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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
Bureau or SorLs,
Washington, D. C., May 24, 1906.

S1r: During the season of 1905 a soil survey was made of an area
around Stockton, Cal. Requests for this work showed a variety of
special interests which would be served. The following request,
transmitted by the Hon. J. C. Needham and indorsed by him, sets
forth the conditions in the region:

The peat soils, the adobe soils, and other characteristic soils around Stockton
have never been studied in a scientific manner. The great Tokay belt of Cali-
fornia is supposed to lie just north of Stockton. The limits of this area have
never been determined. Vineyardists are experimenting every year, setting out
Tokays and losing their investments from lack of knowledge of soil and climatie
conditions, the very conditions that a soil survey would establish. I know of
no one thing that would do more to build up this part of California than a soil
survey. Not only would it help our own people, but it would attract to central
California many people because of the facts that would be established.

The making of this survey was also advocated by Senator George C.
Perkins, and in compliance with these requests a survey of the Stock-
ton area was made. The work in this area should form a basis for
the further extension of the survey of the soils of this region, and it
would seem advisable to continue the survey to cover the greater part
of the Tokay grape region.

I transmit herewith the map and report on the Stockton area, Cali-
fornia, for publication as advance sheets of the Field Operations of
the Bureau of Soils for 1905, as authorized by law.

Respectfully, A -
wroN WHITNEY,

Chief of Bureau.
Hon. James WiLson,
Secretary of Agriculture.
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SOIL SURVEY OF THE STOCKTON AREA, CALIFORNIA.

By MACY H. LAPHAM and W. W. MACKIE.

LOCATION AND BOUNDARIES OF THE AREA.

The Stockton area lies in the northern or lower part of the San
Joaquin Valley, entirely within the county of San Joaquin, and near
the geographical center of the State of California. It is nearly rec-
tangular in shape and has an extent of 333,248 acres, or about 521
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Fi1a. 1.—Sketch map showing location of the Stockton area, California.

square miles. The city of Stockton is situated near the center of the
area.

The base map used in the soil survey was made by the party in the
field as the work progressed, no accurate published map being
available.
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6 FIELD OPERATIONS OF THE BUREAU OF SOILS, 1905.
HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT.

* In the history of the discovery and early exploration of California
the Jesuit priests and missionaries with their followers played im-
portant and romantic rdles. The scene of their struggles and sac-
rifices was, however, mainly confined to the coastal region. While
the San Joaquin River owes its discovery in 1783 to the Jesuit mis-
sionary, Father Crispi, the exploration and the settlement of the dis-
trict covered by this report fell to Americans and French Canadians
at a later date.

The first of these to visit the San Joaquin Valley were hunters and
trappers, some of them in the service of the historic Hudson Bay
Company. At that time wild game, consisting of bear, deer, elk,
and antelope, wild horses (escaped from the early Spanish adventur-
ers and mission padres during their pilgrimages along the coast), and
many smaller fur-bearing animals were abundant. These nomadic
trappers explored the network of streams and held undisputed sway
over the valley for a period of about twenty years prior to 1844.

In 1843 a tract of land embracing over 48,000 acres, near the centex
of the area surveyed, and including the site of the present city of
Stockton, was obtained from the Mexican Government, under the
title of the Campo de los Franceses grant, by Capt. C. M. Weber, of
San Jose.

This was followed by the arrival of a few early settlers and the
founding of a few small colonies, the earliest farming being carried
on along the Calaveras River. Early but temporary settlements were
also made by the Mormons at French Camp and upon the banks of
Mormon Slough. The city of Stockton was founded by Captain
Weber in 1847.

With the rush of gold seekers to California immediately after the
discovery of this metal in 1848, Stockton became one of the objective
points and an important outfitting station for the mines. The popu-
lation, although of a somewhat unstable character, rapidly increased,
representing nearly all States and nationalities of the world. The
most of these came by sailing vessels by way of the Horn, and fourd
their way to the San Joaquin River.

Early efforts in agriculture were for the most part confined to stock
raising. With the sudden increase in population, prices of farm
products greatly advanced. Vegetables, hay, grain, and other staple
crops were in demand. Some of those who came in quest of gold
found their wealth only when, as a last resort, they turned 1heir atten-
tion toward producing supplies for the mines. The growing of
wheat in large tracts, however, became the main agricultural indus-
try. Later barley came into favor, and the production of these two
grains is still of leading importance. The use of farm machinery
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consistent with the farming of extensive tracts became an early out-
growth of this practice. Sailing vessels were partly supplanted by
steam river packets. Then came the railroads, and Stockton became
an important manufacturing center and grain and hay shipping point.
With more recent immigration the population has taken on an even
more cosmopolitan character, and this has resulted in improved agri-
cultural practices. Reduction of profits in grain ranching, owing to
declining yields, the occurrence of dry years, and to unfavorable
prices, has opened the way for the introduction of irrigation and a
system of diversified farming, including especially the growing of
vines, fruits, alfalfa, and the production of stock and dairy products.
Within the last few years the reclamation and utilization of the
rich peat lands of the western part of the area have proceeded rap-
idly, with the consequent improvement in shipping facilities by water
and the addition of the special crops of this section to the staple
agricultural products of the earlier developed parts to the east.

CLIMATE.

The climate of the Stockton area is characteristic of the lower San
Joaquin and Sacramento valleys. It is marked by the occurrence
of two seasons, a wet and a dry, contrasting considerably in tempera-
ture, and widely in precipitation, humidity, wind movement, and the
relative number of clear days.

The normal annual temperature at Stockton is about 60° F. Nor-
mal monthly temperatures vary from a maximum of about 72.5° F.
for the months of July and August to about 46.5° F. for the month
of January. In the summer months high temperatures are fre-
quently reached during the day, but the nights are usually cool
and pleasant. During the winter or rainy season periods of clear
weather, often accompanied by frost, are of frequent occurrence.
Killing frosts may occur as early as November and continue into
the month of April, but are usually confined to the winter months
and rarely are so severe as to interfere with farming operations.

The average annual precipitation amounts to about 15.5 inches,
taking place almost entirely during the period from November to
Avpril,inclusive. The rains commonly occur as gentle, steady showers,
or in rainy periods continuing from one to three days, interspersed
with periods of clear or foggy weather. The occurrence of snow,
violent storms, and thunderstorms is very rare.

A condition of low relative humidity, accompanied by cloudless
skies, generally occurs during the summer season, but is less marked
than in the upper and drier portions of the San Joaquin Valley. Tt,
however, greatly lessens the sensible temperature of the hot summer
days. Throughout the winter season the atmosphere is frequently
laden with moisture during intervals between cloudy and rainy
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periods, and dense fogs are of frequent occurrence. During the
night and early morning the fogs are generally dense, but they
frequently disappear or lift during the day, sometimes continuing,
however, as “high fog” for unbroken periods of several days, and
even occasionally for weeks at a time. These winter fogs form a
prominent local climatic feature of the great interior valley of Cali-
fornia, and although obscuring the sun for long intervals, are unac-
companied by rain, are distinguished from ordinary cloud, and are
considered in the official records as fair weather.

During the winter the winds are variable and light in character.
During the summer season wind movement is dominated by the sea
breezes, entering the valley by way of the Straits of Karquines, of
moderate briskness, and greatly tempering the heat of the interior.

The climate is, as a whole, healthful and well adapted to the pro-
duction of general farm and truck crops. A large proportion of the
winter rains is retained by the soils to be used in plant production,
while during the harvest season but little or no hindrance is expe-
rienced in farming operations because of unfavorable weather. The
growing of the more tender fruits is rendered somewhat hazardous,
owing to the occurrence of late warm winter periods sometimes fol-
lowed by frosts, but hardier fruits and ordinary farm crops are un-
harmed by frost, while the hardier vegetables and truck crops, such
as onions, cabbages, etc., are produced the year round.

The normal monthly and annual temperature and precipitation,
as compiled from official data of the Weather Bureau, reported for
the stations at Stockton, Lodi, and Tracy, the latter two located just
outside the northern and the southern boundaries of the area, respec-
tively, are shown in the following table:

Normal monthly and annual temperature and precipitation.

Stockton. Tracy, Lodi.
Month. Temper-| Precipi- |Temper-| Precipi- | Temper-| Precipi-
ature. | tation. | ature. | tation. | ature. | tation.
°F. In. °F. In. °F, In.
46.5 2.99 46.9 1.64 46.2 3.71L
50.0 2.18 50.5 1.18 50.1 2.26
54.5 2.28 54.8 1.53 54.7 3.02
58.9 1.29 60.9 .95 58.8 1.27
64.1 .67 69.1 .55 63.4 1.36
69.9 .09 75.9 .18 69.1 .19
72.6 .02 79.9 .01 3.7 .00
August 72.5 .01 .5 .01 78.0 .05
September ... ____________________.... 69.0 .14 72.0 .19 69.7 .46
October 61.7 .62 63.5 .60 62.3 1.42
November __ 53.9 1.76 5.2 1.15 53.6 2.49
December .. 47.1 3.36 49.6 2.16 47.3 3.56
Year 60.1 15.41 62.9 10.13 60.1 19.79
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PHYSIOGRAPHY AND GEOLOGY.

In general, the area surveyed is without marked topographic
variety, the most noteworthy feature consisting of the advanced
drainage system. The elevation ranges from that only slightly
above sea level and below mean high-tide level upon the western or
river-delta part of the area to slightly more than 100 feet above sea
level at the northeastern extremity. The slopes are in general scarcely
noticeable and the area is devoid of rock outcrop, bluff, or terrace
lines. Tree growth usually occurs only in the vicinity of the streams
as groves, or as scattered individuals upon the lower valley plain.
Drainage is effected by the San Joaquin River, with its tributaries,
the Calaveras River and Mormon Slough, passing across the eastern
and central parts of the area, while a multitude of meandering
branches of the main river, with blind and open tidal sloughs, trav-
erse the western half.

Along the northern part of the eastern half of the sheet, and lying
just east from the towns of Linden and Peters, the western edges of
the lower foothills of the Sierra Nevada Mountains project into the
valley plain and are included within the boundaries of the area.
These first prominent foothill slopes consist of treeless plains of quite
marked incline or of the lower, rounded, or gently undulating hills
and ridges, covering only 1 or 2 square miles, and forming the only
prominent features of this character in the entire area.

