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- AGRICULTURAL INVESTIGATIONS ON THE
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Aszistant agronomis! and superintendent, Division of Western Irrigation Agriculture,
Bureawu of Plant Industry

The Bureau of Plant Industry in Cooperation with the Nevada
Agricultural Experiment Station

CONTENTS

Vagetnbles—Continned,
Location fthe Nowlands project. . o
8oll of theMewlands profect.

Wesathe ditions
Agriculi!®a] conditions. ..
Croy-donditioms. .

Carrpts

Other vegetable crops__
Frutit crops
Dajrying
Hogs..
Sheep. .
Boef cattie

Vegotsh R
TEhatoes. .....

5.

LOCATi)N OF THE NEWLANDS PROJECT

The Newlands reclamation preject is located in the west-central
part of Nevada, near the towns of Fallon and Fernley, in western
Churchill and eastern Lyon Counties. The general topography of
this area is & large flat platesu lying sbout 4,000 feet above ses level,
A low, nearly continuous range of mountains extends around three
sides of the area. To the north the rolling desert plain reaches for
some 75 miles until broken by the Carson Sink and still more distant
mountains. Oun the north, esst, and south the mountains are barren
desert hills, but on the west several smaller ranges finslly give way
to the wooded and snow-covered Sierras along the eastern California
border. It is from the watersheds of these latter mountains that the
project obteins its supply of irrigation wsater.
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Two rivers, the Carson and the Truckee, flow in an vasterly direc-
tion, bringing the water from the melting snows of these mountains.
On the Carson River about 18 miles west of Fellon lies the Lahontan
storage reservoir with a capacity of 294,000 acre-feet. The natural
flow of the Carson is augmented here by the flow diverted from
Truckee River. A dam on the Truckee River diverts a part of this
stream into a supply canal that flows slong the Truckee Canyon for
several miles, then south through some desert bench land. finally
emptying into Lahontan Reservoir. This supply eanal is about 31
miles long and has a carrying capacity of approximately 800 second-
feet. The original designed capacity down to what is known as the
“Pyramid headworks’ was 1,500 second-feet, with 1,200 second-feet
capacity below that point. A part of the project, comprising about
4,600 acres lying near the towns of Fernley and Hazen, obtains its
irrigation water from this supply canal. This ares is higher than the
elevation of the stored water in the Lahontan Reservoir and conse-
quently is wependent upon Truckee River flow for its irrigation
water supply,

S01L. OF THE NEWLANDS PROQJECT

In comparatively recent geologic time the area now comprising the
Newlands project was part of & vast lake known as “ Lake Iahontan '
Remnants of this lake, which at one time covered the greater part of
western and northern Nevada, are to be found in Pyramid and Walker
Lakes. Tbhe former lies about 50 miles northwest of Fallon, and the
latter about 40 miles to the south.

During the life of Lake Lahontan a oreat quantity of material

eroded from the surrounding hills was carried by stresms into the lake
snd deposited on its bottom. This material today forms the soil of
this area. Since the deposition of this soil in the waters of the lake
it has undergone some rearrangement owing to the rise and fall in
the lake elevation and aiso to the action of winds and streams since
the disappearance of the lake.

In general the soil types of the Newlands project range from a
rather coarse sand, through the fine sandy loams, to clay. In much
of the area the soil is extremely spotted, there being pluces of nearly

ure sand bordering on ureas more or less adobe%.ke in character,

he depth of the different soil types varies from a few inches to several
feet. In general the soils of the greater depths are composed of
rather coarse gravel.

Since Lake Lahontan was an inland body of water, with inflowing
streams and no outlets, the mineral content of its water became
progressively more concentrated as the water receded, and the soluble
salts were deposited during the process of evaporation. As a result
the soils of the region often contain appreciable quantities of soluble
salts, the lLieavier soils, or fine clays, containin greater quantities
than the fine sands or coarser material. It is characteristic to find
areas ranging from s few feet to several miles in diameter that are
hard and smooth and devoid of vegetation. These are commonly
called ‘‘slick spots.” As a rule, such sreas are composed of fine clays
rather high in salt content and impervious to water. The soils over
the entire area of the project contain more or less of the salts of
sodium. In some districts the amount present is not harmful, while
m others it is enough to prohibit the suceessful growing of crops until
the condition is corrected.




