.8 
27 Goss se) 2482) |e GOBER Seca aes 3.56 | 2.81 | May 23 14] 3) 1.22 33.8 
28 GOseea eae ASai ees GOB Saree aan 5.09 | 2.81) May 26 13 | 3] 1.45 29.4 

29 | Wheat..| 2,607 | Uniform clay loam......... 4.24 | 2.90 | May 27 26} 2} .72 36.3 
ai) lesa sacalh 2eC0 paseo GOs Se se 3.84 | 2.90 | May 23 30u| S242 ee 38.0 
Sig eed OM ere OOM, leaerrs dO Ras sese. eee 3.98 | 2.90 | May 27 30) |= 22 elodts 34.4 

32 | Oats....| 2,460 | Coarse sandy loam...-...... 3.61 | 3.04 | May 21 47 | 3] 1.00 58.0 
S83 |eeeClOan Sat Bace) llesode GORE Seeds 2 Ee 2.77 | 3.04| May 20 56 | 5 | 1.36 55.0 
34: |eido.222| 25460 |= > Cost ires Rie at eee 2.57 | 3.04] May 19] 61] 5| 2.31 47.0 

35 | Wheat..| 3,800 | Uniform clay loam-.-.....-.. 4.7 1.85 | May 26 Sel RZ ee 8.3 
313 [Be cGlWae nal) SN) |escse COPS Sosessee cea oe AS 5 bia les aml aad Ones SD |e aleeeoo 15.9 
37 does 3,800 |----- Oe aseents eee eee ANAS S| le So ince One BH Se Ces 12.4 

38 | Oats....| 2,482 | Impervious clay loam....-- 5.16 | 2.81 | June 15 AL -4. ie s.0o 16.1 
SO SAC Ms cqa|f Boeke |isoose doei.22 es eee 4.03 | 2.81 | June 14 59 | 5 | 1.03 25. 4 
AQS | Seed Oe eea || 2a482i | eoeee 6 Ka pega terest Obata 4.31 | 2.81 | June 18 57 | 6 | 1.22 27.3 

Pounds. 
41 | Wheat..| 3,572 | Medium clay loam.......-- 2a 185 leso-eocese laos 0} .00 436. 0 
ADI edo tees Ge oyoe| sone GO eae: ee .089 | 1.85] May 20} 25| 2| .533] 1,193.6 
ASA On |etono ran eeeas GOS eae ee .088 | 1.85 |...do.. AB Sales Satet Somer 
AAD SG Ok seco; O02u| coe 0S Sse2 Soe eee .091 | 1.85 |...do-...|- 48 | 4] -842) 1/8242 
ASCs codl eS bie ss |lococe On ee See aes eee .084| 1.85 |..-do.<.-| 54 |. 59) 222102)" 2; G00s0 
AONE -GOeeen| Oy ates|scne Corea eee -092 |- 1.85 |...do...2) — 62} 67) £2435 | 2201020 
Byate domees| as b72 ree do eee 083 | 1.85 | May 21 | 66 | 9 | 2.486 | 2,084.3 

48 | Wheat..| 3,572 | Medium clay loam_._......- S15 Wl Sh leet seen eee 0 | .000 605.1 
AQ) || OW SR GY7s)|eaabe Os ee OPE ee eee ee 088 | 1.85 | May 20 25°) 20-2352. | 6227s 
DORE OF ROLL! | ace ee dO es ae eee 088 | 1.85 |.--do..-.| “431534 5330 aie 2a kae 
iE eeseCo Keys STE leocae (5 (0a oe eee ete ey rd JO860/-18'85|sedOssee 43 | 4| .945| 1,480.2 
bane dOe SOP ocese CKO een a seer art ne -089 | 1-85 ].. -do...2| 54s) 5: SE 00s rosa 
OS |E--do= 3,002 eee 6 a a ne ee Meera aes | .074 | 1. 85:)-..do...<| ~6ISh6, ARCO Games 
GUI LARGE as Ui Say Pal eon ae GOs esha eee eee ee .089 | 1.85! May 21 66.) = 9 1. 22355c= 210i 



TRRIGATION EXPERIMENTS IN IDAHO. At 

TABLE I11.—Effects of different volumes of water on grains and potatoes in Idaho during 
the season of 1910—Continued. 

ail ey (Saale alee 
on Ss = =|) 
SS & bo |e | bs 

S) sal me . | OO | set - 

Kind of ately (aacla sesh sa Rte pcsy aller . i a=) oO 
Fe crop Class of soil. ‘5 BI + = Z za =| a 3 

££ o 82 é ma | sy oo 5 
ey ss) a8 & | Bah Ss SF 
oa 3 t Go °o ~ 7 = 
° s 3 3 2 bp gs | ae Zz 
o x ie 2 eB fos} ® = 3S ey 

Feet. Acres. | In. Days Feet. | Pounds 
55 | Wheat..| 3,572 | Medium clay loam......... nOnU7On le Son| See ae e=tec| aes 0 | 0.000 522.7 
#6 lec CMsccall Gyo leases CORA SS Hae occa Ee aE .088 | 1.85 | May 20 Pay || 7 434 | 1,227.3 
mledones.| 3,572 |....- Om AE CS, Ae O89) dese lee dome! 0430 ae| i 504e eels 5 oie 
5G leo e@lMsodall Byey-nliseoas GO Se See cie eens O91 lessor ea=dors-- 43 | 4 907 | 1,824.2 
SOM eedOmeccl) Ssol2 |p... COE Siete cece: TOSSHlleSon| asd One 54} 5] 1.091 | 2,102.3 
FOMPeedons. | 3,572 |5.... Cope en ee nea .093 | 1.85| May 21] 60| 7] 1.786| 2,258.0 
HleleeeGOe =| d,ol2 |... GO see ioe cee laisse ccaciet OAT MeS85)|--adozes 66 | 9} 3.010 | 2,635.1 

62 | Barley..| 3,572 | Medium clay loam......... .962 | 1.85 | May 17 32) | 63) | 1032850954! 
Gomes Oree || 3,002 |b... GOP aoe eacieescies sise= 963y|MlaSon Sa dOeere 58 | 4) 23125) te79725 
GAs eeedOseee|| 3,002 |e. -- GO mie eco rtcere win sists sees .968 | 1.85 | May 18 68} 5]1.879 | 2,026.9 

65 | Oats....| 3,572 | Medium clay loam......... .959 | 1.85 | May 24 PRS ON SEXO) | I AVL Oy 
66 |...do. Ben eee GLO akg Satan eras Oe ee .957 | 1.85| May 25| 41] 3] 1.097| 1,849.5 
pieendoe.. | 3,572.|..... ose e ees tone: .962 | 1.85| May 23] 51] 411.450] 2,047.8 

68 | Wheat..| 3,572 | Medium clay loam......... 503 | 1.85 | May 26) 22] °2] .780) 1,179.4 
O9seeedOes--| 3,072 |... -- LO yareynie potererciniciare sitokc's Bo Ole Son | peed Oa ee] AQ dial 269) ple o39E8 

iiesdo.®..| 3,572 |-.... do ene ee S769) teSbiie dose) 60 4 tess e5gtes 

71 | Wheat..| 3,572 | Medium clay loam......... .959 | 1.85 | May 9] 23] 2|..808| 1,379.4 
7 loans SOT laaoos CONE Sea Nero eeOOOBeC ree 964 | 1.85 |...do.... AQD | 3) LOL L206 
713 leo OSs SOI) lagooo GOCE he ase eceisetnce nies -968 | 1.85 |...do. 51 4 | 1.327 | 1,742.8 

74 | Potatoes} 3,572 | Medium clay loam......... .641 | 1.85 | May 13 63 | 3] .876} 6,302.6 
73) |aoclOs555)) Gpwl7meeeer CO aa ae ese eri ceioise O02) |mlacon |e @ Ole 88 | 5 | 1.496 | 11,932.5 
somleeedos. | 3,572 |... .. CORR aise Seine ens 1656)|) 1eso)|o2 doese 97 | 6 | 2.046 | 12, 932.3 

Bushels. 
77 | Oats....| 3,572 | Medium clay loam........- 5.70 | 1.85 | May 12 64} 3 | 1.401 43.3 
meaeedo. 2. .|° 3,572 |..... COE 5 . eee ek 4.48 |1.85| May 17] 60]| 4] 1.766 54.6 
7) loaosCl@o candi (SReYGMlesoae CORR ee so aee ae raed 1.98 | 1.85 | May 19 59 | 4 | 2.486 TBC 

TaBLE II].—E fects of different volumes of water on alfalfa, clover, and pasture during 
the season of 1910. 

ml A . qd 30 rs] 

gel. 8 “|S |2|s a7 a) 3 S =e 

<5 & bo | 3] BS 
: S a is = aay] fe Zz o 

* fj | A = foal -— 

5 | Rees Class of soil. ao a a heels S 3 crop =i e 34/5 | 85 

a 3 S2 c= S/n] 23 5 
S eo) a a pa ra} i) ame roy 
S 3 ' oO © S ols es 

i 5S os oft Q 0 g|se us) 
S = 2g 2.5 3 3 3/6 2 os a a Phe) (a) Hq +4) ea va 

Feet. Acres. | In. Days Feet. | Tons. 
1 | Alfalfa. .| 3,572 | Medium clay loam......... 0.983 | 1.85 | May 8 88 | 6 | 4.49 8.7 

2 oe 3,572 | Medium clay loam........- 5.75 | 1-85 | May 7 43 | 2] 1.306 3.30 
3 |. | CyB) eae CSU ee peter SG 3272)) | 1e85l May Onl 79) oulnde See 3.56 
4 ao 3) |lseeee (CKO Se a ae ae 3.56 | 1.85 | May 10 78 | 3 | 2.104 4.74 

5 | Alfalfa..| 4,949 | Very gravelly.............. 10.65 | 2.36 | May 27] 88] 9 |11.20 4.2 

6 | Redclo- | 4,949 | Very gravelly.............. 3.31 | 2.36] May 6] 113] 7 | 6.92 3.78 
ver. 

@ |leceGloys 4,949 }..... dO arene ae ee 4.32 | 2.36] May 7] 117] 9] 8.40 4.85 
Sai4--d0. 4,949 |_.... OE ae eal an 3.98 | 2.36| May 4] 114] 10 [12.98 4.60 

9 eae A OLS MeV Clive Sta Vielliynsnciseccicieeis se 2.338 | 2.36 | May 3 | 101 | 4 | 6.352 3.78 
10 |. 4,949 |....- COMO tel ee cos si osues 6.77 |2.36| May 2] 105] 6 | 6.925 3.65 
ll {. oe 4,949 |..... OMe nitosaccuaseseaes 2.51 | 2.36 | Apr. 27 110} 7 4} 9.401 5.20 
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TaBLeE II].—E fects of different volumes of water on alfalfa, clover, and pasture during 
the season of 1910—Continued. 

eatin : eg saieuct 
| ae 3 Spee ee 

aA 3 = Beal hss 
SS & | |s| BS s| E |Sale| fel @ 

, | Kind of Class of soil. g S = Saas eS S = crop. é ee a os S ere = 

S a | =e = a |8| 33 oh Ss 3 5 Ad 2° = ot |e 
a Sra 2 we |_| SF iS 

S = el co 3 ee =o g 
Z < < Po) a 4 a|e a 

Feet 2 Acres. | In Days Feet. Tons. 
12 | Alfalfa..| 4,742 | Uniform clay loam-......... 3.20 | 2.36 | May 6] 104; 4] 1.409 5. 04 
Ss Radon ea) 45 (42, (ese. Ons8 Sige SS 3:16) | 2236. )-=-do-5-- |) 102°) 6 | 953 3.41 
HAS dO is) 4,742) eee se GOs Sens S558 Rae LB. 38 .| 2a0ul: 60s. os 103. P ioneeneer Sule 

15S PAlialia | 94-49 7AlViery, sand yn. eee = See 3.38 | 2.23 | May 27 36 | 3 | 1.609 4.44 
1Gh|ESadosss 4,497 |--..- Oza Sas a eee 4.15 | 2.23 |_..do. 50 | 5 | 2.649 4.28 
17 do 4,497 |...-- GODS a See eee 4.29 2.23 |..-d0- 59 7 | 4.825 4.57 

18 | Alfalfa 2,367 | Impervious clay loam...... 2.81 | 2.81 | Mar. 29| 144) 8} 1.895 4.06 
19 do 20307 laa GOERS EE ee ete eee 3.69 | 2.81 | Mar. 27 | 143 | 8 | 2.848 3. 66 
DWaeed orste | 2 SOT les ee Or shy 8S DS ete 2.84 | 2.81 | Mar. 28] 144] 9 | 3.457 4.37 

21 | Alfalfa 2,482 | Impervious clay loam:..--- 6.32 | 3.00 | May 7] 115] 7 | 1.434 2.85 
22 0) DART al ee COE se Ban eee 6.23 | 3.00:| May DES 76 OR 4.93 
23 do 2A SDN eae GOz Sasa CEE Ri See 6.21 | 3.00 |...do.- OOF ait le2e258 4.35 

24 | Alfalfa..| 2,607 | Uniform clay loam.......-. 5.08 | 2.80] Apr. 28| 109] 6 | 2.821 5.15 

254\ Alfalfas=| 5,820) | Very eravelly 2222 =" 222 - 158. 4 7 bal eee arti aye 120 |..--| 21.138 | 3t03.5 

265 \eAlialia= |) so sso) feVeby eravelliys ss s-ss=a544=- 15.2 By Pl Se Se omeees 120 |---.|16:00) sites 

Ze teAliola= | 3-512 ClayaloanMine sa cee aes SESOT = eu S ont eeeesee 140 |....' 4.80 4 

28 | Alfalfa..| 3,572 | Uniform clay loam ...-.....} 31.8 St)" Baa neoeoe =| 140 |....) 4.06 4 

29 | Alfal-| 3,572 | Uniform clay loam....-....-. 69.6 Rte a Seis sae 140 |....| 4.00 4 
fa and 
wheat. 

30 | Alfalfa..| 3,800 | Medium clay loam......--. 2.92 | 3.04 | May 4] 105] 4 | 2.34 6. 86 
al seen 5s BESO eee CO Betis ae eee 2.89 | 3.04 | May 5] 107] 4 | 4.05 7.04 
S74 Sea Masaall sepeWh eesee GOSS Sas oo ee ee see 3.38 | 3.04 | May 7| 109) 4) 4.72 7.96 

TaBLE IV.—E£ fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1911. 

| 

mel ~ 8. | 62 aes 
BG = s |=] By 
<5 = ap ees 

S| £-|fel2| Se] ¢ Zee. = = a sae = 

. | Kind of Class of soil. & ae > oa: ieee 8 
S crop. 38 BD oa Sa == 

i >) S82 eS g o ood 5 
jon so = & on ra 3) ae a, 

= = - a5 2 pa 2 ae ° Ss a 32 2 a0 gq | at x 
3 = Salers: 3 5S 5 | 6 2 5, a = (Whoa) a A 2/8 val 

Feet Acres. | In Days Feet. | Bushels 
1} Oats 3,968 | Uniform sandy loam......- ay |) GS | aly es oe 1 | 0.453 29.5 
2 |---do Se 968i ence dO Ee ee eee 3.66 | 6.18 | June 21 26 | 2 1.144 45.9 
3 |.-.do 3; 968i[eoeee GOA a Re ee ae 4.15 | 6.18 | June 17 42] 3 1.889 50.8 

4 | Wheat..| 3,800 | Shallow clay loam.........- 4,24 | 5.35 |-June 11 15} 2] .864 30.6 
Li oe SAS | restate 0 0)s| epee: GO ER eee See 4.7. 5.35 | June 7 | 43 3 | 1.623 33.8 
Ghee doz SS00N ns oan ee eee Ree 3.25 | 5.35| June 5| 51] 4 | 2.153 38.0 

7 | Wheat 3,750 | Medium clay loam......... 3.59 | 5.50 | June 24 19| 2 635 63. 2 
Sae-2dorre BATTS geese dO ee ee 7.49 | 5.50 | June 17 32 | 2 | 1.123 53.4 
O3}=--<do.- 3,200 \|2eeee dos ea eee care 5.42 | 5.50 | June 14 27 | 2 | 1.808 64.0 

10 | Oats. 3,750 | Medium clay loam........- 5.80 | 5.50 | June 2 S2El ou ee eo 64.3 
Pie. do: 3; 20015 eee Of a a ee 4.82 | 5.50| June 1 47 | 3] 1.414 51.9 
12 |...do. 35000) |seece don See ahs iar fe meen 7.02 | 5.50 | May 29 64 | 4 | 1.442 65.3 

13 | Oats 3,825 | Medium clay loam......... 4/01 | 3.19 | June 238° |--- = 1} .302 
iat |e -do- 3, S20 ena dose eet ee een 6.10 | 3.19 | June 20} 35] 2| 1.167 
155\=2d0 S7S25ul pean GOS ae ee 4.03 | 3.19 | June 8 53 | 3 | 2.266 
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TasBLE 1V.—L fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1911—Continued. 

_ | Kind of F 3 crop. . Class of soil. 