About one-half of the area surveyed consists of the valley plain
proper, at one time covered by the waters of an ancient Pleisto-
cene lake or bay. The central part is traversed in a general south-
westerly direction by the Calaveras River and Mormon Slough,
the waters from both of which enter the San Joaquin a little below
Stockton. Mormon Slough, sometimes called Mormon Channel, is
itself a branch of the Calaveras River, which it leaves a short dis-
tance outside the northwestern extremity of the area, and now carries
nearly all the water which at one time found its way through the
Calaveras proper. Formerly but an imperfect channel carrying
water only during flood periods, it owes its origin as the main chan-
nel to artificial cuts made for the purpose of irrigation, which, in-
creased by the erosive action of flood waters, rendered the flow peren-
nial and captured the entire flow of the Calaveras at the point
of diversion, except during flood periods. The bed of the lower
course of Mormon Slough is filled to the depth of many feet by
detritus derived from waste of the mountains, which is frequently
carried by winter and spring floods into the still waters of Stockton
Channel, forming bars and impeding navigation or entirely blocking
the harbor until removed. A movement is now on foot to connect
the lower courses of Mormon Slough and the Calaveras River, thus

13517—06 Mm——2
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deflecting the bulk of the flood water into the Calaveras and deposit-
ing the stream-borne detritus in the San Joaquin River, where current
and tide may assist in removing it.

Both the Calaveras River and Mormon Slough, except near their
mouths, are narrow and deep. Flood waters of these two streams,
aided by those from numerous minor intermittent streams, have in
many places deposited extensive bodies of recent alluvial material
over the valley floor. Lying to the south and eastward from Lathrop
the outlying extremities of extensive deposits of fine and coarse sands
of nearly level or gently undulating surface, locally known as the
“sand plains,” are encountered.

The San Joaquin River delta, a part of which is included in the
western half of the Stockton area, consists of a vast tract of level
swamp or “tule ” lands, lying below the high-tide level of the adja-
cent streams. Numerous interlacing streams and sloughs divide the
lands into tracts or “islands.” This natural division is augmented
by canals and cuts constructed in the progress of reclamation and
navigation interests. Two prominent branches of the San Joaquin
River, viz, Old River and Middle River, which, with the San
Joaquin proper and many smaller sloughs, are navigable to river
boats throughout the greater parts of their courses within the area
surveyed, traverse the delta lands of the Stockton area. The soil
consists of a light, loose Peat formed of river sediments mingled with
accumulations of organic matter, the remains of partially decom-
posed masses of roots, stems, and fibers of aquatic plants. This soil,
when drained and protected from tide and flood waters by artificial
means, proves extremely productive. These finer river silts and sedi-
ments are continually deposited by flood waters upon the lands when
not protected by levees, which with the growth and decompbsition
of vegetable matter effects a gradual extension of the delta toward
the sea.

The materials entering into the various soils of the lower foothills,
valley plain, and river delta are derived from the granitic, voleanic,
and other altered rocks of the Sierra Nevada Mountains.

SOILS.

The soils of the Stockton area are mainly of alluvial or lacustrine
origin, being deposited by subsidence from the waters of modern or
ancient streams, lakes, or inland seas, or formed by the growth and
parﬁal decomposition of masses of aquatic vegetation mixed with
stream or tide borne sediments. Naturally the degraded particles of
a variety of rocks enter into the composition of these complex depos-
its. Only along the northeastern margin of the area surveyed do
deposits of less complexity occur, as colluvial wash material dis-
tributed by heavy rains and streams and derived directly from the
residual materials of the adjacent foothills.
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The boundaries marking the various soil types are frequently indis-
tinct, related types passing into each other by imperceptible degrees.
In the accompanying maps such areas are necessarily separated by
Iines somewhat arbitrarily drawn. Nearly all the soils are remarka-
bly productive and give large yields wherever proper cultural meth-
ods are followed.

The extent of the several types is given in the following table:

Areas of different soils.

Soils. Agcres. [Per cent. Soils. Acres. |Per cent.
Peat .. . 107,584 82.3 || Fresno finesand ._______..__ 8,128 2.4
Stockton clay loam adobe _.| 53,312 15.9 || Fresno sandy loam __.______ 5,952 1.8
Sacramento clay loam __.... 41,088 12.4 || San Joaguin sandy loam. ... 5,824 L7
Stockton clay adobe ___.__._ 40,832 12.3 || San Joaquinloam._.________ 5,440 1.8
Stocktonloam. ... _____ 25,176 7.9 || Stockton loam adobe _______ 2,560 .8
Stockton silt loam____._..___ 16,512 4.9 Total - 333,248 | ...
Fresno fine sandy loam __.__ 10,304 3.1
Fresnosand._.._.______..____ 9,536 2.9

SAN JOAQUIN LOAM.

The surface of the San Joaquin loam consists of a bright to dark
red plastic loam of fine, somewhat silty texture and firm, compact
structure, with a depth ranging from a few inches to 3 or more feet.
It frequently carries gravel throughout the soil section, though not
uniformly distributed. When in proper moisture condition it breaks
upon cultivation into a loose loam, but becomes very sticky when wet,
with a tendency to puddle and bake upon exposure. In the lower
part of the section the soil suddenly becomes heavier, taking on the
properties of a heavy adobe. This material extends for only a few
inches, passing into an impervious hardpan of red color, and generally
of fine texture and firm, dense structure. This hardpan stratum will
be discussed further in a succeeding part of this report.

The San Joaquin loam, while covering extensive tracts of the foot-
hills of the Sierra Nevada Mountains, occurs in the area surveyed only
in a few relatively small and unimportant bodies, lying along and
adjacent to its northeastern boundary. It forms the rolling uplands
of the lower or first foothill slopes, and extends to the margins of the
nearly level valley plain. These slopes and rolling hills are treeless
and devoid of rock outcrop or similar features, save for the occasional
appearance of the underlying hardpan.

Natural drainage is favored by the elevated position and well-
defined slopes of these soil bodies. While the surface run-off is thus
generally free, percolation is greatly retarded and in many cases pre-
vented by the underlying hardpan, so that the surface waters fre-
quently collect and remain in local drainage depressions until dis-
pelled by evaporation. The soil, following wet seasons, is conse-
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quently marked by wet and boggy spots and is often cultivated with
difficulty. On the other hand, it frequently becomes compact, hard,
and impracticable of cultivation before the advent of the winter
rains. These conditions greatly limit the variety of crops grown and
the period of successful cultivation of these lands.

The San Joaquin loam is derived from valley sediments of early
Pleistocene age and from the weathered product of the complex rocks,
generally of metamorphosed or ultered character, of the Sierra
Nevada foothills, the latter material being gradually transferred and
spread about the valley margins through washing by torrential rains
and streams. Some of these soil bodies are obviously modified by
an admixture of recent alluvium. The soil and subsoil are free from
alkali salts in injurious amounts.

In other parts of California soils of essentially the same characteris-
tics as the San Joaquin loam have been successfully devoted to fruit
culture, but owing to the shallowness in this area the type is suited
only to the production of shallow-rooted crops. Grazing and dry
farming to grain are the principal interests, the land being summer
fallowed every other year. Owing to long-continued grain culture
and to inadequacy of moisture supply occasioned by the occurrence of
hardpan near the surface, light yields are obtained except in the most
favorable seasons.

The following table gives the results of mechanical analyses of the
fine earth of this soil:

Mechanical analyses of San Joaquin loam.

Fine Coarse | Medium

Number. Description. gravel. sand. sand.

sand.

Fine |Veryfine s
sazld. : Silt. Clay.

Per cent.| Per cent.| Per cent.| Per cent.| Per cent.g Per cent.| Per cent.
B0 ... Soil__..____ 1.0 6.6 6.0 16.7 15.3 5.5 18.8

13078 . . ... Subsoil .___ 1.5 6.7 5.8 16.3 16.7 ‘ %3.0 19.9

STOCKTON SILT LOAM.

The Stockton silt loam is subject to considerable variation in depth
of soil and in the character of the subsoil, small, widely distributed
bodies of fine silty loam occurring merely as superficial deposits over
many of the other soils of the area. Typically, however, the Stock-
ton silt loam is an extensive, important, and easily distinguished soil
type, consisting of a fine, friable silty loam of light-brown color,
extending to the depth of 6 feet or more, and becoming somewhat
lighter in color and texture in the lower section of the profile.
Although loose and friable when in proper condition, it becomes
sticky. when wet and may be rendered very compact. No gravel or
other coarse material appears in this soil, except in the immediate
vicinity of present or abandoned stream channels.



BOIL BURYEY OF THE STOUKTON AREA, CALIFORNIA. 18

The Stockton =ilt loam covers a considersble area in the north-
sagtern part of the survey, where it is found in one continucus body
ot irregular outline, most typically developed in the vicinity of the
Celaveras River. Other small, lers typical bodies occur along some
of the other streams of the valley plain. The surface is neaxly lovel
atid without variety, save for an occasional grove of valley oak or of
willows bordexing the streams, which in the northeastern pert of the
ares. flow in deep chanuels with vertical banks. The soil passes
gradually into the Stockton loam and somewhat more sbruptly into
the other adjacent types. It is gencrally well drained, percolation
taking place readily, but with proper eultivation is capable of ratain-
ing a large supply of moisture.

Material derived from a great variety of rocks probahly emters
into the composition of the Stoclton silt loam. Much of the fine
¢iity mioaceous material, however, is believed to have its origin in
the slates, amphibolites, and other altered rocks of the Sierra Nevada
Mountains, tranaported to the valley and distributad by flood waters
of the streams in recent times.

A herdpan of calcarsous nature is sometimgs exposed in stream
channels cutting this type, but oeccurs at auch depths as hardly to
infleence the growth of fruit trees or ordinsry crops. The eoil ia
algo free of alkali snlts in injurious quantities.

The Stockton silt loam is one of the most productive soils of the
area and is well adapted. to the growing of vegetables, grains, alfalfa,
root crops, and hardy fruite. Hay and grain, consisting of wheat,
barley, and oats, are grown, giving good yields withent irrigetion,
under proper cmlturnl conditioms. Almonds, cherries, and peaches
aleo yield well. Bramble fruits, grapes for table and winery pur-
poses, and vegetables are grown to a comparatively small axtent, but
with considerabla suscess.