NEWLANDS RECLAMATION PROJECT 3

Where a high underground water table exists sertous production
problems have developed. In certain sections it was & matter of
only & few years after the completivn of a storage and irrigation
system until the water table became a menace. This condition be-
came so serious by 1921 that a drainage program was inauguraced.
Large open drains were constructed throughout the project in order
to lower the water table. Where adequatc drainage was provided,
effective progress has been made in reclaiming many of the seeped
areas.

WEATHER CONDITIONS

Weather records are kept at the Newlands Field Station, near
Fallon, in cooperation with the United States Weather Bureau and
with the Division of Genetics and Biophysics of the Bureau of Plant
Industry. The observations are summarized in table 1. Detailed
records {or the years 1928 to 1932 are given to indicate the fluctuga-
tions that may be expected from year to year.

TABLE 1. —Summary of climatologieal observations at the Newlands Field Station
Jor the 27-year period, 1806~89
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TasLe L—Summeary of climalolegical observations gl the Newlands Field Station
Jor the 27-year period, 1906-38-—Continued
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RILLING FROSTS

i | Frost-free in | Frost-free
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t"rrne records for Japuary, February, end March cover only 20 years,
1T =trace.
1 Jnnuary records pre for 14 years. Raecords for February and December ara for 18 and 17 years, © -
ttvely, and for March, 21 yegrs; the other months have records for 23 years. ¥ espee
+ The records for Innuary, February, Match, and November cover only 22 years; those for Aptil, Oclober,
and Decetmber covoer 23 years; the racords for the remeiniog months cover 24 years.
2 The records for March and Ottobet cover only 26 years In el} sversges. August averages cover o 27-
year pariod with the cxeeption of the dafly maximum and mopthly mean tables; in these coses it covers

26 years.
¢ The records for Janusry, February, March, and Cetober cover only 20 yoors.
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The situation of the Newlands project, on & high platesu 4,000 feet
above sea level and completely surrounded b mountains, matenally
modifies the climatic conditions of this locality. Most of the pre-
vailing storms come from the west, off the Pacific Ocean. The high
barrier of the Sierra Nevada causes zaost of the storm clouds to
precipitate their moisture on the western slope of the mountains in
California. As a result the basin has a rather arid climate. Data
compiled from the records kept at the station over & 27-year period
have shown an averzge yearly rainfall of 4,88 inches, the greater por-
tion falling during the period from December to April, inclusive. As
a general rule there is the least rain In July and August There is
little snawfall.

The temperature ranges from subzero weather in Jsnuary to a
maximum of over 100° I, in July. There is an average yearly range
from a mean absolute minimum of —1.1° in January fo a mean
absclute maximum of 100.5° in July. The extreme temperatures
recorded were —25° in January 1917 and 106° in July 1931, The
average daily temperstures during this 27-year period have ranged
from & meon minimum of 16.8° in January to & mean minimum of
53.8° in July, and & mean maximum range from 43.1° in January to
93.1° in July. The monthly mean temperatures range from 29.9°
in January to 73.5° in July. Jaruary is the coldest month and July
the warmest, Xven the warmest days in July are usually followed
by cool nights. It is only rarely that the temperature does not fall
below 80° during the night. The general 24-hour range during the
hottest days iz about 45°,

The average yearly evaporstion over a 23-year period has been
59.27 inches, the greater portion occurring during May, June, July,
and August. The frequency and amount of the irrigations required
during the growing season are influenced by this high evaporstion.

There are comparatively few days throughout the year when the
sky is completely overcast. Qut of a total of 365 days, the 27-year
period shows the yesily average to have been 231.5 clear days, 63.2
pertly cloudy days, and 70.6 cloudy days.