= ) 
Ra iS) 

6 = 3 
E = 2 
Z, <{ < 

Feet. Acres. 
16 | Orchard.} 3,825 | Medium clay loam........- 4.58 

17 | Fallrye.| 3,700] Very sandy loam........... 6. 89 

18 | Oats. 3,700 | Very sandy loam...-..-....- 4, 29 
HOR == -do- 300) losooc GO aaa Soe stato 4.01 
20 |..-.do. Bi, CAUO) eo seos CO eee ee een seer eta a 4.17 

21 | Potatoes| 3,700 | Extremely sandy.......-.- 2. 89 
DOR ERA COP a || O00) ).2 = OR eRe ene tero yn ts 2. 96 
PomeeeGOrees|) 3,700) (2... GOR ae oe eee 3. 27 

24 | Oats....| 4,100 | Deep clay loam.....-. Eis Halt rv OR 
Pompe Ose a 4100) 5.2.2 ClO es iain aa erie ete 5.11 
Dosipeaaors2-| 4,100 |... COS et tere eis a 4.42 

27 | Wheat. .|. 4,949 | Very gravelly.......-.....- 15. 51 

28 | Wheat..| 4,949 | Shallow sandy loam........ 14. 91 

29 | Potatoes} 4,949 | Sandy loam...............- He aul 

30 | Wheat..| 4,949 | Shallow sandy loam.......- 9. 83 

BieeOatses- |: 4,949") Sandy loam. -..-..---.-.-.- 3. 85 
BommedOrs..| 4,949 |... .. GORE SAAR, espera tieeaysiersiels 2.55 
BomleeedOrees|, 4,949 |... 2. CI ESS ae Sone nec Homer 2.96 

34 | Wheat 2,600 | Impervious clay loam.....- 8.47 
38) jos oC 27000" anne (CC y Ee OR ea a ee nei 11.05 
36 |...do. X00) |issaoe GIO) Ae ie ers aegis eee 8. 64 

37 | Wheat 2,600 | Impervious clay loam...... 2.05 
38 |.--do.- 2,600 |-.... (Ko) Nee res ee ees ees 1.19 
5) [ea alee 2,600 |.-... CO a yee cece achat 1.65 

40 | Oats. 2,600 | Impervious clay loam...... 3.06 
ae eeecoue- =| 25600}... . LOR eee 2.08 
42 |...do. PKNO) esiaee GOH Sa ces RIES Sate 2. 60 

43 | Oats. PXOO)-\| Sewaehy lopnile oo 5 ssossccsone 5.38 
44 |...do. 2,600 |.-... GO Seater ee eRe 7. 29 
45 |...do. 2,600 |.--.-- GO ees ee et ee 6. 25 

46 | Oats. 2,607 | Impervious clay loam......- 4.56 
47 |...do. COU Neacoe ClOys a deaoe a eeen eee 1 B¥5) 
48 |...do. ROO \lsasee CLO reve ae ieee aa 3. 69 

49 | Oats. PAO) | Oley logins |b aAboeaocecduos. 2558 
50 |-..do. PADD ooson GO Rite eee ce eisiemision 2.30 
61 |...do.. 254600) eee ee COs ae SN ae POM 

52 | Wheat 2NoUTalmoandy lacs es !.)- ys00< 2.56 

53 | Wheat..| 2,607 |..... GO eet nae 6.17 
25 [eaeCheeee KU |leoooe COSA a Scene ae eee eee 5.79 

55 | Wheat 2,460 | Sandy loam mixedwithclay| 4.40 
mi56 1...do..... DRAGOH Eee Comsat es eh 5.55 

57 | Oats. Deore Sandy 10am. 4 \-5 22 see oe 3 6.72 
pom dO. =... Deals LO els” es By eth So. 4.16 
0) BSS eae 4AM rll ao Oe ae st ee 5. 67 

60 | Wheat 2,400 | Coarse sandy loam......... 3.74 
CLS a6 Kaen RAC TSe GIO ecco thee aes ea 6.21 
D2) =-.d0..... 74,240 Vall eae COCs a eT a eR pee 4.14 

Precipitation April- September, inclusive. 

gr orn 
w S 

; <O 

or 

ee 

> Je) 

o> > > ee Bee 

> Te) 

PD POD 

[e2) (=) 

1 Four years old, no crop. 

Date of first irrigation. Length of irrigation 

season 

| Number of irrigations. 

we COW 

Wwwh wWNwW Wb wmow wo Wwwr bob bh 

rs 
— 
oe 

LOS 
even 8 Aa © 

=] = 3 
~ 

on eee 
3 uc} 
+S 2 
q va 

Feet. | Bushels. 
S268) e0G) 

. 729 HIG 

. 656 PRO} 

. 888 26.0 
1. 047 35.0 

. 613 112.8 

. 955 108. 1 
1.062 128.1 

. 641 76.5 
1.316 13.9 
1.654 72.4 

UB 20.9 

5. 342 30.0 

2. 828 211.8 

3. 466 31.6 

4.511 31.8 
5. 943 68. 4 
0.366 57.2 

. 307 19. 7 
5a3) |i) 16.0 
. 089 22.0 

. 263 12.0 
201 5.0 
. 497 5.0 

. 294 22.0 
Oe 26.0 
Alef 26.0 

- 185 16.0 
. 199 10.6 
. 248 We 

SOD 28.0 
618 34.8 
. 769 31.4 

461 43.0 
. 698 63.0 

1.076 73.0 

1.193 49.0 

1.371 35.5 
1.428 37.6 

.770 45.4 
12367 49.5 

1. 258 47.3 
Heo fs) 59.3 
3.095 54.1 

. 866 27.8 
1.186 43.96 
13253 33.59 
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TaBLe IV.—EHffects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1911—Continued. 

| No. of plot. 

Kind of 
crop. : 

o 
oS 
3 
a 

= 
< 

Feet. 
Oats. 5, 330 
Pad Oana 5, 330 
ed oOssss 5, 330 

Orchard |} 2,460 

Orchard | 2,547 

Orchard | 2,641 

Orchard | 2,641 

Grain 
and al-|} 5,330 
falfa. 

Oats. 2, 600 
eed oOseser 2, 600 
esd OUrees 2, 600 

Corn 3, 700 
=.domees 3, 700 
sc Ossace 3, 700 

Wheat 3, 572 
SECO (ouerse 3,572 
id onsers 3,572 
sO -sc66 3, 572 
[HOO sscae 3,57 
ed Oneeee 3,572 
Sed Ozeoes 3, 572 

Wheat 3,572 
ped Ozesee 3, 572 
eeWOsscce 3, 572 
doe 3,972 
scl ascae 3, 972 
Pe cdoseee: 3,572 
“doses: 3,972 

Wheat 3,572 
a= Onaes 3, 572 
dO sscoe 3,57. 
{COs 56. 3, 572 
a dOstet. 3, 572 
POR 3,072 
aeCLOsenee 3,572 

Oats. 3, 572 
BEC On ate 3, (52 
Sa0lsccce 3, 752 

Wheat 3,572 
Ba Oneeee 3,572 
ESC Osacee 3,572 

Barley 3, 572 
eedO=2 aes 3, 572 
pad Oana 3, 972 

Wheat 3, 572 
§i0@- 33-2 3,572 
eC Ofeeo- 3,572 

Potatoes| 3,572 
=O EES ae 3, 572 
dO eee 3, 572 

Class of soil. 

Clayelo ania s=ese eee 

Coarse Sandi, logms eee 

Clay loamman ae eee eee 

Clayaloameen nearer A 

as| ¢ |g |alé 
an ae 3S BoM lesa 

<5 & & | 3 | 8S 
Ss cot Utes oom tam 

ag | -— = = Qa 

See {|| ales a 

aa] 4 Sea | ace tes 
Be Se oes 
Stee) epee 
Ay a) 4 4Z2Ala 

In. Days Feet. 
6.18 | July 15 VST 2 SaSz 
6.18 | July 12 20 | 2 | 4.280 
6.18 | June 23 38 | 3 | 6.304 

6ES0 See 122 4.25 

O380ulteseoeseee 122 5.26 

6280) sec aeeeeere 19D eee = 3.56 

Gz 805) scence: 122) es E2552, 

6.18 | June 13 FAL Wa. 9.484 

4.09 | May 11 G45 eA S 25 
4.09 | May 13 5OF aS aeeS 20 
4.09 | May 12 ey ay Seler 

5.30 | June 20 Aa oul eeoo 
5.30 | June 22 Yh | 8h. |b a 7tske. 
5.30 | June 20 57 | 3 | 1.381 

SAOR aia # © oe ee nee 0} .000 
32988 June Ss eee it -479 
3.98 | June 2 AL) 34) 15285 
EOS |e e6l@.cc52 ADA 5a |e on6 
SROSn la Ones 48 | 4] 1.7387 
BOF eseClOsacee ali YE | ates: 
3.98 | June 3 54 | 10 | 2.820 

3198 iil ieee aed [een 0) 000 
S298h| une sails | eee. 1 .379 
3.98 | June 2 42 | 3 | 1.184 
BHOSn|p nd Ones 48 | 4 | 1.374 
33,09 es OlOsesce AD 5s |) diatssel! 
8. OS tee Ol@seee- 55 | 71 2.853 
3.98 |} June 3 54 | 10 | 3.156 

SHOR ils wees mea eens 0} .000 
SO IP dena Ie ses ee if .417 
3.98 | June 2 AGT SBS ile Tas 
3 OFS) We SAO ancaa 48 | 4 | 1.451 
By OS Wee eClOns ee ADA on lesa 
3.98 | June 3 54 | 7 | 2.161 
SaOSnleaeC Oeaeee 54 | 10 | 2.834 

3598s) ehaneslGn see 1 376 
3.98 | June 10 30 | .3 962 
3.98 | June 6 AON 54) “1 SS 

Bol ledibiae  OiissSosd 1 . 460 
3.98 | June 5 17 V2 12009 
3.98 | June 3 34 | 41] 1.402 

3298) | dunes? ie aaa 1 555 
3.98 | June 18 205 ane: 953 
3.98 | June 17 30 | 3] 1.678 

SOS ene: omens ib 419 
3.98 | June 13 Ses IR 909 
3.98 | June 14 40 | 5] 1.788 

Se OS Uillbye OM See 1 539 
3.98} July 2 40 | 5 | 2.208 
3.98 | June 29 41} 5| 3.644 

Yield per acre. 

{ 330 
Bushels. 

1,501.58 
1,670.49 

1,719.19 
1, 450. 10 
1,446.02 

1,470.05 
1, 842. 48 
1,590.95 

1,754.09 
1,860. 12 
1, 893. 91 

7,349.2 
16, 738.0 
16, 754.0 

1 Yield not measured. 2 Tons alfalia. 3 Bushels oats. 
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IRRIGATION EXPERIMENTS IN IDAHO. He 

TaBLE V.—H fects of different volumes of water on alfalfa, clover, and pasture during the 
season of 1911. 

Kind of . 
crop. 

One 

Alfalfa. . 

Alfalfa. . 

Alfalfa. . 

35 | Alfalfa 
and 
grain. 

36 | Alfalfa. . 

Altitude. 

5, 330 

all 5 
Ee 
An 

“5 
o 

; aa 
Class of soil. Se 

~ 
ea 
=| 

. me 
S 3m 

/ Acres. | In. 
Medium clay loam.-.......-. 0.943 | 3.98 

ee oi C64 ShccaucoeseneneSes|| | -oUROe| hese) 
SERRA CE meee a ar eorusese -965 | 3.98 

Shallow clay loam......--.. ANOO Osa) 
hfe COgsdasosoe soceeroseose Lehols)» aoe 

BE OKO Re as A oe elec enee 3.85 || 5.35 

Medium clay loam....-.---. 3.72 | 5.35 
pon a CLO ee ene DO deal Onao 
eee CO ee eee ese |l eos lOsm ono, 

Medium clay loam.......-- 4.17 | 3.19 
ee COE ieee tert aoe Ale A oink |e 
Se COME ee See Meee) a Ged 

Medium clayloam..-...---- (oo |p ay) 
Pete CO ee noes) ere 25 |PvLOP mos 1 

SCO ete cee ae as Aa fisy |p ayily 

Very sandy loam...-.....-- 2.65) || 5.30 
ees CO ce ceadasanmesctmccl ls Hern oma) 

Deepiclayloam= = 3-2-2 5-—- 9.98 ~| 5. 80 

Wiely, Stayeliiyaneae mane se 10.65 | 6.95 

Menyacravelly seems sae 5.45 | 6.95 
apa Class See sssocseasascbou||— Sheen | 0e) 
pp a COs Ss Sons eoceaneen ae eee Latha Coie loet)s) 

Weny gravelly 222. 25.6 222 3.31 | 6.95 
Tae CMaibee siosasucansneoos| steers || OS 
Revere GO See es he ele AOS OS OO 

Clavalogim ete ete san eae 3.37 | 6.80 
tice Oe oe rel ONO) On OO 
aise COP e ae eee ClO so Man OOO 

Impervious clay loam. ..... 4.94 | 6.80 
Bite LO ee cas en A 80) 
seus CO SEU SSep SSeS sOnck a | kee 0) 

Dark sandy loam...... 5.43 | 6.80 

eee GOR ene ener ee et ee 4 Oe Gus l 
ete CORE eee eee eae eee sen | O280 

Wielny, 2Tavie lyse ose ae 156.3 6.18 

WG2\7 GENK No eecoueasdous 40.49 | 6.18 

1 New seeding, first year. 

13653°—Bull. 339—16——3 

June 

Date of first irrigation. Length of irrigation 

season. 

| Number of irrigations. 

Ore Cr He bo > OU O1c> CO DW 

loner) 

_ 

Now 853 One (0.4) 

me Loe =) 00 00 “I 

“I 

© 00 

Total depth irrigation 

water applied. 

-| 8.562 

Yield per acre. 

Pounds. 
7,534.0 

10, 608.0 
13, 233.0 

SAGES GiCoh —— CMENG 

=) ro) 

He Ot ee 

— — 

Re Gi au se oboe 

i bo 

3.00 
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TasLe VI.—E fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1912. | 

u . - q - =| 

ae B Saas 
ail = |S p21es 424° 8 | | sole | 
as = a = 2h S 

_ | Kind of | a = "2 aS Chena 5 3 crop. Class of soil. = 8 Z = : = =i é 

A m2) a2 = nm | s oo co) 
eS = a8 2 a 12 -os = 
S 2 A (SS | @ —/ a bate ees | 
S = S 2 & 3 8 5/6 = | z = < an a = G |e = | 

| Feet. Acres. | In. lane Feet. | Bushels 
1 | Wheat.-.| 3,800 | Medium clay loam........- 2.37 | 3-71 |. Jume<21 |eet= = 1 | 0.735 67.5 
Pateadose es =|- (3,800 |5.-0> dol. 25055. Sees 6.54 | 3.71 | June 24 |...-.- 1 871 72.1 
Seleeed Oss Se S00) Es. - dO? 2 Ee ee eee 8.27 | 3.71 | June 18 36 | 2) 1.158 82.9 

4 | Orchard.| 3,825 | Medium clay loam-......... oy Wea 7A bl fo s\ores etl a aoe 1 143 (@) 

5 | Wheat..| 4,000 | Shallow gravelly......-..-- 5:68 Sleds mle|( June s=7 955 | Fe 927 31.16 @ 
Gel==200-555)- 745 000): Clays. cake See see = 7.72, | 3.71 | June - 9 35 | 3 | 1.4386 37.65 
7 doz=— 4,000 |.-.--. GO =n ee 4.16 | 3.71 | June 6 51 | 4] 1.598 28. 60 

| 

8 | Oats....|- 4,000 | Shallow clay loam.......... | 1.83 | 3.71| June 5 39 | 2 487 10. 92 
9 do. 4,000 |..--- GOs ss S Bee ose 3.86 | 3.71 | June 3 53 | 3 | 1.427 25.90 

10 do 4,000 |...-. COS 2 eeee ee eee 3.23 | 3.71 | June 1 57 | 4] 1.748 24.76 

11 | Wheat-.-} 3,800 | Shallow clay loam.......... 6.9L Ss Siaeunes 26s |ees ee 1 276 15.92 
1 Eee dO see) os S008 eae GOz =: Sasa Sa eee eae 6.05 | 3.81 | June 18 37 | 2 791 18.02 
133 ea does), 8005) Se GOES aoe Sie Re ee 6.09 | 3.81 | June 23 34 | 3] 1.214 24.11 | 

14 | Wheat-.| 3,750 | Deep clay loam...........- 4.8 |3.81|June 3| 39] 2| .967] 39.59 
Gy eae ne se meen ie paaoe CGS aise en See ae 4.41 | 3.81 | June 4 60 | 3} 1.655 43.76 | 
16 |...do ay Ge Ve ae = dO Sasa eee ee 4.7 3.81 | June 2 61 | 3 | 2.053 42.05 

17 | Orchard.| 3,800 | Shallow clay loam.......... 8:40 | 3281. | duly. 127 |o 255) 1 093 (4) | 
| Pounds 

18 | Wheat 2,7 Impervious clay loam.....-. 1S || R945) | |RSaoscasee seeoe 0 000 784.3 
19°\5..do_~ 251035 see Osha eee Ae ee 170 | 8.25 | June 25 |_..-.- fea! 344 | 1,058.81 
Shi sda DET Gail tee Gost ge ae 184 | 8.25 |...do....| 9] 2]|-.529 | 1,304.320m 
PAE ed Os 2 |-- 25.408 =~ =e Osea ceases 173 | 8.25 | June 12 22} 3} .690 | 1,734.09 
22 | -.d0- 2100) la=aae GO! sen ee ee NOES) 8225s 2G Osea = 36 | 4 950 | 1, 863. 33 
Zoo 22-00" 2 1OShe tis dor see a Eee Ife |ewpay |[baaGls 2 —|f Sih 4) 4! 862_| 2,022.48 
24 |...do. DeTGs peers Osea Eos Pee 165 | 8.25 |...do....| 43] 5 | 1.042 | 3,272.72 

Bushels 
25 | Wheat 2,607 | Impervious clay loam...... 3.98 | 8.25 | June 5 39 | 2 780 34.92 
2635 |-6-00= 2,607 |.---- GOSS ke eee os a 1.42 | 8.25| June 7 51 3 951 37.32 
2iala22002 PT (|e Gots see eta Behe 3.57 | 8.25] June 3 54 | 4 | 1.186 38. 38 

| 

28 | Wheat..| 2,607 | Clay loam.................. 13.36 | 8.25] June 19| 30] 2] 2.473 31.Sia 

29) |e Oatsa-== |e 4 O49nl a VeLy: Stavelly=--- 225. 2. 5.40 | 8.51 | June 28 40 | 3] 2.953 76.7 | 
S08 peed = 216642949 Oa a eae eee 5.52 | 8.51 | June 29 48 | 3 | 3.236 63.0 | 
31 |...do. 4,949 |-.... GOs ae Eee Sse es 5.73 | 8.51 | June 28 49 | 3] 4.263 74.7 

Pounds. | 
32 | Wheat..} 3,572 | Medium clay loam..-...__.. .689 | 3.47 | May 29 ]...... 1} .638 | 2,367.3 ) 
33a edu || eaenya |e Gee ee ee .636 | 3.47 | May 28| 23 1.087 | 2,336.1 
Bare doue oul 3,57 | Cee Ose ee pe | .625| 3.47 | May 27] 30] 4 | 1.653 | 2,326.7 

35 | Wheat..| 3,572 | Medium clay loam......_.. USGS: 47) | es eee 0} .000 | 1,087.7 
a3 este csi SOS} lscese i Da eee a amr ee 097 | 3.47 | June 3]....-.. 1 | .589 | 1,104.2 98 
Sia} =-00- 3, Bl2:b. 82. dOns leases eee 088 | 3.47 |...do-...| 30] 3 | 1.244]1,530.6 | 
38 |...do- Se ae eee ORS h a At eeeiget San ees 094 | 3.47 | June 4 28 | 4/]1.475 | 1,525.4 | 
39 |...do. SHAS Bas dG. oie ee ee ee 091 | 3.47 |..-.do....| - 44 |} 6 | 1.806 | 1,444.3 
40 |...do. iy 7 Cees i ae a ae 093 | 3.47 |...do....| 44] 7] 2.381 | 1,652.3 
41 |...do- SEY EM Bene (0 Ogee omer eee ier = 0890) 35477|55-d02-- 52 | 10 | 2.638 | 2,022.3 

42 | Wheat 3,572 | Medium clay loam......... TSS |i Se4ialss- ee 5 | eee 0 | .000 912.7 
43 |...do- SHY 74 ||saoes GOSS es te eee 091 | 3.47 | Jume 3 |....-. 1] .343 | 1,207.2 
44 |. .do. 3, D(2ces- dO 225 osa-0 See ees 092 | 3.47 |...do...-| 29| 3 | 1.190 | 1,207.8 
45 |...do. 33572) Saar dOsse eS 088 | 3.47| June 4] 28| 4 | 1.179 | 1,775.6 
46 |...do. Sea Bane dO sso eee eee 094 | 3.47 |...do....| 44 | 6 | 2.125 | 1,483.0 
47 |... do0- Ss Ol2 lenees GOSS ae ea aes 090 | 3.47 |...do.... 44 | 7 | 2.216 | 1,770.9 
48 |...do.. SPA ae d02. 2. ee eee 097 | 3.47 |..-do....| 52 | 10 | 2.798 | 1,780.2 | 

’ 