The following table gives the resnlts of mechanical analyses of the
Stockton silt loam:

Aechenicel anolyses of Stvokion aflt loam.

Number  Doewiptionf 0100 | Qorrpe | Meltgm | Z0p (FRIEY| s | Oy,

Par cont. | Per cent. | Par oant. | Par cend. | Por cend, | Pir geut, | Par aint.
1 (P, 21 D, %] 0.9 oY 6.4 18.6 a8 n.4
(L ISNNRPSRIRIN Y . i, ) SN N .0 N | BA 0.8 53,1 20.8

TERGI0 §ANDY LOAM,

The Fresno sandy loam varies somewhat in texture and in the char-
acter of the subgoil, but typically the surface soil consista of about 3
feet: of gray to light-brown sandy loam of medium to rather fine tex-
turs, frequently carrying considerable fine angular gravel or coarse
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san@d particles. While usually loose and friable, the soil i# sticky
when wet and frequently becomes compact. At the depth of 3 feet
this soil grades into s fine silty loam or silty clay loam. This sub-
soil nlso frequently carries some coarse materisl, is of s light-yellow
or brown color, compact structure, and smicoth and somewhat ashy
texture, sometimes becoming sendy in the extreme lower part of the
profile. The subsoil frequently carries coneretions and is underlnin
at a depth of about 5 feet by hardpan, impenetrable to the soil auger
or ordinary plant roots.

The Fresno sandy Tosmn occurs mainly in a single body covering
an area of some B square miles lying in the sontheastern part of the
area. A number of amall and unimportant bodies slso oteur in the
vicinity and southeast of Lathrop and French Comp. The surface
15 level or only very slightly rolling end is generally {resless. Seme
of the smeller bodiea occur in alight depressions, while much of the
larger area i3 low, flat, and somewhai poorly drained. This condi-
tion is augmented in places by the occurrence of hardpan. Consid-
ernble improvement moy be sffected in the ease of the depressions
end minor sinls by artificial drainage.

The Fresno #andy loam has been formed by the deposition of
materials derived from the Sisrra Nevads Mounteins, and distrib-
uted over the valley plain by former streams. Considerable granitio
material can be identified in the soil Small guantities of allwli
salts frequently occur, and particmlarly in the underlying hardpan,
which not infrequently becomes the seaf of, and in fact probably
owes its origin somewhat to, the especially injurions alkeli carbon-
ates. While the quantity of these salts is generally not excessive, in
s fow caces it is sufficient to prove injurious to vegetation.

With irrigation alfalfs, fruits, snd mobt ordinary farm crops
should do well upon thiz soil wherever the herdpan does nol ap-
proach the surface too clogely. At present grain hay and grain are
grown, without the aid of irrigation, giving fair yields in favorable
seagoms. The growing of these crops and of alfalfa under irrigation
is becoming more importaxnt from year t¢ year, and is mmch more
profitable thap under the old system of dry farming.

The following tsble gives the resnits of mechanical analysss of a
typical sample of the soil and subsoil of this type:

Mechanical guelyses of Frosno sandy logm.

Conzee | M Mua [V
Wumber, | PSP | Moo | Couee |Motiom| Wiy [Veryinal gae | cuey.

Percent, | Fer cant, | Per cend. | Per amnd. | Per cend. | Pev pent. | Per oend,
100 o inee| Sl %0 me 6.5 7.1 18.7 b1l 0.4
18074, 18076 ... o| Smbpell . _;| 8.7 X$.4 (%] .y 149 =8 18,5

The doilnwing sample contnfoad more than omohaif of 1 per cent, of calclum carbonate
(CaciQg) ! No. 1307¢, 2.48 per cent.
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PEUARD FING HANDY TOAM.

The Fresno fine sandy losm consists of 6 feet or more of light-gray
sandy loam of fins ashy texture and compuct structure. The soil is
very smooth and quite sticky swhen wet, and has s tendency to puddle.
Tha eshy texture and compact structure are most evident at the
depth. of abont 8 feet or 3} feet, nt which peint s white hardpan
stratum is fraquently encountered. The extreme lower part of the
soil section in sometimes considerably lighter in texture than the
qverlying soil. ;

The Freano fine sandy loam is not an extensive soil type. It
oceurs in the southern pact of the survey in the vicinity of French
Camp, Lathrop, and Atlanta, usually as irregular slongsted bodies
extending in a porthwesterly and southeasterly direction. The sur-
face is usually low, flat, sometimes slightly depressed, generally
treeless, snd without distinctive topopraphic featwres. Owing to
position and the presence of hardpan, natural drainage is deficient
and percolation is arrested, pools of water frequently remaining in
the roads and Selds for a long time after heavy rains.

The origin and mode of formation of this soil i8 cssantially the
same a8 that of the ¥resmo sandy loam, the material being of a. finer
grade. As in that type, alkeli salts in stall quantitios are of gen-
eral occurrence. They arve usually found in the undexlying herdpan
or compact swbsoil, and in depressed, poorly drsined aress hsve
accumulated at the surface in such gquantities ns to be injurious to
ordinary farm crops.

- A considerable ares of the Fresno fine sandy loam is, in s present
condition, adapted only to gragzing. In those sections of better
oatural drainage and where the hardpan is less impervious or con-
tinnous or lies at some distance below the surface, alfalfa, grains,
and probably vines and small fruits should do well under irrigation,
if care be taken nol to apply excessive quantities of water. At
preseat the type is devoted mainly to grazing and to dry-farming to
graing and grain bay.

The following table gives the results of mechanical nniyses of a
typical sample of the soil and the subsoil of this type.

Hechunicel analyses of Fregnn fine sthdy logss.
Fumbes. [Dumripiion K28, | Gtle |Medtym| Flog [Vervdme g | cuy.

) Perdcot, | Paroot.| Porcont.| Paroent. ] Pey eondi| Pirooad | Poveent.
ABOH o s wno] Bl pniin] 6.0 28 &6 L 2.1 .1 a8
1 3 2.2 L4 LB 24 .8 2.4

Tho following sample ¢ontalned mote than cushail of 1 per cont of enlvlum cnchohnte
(CaCQy) : Wo. 15054, 1.0 per cont,
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BRI&BNO SAND.

The Fresno sand consists of = light-gray or light-brown sand of
mediam texture snd loose incoherent structure, and extends to a depth
of 6 or more feet. The soil throughout the section carries consider-
able coarse angular material

This type o¢nurs in a very irregular body, with relatively long and
narrow projections extending in a general northwesterly and south-
easterly direction to the south and esst from French Camp and
Iathrop. It covers a considerable area, and ju the southern part of
Twp. 1 8, R. 7 E. it i& the prevailing type of soil. The surface is
generally shghﬂy rolling, treeless, and nnmatked by vegetation
except wild grasses and & great variety of brilliantly colored wild
flowers appearing during the early gpring. The soil passes gradu-
ally into the mdjncent fine sands and sandy loams, and includes
bodiés of these soils too small to b shown upon the map.

Owing to its position, character of surface, and open, porous tex-
ture, this soil is naturally very well drained. Lower lying areas and
depressions may, however, becorne saturated and rendered unprodue-
tive from a too coplous mse of irrigation waters upon the higher
alopes, and there are already instances of impairment of the lower
lying lands from this cause.

As in the osse of the adjacent soils the materialy forming the
Fresno sind originally came from the weathering of the rocks of
the Sierras. The wash from these bas been trensported by streams
and distributed over the valley plain in gently sloping fanlike forms.
The materinls forming the Fresno sand, however, are believed to be
mainly derived from granitic rocks.

Owing to the good patural drainage and to the loose open structure
of the soil, it is free from injurious allali salts. Thae soil, however
retains little moisture and therefore is hardly a satisfactory soil for
grain or shallow-rooted crops without irrigation. 'Where irrigated,
it is well ndapted o alfalfe and general formge crops. Cherries,
peaches; small fruits, and early truck crops would also prove profit-
able. Alfalfn and grain are the principal crops grown at present,
Alfalfa, which iz grown with the uid of irrigation, yields well, The
vield o:f grain, dry-formed, is generally very light,

The following table gives the results of mechanical analyses of a
typical sample of the 20il and the subsoil of this type:

Mechontonl onalysoe of Fresng sand

wunbar. [posipion it | Grage [¥ogm| Ty [Vergsed ane | o

Py ernd ] Pay cond, | Pav cont{ Poy gend, Por cont ] Ter cent.| Py pend,
75 ORI - 1.5 S X! %Y 39,8 0.4 128 4.8 3.0
212 TP Hubseil ... e 5.8 1.4 A 169 8. 2.
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The Fresno fine sand consists typically of g 3ig%1t‘ye11aw or light-
brown micacsous sand of fine, smooth texturs and open, porous strue.
ture, extending to the depth of 6 or more feet. In the Fresno fine
sand of the Stoclton area the lower part of the soil section is fre-
quently slightly heavier and somewhst more tepasious when web than
neaxer the surface. It is usually free from gravel or other cosrse
ma.igrial, except where there is an admixzture of the sdjscent Fresmo
sand,

The Fremo fine sand is found in several long, nerrow aross asso-
cigted with the Fresno sand and Fresno fine sandy Joam south and
southeast of French Camp. The surface is generally nearly level or
only slightly uneven. The native vegetation is similar to that of the
Fresuo sand, consisting of grasses and fAowering weeds,

Whila the aress of Fresno fine sand are only glightly above adja-
cent soils of somewhst deficient drxinage, percolation, evaporation,
and lateral movement of the soil ‘water is rapid. ‘The soil is somewhat
deficient in moisture-retaining propexties, snd frequent enltivation
becomes of great importance in conserving moisture for the use of
the crops.

In origin and mode of formation the Fresno Ane sand is similar to
the Fresoo sand, micaceous granitic material predominating. It is
free. from alkali salts in injurions quaentities, although the deeper
subsoil containg small quantities, whith under excessive irrigation,
coupled with insufficient cultivation and drsinage, might in time
become concentrated at the surface in sufficient amounts to prove
injurious to oxdinary crops. There is generally no hardpsn forma-
tion in this soil within the depth of 6 feet.