The average frost-free period hes heen 125 days, extending from
Meay 19 to éeptember 21. The longest period without frost, 165
days, occurred in 19382, from April 28 to October 10. The shortest
frost-free perioed, 98 days, was recorded in 1929 when a killing frost
occurred on June 2 and the first one in the fall occurred on September
8. The bench land of the project has a little longer frost-free period,
usually from 2 to 3 weeks longer, and such locations are considered
the better fruit lands of the locality.

Normally 125 days would be ample time to mature most varieties
of corn and sorghum, but the cool nights so retard the growth of such
crops that only the shorter season varieties of corn can be mauved,
and oscasionally some grein sorghwins. Generally the planting of
such sorghums as milo, [eterita, amber cane, ete., is not advocnted,

AGRICULTURAL CONDITIONS

The Bureau of Reclamation of the United States Depariment of
the Interior has compiled & yearly census of the sgricultural condi-
tions of the Newlands project. During the years 1929 to 1932 the
Department of Fsrm Development of the Nevada Agricultursal
Experiment Station cooperated in the tabulation of these data.
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These reports are summarized in tables 2 to 5 to indicate the acreage
trends for the different crops and also to what extent livestock has
been a factor in the agricultural pursuits of the project.

TaBLE 2.—dereage of pringipel crops grown on the Newlands reclamation project
during the 21-year period, 1912-32

{Based om reports made by Uhe Burcon of Reclamation]

ghinm
pas-
ture

Tatal net nere-
nge {rrignted 1
Now pifalm
Corn aud sor-
Sugnr beets
Cantaloups
Allscellancous

Old alfulfu
Nntaral

I Garden

[ECE

T

542

NS ul
161

3%, 845 LN .
32 7| 70,770 | 2,598 | 1,830 [ 527 i P 1T

T.As n genernl ritie the nak perenge frrigated s less thinn the lotal aren prowing expns. This is beeauzse of 2
craps beiog grown on the same aren in 1 season. Soine ¥ears tho net aercage irrignted excends the sum of
the cropied aren,  This {5 beeguse of nrons belnp ircignted withour erop,

? Crop & failure owing to curly-top diseasp.

TanLE 3—Aereage in alfalfa, grain, miscellancous crops, and pusture expressed
as a pereentage of the entire cropped acreage on the project for the 21-year period,
1912-32

)
: Mis- | Notum] Mis- (Natural
Alfala | Crain | eolinnes s | Alfalfa | Grain leellnpe-,  pas-

ous 1 tura ous { ture
! X

W2 L, _ i 4 an
5 12 ol
i 40 |1
2

5

I L
Mean

| e 1 S e e

CROP CONDITIONS

In 1929 the irvigated acreage of the project reached its maximum.
The agricultural census for that year indicated an irrigated area of
54,000* neres, of which about 39,500 acres were nctually under cul-
tivation, The remaining 14,500 acres were listed in the census sum-
mary s natural pasture and aress imigated without crop. The
natural pasture included 6,000 acres of native grasses and tule

{Totnls are given {n the neardst hawdrods .
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swamps about 9 miles south of Fallon in the Carson Lake community
Pa.sturc, and slightly less than 800 acres cast and northeast in small
eased tracts. The remsinder of the 14,500 acres 1s land that was
being irrigated without crop on private farms in order to obtain some
pasture and also s & precedure preliminary to reclamation.

By 1920 the irrigated areas of the project had reached an aggregnte
of 45,600 acres. The decline in the wrigated area during the 5 years
following 1920 was probably due to adverse economic conditions.
The greatest decrease occurred in 1925, following the guarantine
placed against Novada hay by the State of Californin. The incresses
of the next 4 years can be attributed largely to the gradusl improve-
ment in agricultural conditions following the period of adjustment
from 1921 to 1825. Likewise, the decline in the irrigated area durin
the period 1930 to 1932 was probably due to the genersl depresse
economic conditions oxisting throughout the country. However, &
substential portion of this yvearly {luctuation of ares under irrigation
is directly due to the hrigation of large areas of seeped land with &
view to reclamaiion, after drains had been constructed, and to stim-
ulate the growth of native grasses for pasturage.