49 | Wheat 3,572 | Medium clay loam......... SASS e347. oes ee eee 0} .000/1,042.5 — 
50 ee atloue 3,572 |----. GORS 7 eee .094 | 3.47 | Jume 3 |..-... | 1] .481 | 1,122.8 
51 |-.-do. SPU Be eee GOD 2 Ss ee ee .090 | 3.47 |...do....| 29] 3 | 1.273 | 1, 407.8 
o2 |---do.-. .| 3,572 |_-.-. CO. tS eee 092 | 3.47 | June 4 29 | 4] 1.272 | 1,469.0 
53 |.--do- 3,572 |..... DO. one -086 | 3.47 |...do....] 44] 6 | 1.815 | 1,586.9 
£2 | SSSR G fe SNP Be oR enna Rene oan se 094 | 3.47 |...do...-| 45] 7 | 2.146 | 1,536.0 
55 |..-do 29-572) | 22: dO set ie eres 084 | 3.47 |...do....| 52] 10 | 2.436 | 1,846.0 

! Only 5 years old, small yield not measured. 
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TaBLE VI.—LE fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1912—Continued. 

nies ; =I Helse 
pee ee |e 
ie fs Eh ae ee 
= = Bele] BS 2 ‘ ne a =| BE | a2 

__, | Kind of Class of soil. E i + aale | ae S 
fee? =e eZ oS |e] Sn = a - fel 5 [a |E| 3a] & 
om 3 ! 2 ° = 2 ae -'0 = fon] oe g op SI Ss 2 = S = Spay Oris een So aSaies ze 
4a < < AY 2 a 4 a | a a 

Feet. Acres. | In. Days. Feet. | Pounds. 
56 | Oats... 3,572 | Medium clay loam-.....--.. sete) | eee | dibnake) “Oe ee oe 1 | 0.418 | 2,362.3 
PPE dOne ea) 3,002 |o-.-- GOR eee mie sjcinje ccseteials TONonos 4h | sa-On x 36 | 3] .857 | 2,992.3 
om Pee does) 3,002 |l>---- GOR Se eens point .383 | 3.47 | June 4 43 | 5 | 1.267 | 3,333.3 
BOM PEEG Ones al 3,002 ||. --- GOR ae ee see Canis .390 | 3.47 | June 5 49 | 7 | 1.577 | 3,264.9 
GONesdOnes-| 3,572 |..-.- Gosia eee ee Se . 334 | 3.47 | June 4 50 | 9 | 2.036 | 3,830.5 

61 | Barley..| 3,572 | Medium clay loam........-. sev || BoA wie Wl |ies52se 1| .484 | 2,505.3 
en eee GOne ee oyo02 |--- =. GOR ree arc emits .326 | 3.47 |...do. 29 | 3 | 1.061 | 4,074.1 

«63 |. oAOOs soe 3), O04 leseae COA aad ses wer Soe .312 | 3.47 | June 12 37} 5 |-1.521 | 4,320.5 

64 | Potatoes] 3,572 | Medium clay loam...--..... .627 | 3.47 | July 1 ly |) 2 541 |12,135.0 
ope dOen 2 3,072 |.:.-. COME ea Seis 2 .§28 | 3.47 | June 30 44 5 | 1.943 |18, 613.0 
BpeleaaGO=-. | 3,072 |... - ClO eae a sane e ae cera .636 | 3.47 | June 29 53 | 7 | 2.516 |16, 681.0 

TaBLeE VII.—LHffects of different volumes of water on alfalfa during the season of 1912. 

og S Biaile ae leas 
Ac 3B 5 & Sie 
ae Se wo |e] Be | — . 

e| £ |Sel¢| eal ¢ 
Kind of a4 aS o a S al “crop. Class of soil. Sk B = Z = Ss & 3 

oS o Sa a el eees S'S S 
ay z ae z a ee Sh aes ay 
° é & {tse 2 Bie deg olla ce 
S 2 g oS 3 5 S| 6 2 

Feet. ; Acres. | In Days Feet. | Pounds. 
1) Alfalfa..| 3,572 | Medium clay loam....-..-... 0.372 | 3.47 | May 27 44 | 2 | 0.615 | 5,695.0 
Pardon =| 3,572 |..--. Oreo ree es 585 | 3.47| May 14] 65] 4 | 1.308 | 8,003.0 
Bele edo.. 3 Pee COS u SS os WOE Eee B72) | a4 |e edoe 78 | 7 | 2.059 |10, 828.0 
ele do.. HST neta: merece eee we ee BEOnI St Age eesdOssee. 84 | 9 | 2.533 |11,317.0 
bls cdo. oy STON (eee TLR kee ee 369 | 3.47 |...do.. 88 | 11 | 2.931 |12, 506.0 
Baledo.. 3,572 Ome ee cee ae 580 | 3.47 | May 15 | 986 | 13 | 4.003 |12,612.0 

: Tons. 
7} Alfalfa..| 3,800 | Medium clay loam......... 6.02 | 3.71 | May 22] 95] 3] 1.708 5.94 

Meme dotern i 3 S00 |... -.d0.-.-..-.---.--c.-220-- 7.49 | 3.71 | May 24] 90] 3 | 2.070 5.84 
Bmore i= 3800) (=. .-dOiice sco es ec ceee ence 7.71 | 3.71) May 16] 123] 6 | 3.381 5.70 

10 | Alfalfa..| 3,800 | Shallow clay loam.......... 4.24 | 3.81 | May 14| 107] 7 | 2.339 6.44 
Oe F800: |=. .-.d0..<.---.-c-c-+-------- ShSSmn leo sles done 107 | 6 | 2.513 5.90 
Paeeedom..) | 3,800 |... .. COME eae 3.75 | 3.81 | May 13 | 107| 9 | 3.153 7.04 

13 | Alfalfa..]| 3,750 | Deep clay loam............ 4.74 | 3.81 | May 31 97 | 3] 1.064 4.67 
Mie dol | 3.750 |-..-. GOS eee eee hee AUG 63: Sia) May. 24 I O20 41589 4,42 
Brora! 3.750) | -.-dO.<.0:--.- 2. -22eecce-- 5e28 a |oustuleesd on: 100 | 4] 1.799 4. 80 

16 | Alfalfa..) 3,800 | Shallow clay loam.........- 14.28 | 3.81 | May 27 98 | 41 2.413 6.00 

Wa esialia..| \2)607 | Clay loam.......--..--.---- 477 | 8.25 | May-17 | 101 | 6 | 1-870 4.31 
Sepeedor...| 2.607 |... Comer en ie Ser, 3.62 | 8.25 | May 16] 98] 6 | 2.961 4,11 
BeeedO.s.-|) 2,607 |..-.. COGS ee te Sea 6.10 | 8.25. | May 19] 105] 7 | 2.887 3.89 

 20| Alfalfa..| 4,949 | Porous gravelly...........- 4.36 |8.51| May 31| 75] 5] 1.983 2.52 
metal -dOse...| 4,949 |_.._. Cone eS: oa! 4.94 | 8.51 | June 21] 551] 3} 2.027 1.48 
22|...do.....| 4,949 |..... GIO Gs Se age ae aie ee ain 1 475) Se ble edme: ale |ce 75h Gn |e 582 1.58 

(23 | Alfalfa..| 4,949 | Porous gravelly...........- 3.68 | 8.51 | June 4 71 | 4 | 3.047 1.82 
= me @rer at'45949. | ORO AR fies tele 2165) PS! bie Sunes) 5) el) 49 38307 2.00 
Biiee-doO..1.| 4,949 |... CWO east oe SE geese DIS aa Seolul: dumens 4 |may ge leetulnG ero 2.50 
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TaBLeE VIII.—E fects of different volumes of water on arains, alfalfa, orchards, potatoes, 
and sugar beets during the season of 1913. 

No. of plot. ° 

Dor Cs Whore 

Kind of | 
crop. 

Alfalfa. - 
Et esse 
SEA Osa: 

Big “4” 

oats. 

Alfalfa. - 
Sed Os =e 
le Once 2 

Wheat... 
dose 

ed 0ite 
Big ccAo2 

oats. 
eae Oh eee 
Beeb ese 

| Alfalfa. . 
Rd Os ee 
PAO sa 

Wheat. - 

Altitude. 

as 

iS) S) Oo 

(Ss) Oo Oo 

¢ ¢ 

[S) o (=) 

Oo Ore 

(=) 

He He He He ee He te oe Hee He 

Or Or Oo 

oO o So 

Class of soil. 

Clayyloame sean eee 
ee GOS SRO oe See 

Deep clay loam..-.....---- ¢ 
Ree Opes ore Mees ants Ried See et 

Uniform clay loam.....---- 

Deep uniform clay loam... . 
nee GO nase See eee 

1 Yield reduced by jack rabbits. 

PP YA Som 

or oo 

ho D> He Oo Wo OO He He OO He He He 

O>T 

HS Tie 

2 
3. 

Deanlon 

Set ee 

as a S 

5 ot =). 
a = an 
Se Z = 2 
ee | oe os 
_—— = a 

5) S BS 
or g on 
2 = 8 
an = A 

In. Days 
7.35 | May 31 90 
Ties) (ESET e 87 
7.35 | May 30 89 

eee idee ee 

7.35 | June 30 29 
7.35 | June 28 29 

7.35 | June 22 23 
7.35 | June 24 38 
7.35 | June 6 58 

7.35 | May 10] 109 
7.35 | May 14] 99 
7.35 | May 10] 105 

7.35 | May 29] 63 
7.35 | May 7] 107 
7.85 | May 4 109 

7.35 | June 30 39 
7.35 | June 27 35 
7.35 | June 25 43 

7.35 | June 8 58 

7.35 | June 6 AT 
7.35 | June 5 49 

7.35 | May 26 7 
7.35 | May 7 95 
7.385 | May 4] 112 

7.35 | June 27 13 
7.35 | June 24 17 
Tess [ed naney PAL 19 

(35 | DUNC = "Ee 25 
7.35 | June 4 40 
(235>| Janer ss 69 

35 | June 28 17 
35 | June 27 18 
35 June 26| 18 | 

1.35 | May 31] 70 
7.35 | May 11 97 
7.35 | May 28 7. 

S65] pune: 247 aa 
S62) Due 2s pecans 

7.86 | Aug. 8 | 17 

7.86.| July 12 37 
7.86 July 16 34 
7.86 | July 18 33 

| Ex 
12860 | (Maye 26512 25=— | 
1-80.) May: -2;G a= 
7.86 | May 28 |.2222. | 

| Number of irrigations. 

He CO bo bo bo 

ww ww Co OO CO He CO bo Or O1 

“wh mhyn D> ow 

Do bo bo 

He He C9 

bo bo bo 

a 

Total depth irrigation 

water applied. 

| ae 

wo bo (te) —_ 

Wom we 

ww Ho He Or 

whe 
1 if Dk 

Hee (3) 

Nr bow (779) res Ho 

it 

Rhea et Ow (972) Or (=r) 

Yield per acre. 

3.03 
Bushels. 

33.85 

32.28 

46.80 

34. 42 

49.33 



| No. of plot. 

Kind of 
crop. 

Altitude. 

IRRIGATION EXPERIMENTS IN IDAHO. 

Class of soil. 
inclusive. 

Length of irrigation 

season. 

Number ofirrigations. Total depth irrigation 

water applied. 

Precipitation April- Date of first irrigation. September, 

Alfalfa. - Deep uniform clay loam... - 

bosses Ose cocbhecdoopsouDpoaa 

nee COR ee Seer he ae 

Ww bo bo Sara 

Ww OO 0 09 0D tO OOOO OOO OorPwWNr © 

WN NNNNNNN 

ee i 

why hy bt Www wu Nejeiielie) Oowo CO Ore CW Noro Nee. 

wNywmnnr OOr WWF © 
ey 

shee 

wr wD = . 

aa) NNre 

not ty ow ccmoworn Nee 

G02 09 OO OO co Ww OO Oo Go OO www wwe Go Oo 02 09 GOW OOOOOO oowo ooo oowo ooo Nelvleliellelvelielie) WON orp lorie a NNNNNN NN 

VARIATIONS IN IRRIGATION REQUIREMENTS OF SOILS. 

Lg 

Taste VIII.—E fects of different volumes of water on grains, alfalfa, orchards, potatoes, 
and sugar beets during the season of 1913—Continued. 

Yield per acre. 

vee 

10, 601. 16 
9, 685. 07 

10, 410. 06 
11, 705. 09 
13, 989. 16 
15,022.34 

A study of the results secured indicates that the porosity of the 
soil is one of the most important factors influencing the irrigation 
requirements of soils, and for the purpose of comparison the soiis 
have been divided into two classes, according to their physical charac- 
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teristics: (1) The heavier soils, consisting of the clay, clay loams, 
sandy loam, and fine sandy soils; and (2) the porous soils, consisting 
of the coarse sandy and gravelly soils. The difference in the require- 
ments of these two classes is illustrated by Table IX. 

TABLE 1X.—<Average volumes of water used on tracts with different types of soil. 

| 
Acre-feet used. 

No. Description. 
. Impervi-| Porous 

Allsoils. | Gus soils.| soils. 

el SALbtraetcimeludedan: Theinvesticavionas. 5. a ee 12.06 11.60 4. 66 
2 | Allalfalfa tracts included in the investigation _........._.......-..-- 3555 2.40 7.10 
3 | All grain tractsincluded in the investigation. ...................--.- | 1.56 32 3.19 

1 Average low, due to fact that 74 per cent of tracts included was grain. 

VARIATIONS IN IRRIGATION REQUIREMENTS OF CROPS. 

Table X is made up from the data secured on the medium clay 
loam type of soils and shows, by crops, the average quantities applied _ 
to the majority of the tracts of this type included in the investigation. 

TABLE X.—Average volumes of water applied to different crops on medium or clay loam 
souls. _ 

ee 
: ee volume of 

No. Kind of crop. | Nene water 
P applied 

| per acre 

A cre-feet 
a VV G ere rain Se sk Se Seine ee Ss Seep 15 0. 
Qe PSplin Sonat 6 ees eee Tae SE Sas Se eee ee 216 12a 
Sal SAU Aas eee 8 8 SSS i re os Se ek ee 79 : 2.43 
2 Ua bo Bes] AD RS \eo ne AR eh ee ar eae rege eee cee edge Spl ee Co ea sae et oe ee oon 13 13.02 
Eyal) TEQOT RS RO Sh oR eee ie, Aree oe een ene See ee eh eS oe sie ee ae iy; 17 
6s|sOrchard=-=3 OAS 5) Sak SNES A PO EE ee ee ee 11 1.45 

1 Waste not deducted from volume applied to part oftractsincluded. Proper average quantity retained 
approximately 2.8 acre-feet. 

Table X shows that different crops received different volumes of — 
water and that for the purpose of comparison they may be safely 

divided into two classes—the winter and spring grains, potatoes, and — 
orchards falling in one class and the alfalfa and pasture fallmg in the 
other. The table does not show the irrigation requirement for the 
various crops on this type of soil, for some of the experiments showed 
rather low yields, due to excessive or insufficient water. 

In order to throw light upon the irrigation requirements of the two 
classes into which the crops observed may have been divided, the 
data have been combined in a different manner in Table XI. In 
this table the yields from the plots making the maximum yields | 
from all experiments on clay loam soils, irrespective of the quantity 
of water applied, are compared with ‘hie average quantities applied — 

and yields produced from all plots on the same type of soil. 
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TaBLE XI.—Comparison of volumes of water used on plots giving maximum yields and 

the average volumes used on all plots on clay loam soils during 4 years, 1910 to 1913, 

inclusive. 

88 SSS 

Average vol- 
Number | ume of water | Average yiela | “VeT8° yield 

Description of plots. per acre-foot of plots. | applied per per acre. ero of water. 

Alfalfa: Acre-feet. 
All plots included in investigation........ 79 2.40 | 4.91 tons....-- 2.04 tons. 
Plots making maximum yield in each 26 Daou Os 4p bONSas ar 2 tons. 
experiment. 

- Grain and cultivated crops: 
All plots included in investigation........ 221 1.33 | 36.38 bushels. -} 27.39 bushels. 
Plots making maximum yield in eac 60 1.74 | 44.92 bushels. .|} 25.79 bushels, - 
experiment. 

Table XI shows that the average quantity required to produce the 
maximum yield of crops was greater than the average quantity 
applied to all tracts included in the investigation. All the results 

from the experiments on clay loam soils have been plotted as curves, 
the volume of water applied and the yield produced being the two fac- 
tors considered. | 

Figure 3 shows both the individual and the average yields secured, 
and the quantities of water applied to some 207 fields of spring and 
winter grains. The yields upon soils that have been fertilized either 
with manure or by the plowing under of alfalfa sod have been plotted 
as triangles, while those upon ordinary or infertile soils have been 

plotted as small circles. The points representing both fertile and 
infertile soils are widely scattered, indicating that the results secured 
from any one plot can not be depended upon and that only anaverage 
of the results from a large number of experiments should be taken 
into consideration. The points representing each experiment have 
been connected by straight lines. The curves showing the average 
of results in both fertile and infertile soils have been constructed 
by averaging the points at which these lines crossed the vertical 
lines of the diagram. Owing to the many factors which may affect 
the size of the crop produced with any given quantity of water, as is 
indicated by the variation in the points upon which the curves are 
based, these curves will not definitely fix the size of the crop that can 
be produced on any particular tract. Each is based upon a large 
number of determinations, however, and shows within reasonable 
limits the results which may be expected from clay loam soils. 
A comparison of the two curves shows that a much higher effi- 

Giency is almost invariably secured from the water when applied to 
fertile soil, and they both show that with either the yields may be 
expected to increase as the water applied is increased until as much 

as 1} feet per acre have been applied, after which the yields will 
tend to decrease with greater applications. These curves show a 
striking agreement with the results given in Table XI and would 
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seem to prove that on an average about 14 feet of water per acre are 
required for the maximum yield of grain on the average soil of Idaho. 
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Fic. 3.—Irrigation requirement curve based on yields and amounts of water applied to 207 individual 

fields of grain on clay loam soils in Idaho during the seasons 1910 to 1913, inclusive. 

The curve shown in figure 4 is made up from the results secured on 
77 fields of alfalfa and clover on clay loam soil and shows marked 
tendency toward increase in yield as the application of water is in- 
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creased, as there is no appreciable break in the curve within the limit 
of the experiments. This curve shows again that alfalfa and clover 
require much larger supplies of water than grain, but the increase in 
the yield of alfalfa is not proportional to the increase in the water 
applied. Notwithstanding the fact shown by the curve, that the 
yield continues to increase with increased quantities of water, other 
considerations, such as the danger of water-logging land and the 
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Fie. 4.—Curve based on yields and amount of water applied to 77 individual fields of alfalfa on clay 
loam soils in Idaho, during 5 seasons, 1910 to 1914. 

limitation of the acreage which can be irrigated with a given water 
supply, would make it appear somewhat Alois tail whether more than 
3 a per acre should ever be allotted to alfalfa on medium clay loam 
so 

The alfalfa curve (fig. 4) was made up from observed data by first 
plotting all points on the sheet, after which points representing dif- 
ferent plots of each experiment were connected up by straight lines 
similar to the method used with the grain curve (fig. 3). The depths 

-13653°—Bull. 339—16——4 



24 BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 

represented by the point where the various lines crossed each 0.5 
foot in depth were then averaged, thus fixing the curve. 

TABLE XII.—Averages upon which alfalfa curve is based. 

Number Number 
of points | Average of points | Average 

Depth. consid- | yield. | Depth. consid: | sepatGe 
ered. | ered. 