The Fresuo fine sand is best adapted to the growing, under ir.
gation, of alfalfs, forage crops, or hardy frnits, requiring a. loose,
well-drained soil. It is generally devoted at present to grazing and
to the growing of alfalfs and grain with and without frrigation, the
yields being geverally alightly better than thode obtained from the
Fresno sand. This is especinlly true in the case of the dry-farmed
areas,

The following table gives the results of mechanics] analyses of

Fpical ssmple of the soil and the mbsoil of this type:

¥achanicel mialyses of Fresno flne tond.

Hambec, ton,| griver | Sende | "enye| By [Pazs e | ow.
WEL... ........| Soll o8 gl as| wme| s3] s ]
R ... Subeoil...... X be s uev| | ma 5o

B2: <3 Ll (BT .
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BAY FOAQUIN BATDY LOAM.

The 8an Jesquin sandy losm consists of pbout 30 inches of sandy
loar of medium texture snd of light-red color, underlain by an im-
pensirable hardpan of fine texture and dense structure. The coarser
particles in the soil are angular end sharp and tend to give it a Fri-
#ble structure when in a favorable condition, but when wet the
materials become sticky, with a tendency toward puddling and bek-
ing. The lower paxt of the soil becomes slightly heavier in textnre
and more compect in structure, the 4 inches immediately above the
herdpan containing considerable clay and exhibiting the structure of
adobe. While the average thickness of the soil covering is 80 inches,
the depth to hardpan is subject to some variation.

This soil aceurs only in & single extensive and uniform body east
of Ellisworth in the southeastern part of the ares. The surface is
treeless, except in the vicinity of minor stream channels, is sometimes
marked by slight depressions, and slopes, in general, slightly to the
northwest. While occupying s more favoreble position for drainege
than many of the soils of the area, as in the case of the San Joaynin
Toam, the percolation is checked Ly the underlying hardpen, cnd
drainage in the lower depressions and in areas of dlight inclinetion is
-deficient,

Ths 3an Joaquin sendy loam owes its origin probably to deposi-
tion of the material originating in the rocks of the Sierrs Nevada
Mountains, in the waters of an ancient Pleistocene lake or bay, the
material being modified by later slluvial wash and by the secondary
hardpan formation, Alkeli iz wot found in injurious quantities in
#he soil,

Owang fo the presence of hardpen the San Joaquin sandy Joam is
not adapted to fruit trees, alfalfa, or other deep-rooted or heavily
irrigated crops. Grain hay and grains, grown without the aid of
irrigation, are the principal crops, the yields being fair in favorable
BBASONY,

The following table gives the results of mechanica] snalyses of a
typical sample of the soil and the subscil of this type:

Mechonivel anolyses of Sun Jonguiv. sondy lomn.

Number.  Dwwoription FIG | Golrte |Madlgm| Fng Verydud gus | cuy.

Fer-vent.) For cent.| Pyr cont ] Por sint.) Per sont] Pev sonti) Pov sond,
IO v Bollomennal  4B] 180 a8 WmE] 8| w4 ne
b2 OO § . 57 S 2.8 MY &5 BT %3 ;e 8.8

BTOOKTOR LOAMC.

The Steckton losm ia subject to considerable variation .in eolor,
texture, and character of soil and subscil, Typically it consists of €
or more fest of light chocalste-brown to nearly black loam of medium
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texture and of somewhat compact structures The lower portion of
the section is somewhat lighter in color sud frequently in texturs,
aithough the subsoil frequently becomes a fine silty loam. The soil
is easily cultivated and friable ‘when in proper moisture condition,
but becomes sticky when wet and has & tendency to puddle. Limited
atess acour in which the texture and sbrveture of the soil approaches
that of tha adjacent soil, the Btockton loam bfmding with the other
typos.

The Stockton loam ig 8 type of considerable extent and importance,
ocenrring in irregular bodies in the central and esstern parts of the
survey. The lsxger and most typical areas ocour northeast of Stock-
ton snd in the viginity of Waferloo and Linden. Small elongated.
bodies frequently occur along stresms in other parts of the avea. The
surface is usually level or only slightly uneven, and elevated but little
shove the adjacent heavier soils. Draivage is sometimes deficient
during seasops of beavy rains, but in genersl the conditions are mtis-
factory during the growing and harvesting seasons. A fow glight
depressions oconr which would be benefited by artificial drainage.

A light sandy phase of this soil oceurs, in which the upper 8 feet
consists of a light loam of dark or black color, containing & large
wnount of rather coarse, loose sand. This is underlain 3¢ about 8
feet by the loam of fine silty texture and light color which is found
in the typioal seil. This phase ooonrs asoccasional streaks or asslight
mounds ox ridges, usually in the vicinity of former or present stream
channels. The largest area is found near the northern margin of the
area about 7 miles northwest of the center of the city of Stocliton. It
is generally well drained, free from alkali, somewhat lass refentive
of moisture than the typical soil, but similar in other important
features.

Like the adjscent eoils of the valley floor, the Stockion loam is of
alluvial origin, resulting from the deposition of heterogeneons sedi-
ments. in ancient lakes or bays, and streams, modified by an admix-
ture of more recent sedimenta laid down by existing streama. Tt pos-
se=ees in a high degree the power to retrin moisture, and under proper
cultivation may be rendered capable of supplying the needs of crops
during long periods of dronght. It is also generally free from alkali
salts, although small patehes occasionally occur in u few districts of
deficient drainage, where the salts have become concentrated in inju-
rious quantities at or near the surface. *Such alkali aress are, how-
ever, in the aggregate of but relatively small extent.

The Btockton loam is well adapted to the growing of small and
atone"frnits suited to the climate, and also to sifalfa, onions, cabbage,
and other vegetablés, grain, and grain hay. At present the two crops
last named, grown without irrigation, sre the principal prodnets:
The ylelds are generally good, unless reduced by unfavorable seasons.

To some extent vegetobles and fruits are aleo grown with profit in
the vistside o Sbanletnn. .
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The following table sives the results of mechanical analyses of a
typical sample of the soil and the subsoil of this type:

Mechanical anglyses of Stvokton loam.

Nembor,  pweripuna] 2128, T Ooarpe [aottyn| Eley [Faygsel s | cmr

Per pent. | P send, | Por cont. | Poreent, | Per cont.| Pevons, | Por cont
Isnreeeeninee] B0l BB] B8 54l #mi| w7 e 18.0
1B e g ] BrOBOT ... A 18! sl sl ane| ms 1.2

B200RION ZOAM, ADOBY.

The soil of the Stockton loam adobe conmsts of a heavy, black clay
loam adobe, extending to the depth of about 30-inches, and containing
s considerable admixture of sand, consisting mainly of cosrse angulst
white particles. This is underlain to & depth of 6 or more feet by &
fine silty or silty clay loam of light-yellow color. The soil is of & very
dense qompaet structure and frequently checked upon the surface.
It becomes very sticky when wet, and unless properly cultivated
puddles readily and bakes upon exposure.

The Stockton loam adebe occurs only in & single body, and that of
limited extent; lying north of Stockion and along the northern margin
of the area. The surface is generally nearly level or only slightly
uneven, and marked by an oecasional elump of valley oak or by wil-
lows in the vieinity of stz ~hannels. By gradual diminution in
the proportion of sand the des into the other adobe lands
lying to the seuth.

Owing to relatively low position and fo the compaet structure and
heavy texture of the soil, natural drainage is frequently deficient,
especially during and following seasons of heavy rains. Axrtificial
drainage is sometimes resorted to and might be further extended with
Bemﬁsial x‘%\lﬁﬁ»

Deposits from ancient lakes or bays with the later addition of sedi-
ments from streams, modified by the various agencies of weathering,
have given rise to thissoil. The original materials have beon derived
from a great variely of vocks, as in the case of nearly all the soils of
the area. No hardpsn formation seems to oceur and alkali salts only
in very amall quantities, thongh the latter are sufficient {o incresse
somewhat the tendency of the soil to puddle. The fields avre marked
by amall light-colored spots, which appear upon cultivation and are
believed to be due to peculiarities of physical structure, probably
indnced by the action of snall quantities of soluble salts, These light-
colored spots are frequently less productive than the rest of the field.

This soil is probably best adupted to grazing and the growing of
alfalfa, grain, hay, and forage crops, the purposes for which it is at
present ysed.
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The following table gives the results of mechanical analyses of
typical samples of the Stockton loam adobe:

Meohanionl ansulyses of Stockéon lonm adobe.

%an:zs Msﬁaafn Fina {Varyfive S04, CW*

Fumber, Demsiption, gﬁggL mrd. | nd.

Pey send, Per c«mi,i?&r cend) Por oent] Pev rond] Per eond.] Poy cand,
1908 e Bofh 0.5 2.0 23 0.2 2.8 20,8 5. B
18085, 1 auereneen Hubanil, ... .8 8.9 { 2.4 15.1 0.6 8.3 4.8

The followling samples contained more thaiz eoehalf of 1 per cent of calelo carbhonato
{OnC0s) ¢ Mo, 1308, 1.44 por cent) Mo, 13062, 2.18 per cept

BOURTON CLAY ANORE,

The Stockton clay adobs consists of a chocolate-brown to nearly
black heavy clay adobe, with a depth of about 36 inches, and undex-
lain to a depth of 6 or move feet by a light-yellow subsoil of fine,
gilty clay texture. The soil is of close compact structure, polishing
highly upon the soil auger, is exceedingly tenacious and of o stiff
puttylike consistency when wet, checlting at the surface into large
blocks by deep surface eracks upon exposure. In advanced stages of
checking, the laxger blocks sre divided snd subdivided by smallér
checls and cracks, causing the surface to break up on cultivation into
a loose mass of small blocks and pellets of the size of small peag and
larger.

The subsoil is of much less depse . “is'tompact structure than the
soil, but is very sticky when wetiur, ./ .aquently carries small rounded
concretions or jnecipient hardpan formstion. Both soil and subsoil
frequently contain small subangular rock particles of the size of fine
gravel,

The more extensive and typical bodies of the Stockton clay adobe
ocour near the eastern part of the area, in the vicinity of Ellisworth
and Collegeville. Many smaller irregular bodies are, however, seat-
tered throughout the eastern half of the survey. The surface is low,
nenrly level, and without distinctive matural featuzms, except for an
occasional growth of valley oak. The soil grades into the adjacent
loams and the heavy and dense Stockton clay loam adobe. Owing
to unfaverable poszi:mn. and to the dense, heavy nature of the soil,
natural drainage is generally deficient during the rainy sedsons, fa.m
operations and 1 even travel over the roads bamg greatly hampered or
temporarily suspended.