A better means of determuining the growth of the project from 1912
to 1932 is afforded by comparing the actual cropped area under irriga-
tion, that is, the number of acres on which some farm crop was
produced other than native pasture. In 1912 this arca totaled about
23,000 acres. This had increased to about 41,000 acres by 1832, or
about 78 percent in 20 years. The greater part of this increase took
place prior to 1923, About 28 percent of the total increase of 78
percent occurred during the last 10 years of the period. The annual
growth in the actual cropped area and the relationship it bears to the
whole irrignted ares is shown in table 4.

TaprLe 4.—Actual arca cropped, exclusive of natural pasiure, and ils relalionship
expressed in percentage of the entire net acreage trrigated

Crapped | Trrignted
aren Bres

Cropped | Terigated Cropped | Irrigated

Jiiq ki fiigitid Ben TTeR Yoar

Acres Tereent Aeres Pereent Aeres Pereent
82 5 F B7

22,888 33, 048
27,884 34, 853
22,281 35, 559
26,905 |, ceemmeea| 35,002
27,377 35,430
2, 138 37,033
81,828 30, 510

Since the inception of the project more acreage has been devoted to
the production of alfalfs than to all other erops combined. It hes
proved to be well adapted to locel conditions.

Prior to 1925 large quantities of alfalfa hay were shipped to Cali-
fornie merkets. This outlet was closed in 1924 owing to the dis-
covery of alfalfa weevil on the project, which was followed by quar-
antine regulations by the State of California, )

For a few years following the closing of these California markets
for slfalfa there was a surplus of hay and a decline in both price and
acreage. However, as more {armers turned to dairying and to feeding
sheep and cattle, it was found that the preater portion of the hay crop
could be consumed locally with prospects of fair retwrns. The surplus
remaining was ground and marketed as alfalfa meal.
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In point of acreage the next most important crops on the project
are wheat and barley. While the yio]ci?s of these cereals and their
sole value have not justified their being featured extensively in the
planting program as cash erops, yet they have served a useful purpose,
i the Interests of diversification, as & source of feed for livestock
and et times in reconditioning old alfalfa land. Also, grain is often
advantageously used as & nurse erop for alfalfa.

There are certain areas on the south and ecast sides of the project
where wheat is grown to the exclusion of other crops. This is dus to &
peculiar character of the soil. The physical properties are such that
difficulty is encountered in obtaining adequate water penetration to a
depth sufficient to make alfalfa production profitable. Such areas as
these arc handled Iargely with motorized machinery to reduce the cost
of production. The produiiion on this ares has averaged about 1,300
pounds, or 22 bushels, to the acre.

Such grain crops as oats and corn have never been grown extensively
on the groject. The acreage in oats resched its maximum durin
1914 and 1915. It was at this time that many horses were being use
in freighting supplies from Fallon to the nearby mining camps. any
of these mines have since ceased to operate, and the remaining freight-
ing is done by motor trucks.

The maximum acreage in corn was reached in 1927. At this time
the reclamation census reported slightly more than 400 acres, Most
of this acrenge was utilized to produce silage for dairy stock. The
justification for supplementing alfalfa hay with corn silage in feedin,
practices, under local conditions, is sti].ly 2 debatable question wit
many dairymen. Until it can be definitely shown that corn silage
can be profitably fed or that it has some beneficial effect on the con-
stitution of the dairy cow, little increase in the acreage of this crop
on_the Newlands project can be expected.

Potatoes reached their largest area in 1922, when nearly 900 acres
were grown. ‘The acreage has fluctunted greatly from year to year,
as the majority of farmers have tried to enticipate ‘the probabie
demand, restricting their acreage when they believed prices would
be low and increasing their production when price prospects appeared
to them to be favora%le.