Feet Feet 
1b Oe 5S aes Soe eee ee 4 BHU IS A UGeecmcesoosre Seeeretace sae 13 Sal 
eee et mtn tees Kae Me | 11 4s TOGO Deas Soe an qe seers 10 5.38 
A) SES re ee eee et ae 16 AV 4A0S || AMO sees soe oe sac eoeeee | 5 6. 06 
PAIS) So ea ot i ts cao esa SOS eee 16 41862 Deas ariae crac eer ee 3 6. 96 

The curves in figures 3 and 4 show the average yields which were 
produced on the average clay loam soils of southern Idaho with 
given volumes of water, there having been a wide divergence in the 
results upon which they are based, and it should not be inferred that 
they will check exactly with the results from any individual farm. 

The effect of fertility on the return of grain from the use of given 
quantities of water is illustrated further by an experiment which was 
carried on at the Twin Falls experiment station during the season of 
1914. Six adjoining one-tenth-acre plots of rather infertile soil 
were planted to Marquis wheat. The land devoted to these plots 
had been farmed to grain six years after the sagebrush had heen 
removed. Three of the plots were fertilized moderately, with appli- 
cations at the rate of 15 loads of barnyard manure per acre; the 
remaining three were left in their original condition and did not 
receive any fertilizer. Two of the plots, one fertilized and one unfer- 
tilized, received an application of 1 foot of water per acre; the second 
two plots, one being unfertilized, received an average application of 
2 feet per acre; and the third set of two plots, one of which was unfer- 
tilized, received an application of approximately 3 feet per acre. 
The results secured are shown in Table XIII. 

TABLE XIII.—Effect of fertilizer upon yield and irrigation requirements. 

| | Yield of 
| Number | Water | Yield of | grain per 

No. | Method of treatment. Area. | ofirriga- | applied grain acre-foot 
| tions. | per acre. | per acre. | of water 

applied. 

Acres. Feet. Pounds. | Pounds 
tl Umfontilized - 2s See: 5 eens eee are 0. 094 3 1.05 1,000 95 

I sya OES SNES aE ee ade a . 094 5 1.94 1,144 590 
el oeee Ck eee ie sine Same ey See OSG ets | 094 7 2.99 1, 266 423 
4 | Mer bilizedses: 2 S252 8 sty ee ee A OE ee a ee . 092 3 1. 07 1,467 1,371 
inl eee do oe te SS Bt A Se eg ee . 092 5 2.01 | 1,663 
OSeoas GOs OSes Fate SI RS iy Bn ae ee 092 7 3.05 | 1,826 599 

Results during the same season upon fertile alfalfa-sod ground 30 
miles north of Twin Falls, at the Gooding experiment station, indi- 

arte 

SS 
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cated that the maximum yields were made with approximately 1 
foot of water per acre, and that applications in addition to this quan- 

tity made a considerable decrease in the yield. There is no doubt 
that had the fertilized plots of the Gooding experiment been more 
fertile the largest yield would have been made with the 1 foot per 

acre. 3 

This Gooding experiment, together with the other experiments 
which have been made, seems to prove conclusively that less water 
4s required for the production of a given yield of crop on fertile soils 
than is required for the same yield of crop on infertile souls and empha- 
sizes the necessity of maintammg a high state of fertility m cases 
where a high duty of water must be secured. It does not mean, 
however, that less water is required by the fertile soils, for, as shown 
by figure 3, fully as much is required for maximum crop production, 
a greatly increased yield being produced on the fertile soils. 

RESULTS SECURED WITH INDIVIDUAL CROPS. 

In order to show the results secured from single crops on the same 
type of soil, curves are shown in figures 5, 7, and 8. Each of these 
curves is based upon five years’ results at the Gooding experiment sta- 
tion. The average amount of precipitation during the growing sea- 
son for four of these five years was 2.92 inches. Considering that 

— each of these curves is based upon a number of experiments, that this 
station lies at the average altitude for southern Idaho, and that the 
soil, which is a medium clay loam, rather impervious, and averaging 
6 to 8 feet in depth, is representative, it is believed that the results 
plotted are typical of what may be expected throughout the State, 
and that they show within a reasonable limit the yield of crop which 
may be produced with a given quantity of water. These curves do 
not necessarily indicate a proper duty of water under good practice 
in Idaho, since, as is later stated, local economic features enter largely 
into all such problems. 

The curves in figure 5 show the average results secured from 96 
plots of staple varieties of spring wheat grown during the five seasons. 
One curve shows yields per acre, and the other yields per acre-foot of 
water applied. Considering the large number of plots upon which 
these curves are based, they should be very dependable. The curve 
showing yield per acre agrees with the data secured elsewhere through- 

out the State, in that it shows that the yield of graia will normally 
increase as the water applied is increased until an amount varying be- 
tween 1.4 and 1.8 acre-feet per acre has been applied, after which.the 
application of more water will decrease the yield of grain and in many 
cases the yield of straw as well (fig.6). The curve showing yields per 
acre-loot of water (fig. 5) shows that the highest efficiency from water 
applied to spring grains is secured where the smaller quantities are 
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used. Where 2.8 feet per acre were applied each acre-foot gave a 
return of 584 pounds of grain, while an application of but 0.4 foot per 
acre yielded at the rate of 3,474 pounds per acre-foot, or very nearly 
six times as much grain per unit of water as was secured where the 
larger application was made. It must be noted, however, that the 
yield per acre with the ae of but 0.4 foot per acre was rather 
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Fig. 5.—Yield per acre and per acrc-foot of water applied from 96 plots of spring wheat at Gooding 

experiment station during five years, 1910 to 1914. 

low and would not be profitable in many cases, because the returns ~ 
would not equal the cost of production. While these two curves 
indicate the results which will be obtained by applying different 
volumes of water to spring wheat on this type of soil for the condi- 
tions obtained in southern Idaho, the economic quantity to allot for 
grain is a distinct problem. Whether it is more profitable to use 
little water per acre and get a large return per acre-foot of water and 
a low yield from the land, or to use more water and get a large return 

ERE Ae. tae tii 
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per acre from the land and a low return per acre-foot of water de- 
pends on the relative cost of land and water, the cost of production, 
and other factors. The solution of the problem in each instance 
depends on local economic conditions. 

The curves presented in figure 7 show the average results secured 
from 21 plots of alfalfa grown during five years at the Gooding ex- 
periment station, and also of three plots grown at Buhl, 30 miles 
away, on the same type of soil. These curves show that alfalfa re- 
quires large quantities of water and that the yield increases as the 

Fic. 6.—Effect of different amounts of water on the yield of straw, Gooding experiment station. 

supply of water is increased, sufficient water not having been ap- 
plied to determine at what point the excessive supply begins to de- 
crease the yield of alfalfa. The lower curve shows yields of hay per 
acre-foot of water applied and imdicates that while less efficiency is 
secured from water where large applications are made, the decrease 
is not nearly so pronounced as when they are applied to grain. These 
curves and the data from which they were constructed are typical of 
the results secured throughout other districts of Idaho on this same 

_ type of soil and show that if yield alone is considered it is difficult to 
apply too much water to alfalfa, provided no more is applied at one 
time than will be promptly absorbed by the soil. The proper 

_ quantity to allow for alfalfa, however, as with the grains, will be 

determined by local economic conditions. 
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The curves shown in figure 8 are made up from the results secured 
from 16 plots of potatoes grown at the Gooding experiment station 
during five years. The curves show that potatoes require somewhat 
more water than the grains and that there was a strong tendency for 

the yield to increase as the supply of water was increased withia the 

limits of the experiment. Since the rate of mcrease m yield grows 

smaller as the quantity of water is increased, it probably will not be 

advisable or profitable to apply more than 2 or 2} feet per acre to 
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Fic. 7.—Yield per acre and per acre-foot of water applied from 24 plots of alfalfa at Buhl and Gooding 

during 5 years, 1910-1914. 

potatoes on clay loam soil under conditions similar to those existing 

in the vicinity of Gooding. Here, as before, the curves indicate 

within reasonable limits the results which may be obtained with 

different volumes of water, and the quantity to apply in each case 

will be determined by local economic conditions. 

IRRIGATION REQUIREMENTS AT DIFFERENT TIMES DURING THE SEASON. 

The curves (figs. 5 and 7) do not show the proportion of the season’s 

supply required at different times. In thedesign of irrigation projects, 

whether they be dependent upon reservoirs or direct “diversion ra 
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a stream, or whether water be pumped, it is necessary to know this 

factor. The irrigation requirements at different times throughout 

the season are controlled by the crops grown and the climate of the 

| locality in question. Alfalfa or pasture in any arid region usually 

requires water throughout the growing season, or from early spring 

until late fall, while the grains require water during not to exceed 

the first iediell or two-thirds of the season. Potatoes require 

water throughout the season, but do not need it so early as grains. 
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Fig. 8.—Yield yer acre and per acre-foot of water applied from 16 plots of potatoes at Gooding experi- 

ment station during 5 years, 1910 to 1914. 

Beets and orchards when well cultivated need little water in the early 
part of the season, the greater part of their requirements occurring 
from July to September, inclusive. 

For the purpose of throwing more light upon the total require- 
ments during the season and showing the proportion of the whole 
required during each month, the data secured from both the medium 
and porous soils have been reclassified in the following manner: 
(1) The data for each class of crop on each class of soil (for classes, 
see p. 20) have been segregated; (2) the average depths of water ap- 
plied to the tracts for each month and for the season have been com- 

puted; and (3) tracts on which the yield was appreciably reduced by 
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deficient or excessive water application have been eliminated, as have 
a few tracts on which a very large increase in water application was 
necessary to produce a small increase in the yield. The remaining 
data, some 50 per cent of the original data secured, have been grouped 
in Tables XIV and XV. 

TABLE XIV.—Average depths of water applied to 119 selected fields of grain and potatoes 
on medium clay and sandy loam soils, by months. 

[Altitudes ranging from 2,400 to 5,000 feet.] 

Depth of water applied. 

Season. Number l 
Of plats). Apr a | | Total for 

16-30 | May. June. | July. August. | Se 

| | Foot. Foot. | Foot. Foot. Foot. Feei. 
TEAL So) eke ge ae eee se a, ce Shik ee 0.32 0. 60 0.55 0.08 | 1.55 
z CY VER iG Sa Bu ey Dele goa Set = Bones 03 65 48 01 1.17 
LOPES RE Ne Set. chee ee 7 eee Seon pee [eee o eee 94 | .66 05 1.65 
Uy BRN Se eee anes ogee a 33 | 0. 04 | 21 54 59 23 1.61 

VORIEG 2 en eee ao 01 14 | 68 57 .09 | 1.50 
Percent Gf total =o. ==_jesese =. =e | 67 9. 28 45.91 38. 10 6. 06 | Seen e 

Table XIV shows that both the months and the seasons have - 

varied somewhat in their requirements and that the average annual 
requirement of water for this class of crop was 1.50 feet per acre. 
The results shown by the table are based upon the same data as 
are included in figures 5, 7, and 8, but were arrived at in a different 

manner. There is a very close agreement in that the requirement 
of water shown by the table is practically the same amount as that 
which the curves indicate will produce the maximum yield on both 
fertile and infertile soils. 

Table XV shows the average depths of water used on alfalfa, 
arrived at in the same way. 

TABLE X V.—Average depths of water applied to 52 selected fields of alfalfa and clover on 
medium clay and sandy loam soils. 

[Altitudes ranging from 2,400 to 5,000 feet.] 

Degth of water applied. 

Number z . 

Seon: of plots. April— Sep- | Total 
——_—_—— May. | June. | July. August.) tem- | for 

1-15. | 16-30. | | | | bee oa 

| Foot. | Foot. | Foot. | Foot. | Foot. | Foot. | Foot. | Feet. 
(1 0 Ree eee See ee ae 15 0.06 0.02 0.55 0. 74 0. 65 0.61 0.07 2.70 
NOD ae ee oe 1S ys eee 04 . 49 . 29 .91 | 7 - 25 2. 68 
1M ee A ee ea Wes, See eee | 49 . 00 . 62 | 61 . 04 2.26 
GTS ce ee ees - Be eee ee dR ju (eeeSoeee ee Se oS = 86 23. | 14 39 . 02 2.24 

AVORAIO == Fn 02 | . 02 | . 60 .44 ak 08 10 2.49 
Per cent of total. ....).-......-- ¥orises 24.1 17.7% | 29.3 23.3 4.02 Pee 

ee —— 

| 

i 
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The average annual requirement of 2.49 feet of water per acre 
is less than the amount required to produce maximum yields, as 

shown by figures 4 and 7, where an application of 24 feet pro- 
duced yields of 5.25 and 4.86 tons per acre, respectively, with an 
increasing yield as the quantity applied was increased. The curves, 
however, do not show at what point economy demands that the 
quantity applied be fixed, and it is believed that the table does 
show this for economic conditions similar to those in Idaho. 

The United States census of 1910 showed average yields of irri- 
gated alfalfa as follows: Idaho, 3.27 tons per acre; Oregon, 3.29; 
Washington, 3.98; and California, 3.49, all other States having a 

less average yield. Considering these average yields along with the 
facts shown by both the table and the curves, and also the danger of 
water-logging the land and the curtailment of the State’s irrigated 
area, it is believed that 2.5 feet of water per acre represents the proper 
allotment for alfalfa on clay loam soil under economic conditions 
similar to those of Idaho. 

Each of Tables XIV and XV shows the monthly and seasonal 
requirements of only one class of crops. Hence, before the data con- 
tained in either or both of them may be used for the determination of 
the proper allotment on an entire project, it becomes necessary to 
know what crops will be grown upon the project, for alfalfa and pas- 
ture require so much more water than grains that the ultimate acre- 
age of each particular class of crops becomes a dominant factor. In 
order to throw light upon this subject and furnish an accurate basis 
for combining the two tables to show the requirements of an entire 
project, a census of several typical Idaho irrigation projects was 
secured, the results being shown in Table XVI. 

TABLE X VI.—Areas devoted to different crops. 

| : 
2 Eis Grain, potatoes Hay and pasture. | eiorehandiae 

District. Year. | ur Total. 

| Per cent | Per cent 
Tee. _ of total. | Area. | of total. 

; Acres. | Acres. Acres. 
Twin Falls South Side project........-.---- 1912 70,043 | 47.55 | 77,266 52.45 147,309 
«DO. [245 ae eon 1913 67, 115 44.95 | 82,196 55.05 | 149,311 
Seven Baise Valley projects. ..-.---.-...---- 1911 | 126,253 159.75 | 17,684 |~ = 40.25 43, 937 
pixeboise Valley projects.............---.--- 1912 | 24,492) 57.90) 17,804 42.10 42,296 

TORGT c cca 's eee ee TSTMS 0D el pe ee ae 194¥050) eae 382, 853 
A TORII 5 od Gate SEA Sec pene DRS a Niven eh AQVOS) eee SORODE |S Merc eee 

| | 

1 This area and percentage was somewhat above normal on account of the comparatively large acreage 
of bottom land that was seeded to pasture under some of those canals. 

Table XVI shows that under normal Idaho conditions almost 

exactly one-half of the irrigated acreage is devoted to each class into 
which the crops of the investigation have been divided. (See also p.. 
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53.) As these were comparatively old, well-developed projects, and 
normal in every way, there is good reason to believe that the acreages 
of the different crops on other projects will bear practically the same 
relationship to one another in the future. If this is the case, and 
the normal project of the West is ultimately devoted to approximately 
equal acreages of (1) sprig and winter grains, root crops, and 
orchards, and (2) alfalfa, clover, pastures, and crops requiring simi- 
lar quantities of water, the requirements of the projects as a whole 
will be found by averaging the requirements of the two classes of 
crops. This has been done in Table XVII, each line of the table repre- 
senting the requirement of one class during a single year of the investi- 
gation. The average given in the table therefore shows the combined 
requirements during each month of the irrigation season for the two 
classes of crops during the four years of the investigation, the process 
of averaging having neutralized and offset the eccentricities of irri- 
gators and the individual differences of the seasons, stand of crop, 

soils, and plots included in the investigation. 

TABLE X VII.— Average depths of water applied to 171 selected fields of grain and alfalfa 
on medium clay and sandy loam soils. 

[Altitudes ranging from 2,400 to 5,000 feet. ] 

Depth of water applied. = 

Num- l Total 
Crop. Season.| ber of April— September—| for 

Dlots. # season. 
lene === ay une. July. | Aue SSS SSS 

| 1-15 | 16-30 1-15 | 16-30 
| | | 

| 

| Foot.| Foot. | Foot.| Foot.| Foot.| Foot.| Foot.| Feet. | Feet 
AN fal iar ae oe ees eet 1910 15 | 0.06 | 0.02 | 0.55 | 0.74 | 0.65 | 0.6L |-0:07 |---== Peed| 
(Cir TOY 4k. <a ee ee | 1910 SL. 2.23 areas 32 . 60 55 08) |23. 222 bee See 1.55 
(Alialinwans Gays ss 3 cee ae 1911 | 1 ee ee ee .04 49 .29 Stain PAT ee ees 2.68 
Grainne et fe eee 1911 ee eae lao -03 | .65 AS. | 501 56s ees TEs 
PAU Ea teens eee see 1912 Pe See ae ect - 49 -50 62 61 O04“ ses 2.26 
TAIN epi es eee 1912 D5 lacs So paeonce eee .94 66 05) | 52. SS Ee 1.65 

BA Iara ese eee cinta 1913 16M esehecliseiccioee -86 a20 74 39 O27 esate 2.24 
Grane seen ee ns 1913 BB besese -04 avait 54 59 <23" | eons oe See eee 1.61 

ASS CRE eae el ae a eae -O1} .01| .37| .56] .65| -34) -04}-..-22- 1.98 
Per Cento totale pe sere eee Suv lhe eon isa? 2 |Pekas ee 8 ee 2:0. |e eae 

Table XVII is a general average of the results which have been 
secured on the average soil of southern Idaho during the entire four 
years’ investigation, after eliminating the results secured from all 
tracts whose yield was reduced by excessive or insufficient applica- 
tion, and is considered by far the most important table included 
in this report. The facts given in the table are shown graph- 
ically in figure 9. It is in reality the meat, or final result, of the 
entire four years’ study of water investigation, and as the soil in 
question is an average of that- which is, or will be, included in at 
least 75 per cent of Idaho’s irrigation projects, and probably of as 
large a per cent of the projects in many other States, it is believed 
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that this table may be used far more than the corresponding one 
(Table XVIII), which shows the average volumes of water applied to 
porous soils. As has been stated elsewhere in this report, the irri- 
gation requirements of any particular crop on any soil are influenced 
by many factors and will be found to vary on different farms and 

a during different years, but as this table includes the results of 171 
| selected tracts of this particular type of soil, covering a period of 
four years, thus effectually neutralizing the individual differences of 
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Fig. 9.—A mounts of water required each month of the irrigation season by an Idaho project devoted 

to equal areas of grain and hay on medium clay loam or sandy loam soil. 

the seasons, of irrigators, and of the tracts themselves, it is consid- 
ered that the results will be found to be very dependable 

Keeping in mind that the table shows averages only, and that 
individual crops, farms, projects, and seasons are bound to depart 
from the average, the table shows that a project devoted to equal 
areas of (1) grain, orchards, and general root crops, and (2) hay, 
including alfalfa, clover, senna and pasture, on average southern 
Idaho soil should eran sufficient water so that an average of 2 feet 
can be retained on each and every irrigated acre during ane season. 
Of this quantity, which is exclusive of the precipitation, 0.01 foot in 
depth, or 0.5 per cent, will be required during the first half of April; 
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0.01 foot in depth, or 0.5 per cent, will be required in the last half of 
April; 0.37 foot in depth, or 18.7 per cent, during May; 0.56 foot in 
depth, or 28.3 per cent, during June; 0.65 foot in depth, or 32.8 per 
cent, during July; 0.34 foot in depth, or 17.2 per cent, during August; 
and 0.04 foot in depth, or 2 per cent. during the first half of September, 
making a total of 1.98 acre-feet. 