The Stoclkton clay adobe in the main owes its origin to the distribu-
tlon over the valley floor of very finely divided rock material, derived
from 9 grest variety of rocks and modified by an admixture of
ancient Pleistocene sediments.

Owing to the texture and structure of the soil, pemolatmn is
arrested and the goil when dry absorbs water very slowly. It is,
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however, capable of holding s great amount of water when satur-
ated, which is slowly given up under evaporation. Under proper
methods of cultivation it is thus able to retain much moisture
throughout the dry summer seasons,.and to supply the crop needs
during prolonged droughts. The soil is nlge generally free from
impervious hardpan or alkali salte in such quantities as to become
detrimental to crops. The small light-colored. spots noted in the
description of the Stockton loam sdobe are also of fréquent occur-
rence in the type under discussion,

This soil is not generslly well adapted to early vegetables or fruits,
or to crops requiring a light, well-drained soil. It is best suited to
the production of alfslfa, forage crops, grain, and grain hay. Dgiry-
ing and stock raising shonld be profitable industries where the tramp-
ling of the soil in wet seasons by stock can be avoided. Alfalfa,
grain bay, and grain are the prineipal crops now grown, the yields
being generally good or relatively heavy in favorable seasons. Vines,
tree fruity, snd vegetables are grown to g limited extent upon lighter
phases of the type in the district lying northeast of Stockton, with,
fair yields under careful cultivation and attention.

The following table gives the results of mechanical analyses of
typical samples of the soil and the subsoil of this type:

Mechanital gnatyses of Stockton clay adobe.

Number,  [Desortption) (D108, | Gotrze |Modtum | Rine VeaLa'| sus | omy.

Fer pand,| Per cent.] Per cent.| Par eant,] Per pent.) Pes cant.| Par cond,
B0l s h4 15 1.3 7.8 i%.8 8.4 02
Batwot] ... AL, Le Le 2.1 12.0 49,1 2.8

i
]

BTOURTON CLAY LOAM ADOBER,

The Stockton elay Joam adobe consists of a black clay loam adobe,
similar in structure features to the Stockton clay adobe, but of
smoother texture, being generslly free from eosrse or gritty material.
Tt polishes highly upon the soil auger and assumes an sxceedingly
tenacions, waxy or stiff, puttylike consistency when wet, During the
dry scason the checking of the surface is often developed to a re-
markable degree. It is underlain at about 8 feet by a yellow heavy
silty or silty clay subsoil, becorhing lighter in the lower part of tho
section and similar to that of the Stockton clay adobe. The surface
of the subsoil in the more southerly lying bodies is frequently some-
what compacted and partially cemented immediately below the over-
lying zoil into a soft, imperfect hardpan er separated from the over
Iying soil by a thin white crust of relatively soft, calcareous hardpan.

The Stockton clay loam adobe is one of the most important soils
of the area, occurring in the most extensive and typical bodies to the
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north, south, and east of Stockton. The surface is low, lavel, and
without topographic variety. Axn ocensional grove of valley oak
appears, but much less frequently than upon the adjacent soils of
lighter texture and more open structure.

As in the Stockton clay adobe, the natursl drainage is poor, the soil
becoming uncultivable during wet seasons, The mode of formation
of this soil is somewhat obscure. The materials constituting it are
probably derived from a great variety of rocks, and have been dis-
tributed by the waters of streams and tides and wodified by the
ingorporation and decomposition of vegetable matter. It is gener-
slly free from alkali malts in injurious quantities, snd in its pro-
nounced moisture-retaining properties is very similar to the Stock-
ton clay adobe.

Like the Stockion clay adobe also, it is best adapted to alfslfs,
grass and forage crops, and grains, which crops are at present the
principal ones grown. The yields are generally good, unless proper
preparation of the land is prevented by unfavorable sweather and
drainage conditions, or the growth of the cropis retarded by the rav-
nges of fungons diseages or inseet pests, the development of rust or
other fungus sometimes being induced by the wet conditions in the
low-lying areas.

The following table gives the average results of mechanical analy-
seg of typical samples of the soil and the subsoil of this type:

Mechonival onolyres of Stockton cloy loom adobe,

Fine | Conrsn @] Ring |[Veryfnd g
Number.  Description] g0ty | SRER? (MERe™ Ko [Tezi™ sue | owr

Paraend, | Per cent, | Pev cent. | Poy eond, ' Pey cent. | Percent.| Per cant,
F8000. e o1 SR 0.5 1B 20 128 17.9 8.0 g
18007, 10088 ... Subeoil ... 2 LG 2.1 w.r "3 B4 2.7

BACBAMENTO CLAY 20AM,

The Sacramento clay loam occurs typically ns a dark-colored, nearly
black heavy silty clay loam, containing u large proportion of organic
matter, the remains of decaying vegetation. The soil generally
extends to the depth of ahout 30 inches. The proportion of organic
matter is usvally, but not always, less in the first few inches than in
the lower part of the soil section. Vegetable fiber is of frequent
occurrence, but the greater part of the organic matter ia thoroughly
decomposed. The darl-colored soil is underlain by a lght-yellow
fine silty loam, frequently grading into a very fine sandy loam, and
extending to the depth of & or more feet. Both seil and subsoil ave
free from gravel or other coarse matetial, of somewhat compect struc-
turs, stieky when wet, but friable under cultivation.
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The type iz subject (o considerable vagiation in depth, texture, char-
acter' of subsoil, and in the relative amounts of silt and orgunic mat-
ter. In the vicinity of the adjacent peat lands it is underlain by the
partially decomposed “peat instead of by the yellow silty loam sib-
soil, ns deseribed. A silty elay phase also oconrs in u few small areas
in the vicinity of the San Joaquin River and some of it3 lafper tribn-
taries,  This phuase consists of a deposit of from a few inches to 2
fect o move of a light yellow, very fine, heavy silty or silty elay Joam,
very sticky when wet, and of rather compact, dense structure, nuder-
lain by the pealy and sifty Joain materials of the typical soil. 16 g
similar to the (ypical soil in most other particulars, but iz of o more
vefractovy, denser texture und strueture and reqiives move caveful
preparation and enltivation.

The Sacrumento elay loam 18 an extensive and important soil Gyps,
ocourring in the contral and southwestern parte of the avea. The sur-
face is generally level or only slightly inclinel, and treeless, excopt
in the vicinity of the streams. The depressions, which are of defi-
cient drainage, ave nsoally marked by a growth of tules or rushes.
The soil passes gradually into the adjacent peat lande, adobes, and
loams.

Pevcolution ix sometimes rotarded by the compact structure of the
subsgol]; which, with (he low-lying position and genlle slope, oftan
resulls in insnfficlent natural drainage, and open drainage ditches are’
frequently enconntered in the eultivated areas of (his type.

The Sacramento clay loam. oweg its origin to the admixture of the
fine river silts, derived from a vaviety of rocks and distribnted by the
San Joaquin River and ils tributaries aud brwnches, with the fine
allivind and decomposed ovganie malter of the tidul fresh-wider
murshes or peat Tands. The material from these two sonrees is either
mtimately mixed or deposited-in alternating strata. The soil is gon-
erally free from alkali salts in injurious quantities, and under proper
cultivation poasesses valnable moisture-vetuining propertics.

Whila cobtaining a large amount of organie plant faod, and aen-
erally productive, the crop yields decline where o gingle erop‘is grown
cottiomously.  When the water table iz nol {oo cloge (o the surinee,
the type s Dest adapted to alfalfa, o prass and forage crops -such
az redlop, ryo grass, timothy, some of the clovers—and ta root PrOpS,
beaus, vegetables, and grain.  Much of this Jand is adimirably adapted
to dairying and stock raising.  Swall and tree fruits, consisting of
peaches, apricots, pears, and cherries, also do well in the ligher and
heiter drained aroas of lighter texture.

Grain hay and grain, consisting of wheat, barley, and oats, ave the
prineipal crops, the yields being usually good, Alfalfa, in connection
with dairying and stock raiging, is also grown in limited quantities.
In small, favorably situnted bodics, especially in the vicinily of the
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San Joaquin River, fruit and vegetable production is of considerable
importance and profit.

The following table gives the results of mechanical analyses of
typical samples of the soil and subsoil of this type:

Mechanical analyses of Sacramento clay loam.

Fine
sand.

Firie Coarse | Medium

Very fine .
gravel. | sand. sand. Silt. Clay.

Number. Description. sand.

Per cent. | Per cent. | Per cent.| Per cent.| Per cent.| Per cent.| Per cent.
13067 . Soil ... 0.3 0.8 |. 0.5 2.5 6.3 40.3 49.7
13058 ... Subsoil ... _ .5 .8 4 9.0 26.2 46.5 16.6

The following sample contained more than one-half of 1 per cent of calcium carbonate
(CaCO0;) : No. 13058, 1.36 per cent.

PEAT.

In point of extent of area covered, naturally unproductive condi-
tion, progress of reclamation operations, and agricultural possibili-
ties, the Peat lands of the Stockton area are of great interest and
importance. '

In typical section the soil consists of 6 feet or more of fine alluvial
river and tidal silts, intimately commingled with partially decayed
vegetable matter, undecomposed plant roots, stems, and fibers occur-
ring in great profusion. This material is dark brown to black, of an
exceedingly smooth and pasty consistency when wet, of spongy tex-
ture, and generally saturated with water at a depth of 2 or 3 feet or
less. In certain districts subjected to recent overflow by streams in
flood, the surface foot frequently consists largely of river silts, in
which the usual proportion of organic matter is greatly decreased.
The subsoil is, however, the same.

The depth of the Peat is also subject to considerable variation,
usually increasing in the direction of the lower San Joaquin River,
which leaves the area near the northwestern extremity. Near the
margins of the soil bodies it is frequently underlain at a depth of
from 4 to 6 feet by a stratum of sandy clay of bluish cast, or by com-
pact river silts and fine sands, though over the greater proportion of
the soil area the underlying light-colored fine river sands are encoun-
tered only at a depth of from 10 to 15 feet or more, while in the north-
western portion of the area the depth of the peaty deposits is much
greater. In parts of this latter mentioned section only the immediate
crust is of sufficient solidity and toughness to bear the weight of farm
animals or machinery, the underlying material being in an exceed-
ingly soft semifluid condition, and extending to great depths.