Several attempts to grow sugar beets were made during the period
from 1911 to 1928, The first attempt was made in 1911 and 1912,
when a local factory was established. This attempt proved a failure
owing to the prevalence of the curly-top disease during 1911 and &
shortage in tonnage in 1912, A further trial was made in 1917 which
was o disappointment to the growers. Another attempt was made
in 1921, which failed because of a further appearance of the curly-top
disease. The last attempt of importance was made in 1927. The
factory again operated at 2 loss because of insufficient tonnage,

A relatively small acronge is devoted to garden crops and orchards,
Owing to the sparse population of the ares in close proximity to the
project, the local demand for such products is limited. The few
farmers engaged in this type of agriculture realize a fair return for
their endeavor as long as the locai market or short distance shipmenta
consume all they produce. The frequent occurrence of late spring
frosts is a limiting fuctor in connection with the successful production
of fruit on the lower lands of the project. As a result the small area
in orchards is chiefly found on the beneh lands.
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Cantaloups have been reported separately from the garden crops
since 1921, when there were 129 acres. 'The peak of production was
reached in 1924 and 19825, when over 500 acres were devoted to this
crop. Cantaloups mature rather late in the season and are shipped
largely to eastern markets.

he chisf cause of the increased acreage for 1930, 1931, and 1932,
reported under the heading *Miscollnneous crops™, is the realization
by some dairymen that pasture crops should be included in their
feeding operations. The Newlands Field Station has conducted
experiments for & numbeor of years with pasture grasses and clovers.
Certain mixtures have proved to be well adapted to local conditions.
The results of these tests havo been made available to those inter-
ested and have had some influence on the kinds of pasture crops used
as well as on the increase in nereage. During 1932 there were 1,157
acres listed as seeded to grass or clover pastures. The greater
portion of this acreage was sweetclover, either the white or yellow
varieties. It has been found thab an acre in grass pasture produces
approximately as much feed as & similar arca devoted to slfalfa
production. Likewise, sweetclover pasture wns found to produce
nearly as much feed as the grass mixtures.

LIVESTOCK CONDITIOQONS

Tnasmuch as alfalfs, native grass pasture, and grain make up the
bulk of the crops grown on the irrigated screage of the project, it
naturally follows thal the system of farming should be one in which
livestock plays an important part. The cropping system, together
with the distance from large consuming centers, early encournged
dairying and the production of beel cattle and sheep. Some of
the beef cattle and sheep utilize pasture land and hay produced on
the project. Some are fed in this manner the year around, while
others are fed only during the winter and are kept during the spring
and summer months on mountain ranges. The project continues
to be an important adjunct to range operations, but in recent years
dairying and poultry raising have become increasingly important.
Table & gives the number of livestock and of hives of bees on the
%roject for the years 1914 to 1932, as recorded by the Bureau of

eclamation.

88002—35 -2
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TanLE 5—Number of livestock and hives of bees on Newlands project farms during
the 18-year period, 191/-32

Pouiiry

Beef | Dniry

cattle | cattia Eaobbits

Other

Turkeys pouitry

0,672 27,300
20,412

84, 151
i, 008
8,771

9o ]z

1 The nuinber of sheep and beof ertide does nod include tioso hrowght in fromi summer range Lo be fed
during the winter months,

LAND RECLAMATION

Since the establishment of the Newlands station, extensive investi-

%a,tlons have been conducted in tho effort to determine the possi-

ilities of various methods of reclaiming the more refrectory soils
(6, 6, 7, 9, 10)2 Adoption of improved irrigation practices and
the effect of applying various chemicals to the soil have been
investigated. The effectiveness of other less expensivo treatments
has been tosted. These tosts have been made chiefly to determine
the velue of stable manure and chemicals, verious cropping methods,
and improved cultural practices as aids in reclaiming saline soils,

In many instences the quantity of soluble salfs that occur in
these unproductive aress, together with the churscter of the soil,
makes reclamation difficult and costly. Howsever, it has been
found that many tracts have adequate drainage, and the soil is of
such a character that it is possible to reclaim the land ot an expense
within tho means of many landowners, Generally these areas range
from a compact adobe to a sandy loam. Usually they are impreg-
nated with substantial quantitics of salts. The adobe soils have
such a physical texturo that water will not penetrate more than 2
or 3 inches during the process of an ordinary irrigetion. The sandy
loom type takes water quite readily but upon drying the surface
becomes very hard. As a rosult of this cementing quality seeds
do not germinate readily, and those thet do enierge are in such a
weakened condition theb the mortality is high.