The above estimates are based strictly upon the crop needs, as 
shown by the i1rigation-requirement investigation, and include noth- 
ing for stock water or that which may be required for domestic pur- 
poses, nor is there any included for waste from the fields or for late 
fall or winter irrigation. If the data in this table are to be used in 
allotting water to an irrigation project, and if the water is to be used 
for the above-mentioned purposes, these factors must be taken into 
consideration. 

Table XVITI shows that there is small need for water earlier than 
May or later than August and that with all of the tracts considered 
there has been no need for water during the four years of the investi- 
gation by either alfalfa or grain during the last half of September. It 
shows also that over 60 per cent of the total water required during 
the season is required in the 61-day period covering June and July. 
The table will be found useful to those called upon to design storage 
projects, as a variety of curves can be worked up from it, which, 
taken in connection with the hydrograph of the discharge of the 
stream from which the supply is to be derived, will show how much 
of the water it will be necessary to store. 

It also will be helpful in the designing of pumping plants, and par- 
ticularly in determining the size of the various pumping units that 
should be installed: The table shows that any large pumping plant 
should consist of more than one unit, and possibly as many as three 
or four, for a unit that could economically supply the maximum 
demand during June and July could not possibly be operated economi- 
cally with the decreased demands of May and August. This feature 
must always be given consideration. 

The table seems to prove conclusively that the uniform continuous- 

flow method of delivery is exceedingly wasteful, for if a right called 
for a uniform continuous flow throughout the season with an allot- 
ment per acre of sufficient size to deliver the required amount during 
June and July, a large proportion of the quantity delivered could not 
be used economically and would be wasted during April, May, August, - 
and September. While on the other hand, if the uniform continu- 
ous flow were of the size required to deliver the 2 acre-feet required 
during a six-months’ or even a four-months’ irrigation season, there 
still would be more water than is actually required during the early 
and late parts of the season and less than is actually required during 
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the months of June and July. Many instances have come to the 
attention of the writer where the advocates of a high duty have over- 
looked the unequal requirements of the different months of the season, 
and it is desired to emphasize the fact that this must not be ignored 
if the best use of the water is to be secured. 

Table XVIII gives a general summary of the results that have been 
obtained upon porous, sandy, and gravelly soils. This table has 
been constructed by averaging the requirements of grain and alfalfa 
on these soils during the first two years of the investigation in the 
same manner used with the clay soils, there not having been a sufficient 
number of tracts of this type of soil experimented upon during the 
last two years of the investigation to be included in such a summary 

table. 

Taste XVIII.—Average depths of water applied to 21 selected fields of grain and alfalfa 
on porous, sandy, and gravelly soils. 

[Altitudes ranging from 2,600 to 5,800 feet.] 

l 
Depth of water applied. | 

\ 

Num- | | Total 
Crop. Season. | ber of April— Septem ber— for 

plots. i ev ACCT ee season. 
| May. June. | July. gust.| 7 

1-15 | 16-30 1-15 | 16-30 

Feet.| Feet. | Feet.| Feet.| Feet.| Feet.| Feet.| Feet Feet. 
AINE CS 5 a eae 1910 7h Rae | 5 583 4) tbe We Le O) |i) | ede ees Sele oo ee cae 6.43 
(Garis es es Se 1910 LOWS aiecece .03 | 1.44 . 66 eS GM arses as |e eee 2.49 
ANIMES 5, Sea ae ea 1911 Gy | eee 18 CPA dbs tees ei SPW OBPAD laces Soce 6.58 
Cian: SS eesseeeas ees 1911 Si les oe remcelh sere cis | OSEID |) USWIO es GREE eco ose een 2.90 

Aenea ean ee eS ett eae 5G ee Be er er eo 4.60 
IRGe Coy Ol Woe alidcaSopacolanacceca|soccer 3.9 |11.3 32.0 ioe PANO to MISES lew eels Renee e 

Table XVIII shows that porous soils require a larger supply of 
water for their efficient irrigation than the medium soils, the exact 
quantity required being governed by the porosity of the soil, the 
method of preparation, and the skill used in the application of the 
water. The results shown in this table indicate that an application of 
4.6 feet to the acre per annum will be required for this type of soil, 
of which 3.9 per cent will be required during the last half of April; 
11.3 per cent during the month of May; 30 per cent during June; 26 
per cent during July; 25.6 per cent during August; and 1.3 per cent 
during the first half of September. 

SURFACE WASTE. 

The measurements just given do not include waste from irrigated 
lands. In the variation experiments the waste from the various 
plots was measured, with the results shown in Table XIX. 
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TABLE XIX.—Percentage of total supply wasted from surface. 

Percentage of waste. 

: Number of 
Crop. Class of soil. irrigations. 

Maximum.| Minimum.}| Average. 

Per cent. Per cent. Per cent. 
Alialiancs-5: Claydloam tas te. fe Se aes Se woe ee eee 302 55.7 0.0 1925 
Grainkeees |e 22 COs So ai ae eR ne 291 83.3 0.0 25.3 
Alfaliaeese Gravelly act noe nke sates He eee 147 24.8 0.0 1.8 
Grainne see | sea CO ee Ee ea aa et eee | 122 31.4 0.0 | 2.3 

Table XIX shows that over one-half of the water applied to grain 
and alfalfa upon clay loam soils is sometimes wasted, and that the 
average waste of the total quantity applied was 25.3 per cent for 
grain and 19.1 per cent for alfalfa. The above figures are based on 
the results from single fields, however, and irrigators should not be 
allowed to waste this percentage from their entire holdings. Irri- 
gated farms should be so laid out that as much as possible of the 
waste water may be caught up and used over again on one or more 
fields before it is finally allowed to be wasted from the farm. It is 
safe to assume that the average farm could be so laid out that the 
water would not waste directly off the farm from over one-fourth 
its area. Rather steep farms, however, of small area, would suffer 

a larger waste than large farms or those with flatter slopes. Under 
normal Idaho conditions it is believed that all water contracts should 
provide for a sufficient delivery over and above the actual water 
requirements of the soils and crops so that the irrigator could waste 
between 7.5 and 12.5 per cent of the quantity delivered to him and 
still retain sufficient for his crop needs. The fact that present 
economic conditions will not justify a farmer in eliminating all waste 
must not be overlooked when designing new projects, and the con- 
tracts should provide for a delivery somewhat in excess of the actual 
needs of the soil and crops. This is not a serious factor when a 
project as a whole is considered, for at least one-half of the quantity 
wasted by the individual farmer can usually be caught up and 
measured out to other consumers. 

DEEP PERCOLATION WASTE. 

That crops do not and can not utilize at the most more than 2.5 
acre-feet per annum and that they probably utilize and transpire 
far less than this amount has been proved by the many large yields 
that have been made in the Idaho investigation with comparatively 
small supplies of water, and may also be seen from the curves in 
figures 3 and 4. Much of the water applied in excess of 2 to 24 feet 
per acre in any region is lost through evaporation, surface waste, or 
deep percolation. With the more porous soils the loss from deep 
percolation beyond the reach of the plant roots is the greatest source 
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of waste from the fields, as well as the hardest one to overcome. 

That large losses are experienced from this source is proved by the 

fact that the ground water under almost all irrigated projects rises 

rapidly, the rise being either a seasonal or a permanent one. Where 

excellent underdrainage exists the water level usually recedes during 
the winter or nonirrigation season, but drainage of some sort Is 

ultimately found necessary in at least a portion of most projects. 
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Fig. 10.—Variation in depth to water in wells in vicinity of Rigby, Idaho. 

A typical case of the annual rise of water caused by deep percolation 
from porous irrigated land, there being excellent underdrainage 
from the land in question, is shown by the accompanying curves 
(fig. 10). These curves show the annual rise and fall of water in 13 

wells in the vicinity of Rigby, Idaho, where there are 40,000 or 50,000 
acres of porous irrigated land upon which large quantities of water 
are applied. 

In order to demonstrate that a very large part of the irrigation 
water used in this locality was being lost by deep percolation, and to 
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show that ight but rather frequent applications would give good 
results with these soils and that the application of water in this 
manner would result in a great saving of water, an experiment was 
carried on that it is believed has determined these factors in a satis- 
factory Manner. — 

A water-tight galvanized-iron tank, 2 feet in diameter and 6 feet 
deep, with an outlet at the bottom terminating in a three-fourths inch 
galvanized-iron pipe 10 feet long, was installed in the soil flush with 
the surface of the ground. This tank was filled with 6 feet of soil in 
as near its original position as possible, three bands of hot asphaltum 
1 foot wide were painted around the inside of the tank at 1-foot inter- 
vals to prevent percolation between the soil and the inside of the tank, 
after which the tank was irrigated each time an adjoiming experi- 
mental plot was irrigated by applying the same amounts to the tank 
that were applied to the plot. Whatever water percolated through 
the 6 feet of soil m the tank drained out of the outlet pipe and was 
caught in a tub in a curbed pit 10 feet away. A total of 6.6 feet in 
depth in seven irrigations was applied to the experimental tract 
handled by the owner of the land and to the tank, and a quantity 
representing an equivalent of 5.5 feet per acre, or 83.5 per cent of the 
amount applied, percolated from the tank and was caught in the tub 
in the curbed pit, yet alfalfa which was planted on the tank when 
the experiment was started grew luxuriantly, demonstrating that the 
supply retained in the tank was adequate for the proper growth of the 
alfalfa. It was found that the tank during the season retained an 
average in its 6 feet of soil of 0.15 foot of water per acre for each 
application, and the experiment was continued during the following 
year, that of 1912, by irrigating the alfalfa in the tank whenever it 
appeared to require irrigation with 0.15 foot in depth at each apph- 
cation, no limit having been placed on the number of irrigations that 
were to be applied to the tank. It was found that the alfalfa in the 
tank required 10 irrigations during the season, and that there was 
but a trace of percolation from the tank. The alfalfa grown on the 
tank was cut, cured, and carefully weighed, and produced at the rate 
of 7.147 tons per acre, with an equivalent of 1.5 feet of water per acre 
plus a precipitation during the growing season of 8.51 inches. While 
this experiment was not conducted upon a scale broad enough to 
demonstrate the feasibility of this small amount of irrigation on large 
tracts or that this volume would produce the same comparative yield 
on them, it is believed, after taking into consideration the other 

observations, that it has been demonstrated that porous soils actually 
require but a very small supply at each application. 

The securing of similar results from a practical application of the 
experiment just described requires a careful adaptation of methods 
of applying water to the types of soil to be irrigated. If an irrigation 
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system can be devised that will evenly apply a small quantity at each 
irrigation, porous soils can be irrigated and made to produce successful 
crops with no more water than is required for the irrigation of the 
medium or rather impervious soils. 

NUMBER OF IRRIGATIONS TO APPLY. 

The number of irrigations required during the season is dependent 
upon the soil, climate, and class of crop. Other things being equal, 
porous soils which have a low water-holding capacity and the very 
impervious soils which absorb only small quantities at each appli- 
cation, will require irrigation oftener than soils of the medium types. 
Alfalfa and pasture grow throughout a longer season than the grains 
and consequently require more irrigations. The number of irriga- 
tions required during the season may vary from 1 on winter grain in 
the high altitudes of Montana to as many as 20 on alfalfa in southern 
California and Arizona, if the same be planted on porous soils. The 
number of irrigations required under conditions similar to those of 
Idaho is approximately three for grain and five for alfalfa. The 
average number applied in this investigation on all types of soils was 
3.1 for all grains and 5.4 for alfalfa. Clean-cultivated orchards on 
deep soils of medium texture will seldom require more than two or 
three irrigations per annum. A safe rule to follow for hay and 
pasture grasses is to apply a sufficient number of light irrigations 
during the season so that plants will not wilt for lack of water. 

PROPER QUANTITY OF WATER TO APPLY AT EACH IRRIGATION. 

A study of the tables included in this report shows that the volumes 
of water which have been applied to the various tracts at each irriga- 
tion have varied widely. It is not uncommon to find soils which are 
so impervious that they will absorb barely 0.1 to 0.15 foot in depth 
at each irrigation, or soils so porous that they can be made to absorb 
1to3feetindepth. The investigation has made it plain that a depth 
of 0.1 to 0.2 foot for one irrigation is insufficient if economy of water 
is desired, for the moisture forced into the soil does not last long 
enough, thus necessitating too many irrigations during the season. 
An unavoidable loss from evaporation invariably occurs during and 
immediately after each irrigation, and it is therefore desirable to 
apply as few irrigations during the season as will be required to main- 
tain a sufficiently high moisture content in the soil for good plant 
growth. ‘The investigation indicates that, generally speaking, from 
3 to 6 acre-inches at one application is the correct quantity to apply 
and that impervious soils should be so manipulated that they can be 
made to absorb at least the smaller amount, while the porous soils 
should be so handled by using large irrigation heads that they can be 
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irrigated with not over 6 acre-inches at one application if economy of 
water is desired. It is hardly considered that it will ever be practical 
for the farmer to predetermine just how much should be applied at 
each irrigation and then apply this quantity and no more, but it is 
believed that intelligent and economical practice demands at least an 
-approximate knowledge of the volume that is being applied. The 
fact that a head of 1 cubic foot per second delivers almost exactly 1 
acre-inch per hour should make it comparatively easy for an irrigator 
to determine at least approximately how much water he applies to 
his land. 

LENGTH OF IRRIGATION SEASON. 

The length of the season during which crops require water depends 
upon both the climate and the crops grown. Grains require water 
for only a comparatively short season, winter grains frequently re- 
quiring but one irrigation, while alfalfa and pasture grasses require 
irrigation from early spring until late fall. The climatic conditions, 
with particular reference to the temperature, which determines the 
length of the growing season, have a very direct influence upon the 
length of the irrigation season, since the grass crops, provided an 
abnormal amount of natural precipitation does not occur, will require 
water for as long as the climate will permit them to grow. . The 
length of the irrigation season in Idaho has been carefully determined 
by the investigation and is shown for the different crops by Table 
XX. 

TABLE XX.—Average length of irrigation season of plots included in the 4 years’ 
investigation. 

Total | | Maxi Average dates of 
Je AVOIAES Numer iawereee ser irrigation. 

= number | having 1 | length o 
Crop. Year. | of plots | of irriga- irrigation [irrigation |/¢nsth of 

| ae tions. | only. | season.t |"{820 | First ir- | Last ir- 
| : * | rigation. | rigation. 

| Days. Days 
Grainses ass seen ae 1910 76 3.6 3 46. 7 | May 27 | July 12 
Alfaha and clover....... 1910 27 4.7 0 95. 4 144 | May 12 | Aug. 12 
Gralns Sos ey eee ee 1911 96 74, I 17 35. 5 64 | June 13 | July 19 
Altalfa and clover...-.--- 1911 34 6.1 if 111.4 142 | May 14 | Sept. 2 
Grains) ese eee 1912 60 3.7 10 39. 7 61 |June 9] July 18 
Alfalfa and clover.......- NOTE 25 5.6 0 87.3 123 | May 23 | Aug. 18 
GLAING Rese es eee a 1913 66 Sl: 8 48.9 110 | June 5 | Aug. 20 
Alfalfa and clover......- 1913 15 ball 0 96.5 119 | May 16 Do 

1 Exclusive of plots having one irrigation only. 

Average length of irrigation season for alfalia for 4 years was 97.6 days. 
Average length of irrigation season for grain for 4 years was 42.5 days. 

SIZE OF IRRIGATION HEAD. 

The size of the irrigation head used, particularly with the porous 
soils, has a great effect upon the irrigation requirements. It is a fact 
well known to irrigators who are accustomed to handling porous soils 
that very little can be accomplished with small heads of water for 
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the reason that the water is absorbed so rapidly that it can not be 
forced over the field. Where water can be conducted in pipes or 
flumes to within 100 or 200 feet of the farthest part of the field to 
which it is to be applied, a method common among southern Cali- 
fornia orange growers, large heads are not necessary, but where sur- 
face irrigation is practised on large field units of porous or semiporous 
soil, the use of large heads is imperative if economy of water is to be 
secured. The lack of efficiency of small irrigation heads was shown 
by several of the experiments which were included in the investiga- 
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Fia. 11.—Effect of size of irrigation head upon amount required per application, based upon results of 
an experiment upon 4.3 acres of porous gravelly loam soil in Boise Valley planted to pasture. 

tion. The average size of the irrigation head which is used for nearly 
all purposes in the larger portion of Idaho seldom exceeds 1 to 2 
second-feet, yet the use of heads three or four times this size would 
give a much higher efficiency, particularly if the soil is inclined to be 
at all porous. With rather impervious soils there is not such a loss 
in efficiency. The smaller the size of the head and the greater the 
distance water is run the larger the irrigation requirement. The 
accompanying curve (fig. 11) based on an experiment conducted by 
W.G. Steward, of the Boise project, United States Reclamation Sery- 
ice, clearly indicates the saving that may be made by using large 
heads for the irrigation of porous soils. 
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LENGTH OF’ RUN. 

Water never should be flooded too far between cross ditches on any 
crop or on any class of soil. An even application of water to all parts 
of a field is highly desirable but is very difficult to secure even with 
the best of systefms in use. Where water is run too far between 
cross ditches there is either oversaturation and deep percolation loss 
on the upper end near the supply ditch, or insufficient absorption at 
the lower end near the waste ditch. This is particularly true with 
soils which absorb water readily. Other things bemg equal, water 
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Fig. 12.—Effect of length of ran upon amount required perapplication. (Based upon results from 20 

different plots of porous soil.) 

should be flooded shorter distances on porous soils than on the more 
impervious soils. Experiments conducted upon 20 plots of very por- 
ous soil in the vicinity of Rigby, Idaho, have demonstrated that a 
very great saving of water may be made by flooding shorter distances 
than is usual, and it is thought that a preparation of the land into 
narrower, shorter borders, and the use of larger heads would have 
resulted in a still greater saving. The curve in figure 12 is self- 
explanatory and clearly illustrates the great saving of water which 
may be made on porous soils similar to those near Rigby (PI. II, fig. 
2) by flooding water shorter distances. 
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FALL PLOWING. 

An experiment was carried on at the Gooding experiment station 
to determine the effect of fall versus spring plowing on the duty of 
water and yield produced, with the results that are shown in Table 
XO. 

TaBLe X XI.—Results of fall versus spring plowing, Gooding experiment station. 

Yield of grain. 

Sub- Wiater " Bae: 
plot | Area. Treatment of subplot. oepied Per | grain 
No. a a Per acre- per 

; acre. | foot of | bushel. 
water. 

Acre- 
Acre. Feet Bush. | Bush. |Pounds. 