Although quite sticky when wet, there is but little or no tendency
toward puddling, the surface being friable and easily cultivated after
the first breaking or cutting away of the surface accumulation of the
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tough roots of aquatic plants. No gravel or other coarse material
appears in either soil or subsoil.

This important soil type occurs only in the San Joaquin River delta
region,where it covers the greater proportion of the entire western half
of the area surveyed. The topographic and drainage features, min-
eralogical origin, and mode of formation are much the same as in the
other soils of the lower delta. The drainage conditions will be dis-
cussed more particularly under the succeeding heading.

Extreme lightness in weight constitutes a very striking feature of
the Peat, large fragments frequently becoming detached and floating
about with the stream and tidal currents.

The soil carries a great supply of plant food and under favorable
conditions yields enormously. This has given rise to the belief that
the soil is capable of continuously producing all manner of crops,
without regard to the principles of ordinary farm management or
crop rotation. This belief is not borne out by agricultural practice.
While ranking among the most productive soils known and while
maintaining this productiveness, when farmed under ordinary, care-
ful, modern methods, the long-continued growing of successive crops
of grain, as in the case of other soils, is resulting in decreased pro-
duction. The profitable growing of successive crops of potatoes is
said to be limited to three or four years.

The accidental ignition of the Peat from “ tule fires,” or in other
ways, often proves troublesome, the organic material of the soil
slowly smoldering until practically removed, unless the fire be
checked by flooding. This leaves the soil a mere bed of red or light-
colored ash, and greatly reduces its value, and, moreover, increases
capillary movement and rapid evaporation from the surface, resulting
frequently in the surface accumulation of alkali salts in injurious
quantities. When not modified by ignition, the capillary or upward
movement of soil waters takes place so slowly that the application of
irrigation waters to the soil surface frequently becomes necessary
during the dry season, although the soil may be saturated with water
at the depth of 3 or 4 feet, or even less.

While alkali salts exist in these soils and in the surface waters in
considerable amounts, under ordinary conditions they are not of suf-
ficent concentration to become injurious to ordinary crops, and their
accumulation in harmful quantities takes place only through the
destruction of the natural, coarse, mulchlike structure of the soil.

The Peat is generally ill adapted to the growing of alfalfa or other
deep-rooted crops, owing to the close approach to the surface of the
water table. On the other hand, it is admirably adapted to certain
special crops, such as asparagus, beans, onions, or other vegetables,
forage crops, timothy, redtop, ryegrass, some of the clovers, and to
potatoes or grain. The risk of damage to crops and lands from fires
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caused by steam harvesters is, however, of some importance in grain
production. Harvesting is also sometimes interfered with by the wet
condition of the lands, resulting from high water and imperfect levee
or drainage systems.

In the older reclaimed districts and in those mot devoted to special
crops this soil is especially adapted to the growing of hay and forage
crops in connection with dairying and stock raising.

Of the foregoing crops grain, potatoes, beans, asparagus, onions,
and other vegetables are the principal products. Dairying is also an
important interest. Alfalfa is successfully grown upon some of the
earlier reclaimed and better drained tracts. In newly reclaimed
districts crops are sometimes uncertain for the first one or two seasons,
owing to imperfections and delay in establishing proper drainage
conditions. Considerable risk and expense always attend the prac-
tice of agriculture upon this soil type, but, with the exceptions noted,
the yields and profits during favorable seasons are usually so great
as to offset occasional losses.

SPECIAL SOIL PROBLEMS.

The occurrence of 2 hardpan formation within the limit of the root
zone of crops is of great importance in its bearing upon percolation,
drainage, the conservation of soil moisture, and direct effect upon
plant growth. Not only is the root zone of crops greatly limited by
the occurrence of impenetrable hardpan strata lying near the soil
surface, but cultivation is frequently interrupted, the movement of
soil water arrested, drainage retarded, and the power to retain and
to deliver moisture decreased. Lands in which this hardpan occurs
usually become dry during periods of drought or dry seasons, and if
irrigated, frequently become waterlogged, crops thus suffering from
the extremes of moisture condition.

In the Stockton area hardpan is of frequent or of general occur-
rence in a few of the soil types. It is, however, subject to great varia-
tion in structure and in its effects upon agriculture. The most
pronounced hardpan is found in the San Joaquin loam and the San
Joaquin sandy loam, lying along the eastern margin of the sheet. It
is generally of light-red color, fine texture, save for an occasional
inclusion of gravel, and dense structure, impenetrable to the soil
auger or to the roots of plants. It usually occurs at a depth of from
but a few inches to 3 feet and is frequently exposed at the surface
by slight erosion. It does not soften upon application of water,
and when exposed to the air weathers very slowly. It is of secondary
formation, resulting from physical and chemical changes that take
place in the soil and cause the cementing of the material into a dense,
impenetrable mass. The red color is produced by the iron salts
present in the soil, and this mineral is doubtless instrumental in the
formation of the hardpan.
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Throughout the eastern-central part of the area a much less in-
tractable and therefore less injurious hardpan occurs. It is found
within the zone of ordinary root development only in the case of
some of the lower lying, heavy adobe soils, and amounts merely to
partial cementation of the underlying heavy loam subsoil by lime
carbonate. A thin white crust of true lime carbonate hardpan of
quite dense structure frequently separates the soil and subsoil. Both
this crust and the underlying compact and partially cemented subsoil
are penetrated by the soil auger and probably frequently by the
roots of trees and field plants. It lies uniformly at a lower depth
than the hardpan first described, which is another reason why it is
much less injurious in its effects upon crops.

The white hardpan of the Fresno fine sandy loam occurring in the
southern and eastern parts of the area is, however, of a more dense
and firm character and of greater importance in its influence upon
growing crops. This material consists of a firm white stratum,
usually only a few inches in thickness, of fine texture, and ashy con-
sistency when pulverized. It softens slowly upon application of
water. Several of these strata may occur separated by the uncon-
solidated soil. Much of the fine ashy material is probably of vol-
canic origin, rich in alkali salts, and consolidated by lime and alkali
carbonates. It does not approach the surface so closely as to inter-
fere with plowing or other cultivation, and is much less extensive,
uniform, and continuous than the red hardpan found in the eastern
part of the area. It is of importance mainly as being the seat of
much of the injurious alkali salts of this district and in its effect of
retarding the removal of such salts by the drainage water.

While no areas occur in the Stockton area that may be properly
designated as ** worn-out ” lands, the productiveness of certain soils
of the valley and delta has been decreased by continued cropping to
grain or other crops. In such cases, a more careful system of culture,
the rotation of crops, the production of fat stock and farm animals,
and the practice of a more diversified system of farming are to be
recommended where consistent with location and with climatic and
soil conditions. ‘

The improvement of the areas of “burned-out” Peat is also a
matter of importance. Careful management is necessary to bring
these patches to their former state of productivity. The addition
of coarse animal and vegetable manures and the culture of clovers,
forage crops, and the practice of green manuring is recommended.

RECLAMATION OF SWAMP LANDS.

It is to modern engineering skill in the erection of levees and the
drainage of the delta or swamp lands covering the most of the
western portion of the Stockton area that this extensive district owes
its agricultural importance. Lying but a few feet above low-tide



SOIL SURVEY OF THE STOCKTON AREA, CALIFORNIA. 29

level, these island tracts, as previously noted, are thickly covered
with a dense growth of the round tule (Scirpus lacustris). This
aquatic reed, dying down each year and again annually springing up
from the roots, together with rank aquatic grasses, soon forms a more
or less completely submerged mat of partially decomposed vegeta-
ble remains which readily collects alluvial deposits from the flooded
streams and gives rise to a rich soil, mapped as Peat. The develop-
ment of this section has made rapid strides during the past few years,
and the reclamation of other extensive tracts is still in progress,
while in the northwestern margin of the map accompanying this
report is indicated by swamp symbol a large area still unreclaimed.

Although early efforts were successful in bringing under cultiva-
tion large and valuable tracts bordering the upper courses of the
streams, upon some of the tracts adjoining the lower San Joaquin
River reclamation works of early construction have been completely
destroyed and the land has returned to its native condition.

Reclamation of these lands consists essentially in throwing up
levees or dikes along the streams, thus protecting the lands from
inundation at every recurring flood or period of high tide. This is
followed by construction of drainage ditches, the removal of the
waters from the soil by pumping over the levees, and the bringing
of the land under cultivation by appropriate means. The last-men-
tioned step will be touched upon under “Agricultural methods.”
In the construction of the earlier levees the spade, wheelbarrow, and
scraper were largely employed. The levees were built close to the
edge of the streams, with narrow crown and abruptly sloping walls.
Settling frequently caused the levee to topple over or the loose Peat
soil was quickly eroded away by the currents during heavy floods.

With the introduction of the steam dredger and the benefit of expe-
rience, and the employment of engineering skill, levee construction has
become more successful. These dredgers, of the “ clam-shell ” type,
work day and night and are capable of removing tons of sediment
from the stream bottoms in a few minutes, placing the material in
proper position upon the levee. Owing to the soft, spongy nature of
the deeper peat and finer alluvial deposits, the newly made levee soon
settles and the process must be repeated until a condition of stability -
is reached. When the mass has settled sufficiently to have reached
the firm underlying sands, no further addition is usually required save
for an occasional leveling up. The better and most successful levees
are now built at some distance back from the rivers, the distance
varying from 40 to 200 feet, and have wide bases and crowns and
moderately sloping faces. In the American Review of Reviews for
September, 1904, in an article written by Mr. A. J. Wells, the average
cost of leveeing is given at from $15 to $20 an acre. The cost 1s com-
monly assessed pro rata upon the owners of the lands benefited, organ-
ized into reclamation districts.
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In draining areas inclosed, the water is pumped over the levees
from artificial drainage channels or from minor natural sloughs
serving that purpose. For this work pumping plants are employed,
either permanently located near the levee or installed upon barges
and towed from place to place. The small plants and those of
medium size are usually permanent and are operated by gasoline or
by steam generated with crude-oil fuel. The larger plants used in
the first freeing of the tracts of the flood waters frequently consist of
batteries of powerful centrifugal pumps. These are operated by
steam and are sometimes installed upon floating barges, which are
particularly serviceable from the ease with which they may be moved
from place to place.