An essential to land reclamation is adequate drainage. Drain-
age, in the sense it is used here, is not confined solely to the removal
of underground water, although this is recognized as fundamenta]ly
essential, but also, surfaco g.minagc of surplus water remeining

* Itnlle numnbers In parentlicses refer 1o Literntura Clied, p. 35,
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after irrigating, coupled with the engineering means of removing
underground water where the water table is too close to the surface.
There must be adopted also such cultural practices—including the ad-
dition of soil amendments where required—together with such irriga-
tion practices that there is & movement of the rrz ation water applied
downward through the soil so that tho soluble salts may be removed.
Often the quantity of water required to leach the land is under-
estimated, consequently the reclamation endeavors are often ineffec-
tual because of the inadequate penetration of the irrigation water.
The smount of the water used and the uniformity with which it is
applied to the surface are factors directly under the control of the
farmer who must operate efficiently if iis reclamation endeavors

are to be successful. Consideration should also be given to the
character of the soil in planning the system of distribution, If the
border method is adopted, the most satisfactory degres of slope

Fi1oURE 1.—Field basin lrlgation st the Newlands Field Statlon. I adequate water penstratlon cannot
otherwise bo attalned, this system of applying water moy be resoried to ndyaotageatsly.

will be influenced materinlly by the character of the soil. In the
case of o sandy soil, which takes water readily, the grade may be
as nmch as 3 or 4 inches to the hundred feet. For the heavier,
more refractory soils the gradient musé be reduced, and at times
basin irrigation may be required. This latter method has been
used on aroas of extremely impervious soil in order to hold the water
on the surface for long periods and thus facilitate penetration (fig.
1), However, such methods of irrigating cannot be practiced after
the aren is in erop. 'The intense heat of the summer sun tends to
scald the plants; ?mnca the principal use of basin irrigation is as o
preliminary step in reclamation prior to seeding.

The method of applying water that has proved the most satisfactory
at the Newlands station as a menns of reclamation js one which
utilizes little slope and large plots (fig. 2). The most satisfactory
gradient has proved to be about 1.5 imches per hundred feet for a
plot 62 by 680 feet. Heads of water not in excess of 4 second-feet are
used. Such a flow will irrigate n plot of this area in from 40 to 60
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minutes, the time required depending largely on the state of cro
growth and the need of water, as well as on the character of the soil
snd the crop.

There are times when the use of a specified head of water is some-
what modified. If there exists definite surface indication of soluble
salts a larger head of water may be used advantageously, in order that
the water may flow over the plot rapidly to wash off the surface
accumulations of salt, thus avoiding penetration as much as possible,
Obviously such flushing action requires ndequate surface drains in
order to remove the surplus water.

The foregoing discussion of land. preparation and irrigation s{.}ap]ies
regardless of the system or systems of land reclamation adopted. In
the following paragraphs is included a discussion of the methods
edopted and the success sttained in reclaiming the miore refractory

Fiaung 2.—A virgin e} proper]y nrepared for reclamntlon with barley that had been seeded In the spring,
Photographed July 25, indieatlag tha productivity of sizeh nreas prior to intensive troatments, Compars
with Ngure 3, which simwa an unprodoetlve ares of the ndabe type.

tﬁ)es of soil by (1) chemical treatments and (2) by the use of special
cultural methods. In the latter investigations special consideration
has been given to the development of improved cultural practices ns
an aid to move adequate water penetration.