1| 0.314] Fall plowed, minimum irrigation..................-.---- | 0.376 | 41.18 | 109.5 38 
2 .315 | Spring plowed, minimum irrigation.........-...-.------ .376 | 32.88 87.5 38 
3 .314 | Fall plowed, average irrigation.........---------------- -962 | 43.65 45.5 41 
4 314 | Spring plowed, average irrigation.........--....-------- 2962) Sonat 44 41 
5 .304 | Fall plowed, maximum irrigation......-.....---.------ 1.533 | 47.54 31.0 42 
6 .305 | Spring plowed, maximum irrigation.........-.....---.- 1..5337|> 45.26 29.5 42 

A study of Table X XI makes it apparent that too much emphasis 
ean hardly be placed on the many advantages of fall plowing. 

MEASUREMENT OF WATER USED ON FARMS AND UNDER COMPLETE 
CANAL SYSTEMS. 

It is believed that the supply of water has been varied upon a 
sufficient number of tracts in this investigation and that the in- 
vestigation has covered a sufficient number of seasons to furnish a 
correct idea of the irrigation requirements of the soils and crops in- 
cluded, but as an investigation of this sort alone furnishes no in- 
formation (i) of the water required for domestic purposes, (2) of the 
transmission losses and other general wastes, or (3) of the average 
use of water on typical Idaho farms when such use is unrestricted, it 
was thought best to mvestigate also the use of water both upon 
typical farms and under complete canal systems of the State. The 
vestigation was therefore extended so as to include a careful 
measurement of the quantities used by a large number of typical 
farmers and by seven complete canal systems in 1911 and eight com- 
plete canal systems in 1912. 

The water used on the farms investigated was measured by auto- 
matic water registers which were installed on weirs in the feed ditches 
Jeading to the tracts or farms in question. The type of water registers 
used and the method of their installation in connection with the weirs 
are shown in Plate III, figure 1. 

The volume of water diverted and used by the canal systems was 
determined by daily gage readings and a large number of current- 
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meter determinations at the head of the main canal of each system 
(Pl. III, fig. 2). The gages were read by men employed for the pur- 
pose, and the discharge curves were based in each case upon 20 to 
30 current-meter ratings which were made during the season at each 
station by two to six hydrographers with different meters. The areas 
irrigated under each system and the crops that were grown were 
Getecauned by a house-to-house canvass of each farm. 

BOISE VALLEY FARMS. 

The quantity of water delivered to a total of 428.64 acres on 16 
farms in the Boise Valley was determined during the season of 1912. 
The farms imcluded were located in the heart of the vailey, near 
Meridian, and represented typical Boise Valley conditions, and the 
average use of water at the individual farmer’s head gates in the dis- 
trict durmg the season was found to be 2.56 feet per acre, the quantity 
wasted not having been deducted. Of the 428.64 acres included, 
144.84 acres were devoted to alfalfa, pasture, and other hay grasses, 
the remainder to grains, potatoes, and orchards. The soil of the 
district is nearly uniform and consists of a clay loam 3 to 8 feet in 
depth, underlain with a rather compact eravel. The water for irriga- 
tion purposes in the above district is used with more than the average 
care, and the use of water shown by the measurements Corresponds 
very closely with the requirements shown by the variation experi- 
ments. 

SALMON RIVER PROJECT FARMS. 

The water applied to a total of 978.22 acres on 12 farms of the 
Salmon River project was measured during the season of 1913, the 
area involved having all been determined by transit surveys. The 
soil of the district is a clay loam 2 to 6 feet in depth underlain by lava 
rock. The total area involved consisted of 200.73 acres of hay and 
pasture grasses, and 777.49 acres of grain, potatoes, and orchards, and 

the use of water by the farmers varied from 0.77 to 5.30 acre-feet 
and averaged 2.08 acre-feet for the entire area. This was the first 
year some of this land had been irrigated, and it is believed the 2.08 
acre-feet, with one or two exceptions, represented the average use 
of water on the entire project at that time. The quantities wasted 
from these tracts were not measured. 

WATER DIVERTED BY TYPICAL CANAL SYSTEMS. 

The canal systems investigated in order to determine their head- 
gate diversions consisted of the Riverside, Farmers’ Cooperative, 
Farmers’ Union, Settlers’, Boise Valley, Pioneer, and Eureka, typical 
canals of the Boise Valley; the Randall Canal, and the Clark and 
Edwards in the Upper Snake River Valley; and the South Side 
Twin Falls Canal, which irrigates approximately 200,000 acres on the 
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‘south side of Snake River in Twin Falls County. Of the Boise 
Valley canals the Riverside, Farmers’ Cooperative, Farmers’ Union, 
and Settlers’ irrigate clay loam bench soils almost exclusively, while 
the Boise Valley, Pioneer, and Eureka irrigate the more porous 
sandy loam and gravelly bottom soils. The ground water usually 
lies rather close to the surface under the lands irrigated by the 
bottom canals. The Randall and the Clark and Edwards canals 
irrigate very gravelly soil in the upper Snake River Valley, the gravel 
being of a very porous nature to a depth of at least 80 feet, at which 
depth the ground water is found. The South Side Twin Falls Canal 
irrigates approximately 200,000 acres of gently rolling clay loam soils 
with an average slope of about 50 feet per mile, the soil underlain 

with lava rock and ranging from 2 to 40 feet in depth, with a probable 
average of 8 feet. The data secured from these canal systems during 

the Idaho investigation are shown in a condensed form in tables 
XXII and XXIII, which follow. The volumes diverted by the canals 
during the season of 1911 were measured by W. G. Steward, of the 
United States Reclamation Service, and the remainder of the data 

was secured by our own assistants. 
Table XXII shows areas devoted to different crops under the 

canals investigated: 
34 . . . 

 TasLE XXII.—Acreage devoted to different crops, and percentage of areas actually wrri- 
e gated under ten different canals. 

Hay. Pasture. Grain. Orchard.1! 

Name of canal. | Year. ; S 5 Total. 
er ‘ Per er : Per 

Acres. conte Acres Cant Acres Pont Acres. aah. 

Riverside......... 1911 4,059.00 | 54.7 755 745) 2.4 911.00 | 12.2 | 2,280.25 | 30.7 7, 425. 50 
DO. eae 1912 | 3,455.75 | 50.1] 627.25] 9.1] 1,360.00 | 19.7 | 1,455.50 | 21.1 | 6,898.50 

Farmers’ Coopera- 
(HN) 5 See 1911 5,526.75 | 44.4 | 1,626.00 | 13.1 2,043.50 | 16.4 | 3,239.00 | 26.1 | 12,435.25 

DOs, See 1912 | 4,890.00 | 37.4 | 2,289.50 | 17.5 | 2,354.25 | 18.0 | 3,528.66 | 27.1 | 13,062.41 
Farmers’ Union...| 1911 3,339.44 | 48.8 | 1,171.94 | 17.1 1,526.94 | 22.3 804.38 | 11.8 6, 842.70 
Da: 1912 | 3,045.35 | 42.6 | 1:534.74 |-21.5 | 1,737.00 | 24.3] 827.33] 11.6.) 7,144.42 

Settlers’........... 1911 | 4,385.25 | 37.1 | 2,157.25 | 18.2 | 3,686.50 | 31.2 | 1,590.80 | 13.5 | 11,819.80 
i IDO 3 Se eee 1912 4,490.25 | 38.2 | 1,848.20 | 15.7 3,294.75 | 28.0 | 2,121.80 | 18.1 | 11,755.00 

Boise Valley.....- 1911 332.25 | 14.9 | 1,189.09 | 53.4 Zils S0) | l255 426.35 | 19.2 2,225.49 
IDOsse sen eae 1912 267.00 | 11.7 | 1,222.50 | 53.4 336.00 | 14.7 461.50 | 20.2 2, 287.00 

Eureka... eee OL 369.00 | 17.9 | 1,138.75 | 55.2 505.00 | 24.5 49.25 2.4 2,062.00 
Pioneer......... .-| 1911 15S 25) | LOS, 667.67 | 59.3 197.90 | 17.6 4 || IPD) 1,126.54 

DOS eee 1912 132.50 | 11.5 689.32 | 60.0 166.75 | 14.5 160.17 | 14.0 1,148. 74 
mvandall:: . 206... - 1912 1,193.50 | 36.6 207.50 6.4 1, 145.00 | 35. 2 709.00 | 21.8 3, 255. 00 
Clark and Edwards} 1912 570.00 | 41.9 97.00 (eal 463.50 | 34.0 232.00 | 17.0 1,362. 50 
South Side Twin 

Balisee 1912 | 59,229.00 | 40.2 10,094.00 | 6.8 | 56,379.00 | 38.3 |21,607.00 | 14.7 |147,309.00 
Donets... 1913 | 54,903.00 | 36-8 [12,212.00 | 8.2 | 60,805.00 | 40.7 [21,391.00 | 14.3 149, 311.00 

PRotalmesaeee chin. 8. 15053035201 |esa oe 38, 947..96-|..---. 137, 189989) |e. 61029571) |b sexe I387, 470. 85 
Average per 

GGIN Rs Cob SHlbSaeee Gece eee Sionisial Weaeer aan lO Rast S SO Aa ee eee es 15.7 100. 00 

1 Includes small fruits, garden, potatoes, and home grounds. 

Table XXII includes no uncleared land, but only the areas actually 
‘urigated under each canal system investigated, and shows that 38.8 
per cent of the area was devoted to hay, 10.1 per cent to pasture, 
30.4 per cent to grain, and 15.7 per cent to orchard and miscellaneous 
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crops. The table confirms the conclusion reached from Table X, 
that normal projects are about equally divided between (1) hay and 
pasture and (2) grain and other miscellaneous crops. 

The number of acre-feet diverted each month by each system was 
determined and computed, and Table XXIII shows the number of 
acre-feet diverted for each acre irrigated during each month of each 
season. : 

TaBLE XXIII.—Quantity of water diverted for each acre irrigated during each month of 
irrigation season for ten different canals. 

Acre-feet diverted for each acre irrigated. 

Name of canal. Year.| April— Sep October— | Total. 

May. | June.| July. cate tem- 
1-15 ous || ber -15 | 16-30 1-15 | 16-31 

IUIVEESIO Ost ones ene ee 1911 | 0.08 | 0.43 | 1.40 | 1.46 | 1.54 | 0.79 | 0.79 | 0.50 | 0.15 7.14 
OR En Cat ae eee Rie SS 1912 11 63 | 1.74 | 1:98 | 1.99 | 1.19 } 1.23 62 00 9. 49 

Farmers’ cooperative. ..-.-.-..- 1911 4 SS leo Ly a SOM Sl LOs ls 44a lees 28 19 5. 52 
Oe ee cen ae aN 1912 00 OS OTe e263 94 ee Osu |eeroo 17 10 4.76 

Warmers, WiaIOW = eee eae eae 1911 TCD) ast Rely LPs Teal th ak 2s |! = Sey || cls 13 00 5. 66 
One ae Nee oe ene 1912 Sh = Aisi) der |) de2es | LOy | 468 |) oes 00 00 5. 53 

Scutlersse sates ae ere 1911 04 | .16 42 | of SAM Se 224 11 00 3. 04 
OS 32 Stes aes Saeco 1912 00} .01 49 | .69} .7 54] 134 10 00 2. 87 

IBOISes Valle yee see are ee ee 1911 leh lo SZ G35 |) oa!) 64) .42] .30 12 00 Sait 
OPO oe nee tet bees 1912 00; .00 46} .50 iH | | Sets ||. oak 00 00 2. 39 

IBY UETG eeaeeor es ts Sore (eae ee 1911 00 | .05 338) || aS 34] .35]| .34 03 02 1. 84 
IONE Chee eases = yee 1911 | .11 40 91} .97} 1.09) 1.01] .8 12 00 5. 44 

ID YS aan tenant ae ees I pie! (OO) |) aI TS 1) A TI OB3 |= GOs || er 31 00 6. 02 
Rand ait ees eee ase 1912 00 00 00 | 1.58 | 2.25] 1.99] .81 25 00 6. 88 
Clark and Edwards ............ 1912 00 00 31 | 2.59 | 3.00 | 2.67 | 2.04] .34 00 10. 95 
South Side Twin Falls.......... 1912 | .10 14 603|/e1SHO0 | Rt 23 8 las | ees Ols ee22, 16 5. 29 

OL BeS sa cen eee Sees ame 1913 | .09 11 83) 1512) 25 aS 21s enon 20 17 5. 71 

Average for month. ......|_-..2- Bede eg 77H |e ose) MePAL Taya) Soi = SGyel) See IE Oe: 5.39 
Per cent of season’s diver- 

SIQME = Soe te ecto ne stecebe 1.49 | 4.08 tee 22. 43 ae 83 |16.5 |12.43 | 3.71 | .93.} 100.00 

The investigation has demonstrated the adequacy of 2 acre-feet 
(p. 32) for diversified crops on clay loam soils, provided there is no 
waste, and the measurements of the use of water by the farmers in 
typical districts show that more than 2.5 feet per acre is seldom 
delivered to or used upon the land. The quantities diverted by the 
above projects, however, which represent the normal use in Idaho, 

show that they divert much more than is required for the crops on 
the farm. A comparison of these diversions with the quantities 
required and used on the farms would indicate (1) that water is 
wasted by the canal systems both early and late in the season; (2) 
that a considerable supply is required for domestic purposes and stock 
water; and (3) that the losses from seepage and evaporation in trans- 
mission, and from careless use, must be far larger than many have 

realized. The quantities shown as having been diverted per acre in 
the preceding tables are known to be very nearly accurate, and, con- 
sidering the fact.that it has been found necessary to divert these 
quantities under normal Idaho conditions, these data must be given 
careful consideration when designing projects with scanty water 
supplies. Pe ASS SEE ea, eee 
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SEEPAGE INVESTIGATION. 

The losses to which the waters of an irrigation project are subject 
in passing from the point of diversion to the land to be irrigated 
have not always been given sufficient consideration in the designing 
of projects. It became evident early in the investigation that the 
losses to which canals in different types of soil are subjected should be 
measured in order to determine how much water should be diverted 
to deliver the quantity required. During the years 1912 and 1913, 
118 sections of Idaho canals were measured for the determination of 
the seepage losses. These canals varied in discharge from 0.07 cubic 
foot per second to over 3,190 cubic feet per second, and in cross 
section from 0.117 square foot to 984 square feet. A total of 287.31 
linear miles was included, covering all of the common soil types of 
Idaho, and it is believed sufficient data have been secured to furnish 
a substantial basis for estimating the losses to which the canals of 
this State will be subject. 

METHOD OF INVESTIGATION. 

All canals included in the investigation with a discharge of 3 
second-feet and less were measured with Cipolletti weirs installed 
at the upper and lower ends of each section. The head on these weirs 
was read to the nearest 0.001 foot with small inexpensive hook 

gages that were especially designed for the purpose. All canals with 
a greater discharge than 3 second-feet were measured with current 
meters. The 0.2, 0.6, and 0.8, or 3-point, method of measurement 

was used in all cases where the canal exceeded 1 foot in depth, and 
either the 0.6, or integration, method with the shallower canals. In 

_ order to eliminate errors in computation, individual characteristics 
of the meters, and personal equation of the men, every section meas- 
ured with current. meters was measured by at least two hydrog- 
raphers, each with a different meter, thus furnishing a double check 
on all results. It was found that fluctuations of gage height and 
discharge were the most troublesome factor in connection with 
Seepage determinations, and the following method was used for the 
elimination of the effect of the fluctuations: 

Canals to be included in the investigation were thoroughly looked 
over before any ratings were made, and gages which could be read 
to the nearest 0.02 foot were installed approximately every 2 miles 
in the main canal and at the head of all diversions, care being used 
to pick good sections in the middle or in the lower third of as long 
a tangent as possible. Discharge curves were plotted for each sta- 

_ tion by using the bottom of the canal as the zero or point of no flow, 
and the point at which water stood when the measurement was made 
as the only other point that was determined for each curve, care 
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being used to make them conform as nearly as possible to standard 
curves for similar sections. After all of the measurements had been 
made, floats consisting of tightly corked bottles were dropped into 
the main canal at the upper gage, and a man proceeded down with 
them, reading each gage in the main canal and at the head of all 
diversions at the time the floats passed. Other men with more floats 
followed the first ones at 2 to 3 hour intervals during the day. The 
discharges at the different stations and the consequent seepage losses 
between were determined from the gage heights at the time the 
floats passed, thus minimizing error from fluctuations in gage 
height. This method compares losses from the same flow or wave of 
water for a 12 or 14 hour period, and while the rating curves based 
on only two points may be slightly inaccurate, the canals were held 
quite uniform throughout the entire investigation. 

The larger canals were measured either from cars which were 
suspended from cables across the stream or from a boat especially 
fitted up for the purpose (PI. III, fig. 2). The smaller canals, where 
convenient bridges could be found, were rated from the bridges, and 
in other cases, where the depth permitted, wading measurements 
were made. 

There are two common methods of expressing seepage losses. One 
is per cent of flow lost per mile, and the other the number of cubic 
feet lost from each square foot of wetted canal bed in 24 hours. The 
former and older method is more readily calculated and understood, 
but since the percentage decreases rapidly as the capacity is increased, 
many prefer the use of the latter unit, as it is more constant for any 
type of soil and largely independent of the capacity of the canal. 
Table XXIV gives the results of measurements of seepage losses. 
For convenience, the losses are expressed by both methods. 

TABLE X XIV.—Seepage losses from canals. 

i Loss 
Aver- Dis- 

g€ | Area | Wet-| charge Total ene 5 eee 
width| ater | ted at loss eaae Loss oe ae Loss 

No f sur. | Per | upper in aaa per |vettea| Per Remarks. 
water im- | end of] sec- mile mile 

face b- area 
sur eter sec- tion served er 24 
face tion ; eee 

Square Second-| Second- Second-| Cubic Per 
Feet.| feet. | Feet.| feet. feet. Miles.| feet. feet. cent. 

: o 9 0.12} 1.0 0.07 0.02 | 0.490 0.04 | 0.666 57.1 | Medium clay loam. 
0 eal Gn elise 14 02 399 05 . 684 Soa Do. 

Ou |e: eal OU nets 20 04 . 700 . 06 . 623 30.0 | Deep clay Ioam. 
: ae : a2 i . 28 - 08 . 682 S12) 1. 129 42.9 Clay loam, gravel. 

; : ; 36 - 08 .379 -21 | 1.919 58.3 0. 
Gn -48 | 1.9 53 -07 .714 -10 . 844 18.9 | Clay loam, hardpan. 
C2 260 Ss i| ise! 54 07 740 10} 1.107 18.5 | Deep medium clay loam. 
Sale 22h aeleG 58 03 .378 .08 811 13.8 | Shallow clay loam. 
9 | 1.8 SS 98} 68 03 . 469 06 455 8.8 | Impervious clay loam. 
0 ry : = 2} 0 13 528 .25 | 1.919 31.3 | Medium clay loam. 

: BSO : 03 . 422 01 659 4.3 Do. 
2 a ee a2 2 a 435 28 | 2.052 32.9 Porous sae clay loam. 

. a : 7 -573 07 714 8.0 eep clay loam. 
14 | 3.5 ol! SS 99 07 519 14 596 14.1] Clay loam, hardpan. 
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Taste XXIV.—Seepage losses from canals—Continued. 

: Loss 
A ver- Dis- 
NSN ay Wet-| charge | Total ener cua 

width| ater | ted at loss eae Loss FOOt Loss 
of Sie per- | upper in oT per | wetted} Per Remarks. 

water| SU | im- | end of | sec- mile. mile. face. . ob- area 
sur- eter.| sec- tion. sanved per 24 
face. tion. hours. 