While extensive tracts are still partially or wholly unreclaimed,
practically all the lands lying within the Stockton area are reclaim-
able and will doubtless soon be rendered capable of cultivation.

WATER SUPPLY FOR IRRIGATION.

For many years irrigation in the vicinity of Stockton was generally
considered unnecessary. With the introduction of fruits and other
specialized crops, however, the artificial application of water often
proved very beneficial. The building up of the dairying industries,
fostered by the growing of alfalfa, rendered irrigation a necessity, for
although in the growing of fruits and vegetables much may be done
with an intermittent or limited water supply supplemented by fre-
quent cultivation, the growing of alfalfa calls for a more extensive
system, cheap and abundant supply, and thorough and regular appli-
cation.

The great part of the area surveyed still remains unirrigated, but
the practice is becoming more common with the development of inten-
sive agriculture. The water used for irrigation is derived partly from
the streams and partly from a subterranean source. In the southeast-
ern part of the area a considerable acreage is covered by the lower
branches of an extensive system of canals and laterals, the water being
taken from Stanislaus River. Another system of considerable pro-
portions, taking water from the Calaveras River near Stockton,
passes through the north-central part of the area. Most of the water
afforded by this latter system is, however, applied in the vicinity of
Lodi and Woodbridge, which are some distance north of the limits
of the district mapped.

Alfalfa is the principal crop irrigated under these systems in the
Stockton area. While the water supplied by them is sometimes lim-
ited in amount, there is in general, particularly under the system
taking water from the Stanislaus, more than enough for the area cul-
tivated, so that if a tendency toward the reckless and too lavish use of
irrigating waters could be checked the area irrigated could be here
greatly extended.
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Irrigation upon the delta lands lying below ordinary or high-tide
level of the adjacent streams is cheaply and easily effected by tapping
the streams through head gates placed in the levees. Alfalfa, vege-
tables, and the special crops of the island district are supplied with
water in this manner, for although the water table lies close to the
surface in this district, capillary movement is slow and the surface
soil becomes very dry during the protracted dry summer season. The
character of the stream water of the Stockton area, as regards fitness
for irrigation purposes, is highly satisfactory. The water derived
from an underground source is raised by windmills or small pumping
plants operated by electricity, gasoline, or steam generated with
crude-oil fuel. While tracts so irrigated are small, there is in the
aggregate a considerable area devoted to the cultivation of alfalfa,
vegetables, and fruit irrigated in this manner. The water derived
from the first water-bearing stratum is frequently greatly inferior
in purity to that taken from the streams. That from the second or
third stratum, tapped by the most of these plants, is, however, rela-
tively free from soluble salts, and may be considered safe for use in
irrigation.

UNDERGROUND AND SEEPAGE WATERS.

The character of the underground water is of interest in giving
some indication of the quantity and character of the soluble mineral
salts in the subsoils, such salts readily making their appearance in
the water of wells or springs.

In the western section of the delta part of the area, particularly
in the vicinity of Holt and westward, the underground water fre-
quently carries in solution relatively large quantities of alkali salts,
indicating their presence in the soils to some depth. Of these salts
sodium chloride, or common table salt, usually occurs in large quanti-
ties. In certain districts, however, the more nauseating magnesium
salts predominate, and many of the wells carry such quantities of
these salts as to be unfit for domestic use. The salts probably origi-
nate in marine deposits of a much earlier period, and although
occurring in some quantity in the aggregate, owing to peculiar soil
conditions need occasion no alarm as long as the normal structure of
the soil is not disturbed.

The occurrence of seepage water in an irrigated district is usually
due to the immoderate use of water in irrigation, or to the loss of
water by leakage or seepage through the soils from canals and reser-
voirs, coupled with natural conditions of deficient drainage. This
usually leads to a condition of water-logged soils occurring along the
lower slopes, the formation of rank-smelling, disease and insect breed-
ing pools, and unproductive marshes.

Although profuse irrigation may be carried on for several years
before the appearance of these water-logged areas or seepage sinks,
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under conditions favoring their appearance the tendency is always
toward their rapid increase in number and extent. While such
extreme conditions as occur in many heavily irrigated districts are
not apparent in the Stockton area, there are a number of small
spots and local depressions lying in the southeastern portion of the
area that have been subject to considerable injury in this way.
Unless greater economy be practiced in the use of water it is
feared that areas of seepage lands, at present not extensive, may
rapidly increase. An outlet should also be provided for these local
areas of naturally deficient drainage by construction of open ditches,
or preferably by tile drains, of sufficient capacity to remove the
excess soil or seepage waters from water-logged slopes and flooded
sinks and convey them into natural or artificial channels leading to

the larger streams.
ALKALL IN SOILS.

Alkali salts exist in injurious quantities in only a relatively small
part of the soils of the Stockton area (see colored Plates I and IT).
In the vicinity of Stockton an occasional small patch sometimes
appears. This condition is especially noticeable in one or two locali-
ties along the Linden road. Areas of slight concentration also occur
immediately northwest of Stockton and along the edge of the swamp
lands. The main alkali areas are found in the southern and south-
eastern parts of the area, usually in areas of the Fresno fine sandy
loam and also in limited areas of reclaimed Peat lying a short dis-
tance west of Rough-and-Ready Island.

Excluding the deposits in the peat, where the alkali salts have been
derived from marine sediments, the alkali of the Stockton area is
derived from the eruptive or altered rocks of the Sierra Nevada
Mountains, from the volcanic ash material occurring to a great extent
in the soils of the central part of the San Joaquin Valley, and
from the hardpan subsoil of the Fresno fine sandy loam. Although
termed “ alkali ” salts, very few of the salts common in the Stockton
area are true alkalis; that is, of alkaline reaction. Sodium chloride
and sodium sulphate are of common occurrence. The truly corro-
sive and much more highly injurious sodium carbonate also usually
appears wherever the total salt content is high enough to threaten
crop production. In considering the injurious effects of alkali, 0.20
per cent is considered as the minimum limit of danger for ordinary
irrigated crops, this amount, while not greatly in excess, usually de-
creasing yields of crops to a certain extent, and causing the appear-
ance of frequent barren spots. In the case of the sodium carbonate
or “black alkali,” however, 0.05 per cent is considered the minimum
concentration beyond which crops begin to suffer.

The relative concentration and distribution of these salts in the
soils and subsoils depend upon a variety of circumstances, but
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largely upon the soil texture and structure, the position of the under-
ground water table, and the rapidity and direction of the movements
of the soil water. In soils of loose, open texture and structure,
under influence of gravity movements caused by the application of
water in excess of saturation by rainfall or irrigation, the salts are
dissolved and carried downward and outward. In soils of fine tex-
ture and compact structure the movement is less rapid. Under the
influence of evaporation upward capillary movement takes place,
“supplying moisture from the subsoils at the surface as removed by
evaporation. Conditions favoring rapid evaporation and long-
continued capillary movement—as, for instance, long periods of hot,
dry weather, compact, uncultivated, and unshaded soil surfaces, and
a water-logged condition of the subsoils, i. e., the occurrence of the
water table near the surface, a condition frequently caused by the
use of immoderate quantities of irrigating waters upon higher
levels—tend toward concentration of the alkali salts at or near the
so0il surface. On the other hand, cultivation and consequent forma-
tion of a soil mulch, the checking of evaporation and capillary move-
ment, the heavy application of water to the surface by rainfall or
irrigation, together with conditions favoring the drainage of the sub-
soils, tend toward the removal of these salts from the surface. In
the Stockton area the alkali salts are usually concentrated upon or
near the surface. Occasionally the greatest concentration is found in
the underlying hardpan, but rarely does the accumulation of the
alkali salts in injurious amounts extend to the depth of 6 feet.

Several methods have been proposed for the partial or complete
reclamation of alkali lands. The only permanent method, however,
consists in thorough underdrainage, together with an occasional flood-
ing of the surface. As soon as the soil is freed from excess of salts
thorough cultivation should be entered upon, using some of the more
alkali-resistant crops, which can be cultivated frequently, or which
shade the surface—such, for instance, as sorghum, sugar beets, or
alfalfa.

In the case of the alkali areas occurring upon the Peat lands, flood-
ing, followed, as soon as the soil will permit, by cultivation of the
surface, should prove beneficial. As much coarse vegetable matter
as possible should be incorporated in these ashy areas, and the grow-
ing of forage crops to prevent evaporation through shading the sur-
face should be undertaken as soon as practicable after flooding. In
the case of the local alkali spots occurring in the heavy soils lying
east of Stockton, the practice of the Ttalian vegetable gardeners in
making heavy applications of coarse stable manures is frequently
beneficial, improving the soil structure and checking surface evapora-
tion and consequent concentration of the alkali salts.
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AGRICULTURAL METHODS.

The Stockton area presents wide variation in agricultural practices,
which range from those applicable to the most extensive to the most
intensive systems of farming. In general, the methods employed
are well adapted to the soils and conditions of the area, though im-
provement is possible in the methods of irrigation, cultivation, and
the care of crops in some sections of the area.

Upon the larger ranches and tracts labor-saving machinery has
attained a wide degree of usefulness. In the case of many of the
smaller tracts devoted to market gardening and truck growing, the
most of the labor is performed by hand by Italians, Chinese, and
Japanese, although a wider use of light machinery and garden tools
would frequently prove more economical and efficient.

Plowing upon the extensive grain-producing tracts is done with
the gang plow in common use throughout this section of the State.
While the seed bed is sometimes carelessly prepared, this field opera-
tion is in general carried on with greater thoroughness and diligence
than in many other extensive grain-growing sections. Plowing,
harrowing, and seeding operations take place during the winter
months, the grain being sown by drilling or sometimes by broadcast-
ing machines. Combined harvesters are in general use all over the
larger tracts, some of which it is reported can harvest, thrash, and
sack the grain from a hundred acres in a day at a cost of 14 or 15 cents
per 100 pounds. In the low-lying island districts devoted to grain
culture farming operations must be carried on with due regard to the
moisture and drainage conditions of the spongy Peat soils. Untimely
rains or floods occasicnally render the soil too wet and soft to allow
preparation of the land or harvesting of the crop, although under
recent improved conditions of the levees this unfortunate condition
does not often occur.