RECLAMATION BY CHEMICAL TREATMENTS

The aims in reclamation practices by use of chemical trostments
have been two: (1) The changing of the more toxic alkaline salt into
one of the less toxic forms, e.g., sodium carbonate to sodium sulphate
by the use of gypsum; (2) the improvement of the physical properties
of the soil by improving its perviousness to irrigation water. The
treatments with certain chemieals have proved relatively cffective
but rather costly. The process involves applying these chemicals
cither alone or in combination with each other or with other treat-
ments. The usual procedure has been to apply the chemicals dicectly
to the area to be reclaimed after it has been loveled and prepared for
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irrigation. If gypsum, sulphur, or alum are the reclaiming agents
being used, the practice has been in some cases to apply them either
by broadcasting by hand or using them in & manure spreader in com-
bination with manure. In this latter case the Sypsum, sulphur, or
alum, ov combinations of one or more, are added on top of the load
of manure. A few loads with the manure spreader will soon determine
the rate of application desired. In the investigations as much as 2
tons of sulphur and 10 tons or morve of gypsum have been applied. 1f
used Iin combination with farm manure or a green-manure crop, it has
been found that the amounts used may be materially decreased. Some
results have been obtained from using 1,000 pounds of sulphur in
combination with 1S tons of manure to the acre. However, sulphur
has nof proved as eflective in the Fallon area as some other treatments,
Some benefits have resulted from the application of 4 or 5 fons of
%'ypsum per acre in combinstion with heavy applications of manure,

n comparing the merits of alum and gypsum the former hag proved
to be the more effective as an aid in obtaining more adequate water
penetration on the more iimpervious soil types. Sulphuric acid hss
beer tried as o recleiming agent, the liquid having been poured into
the irrigation water as it entered the plot to be treated. The use of
this acid proved to be effective but refatively expensive.

The chief drawback {o the use of gypsum alone, other than thai of
expense, has been the time required to cffect the reclamation, The
low solubility of gypsum requires a lerge number of applications of
irvigation water to dissolve all the material when applied to the soil
in the usual manner, In order to hasten this reclamation procedurc
o machine has been developed which dissolves and distributes ihe
gypsumn in the irrigation water (77}, This is accomplished by causing
the flow of ivrigation water to furnish the power to turn a paddle wheel.
This in turn drives an agitator partly immersed in the stream. Finely
ground gypsum feeds down from & stovage bin through an adjustable
feed opening. The agitator consists of four paddles enclosed in »
perforeted cylinder. ‘The revolving paddies mix the inflowing gypsum
with the water Howing through the perforated cylinder. By thus
agitating the water and gypsum together it was found possible to
spply gypsum-saturated water to the sres being reclaimed. This
method reduces the fime necessary for reclaiming and increnses the
efficiency of the spplication of this chemieal. During the 2 vesrs of
trisl it was found that an average of 210 pounds of gypsum was applied
to ench ncre of land during each irrigation; hence it 1s possible to apply
about 1 ton of dissolved gypsum per season undet locel irrigation
practices.

The use of alum zs an sgent of reclamation hns shown a rapid
improvement in small areas In productive fields, but the treatment is
expensive, It is doubtful if present land velues will justify such an
expenditure on an extensive scale. The greatest benefit to be derived
from the use of this chemical lies in its ability to alter the physical
property of s soil quickly, Areas that were impervious to water
were greatly improved within & few days after application of the alum
ore. The process employed was to spread the alum over the area to
be trested and then flood with water, keeping the entire aree under
water for about 24 hours. Thres half-rere plots of highly impervious
soil at the Newlands Field Station were trested in this manner with
several tons of alum ore. The treatment was applied during the




14  TECHNICAL BULLETIN 464, U. 8. DEPT. OF AGRICULTURE

spring of 1922, before the present drainage system was instituted,
and resulted in a material improvement in the perviousness of the soil
making it possible to obtain a fairly uniform stand of aifalfa.

These investigations of chemical treatments for reclaiming lands
on the Newlands reclamation project have disclosed that such treat-
ments will result in definite improvement, particularly if alum and
gypsum are used, but the cost of such freatments does not justify
attempts to reclaim extensive areas under present conditions. Chem-
ical applications may be justified if only small areas in a field are
involved or if it is desired to reclaim a small tract of valuable land.

RECLAMATION BY CULTURAL METHODS

While investigations were being conducted on the reclamation of
the more refractory soil types by chemical treatments, consideration

FIGURE 3.—Ty¥plenl milobn aren on Lhe Nowlands Fleld Station. Highly impervions to water, but possibla
to recluin.  Phodograglied in 3Iny 1908, soon alier the stallon wos established,

was being given to the development of other methods that might prove
10 be less expensive and therefore hiave o somewhat more general appli-
colion. Eflorts were made to determine the effectiveness of such
measures as treating the soil with stable manure and the intensive
application of certain improved irrigation and cultural practices.
In the following paragraphs methods of procedure are outlined that
have given satisfactory results in land reclamation and are materially
less costly than the chemicnl treatments.