Square Second- | Second- Second-| Cubic | Per 
BHCC Ua CCU PH CCtan\ sf Cee feet. | Miles.| feet. feet. cent. 
1.8 On525) 251 2, 0.10 | 0.480 0.21 | 1.623 19.8 | Porous clay loam, hardpan. 
P25) 1.0 2.9 1.22 10 | 1.534 06 - 368 4.9 | Impervious clay loam. 
2.0 08) | 253 1. 28 O01 3501 03 . 203 2.3 | Uniform clay loam. 
4.3 1.2 4.6 1.28 .09 | 1.623 - 06 -191 4.7 | Impervious clay loam. 
1.8 5124 | PAG) 1.41 .12 .316 538) 22390 27.0 | Porous clay loam. 
3.6 12 4.0 1.45 56 | 5.254 sill - 436 7.6 | Clay and sandy loam. 
3.4 5S | do) 1.48 5 dl3} ODD . 24 - 986 16.2 | Clay loam, shale bottom. 
3.0 2.6 4.0 1.91 .36 . 662 5b Ns PEARS 28.3 | Sandy loam. 
2.4 .82 | 2.8 2.0 . 26 - 945 .28 | 1.608 14.0 | Clay loam, hardpan. 
3.0 1.4 3.9 2.0 323 . 302 .65 | 2.742 32.5 | Limestone shale bottom. 
2.2 ileal Sue mil 10 . 420 5 || PAS 11.4 | Compact impervious clay. 
3.0 oS) || 3533 22) 05 554 09 448 4.1 | Shallow clay loam. 
2.4 SOI 228 222 06 659 .09 532 4.1 | Medium clay loam, hardpan. 
a5) ileal 3.0 2.3 10 576 17 947 7.4 | Medium clay loam. 
5.4 So ll G50) 3.8 18 | 1.175 LS 418 3.9 | Sandy loam and gravel. 
7.9 5.0 8.3 4.5 44 | 2.020 22 429 4.9 | Impervious clay loam. 
6.4 2.4 6.5 5.2 21 2.650 08 184 1.5 Do. 
8.3 6.1 8.8 5.4 88 | 1.980 44 826 8.1 | Porous clay loam. 
To) 4.6 7.9 6.2 49 | 2.010 . 24 505 3.9 | Clay loam, compacted. 
a 8) 3.6 Bao 5.4 96 498 12938 Sutdo 35.7 | Very porous gravel. 
4.6 4.4 5.8 6.1 - 46 . 584 Sa) SPP 13.0 Do. 
Well 4.6 8.0 6.8 .84 | 1.984 .42 868 6.2 | Clay loam, some rock. 
8.6 5.0 8.8 eel 50 | 3.944 «13 236 1.8 | Impervious clay loam. 
8.1 4.3 8.4 USE .38 | 1.460 . 26 507 3.6 | Sandy clay loam. 
Toe 4.6 168 7.8 sane O50 09 183 1.2 | Shallow clay loam. 
9.8 5.0 | 10.5 8.1 54 | 3.010 .18 280 2.2 | Clay loam. 
Go 6.3 8.0 8.9 .85 . 520 1.64 | 3.344 18.4 | Medium gravel. 
8.8 5.0 9.1 9.6 -46 | 1.968 23 420 2.4 | Clay loam, silt. 
9.7 SOPs SOLON O80 oli, |= 92:560 07 109 30 Do. 

13.3 Joos |) ee al | loses} 1.18 | 3.000 .39 . 456 2.8 | Clay loam, rock. 
5.8 Coo) Tet) || Uae Ie GS) ls AO) .64 | 1.402 5.8 | Uniform clay loam. 
(e2h\e LOSS O74 | IPAS 157 |) 15255 1525) || 2.225 10.0 | Medium gravel. 
9.5 9.4 10.1 13.2 .94 1,309 (2 > We 163 5.5 | Gravelly clay loam. 

11.9 OO. |) TES i, AS L970 .58 . 690 4.4 | Deep clay loam. 
11.1 doll 12.0 | 14.7 3.5 2.612 1.34 1. 827 9.1 | Deep sandy loam. 
9.6 SHOR SLOSS Sy 2 a5 ele 80) B Sin vas re 5.6 | Irrigated land above. 
6.3 359) Oe UO . 87 | 1.840 -47] 1.061 2.8 | Compact clay loam. 
8.6 | 11.6 9.9 18.5 1.35 . 674 2.0 3.311 10.8 | Medium gravel. 
SB heal 9.9 | 19.0 1.84] 3.680 50 . 801 2.6 | Impervious clay loam. 
OSS LOO. alte 2 1933 1.81 | 4.568 40 579 2.1 | Gravelly clay loam. 
WIA IO) alas ee Pals 7/ 2.3 3. 812 60 876 2.8 | Clay loam, silt. 
ONSe LON 2 Teale 2201 2.5 1. 830 1.37 | 1.944 6.2 | Heavy sandy clay loam. 
20:4 16.5 | 21.4] 24.0 5.0 1. 936 2.6 1.975 10.8 | Sandy loam. 
ZS elon Sy ple. 2 sl) 2452 le ak . 478 2.3 2. 879 9.5 | Very gravelly. 
om Saat al e2Su2i|| sola o WEG By CAO) 38 220 1.2 | Deep clay loam, silt. 
SO |) BO) {able oleal 4.8 3. LL Ole eZee 3.8 | Very gravelly. 
29.5 | 27.0 | 30.0} 43.0 5.0 2. 210 2.3 1, 234 5.3 | Hardpan, shale. 
19.8] 28.7 | 20.8] 43.6 1.35 | 1.881 712 . 565 1.7 | Deep clay loam. 
OE ell olde | 205851) 45.5 1.90 | 1.746 1.69 . 856 2.4 Do. 
19.5 | 33:4 | 20.6 | 50.3 4.8 8.000 1.60 | 1.271 3.2 Do. 
2659) 2952) | 26.6 | 54.2 | 2.4 3.320 . 12 . 445 1.3 | Gravelly hillside. 
ET elee aon 8.) (22.0 1 5ONO 8.7 4, 533 1.92 | 1.384 3.3 | Deep clay loam. 
24.4} 39.8 | 25.51] 68.1 16 | 3.140 .24 | 1.553 3.4 | Shallow clay loam. 
2408) 52.7 | 25.9 | - 73.0 14.0 | 4.862 2.9 1.819 4.0 | Deep clay loam. 
2s leeei6) | 15.2) 7770 1.44 | 1.660 . 87 - 934 1.1 | Impervious clay loam. 
45.0 | 58.3 | 46.3] 78.6 SY) 2. 928 2.0 712 2.5 | Medium clay loam. 
3050) 4355 1305) | 79.5 2.9 3. 320 87 469 1.1 | Gravelly sidehill. 
WASSH 3058) | 1754) ) - 915 2.2 1. 570 140 aily/ 1.5 | Uniform clay loam. 
23.3 | 45.8 | 24.5] 92.2 3.4 3.138 1.08 724 1.2 | Medium clay loam. 
14.3 | 40.6 | 18.4] 93.9 .14] 1.800 08 069 0.9 | Clay loam irrigated land. 
15. S| 46.5 | 20.0 | 106 —4.5 2. 100 7) bet eters 2.0 | Ground water near surface. 
Assia eagle 225 Opi: 112 2.6 2. 630 1.00 ~ 135 0.9 | Uniform clay loam. 
23.3 | 46.4 | 24.8 | 122 6.0 1. 980 3.0 1.999 2.5 | Gravelly sidehill. 
2B.) || GBKSs |) Cay aby iP al 3. 140 3.9 2. 482 3.1 | Medium clay loam shale 4 

disintegrated. 
45.0 | 73.9 | 47.0 | 133 1.90 | 2.930 65 . 226 0.5 | Medium clay loam. 
17.0 | 42.2 | 21.0 | 136 9.4 2. 833 3.3 2. 585 2.4 | Sand and gravel. 
38.0 | 99.5 | 40.0 | 140 11.3 4, 960 2.3 - 932 1.6 | Shallow clay loam. 
37.0 | 94.8 | 38.6 | 146 5. 8 6. 260 .92 . 393 0.6 Do. 
18.3} 52.4 | 22.4 | 146 10.5 3. 400 3.1 2. 256 2.1 | Heavy clay loam. 

2 oobi AGete Oe eee 7s 1.31 | 13.000 pid) eerie 0.1 | Perrine coulee. 
67.5 | 116 68.2 | 192 2.3 8. 809 . 60 . 145 0.3 ! Clay loam and lava. 
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TaBLE XXIV.—Seepage losses from canals—Continued. 

i [ 
| = _ Loss 

Aver- Dis- 
age | Area | Wet-| charge | Total Lene = eee 

width SRG ted at loss see Loss ae ae Loss 
No.| of per- | upper in cn per | wettea| Pet Remarks. 

water ee i end of | sec mile mile 
ur- | “#°° |eter.| sec- | tion F ares 

ae So served. per 24 
e hours. 

Square Second-| Second- Second-| Cubic | Per: 
Heer) feet. =| Heet..| feet. feet. Miles.| feet. feet. cent. 

86 | 68.1 | 125 68.8 207 8.4 4.185 2.0 0. 480 1.0 | Clay eam: hardpan, lava 
rock. ae 

87 | 22.4 67.7 | 27.0 214] 10.2 3. 090 3.3 2. 001 1.5 | Gravel and clay loam. 
88 | 21.3 TASS |i Ze 242 1.33 3. 530 Bets: . 224 0.2 | Heavy gravel. 
89 | 26.4 91.6 | 31.0 243 Su Gutee 12920 1.88 . 988 0.8 | Compact clay loam. ~~ 
90 | 21.0 96.0 | 28.8 244 SUD) BEd) . 04 . 021 0.01 | Banks sandy. 
91 | 21.9 101.4 | 30.8 260 10.0 2. 450 4.1 2. 048 1.6 | Very sandy sidehill. 
92 | 24.8 106 33.0 265 3.4 2. 850 1.19 . 502 0.4 Sandy loam. 
93 | 25.8-| 107 31.3 270 | —2.0 2.110 OOK eee 0.4 | Cement gravel. 
94 | 25.1 113 32.8 272 6.0 2. 440 2.5 227 0.9 Sandy loam. 
OSaiela sults 36.0 295} 13.6 2. 260 6.0 2. 735 2.0 | Porous gravels, evidently 

seepage. 
96 | 68.0 159 70. 5 308 8.4 3. 870 De 2 - 500 0.7 | Clay loam and lava. 
97 | 68.0 | ,171 70.3 332 | 24.3 4,180 5. 8 Ee35 1.7 | Clay loam, hardpan. 
9871/3220) | 122 36.5 333 | —.76 | 2.620 By 308 eee 0.1 | Impervious clay loam. 
99 | Cik-| Basin. |22=--- B44 of SES ane se eres |e ae ep Clay loam, hardpan. 

100 | 38.3. | 142 42.4 420 | 12.5 5. 840 2.1 . 826 0.5 | Gravel, sand, clay. 
LO (Ch2k-|sBasinea|--2—s- 707 (| Pinos Se a | et S| Pee aaa Oe aAl ag os Bee ee 2 Clay loam, hardpan. 
102 | 53.5 | 265 57.0 760 | —4.0 2.180 L.84 Were Ss 22 0.2 Gain, gravel. 
103 | 56.7 | 288 61.4 783 | 10.4 2. 260 4.6 1. 227 0.6 | Compact gravel and clay. 
104 | 53.0 | 290 58.9 788 |—12.7 2.140 RU Wee eeece 0.8 | Composite clay and clay 

irrigated land above canal. 
105 | 57.0 | 316 62.6 832 11.1 2. 060 5.4 1.408 | 0.6 Uniform clay loam. 
106 | 66.0 | 319 64.8 877 | 20.9 2. 940 Tak 1408 |- 028 Do. 
OKO) [Sse cere cece at Pans aaa 1,615 | 108 3-41 0ulpo lies) sao | 2.0 | Varying clay loam. 
iOS ee | eee ee ee ee 13755.) 126 HSETO Aaa eee 1.4 Botton on creyiced lava 

rock. 
TOOR RS rss es ee 1,870 | 108 S41 OS 25S en Sesame 0.7 | Coulee and ditch. 
TIO) (SS Ge Ses oe eee eee ame 1,890 | 19.2 2.750 TsO mat eee 0.4 | Gravel, sidehill. 
AAT ee es |) epee safe Se 2,006 | 116 827905| slda2 melee 0.7 | Clay Sous creviced lava 

rock. 
TAT: | ee eee | PU apes 74 BV 13.5 4.390 B Sai Et eee 0.1 | 4concrete lined, $clay. 
113 |104.0 | 784 TGS |) Pe TBYA |) CBE 5. 350 17.4 2. 574 0.6 Deep uniform clay loam. 
114 |107.3 829 114.3 | 2,798 | 30.4 6. 070 5.0 . 719 0.2 Do. 
115 |107.5 831 114 2,857 | 27.0 2. 650 10,2 1. 462 0.4 Do. 
TGs eee Ss Bese es ee Ee ee 2,934 54S Osos oc eeelaseeieee en eee eee Reservoir. 
117 }118.0 | 955 {123 3,097 | 148 5.050 | 29.3 3. 899 0.9 | Deep clay loam. 
118 |123.0 | 984 {129 3,192 | 167 3.350 | 49.9 6. 324 1.6 | Clay loam, underlain by 

creviced lava rock. 

Table XXV shows the range of the losses to which the canals were 
subject in per cent per mile and in cubic feet per square foot of wetted 
area per 24 hours. 

TABLE XXV.—Range of seepage losses from canals. 

Loss per 
Per mile. | Sauare foot 

Per cent. | Cubic feet. 
5 é Minimumrloss ay Ate ee Se ee ee) ee ae eee 1 —5, 

Mam Want Loss nck ede ed ee aaa a RR 0m Sep pee A en Ae pe ee 58.3 Me G@ze2 
‘A‘verage loss :(109: sections)! 2 (e342 = 2 oy ee Pa es Deen ha a) a ee eee | 7.4 1.21 

1 Gain. 

The effect of capacity and other factors upon the losses is shown by 
the curves in figure 13, which are based upon all of the data secured 
after eliminating the few sections which showed a gain. These curyes 
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indicate that losses per square foot of wetted area are largely inde- 
pendent of the volume of water flowing in the canal, but that they are 
slightly influenced by the depth of water over the wetted area, and 
that the per cent loss per mile is greatly influenced by capacity where 

mh A 

» S S . NG 

0 ° y 

iN} 

e wn Colvce Feet per Seconda 

iD LOOT CAV FEIES 7. 

— A — — LOSS WW CUBYCLELT PEP? SQUHIE [O07 WETTED AREA ll 28AUPS PER SECOND (207) CHVFICITV. 

SCP AS 

Lt 

Lesth of Water tn Canal tr Feet. CEL 
COE 
PCE 
CO a 

BLAS 28D PLBALIZS 

quantities less than 200 second-feet are carried, but that with capacity 
in excess of 200 second-feet the percentage of loss is remarkably con- 
stant. Great care must be used in the designing of small canals to 
allow for a sufficiently large per cent of loss. 

—SELATION OF LOSS li CULE FEET PLE SQUARE FOOT OF WETTED AREA FO DEPTH O WATER WW CANAL. 

OS 

ELIT LOSS PLE PILE PER ECO. Fic. 13.—Effect of capacity of canal and depth of water on loss in per cent per mile and in cubic feet per square foot of wetted area. 
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A study of the results shows, among other things: 
(1) Small laterals carrying 1 second-foot and less almost inva- 

riably lose a large part of the water carried, and the percentage of 
loss decreases rapidly as the volume carried is increased, thus empha- — 
sizing the desirability of rotation systems where the necessity of 
carrying small amounts is eliminated. 

(2) Since certain types of soil have a fairly uniform loss per square 
foot of canal bed, canals should be designed, other things being 
equal, with as small a wetted perimeter as possible in comparison to 
their cross sections. 

(3) Porous irrigated land above a canal may cause it to gain 
instead of lose. 

(4) Canals in average southern Idaho soil, which is a medium clay 

loam, should be designed to withstand a loss of 0.5 to 1.5 cubic feet 
per square foot of canal bed in 24 hours; 0.5 cubic foot per square foot 
pet day is a safe basis for impervious clay loam soil, about 1 cubic 
foot per day for medium soil, and 1.5 to 2 cubic feet per square foot 
per day is a safe basis for somewhat pervious soils. 

(5) One per cent per mile is a safe basis for the loss in medium 
southern Idaho soil with capacities in excess of 200 second-feet. 

(6) Canals in gravelly soil should be designed to withstand a loss 
of 2.5 to 5 cubic feet per square foot of canal bed in 24 hours, depend- 
ing upon the porosity of the gravel, although it is probable that lining 
would be profitable if the higher loss were experienced. The pro- 
cedure must be determined by local economic conditions. 

(7) A project having a comparatively long main canal, constructed 
through earth and unlined, may lose from 20 to as high as 50 per 

cent of the water diverted before it reaches the farms even in the 
impervious soils. (See fig. 13.) 

SURVEY OF WASTE LAND IN IDAHO. 

It has long been known that not every acre of the gross area con- 
tained in a project is irrigated. Engineers, for lack of more accurate 
data, have commonly assumed that 20 per cent of a typical project 
is unirrigated because of high spots, corrals, county and private roads, 
railroad rights of way, etc. Water has been increasing in value to 
such an extent that there is a great incentive to base projects upon 
narrower margins each year, and it was evident that the above factor 
should be carefully determined in order to allow of a design that 
would not only be economical but would safeguard the future of the 
newer projects. For the purpose of determining the extent of unirri- 
gated land which exists in a high-class, intensively cultivated project 
in any one year from all causes, 16,067.8 acres of typical irrigated 
land, located in two contiguous bodies in the best part of two typical 
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irrigated districts, were surveyed. ‘T'wenty-six sections were sur- 
veyed, 20 of them being located under the old canals in the heart of 
the Boise Valley, in the vicinity of Meridian, and 6 sections in the 
heart of the South Side Twin Falls project near Kimberly. The 
entire survey was made with a transit and chain, each crop and each 
type of waste land being carefully noted. The field notes were 
plotted on detail paper on a scale of 200 feet to the inch, and the 
areas were determined with a polar planimeter. The areas surveyed 
were typical of the better class of Idaho irrigation practice in every 
respect, and the detailed results secured are shown in the following 
tables. For convenience the various irrigated areas are groupedin 
Table XX VI, and the nonirrigated or waste areas in Table X XVII. 
As numbered in the first column, the 26 sections are identical in the 
two tables. Nos. 1 to 6, inclusive, in both tables give the data for 

the six sections near Kimberly, and Nos. 7 to 26, inclusive, for the 
20 sections near Meridian. 

TABLE XX VI.—Acres actually irrigated. 

No. Hay. Grain. Pasture. Potatoes. Orchard. crarden. 