Upon newly reclaimed or soft tracts work horses are commonly pro-
vided with peat or “tule” shoes, offering increased surface resist-
ance and preventing the sinking of the animal into the spongy land.
Powerful traction engines, built in the form of an immense tricycle
and provided with auxiliary rollers or traction wheels 4 or 5 feet
wide, are also extensively used to compact the soil. One of these
modern machines performs the work of many horses in hauling a
series of gang plows, harrows, and grain drills, plowing, harrowing,
and seeding the land at one operation. They are also again brought
into requisition in hauling the combined harvester during the har-
vest season, in repairing and improving the public roads, and in haul-
ing heavy loads. Modern labor-saving machinery likewise plays an
important part in the production of some of the special crops grown
in large tracts in the island district, although its use is here subject
to greater natural restrictions.
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Preliminary clearing of the Peat lands consists in cutting or roll-
ing the tules flat, after which they are burned. Care must, however,
be exercised not to ignite the deeper soil, which from its highly
organic character may be largely consumed, leaving the land ashy,
unproductive, and filled with deep and dangerous pits.

Rotation of crops and the use of barnyard manure or other ferti-
lizers are not practiced to any great extent upon these extensively-
farmed tracts.

Trrigation as applied to the chief irrigated farm crop, alfalfa, is
usually carried on by the small rectangular or contour check system,
which is well adapted to the soils and topography of the country.
Upon the lighter soils of the southeastern portion of the area, how-
ever, the lavish use of irrigating waters is a dangerous practice, and
if unchecked must result in flooding the lower lands and local depres-
sions with seepage water, thus rendering them unproductive.

The delta lands devoted to the production of asparagus, vegetables,
and other special crops are irrigated by subirrigation, the water
being simply allowed to flow through laterals fed by a main line
tapping the levee. While such a system may prove ruinous in soils
heavily impregnated with alkali salts and subject to rapid capillary
movement, it here proves a safe, cheap, and convenient method of
applying water to the land.

Upon the small tracts of the islands and in the vicinity of Stockton,
devoted to the growing of vegetables and fruit, the ordinary opera-
tions of plowing, harrowing, and cultivation and care of the crop are
usually quite thorough. Some of this labor might, however, be
eficiently and more quickly performed by the use of labor-saving
machinery. Cultivation of the orchards and vineyards is sometimes
neglected, the growth of noxious weeds, particularly the common
wild mustard, allowed to go on unchecked, and pruning and spraying
operations overlooked. In harvesting and marketing the truck, fruit,
and other special crops the methods in vogue are frequently worthy
of study and imitation. Barnyard manure in large quantities is
applied to the smaller vegetable gardens, which, while not always
essential to increase the plant food in the soil, improves the struc-
ture of the heavy soils and promotes increased yield. This practice
is too frequently neglected in the West and might profitably be
extended to most field crops.

The benefits of frequent and thorough cultivation in developing a
proper condition of tilth in the heavy adobe soils, in preventing
evaporation and conserving soil moisture for the production of plants,
and in checking the accumulation of alkali salts through evaporation
at the surface of some of the lighter soils of the southeastern portion
of the area, are of especial importance.
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AGRICULTURAL CONDITIONS.

The value of the farming lands of the Stockton area is increasing
rapidly. The farms of the older settled districts, particularly those
of the northeastern part of the area, present a neat and orderly
appearance, and excellently tilled fields, well-built fences, and sub-
stantial and commodious farm buildings bespeak the prosperous and
contented condition of their owners. In other less favored parts of
the area an occasional vacant or abandoned farm dwelling is seen,
indicating that the land, usually devoted entirely to dry-farmed grain,
1s rented and farmed by some neighbor or nonresident, the buildings
sometimes being used merely temporarily by the hired hands during
the harvest season. In the recently reclaimed districts of the islands
and in many of the smaller tracts of recent conversion to truck farm-
ing, dairying, and intensive agriculture the buildings are frequently
very modest, of cheap construction, or merely temporary affairs of
rough boards, characteristic of newly settled districts.

There is, in general, upon the part of the farming classes, a desire
to improve their condition, and to take advantage of modern con-
veniences and labor-saving devices. Much of the area is covered by
rural free mail delivery routes and many of the more isolated farm
dwellings are connected by telephone.

While quite extensive districts within the alkali belts bordering
the swamp or tule lands and also in the southeastern part of the
area are valuable in their present condition only for grazing pur-
poses, the area of worthless lands or those incapable of being brought
under profitable cultivation is very small.

Upon the older reclaimed portions of the islands farmed by the
actual owners, good farm buildings are of frequent occurrence, but
much of this district is as yet held in large tracts and rented for a
cash consideration of from $6 to-$15 an acre per annum, the tenants,
mainly Italians, Chinese, and Japanese, often occupying poor or
squalid quarters. This section could, if divided into small tracts,
and devoted to dairying and intensive agriculture and farmed by
actual owners, be rendered capable of supporting a large population.
Many of the large grain-producing tracts of the valley are also
rented upon a cash or crop-percentage basis. Statistics show less
than half the number of farms of San Joaquin County to be operated
by the actual owners. This condition is not in keeping with the
opportunities offered in this section for the practice of diversified
farming, dairying, and stock raising, or the growing of special crops
in small tracts.

In certain districts, particularly in the southeastern part of the
area, grain farming is being supplanted by dairying in connection
with the growing of alfalfa and other farm crops. Notwithstanding
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the great number of small tracts devoted to dairying and to vegetable
and fruit production, owing to the existence of the many large valley
farms and extensive island tracts the average size farm in San
Joaquin County, according to the census of 1900, is 382 acres. This
is more than ten times as great as the average size farm in some other
of the irrigated districts of the West, the natural advantages of
which are far less favorable to crop production in many respects of
soil and climate. While not all the lands of the Stockton area, if
intensively farmed in 20 or 30 acre tracts, would be capable of sup-
porting a family, many of them would do so, and the average size
farm may well be reduced coincidently with the further develop-
ment of agricultural industries. Many of the Italian vegetable gar-
deners, by great thrift and unremitting labor, succeed in supporting
large families and in accumulating a small competence upon only a
few acres, and, in general, small or medium sized farms devoted to
diversified farming with dairying, stock, or poultry raising, and the
growing of fruits and vegetables upon a small scale, are more to be
recommended to intending settlers, especially to those unacquainted
with all the peculiar features of climatic and industrial conditions
of the country, than the more extensive farming of larger tracts.

Upon the valley farms the general farming operations are usually
intelligently performed by white labor at prices current upon the
Pacific coast. Upon the extensive rented island tracts much of the
labor is performed by Chinese and Japanese. In the raising of fruit
and truck crops Chinese and ITtalian labor predominates. During the
grain and fruit harvest season much extra labor is required and is
frequently performed by nomadic laborers of mixed races and of a
less reliable class. In ordinary teaming and in the use of farm ma-
chinery white labor, while usually somewhat more costly, is preferred.
The more tedious hard labor necessary in the growing of truck crops
and fruits is generally performed by the Latin races and Asiatics.

The production of grain is still the most generally practiced agri-
cultural industry of the Stockton area. Wheat is the most important
grain crop, followed in magnitude by barley and rye in the order -
named. The great part of the valley lands and extensive areas of
the older reclaimed island tracts are devoted to this industry. A
relatively constant rainfall, together with productive soils, renders
this section probably the most important grain-producing district
and shipping center of the San Joaquin Valley. While the wheat
produced is of fair weight and quality, it is, in common with all Cali-
fornia wheats, somewhat deficient in gluten content and consequently
of inferior milling qualities. Experiments conducted by State and
Federal authorities are now in progress by which it is hoped to pro-
duce strains of wheat of satisfactory milling qualities.



38 FIELD OPERATIONS OF THE BUREAU OF SOILS, 1905.

The other principal crops of the valley lands consist of alfalfa,
table and wine grapes, and deciduous fruits, mainly almonds, peaches,
apricots, and cherries. Almonds are especially productive and profit-
able when properly cared for and when not subject to injury from the
frequent spring frosts, the planting of the hardier stock being advised
in all cases. Choice early table grapes are usually in good demand
and salable at prices giving large profits. The acreage of the vine-
vards is, however, being rapidly extended, and with the greatly
increased product the returns from ordinary or late table grapes or
wine grapes leave a narrow margin of profit, and this industry should
be carefully studied before embarking in it extensively. The main
fruit and grape-producing sections lie in the eastern and northern
parts of the area.

Among other important crops of the delta lands, potatoes, beans,
onions, asparagus, and other truck crops are produced in great quan-
tities. Potatoes, beans, and asparagus are probably the chief crops
of the newly reclaimed lands, potatoes being generally planted as
the first crop. The yield and value per acre in San Joaquin County,
according to the United States census of 1900, is as follows: Beans,
35.5 bushels, valued at $55.03; potatoes, 124.1 bushels, valued at
$62.05 and onions, 402.2 bushels, valued at $232.28. The growing of
chicory upon a commercial scale is an industry of some importance.

Dairying and the raising of dairy cattle, beef cattle, horses, sheep,
poultry, and mules are well recognized industries and capable of being
greatly extended. A limited number of pedigreed horses and dairy
cattle of national reputation are produced, but the growing of forage
crops and the production of stock upon favorably situated valley and
island lands has been greatly neglected.

‘While more or less unsuccessful attempts are sometimes made to
produce upon certain soils crops to which they are not adapted, the
principle of the special adaptation of soils, through peculiar chemical,
textural, or structural features, to special crops is commonly recog-
nized. Alfalfa is produced chiefly upon the sandy soils of the south-
eastern part of the area, which is covered by extensive irrigation
works. The Peat lands are generally poorly adapted to alfalfa,
owing to the close proximity to the surface of the ground water.
Some of the clovers and grasses, such as timothy, rye grass, etc., how-
ever, here do well. The Peat and Sacramento clay loam, if properly
managed, are better adapted to the growing of vegetables, potatoes,
and the other special crops produced in this section.

The main public roads are generally improved, and during the dry
season good wagon roads cover nearly the whole area. During the
rainy season, however, poor natural drainage conditions, with the
extremely adhesive nature of the heavy adobe soils, often render the
country roads traversing bodies of these soils practically impassable.
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