After leveling the land very carefully, manure is applied at the rate
of 20 tons or more per acre, with seasonal applications as high as 40
tons per acre on some of the more refractory soils. The manure is
thoroughly disked into the surface rather than plowed under. The
reason for thisis obvious. The first requisite for the establishment of
s crop is o good seed bed. Manure worked into the topsoil facilitates
the penetration of water and consequently the leaching out of harmful
salts. It also aids in preventing the soil from crusting. After the
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application of manure and the disking operation the land is again
smoothed for irrigation.

During the first season the land is not necessarily cropped. Irriga-
tions are given about every 2 weeks., Each irrigation is followed by a
shallow cultivation. The entire ares is treated as if it were In some
cultivated crop. The object of such treatments is to aerate the soil
and facilitate water penetration and the decomposition of the manure,
During this period the application of water should be copious, as the
removal of the harmful salts depends on the leaching effect of the water.

After the first year the land should receive another application of
manure, but this may be somewhat Lghter than the first. This is
again worked into the soil by disking or harrowing, and the land

.

is again smoothed for irrigation. Under favorable conditions it is

Fiouht £.—View of aa a¥slfa ficld oo the Newlnods Ficld Station on recleimed land that was formerly lks
thal shiown in fgure 3.

possible to seed gt this stage. Iowever, if the condition of the soil
does not warrant seeding, the procedure followed the first year should
be re{)eated. The crop planted should be one not highly susceptible

to salt, nor easily injured by frequent irrigations. Sweetclover has
proved satisfactory in these respects. It is planted with barley or rye
as o nurse crop. The resulting growth may be cut for hay, but 1t has
been found that where pasturing is possible this is preferable. If the
crop cannot be pastured it should be cut the first year and left on the
ground to be disked into the soil the following spring. The land
should then be ready to seed cither to & grass pasture for further pas-
turing or to alfalfa, In phmtini grasses for pasturing, following 2
years of pasturing sweetclover, the grass sced is broadreast mnto_the
sweetclover stubble without previous disking. The srea is lightly
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harrowed to cover the seed and then irrigated. It may be found
advisable to apply a light coating of manure and straw to prevent the
soil from drying out and destroying the small grass seedlings.

If the sweetclover is disked under before seeding alfalfa, the alfalfa
is planted with a nurse crop. 'The same procedure is used in planting
as is used in planting any area to alfalfe, except that greater care is
exercised in smoothing the land for irrigation.

The method of broadcasting the grass seed in the sweetclover stub-
ble has proved to be the best way of obtaining a stand of pasture
grasses (fig. 5). After 2 or more years of irrigating a sweetclover
pasture crop, the 2 or 3 inches of surface soil is generally washed fairly
iree of harmful salts. Likewise this surface area will contain some
humus from the cultural practices involved. An inch or so of surface
soll free of injurious salts and containing humus to aid in retaining
moisture makes an ideal seed bed for crass and clover.

Very satisfactory results have been obtained by this process of

reclamation, which has the distinet advantage of being less expensive
than chemical treatments. Many farmers have access to fairly large
supplies of manure and some available time during the winter months
to work on such a project. If advanéage is taken of this condition in
leveling the land and applying manure, it will result in turning other-
Wifle vjvorthless land into 2n asset and at relatively low cost (figs. 3
and 4).
- Another method of establishing a seed bed and of aiding water pene-
tration is to cover the land with a coating of coarse sand.  An applica-
tion of 3 or 4 inches will provide a relatively satisfactory seed bed and
maintain moisture in the underlying soil.  This method of reclama-
tion has given satisfactory resuifs on certain types of adobe soil, but
it is expensive unless sand is conveniently available. However, in
many instances sand hills are close by, and for small areas particular