Acres IPs Gig\| ALGRSs | IES@is ZLGRie: || JE5@ibW ZUGHASs ||PZ6GG I ANGnass 25 G6 || ZVGRSS, 4) 725, 
ll. SSS TN | 233583 83.7 | 17.4 nats) dp alias) VASAT iy 320 LST || TESS 8.1 5 9 
23. Se Se ee 95.9 14.9 263.9 | 40.9 64.1 9.9 14.9 283 21.4 Sao Aw S7/ 
Bosse 228.4 | 35.5 67.4 | 10.5 71.9 | 11.2 WO PO Pay || LEO 11583 1.8 
AN ls en 86.6 15.8 112.6 | 20.6 9.1 1.7 19.7 3.6 204.6 | 37.5 53% Bal 
Do. k eee Oads || EO) Deel 240 12 Mh VG} Alsi paseo 18. 7. \ 16.3 252 .5 
Gps es 52.5 | 10.9 96.5 | 20.1 BEAN © 75 TOA 323 66.6 | 13.8 il 7 583 
ssc 292. 6 45. 4 134.0 | 20.8 55. 5 8.6 0 0 S77 |} Ure83 4 all 
ames Scr 2028S |e Slaa lee 21247 | S278 |) LOO: Pal 15.5 (0) 0 12560 |) 129) 8.5 158% 
Osc aoees ae 22355 34. 6 184.0 | 28.5 134.5 | 20.8 0 0 56.5 8.7 0 0 
10. 2 12e Wo Why SSeealosed A2.6 | 6.6 0 8 | 379.0 | 58.6 ile i Ay 
i 5 eee 220.8 | 35.9 Fir 8) i OE ae AW): |) als 7 0 0} 183.1] 29.8 1.0 a2 
9). Geseeeeeeee T8689 1 2953) |el09249) Ie Lai57 | 2758 0 0) 104.7 | 16.4 3.0 55) 
13 ee IOGS | Pose} |) WOES BS alas 2b he ala 7 EE is 0 On l54s On 2452 5. 6 9 
idl i Sees ee 151.6 25.0 148.3 | 24.4 LTS SSeS 0 0 1PALR SY |) PAS? 9.9 1.6 
lS. -Sogekee eee 134. 6 2050 izle 7 |! Alowal TAs) I) 88% 1 0 0 CAI 1ON2 10.3 1.6 
NGM ee Lk BO, Pils PAOLO | Bless THB Oy ake} LSS 2M 2Cuh  LOSNGH 1685 7.9 1.2 
pare 215.9 | 33.4] 308.7 | 47.8 OS @) hale 7 0 0 Behe) || aa PST 4 
IS.) ee aes 219.3 34. 1 253.8 | 39.5 18.5 2.9 0 0 43.6 6.8 2509 .4 
Qo ka Sees SLES AON AN 20d wal Sls 82.9 | 12.8 0 0 O83 Ne le) 0 0 
(epee aS) PBS ls ROE EN ZREG NT VOL TL jh ali 7 0 0 NGO P45 7/ 5.8 9 
IL ss Ae She QAP Sale 32203 |' 202885) 3128 89.0 | 14.0 0 0 NS OM leds 3.0 5) 
2D) Sa is a a 191.3 30. 2 208.1 | 32.9 89.7 | 14.2 0 0 109.3 | 17.3 .6 al 
Bo Wa Oe eee 84, 7 1B 33 72.0 | 11.4 305.9 | 48.2 0 0 IAI | ne? 4.4 SU 
2a, i Se eae eal 18.3 261.8 | 40.9 87.2 | 13.6 0) 0 VARS E74 SS 77 0 0 
2D cee ee 197.5 31.0 233.9 | 36.7 120.9 | 18.9 0 0 16.1 2.6 7.4 P52 
ORME ee 281.9 43.5 179.4 | 27.7 65.1 | 10.0 0 0 27) EO Boil .6 

otal ANAT TE Aye ae MN BOs) |lsoocse DAA AON eee MBSR |loessos PAV fils secne 105360] eee 
Percentage.|......-- His®) |esedsbes AS) [IS ce gee 15} 746 | Se eee io): ama eat Was Seatac tes 7 
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TaBLE XX VI.—Acres actually irrigated—Continued. 

Sagebrush, Vineyards - 
No. Clover. will be ea Dewees: and Mel Total. 

irrigated. Deas: berries. wee: 

Acres: | P= ct.,| Acres. | Pect.|| Acres: | Pack |) Aicness | Racial Aciess \ baci eAlcnesan| ace 
Re eee Se 16S |) Zee! (0) 0 9.1} 1.9 0.9} 0.2 58ateel2e5 440.1 | 91.4 
Dake oe ar 0 0 7.4 Heal sil 0 .6 5 il 89.5 | 13.8 562.0 | 87.0 
SSR ey we ee 10 0 5.6 .9 0 0 0 QO} 155.8 | 24.2 579.1 | 90.0 
Aga a ee ere OS) Ib®) 10.1] 1.9 OS |) ES 11683 5H 37.9] 6.9 499.2 | 91.4 
igo ales eee TEE | as) 0 0 129.7 | 26.8 0 0 34. 2 Goll 438.7 | 90.8 
Grease ors. - 52.4 | 10.9 11.9 | 2.4 S050) 17 (Oy ete 1G] SS 430.4 | 89.2 
ae ee Oe 0 0 0 0 0) (0) NG sll 0 0 594.9 | 92.3 
Sheer ee 0 0 58.4] 9.0 0 0 0 0 0 0 594.3 | 91.9 
0) 2 Se eee geet 0 0 0 0 0 0 0 0 Mev 533 600. 2 | 92.8 
TIO) ees ae ee 0 0 0 0 0 | 0 0 0 10.8 1 Bar | 594.5 | 91.9 
i ek ee 0 0 0 0) 0 0 0 0 0 0 583.8 | 95.0 
AS Sa ee 0 0 0 0 0 0 | 0 0 ABO of 585.7 | 91.6 
1 Ree 0 0 3.9 6 0 0 | 0 0 0 0 590.6 | 92.8 
1 aseeaa  Sa 0 0 0 Delhee TIE pa, 7 0 0 0 0 | 560.3 | 92.4 
RES e wae aie 0 0 0 0 0 0) 22 53 0 | 0 603.1 | 91.8 
ig 0/0 Ol 2 O Oe o | 0 On 0 | 585.1 | 91.5 
LASS aa ee ee 0 0 3.8 a6 0) 0 0 | 0 0 | 0 575.3 | 89.2 
Sere ee see 0 0 40.1 6. 2 0 0 0 | 0 0 | 0 577.8 | 89.8 
LO ppates eee Aes a 0 0 0 0 0 0 0 | 0 0 | 0 614. 2 | 95.0 
Di Ue ae Ae eae 0 0 0 0 16 3 0 | 0 (574 Ps 1, © 591.1 | 93.0 
eae on 0 0 58.9 | 9.2 0 0 0 0 0 0 603. 2 | 94.6 
DONE Sah er oe 0 0 0 0 0 0 0 0 0 0 599.0 | 94.6 
PS a nee aes 0 0 0 0 0 0 0 | 0 0 0 588.6 | 92.7 
DAE RE irae 0 0 0 0 0 0 ey 0 e235 \\— deal 593.0 | 92.5 
DD eaten ge Bee 0 0 0 0 0 0 0 | 0 116 53) 577.3 | 90.6 
20 sey eee (0) 0 0 | 0 0 0 0 | 0 20)— 54! 610.3 | 94.1 

Motaleaess= ea Sa eee 1S} iy far (eve DAN hal Se eee Sea ersese lane. Sy: Sills || sie 5 DE yialete Noe 
Percentage.|..-..--- Ae eaaseose DA ae es) Foe ees tare eet ee ea pats. 6 22 ees ene 91.9 

| 

1 Flax. 

TABLE XX VII.— Waste or nonirrigated acreage. 

Barn and Canals and | County and NT +f 

Ne: Corrals. stack yards. Hence OWS: ditches. private roads. 

Alenes. | -Pct.| Aleres. |(P-cts|, Alcnes: | -Pcts| Alenes: |WPacis| ACRES eaaGls 
1h oR ee ea rene eee ee 4.9] 1.01 0 0 WoO Ue B45 I] <OS7 10.4 2.2 
Das oe ek ANS SAA Pee NR EB et ee 6.5 | 1.0 OE || Osi 9.0) 1.4 3.9 .6 14.2 2.2 
SS ey ae tices Ware (hE OS I) 5 Q) sil 0 Us |) 73 Gea lela 13.2 2.0 
VD eds a ER a SE aD 256):|ee 4 0 a2, BH i 1,2 Uety|t als! 16.4 3.0 
ey NNT NE Sateen ta Ess R70 || oY 0) 0 12.5 | 2.6 2 6 14.1 2.9 
Qagck Se Aas ee ORE pee eens 6.6] 1.4 0 0 Oe |p 20) 6.2 | 1.3 14.7 Shit 
hee es He Rs IR Ec es GudaalialeO .9 a2, 2.0 ao 10.0} 1.6 12ES 1.9 
oA Oe Be Ser oie mie eee eins Deo .8 .8 sil 15 .2 14.2) 2.2 12.3 1.9 
Oe 5 Soe Sean ois ates Aa ee eee 3.4 0 ae 55 1.0 a2, 14.4 | 2.2 13.0 2.0 
lO iemeeere See Se Oe sete Te SuOn|eo aah sal 2.8 4 9.2} 1.4 14.0 2.2 
1 te ae eee a erence ee ene et ae a ae 74 2.7 .4 1.2 2 5.4 9 13.4 774 
ee eee ee Se ee ae eee 8.4 | 1.3 2.2 503 1.9 23 OF3T | eeleS 14.9 2.3 
WS tire Be SOE ts bears erty cy aes Pk stl: oll 1g a2 7 a3 5.9 9 13.3 Me 
tee Se a nee aie ae ee ae 0 0 58 0 1.4 .2 4.8 .8 13.5 2.2 
A eye ea Se et at nee ee 425 |O .6 mall 2.0 433 4.7 50 14.9 23 
IL Gee re are nee a ae Ree eer 4.0) .6 0 0 1.8 aS 10.8} 1.9 igh 7 1.8 
1 se cee teatro aces Per an ava ee mea ae ae | Gara oleO 0 0 iS ts) .3 GEG || - ek 1353 74331 
1S UN yk Se cer eer Seca el USQ | 583 5h eal 1.5 22 14.8 |. 2:3 1552 2.4 
TG eee epee ey Se ely en. welt: 2h6res4 1.9 aS 12 = Cea alee! 12.4 1.9 
Deena ater tensa ei ee en) Spans eae 1.9] 1.2 1.6 ao) 23 .4 11.4] 1.8 1253 1.9 
PE Ree cea hes aR ee aes ah 37 0 3.0 BS) 1.0 52 Be Beil ls & 1ST 2.0 
2D a RSS ee aI A AAD 0 0 .4 ail eal 2 UBSO | eal 12.1 1.9 
DO ee RS RS Op at ae .4 ail 0 0 2.4 4 Ub wuy | Aa i 15.0 2.4 
FA AST AE Fae eRe le ed Moz 50) .4 sil ad 53} 8.1 i 565) 2.0 
aD ee aa tee Sie eA eae B74 {I ote 1.6 a3 IS 2 58 IBIEO). ole ®) 15.5 2.4 
DO Beton ays Se See ee ee 4.4 5 Uf 0 zl 2.6 4 32) \J- le al 14.2 2e2 

AMG 2) Bae IS hes a eee ic NOOO iessso- DAT Sule S79 |Peesee 229208 Ae SOL ORs ee 
Percentacekee sss aes cee ee ee Gale ees Pe ene er inl erection sialige iia e Ss. 5 
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TaBLE XX VII.—Waste or nonirrigated acreage—Continued. 

Total 

: eae Coulees ; poleage 
Railroad Building , Miscellane- in 

No. right of way. sites. sloughs, and ous. Total. section 
; con- 

sidered. 

Acres. |P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. 
lke ca joes eee eens BU i dleal 0 0 Ot 230 0:4 | OL ADSM Serh 482.3 
Dx, os SEGA a ne oer L2ZON 9 0 0 31.8 | 4.9 5.4 .8 83.6 | 12.9 645.6 
2 5.0: CoS ee elas 0 0 0 0 25.4 3.9 2.9 3H) 64.5 | 10.0 643.6 
Mena s Se eke als ac .6 sil 0 0 1S || 908} gal 0 47.0] 8.6 546. 2 

Bec cPeRar a eerie 0 0 0 0 628 P We4 2.6 56 44.4] 9.2 483.1 
Bosc neo eee 5.8 1.2 0 0 7.1 1a) PAM .4 5273) | L059 482.7 
Foo ae RES Ae ae eee 0 0 OS CA e® 1OF Suey 16 1.0 <2 49.9] 7.8 644.8 
@ . 33 SS GSAS eee eee 0 0 7.8 1.2 8.7 1.4 PU 4 ae 8.2 647.6 
©) in ech elas UNA ieee 0 0 Se) yh oles} 1.4 2, 1.4 2 46.4 | 7.2 646.6 
10. CS ae ena 0 0 Suit dled! igi Wh | 0 0 52.6 | 8.1 647.1 
UT ais eae ra tat eae 0 0 Geon | elesO 12 0 a2 0 BOP) G0) 614.6 
19:52 eae reer Bit 10 7.0 Hest 6.1 1.0 0 0 53.5 8.3 639. 2 
1B 55 oe a aie By .6 120) ls @ Ue eal 0 0 AGIs eee 636. 7 
14. 62a Sa eee es 3.9 5a a6) Lez Te 2 ||) 2 0 0 46.9 | 7.7 607.2 
1B oR a aN Oe 6.1 .9 9.4] 1.4 L2ROR els 8 0 0 Hone See 657.1 
MG pee een IE 3 3.6 .6 le algal 12.0] 1.9 Sul sil GEA Df}, 639.3 
17? 05 ALS ee eee 24.1 | 3.7 3.2 a0 TLONZ I 56 Ved 58) 70.5 | 10.9 645.5 
NSM es a 24.2.) 3.8 4.5 sO SO) ZL 0 0 65.3 | 10.2 643.1 
110) <= 4 SES Beep ee 0 0 5.0 .8 0 0 50 1 BP || is 1h 646.9 
2 (MPa lers, SORE Ms 0 0 Uo2 || ala ED a2, 4 sil 44.6] 7.0 635. 7 
Til, 3, «See en eee 0 0 Ds & 4 0 0 5.8 9 4D a oe 637.7 
VD. a9 eS a eee 0 0 GRO melaO 0 0 Weal a2 O4e2ileow4 633. 2 
2B. 5 cle ean eee 0 0 Goat i ae al det |) wee 0 0 AG AL Ws Fos} 634. 7 

DAS ae ee eee as 0 0 SBOE ale} UL |) se! 56 il AAO aie 641.0 
DS) 5 5 See ee 0 0 ees || ee Ne | P58) 2.4 4 60.4 | 9.5 637.7 
HO, 6 cess eae one ane 0 0 EOE Uso 2.1 50) 4 sal BU 9) 648. 4 

Motalion ces. o ae EOC VE ae a IB) Bilssaos- 234A s S| eae BY Tor bal aeretee 1296505 eee ee 16, 067.8 
Percentage.....|........ ORI Sae eet ee On Ron ane TSO 8| ee eC le eeeay eas eel Ra le eee eee 

A small part of the land surveyed, as indicated by ,the tables, 
was yet uncleared and uncultivated and is classed as sagebrush. 
The survey having been made during two winter seasons, no determi- 

nation as to the extent of the fallow land could be made. The pro- 
portion of this land, however, was practically negligible and could 
not possibly have exceeded 1 or 2 per cent. The 20 sections included 
in the investigation in the vicinity of Meridian averaged 10.65 farms 
per section. Space will not permit of a detailed description of each 
section included in the investigation or of the results obtained. 
The results show, in addition to other factors, that the total land 
unirrigated from all possible causes, even including the unirrigated 
strips along the fence rows, amounted to only 8.1 per cent of the 
total area surveyed. The land included was not the best nor the 
most intensively cultivated of Idaho irrigated land, but it undoubt- 
edly did represent a little better than average conditions, for neither 
the main canal nor the rough, rolling land that is common along 
the main stream was included. The data secured therefore seem 
to demonstrate that well-developed projects will never contain more 
than 10 to 124 per cent of land which is waste or unirrigated in any 
one year from all different causes, provided the percentage is based 
upon no greater gross area than that from which annual maintenance 
can be reasonably expected. 
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PROPER DUTY OF WATER FOR IDAHO. 

The investigations have determined the factors which must be 
‘taken into consideration in determining the proper duty for an entire 
irrigation project.- The first factor is the proper duty of water at 
the land. The results of the investigation indicate that under con- 
ditions similar to those obtaining in Idaho on a normal project with 
medium clay loam should furnish sufficient water so that 2 acre- 
feet can be retained upon each and every irrigated acre during the 
season; that this quantity should be delivered under a rotation 
system in heads of such sizes that economical use can be secured; 
and that where a project is devoted one half to grain and the other 
half to alfalfa or other crops requiring a similar volume of water, 
18.7 per cent of this 2 acre-feet should be delivered during May, 28.3 
per cent during June, 32.8 per cent during July, 17.2 per cent during 
August, and 2 per cent during the first half of September, there 
being but little need for irrigation during the month of April and 
practically none after the middle of September, provided stock 
water or that used for domestic purposes is not taken into considera- 
tion. It has been shown that the: farmer must receive approxi- 
mately 2} feet of water per acre at the farm in order for him to retain 
2 feet per acre upon the land. Where projects consist in whole or in 
part of porous soils or of soils with porous subsoils lying closer to the 
surface than 6 feet, more than 24 feet per acre should be delivered 
to the consumers, the quantity required being largely dependent 
upon the porosity of the soil. 

A conservative estimate of the transmission losses should be made 
im advance for each project, in either cubic feet per square foot of 
wetted area or per cent per mile, from the quantity required of canals 
to furnish sufficient water to all parts of a project. A normal proj- 
ect will be found to lose from 20 to 40 per cent of all water diverted 
before the water can be delivered to the farmer. 

After the duty of water at the land, the size of the project, and the 
probable transmission losses have been determined, the net area 
which may be irrigated may be readily found. It then becomes 
necessary to calculate the extent of waste or nonirrigated land from 
all causes which will finally be contained in the project. This, added | 
to the net area which can be irrigated, will give the gross area of the 
project. The extensive survey that was made for the determima- 
tion of this factor seems to indicate that 90 per cent of a normal 
project will be irrigated every year after the project is fully developed. 

The investigation has demonstrated the adequacy of 2 feet per 
acre for diversified crops on the better class of soils, but it requires 
careful husbandry to render this quantity adequate, and it seems 
evident that but few projects will ever exist, with conditions similar 
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_ to those in south Idaho, where an allotment of less than this supply 
will be justified. It is believed, however, that the volume of water 
which will produce the maximum yield of crop on any certain variety 
of soil is in but few cases the proper and economic duty. It is very 
evident that the cost of the land, of water, the value of the crops 
produced, and the cost of producing them, as well as the volume of 
water which will produce the largest yield, must all be taken into 
consideration when determining the duty for any project. In many 
places the largest crop has been produced where the most water 
has been apphed, but the yield has been in but few cases propor- 
tional to the quantity of water used, and in view of this there is no 

- doubt that, broadly speaking, one would be justified in opening up a 
project with a higher duty of water where water is very valuable 
and land comparatively cheap than where land is high and water 

comparatively inexpensive. The determination of the proper supply 
of water for an-irrigation project is a very serious problem and one 
that must be given the most careful consideration, for it is fully as 
serious to err on the side of too little water as it is on the side of too 
much. If too little water is allotted, the farmers never can produce 
profitable crops and the lands never will reach their highest possible 

_— value, while if too much is allotted the ultimate irrigated area is not 
only cut down, but the excess supply is almost invariably used, 

resulting in the rapid water-logging and deterioration of the irrigated 
lands. | 
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