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Technical Bulletin No. 746 . March 1941

Quality of Irrigation Waters of the Hollister
Area of California

With Special Reference to Boron Content and Its Effect
on Apricots and Prunes '

By Frang M. BEatown,? formerly senior plant physiolagist, Uniled Stales Regional
Salinity Laberatory, Bureau of Plani Imdustry, Roy D. McCaLLua, county
agent, Universily of California and United States Department of Agricullure, and
Mrues 8. Mavaucn, essistant scientific aide, Division of frrigation Agricullure,
Burecw of Plant Industry 3
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INTRODUCTION

LOCATION AND PHYSIOGRAPHIC FEATURES OF THE HOLLISTER AREA

The Hellister ares of California constitutes the upper or southern
portion of the Santa Clara Valley in San Benito County (fig. 1).
1t is separated from the northern portion of the valley by the Pajaro

1 Bubmitted for pubMeation Novemnber 24, 1839,

1 Now sanfer plant physiclogist, Divisign of Cottan and Other Fiber Craps and Discases.

2 The suthors are indebted to Joseph W. Gross, eonsulling enpinedr, Holilster irrfzation d1str1ct. far com-
pilntion of the data reported nnder Lhe heading Water Resonrees, nng to V. P. Sokoloff, . V. Wilcox,

J. T Hatcher, R. V., Higgios, and W. (. Nelson, of the Division of Irrigolion Apticulture, Bureau of Plant
1ngdustry, for the analyses reported In his bulletin,
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River, which rises in & depression known as San Felipe or Soap Lake,
and flows southwestward $o its junetion with the San Benito River
and thence ont of the valley to Monterey Bay. Hollister, the county
seat, occupies & central position toward the southern end of the
valley 2 few miles north of the point of entrance of the San Benito
River and about 20 miles inland from Mcenterey Bay.

The Sen Benito River, after leaving the mountains and foothlls,
does not continue its northwestward course toward San Felipe Lake
through what may be its own alluvial formation, but instead turns
to the left to pass to the south of Lomerias Muertas (hills). These
hills extend in & broadening triangular form westward for 7 or 8 miles
toward the junction of the San Benito with the Pajare River. They

separate the San Juan section from the remainder of the arca. The

Gabilan Range forms the western boundary sand the Disblo Range
the eastern boundary of the Hollister area. The valley is roughly
circular in outline with a diameter of about 12 miles.

There were 20,277 acres of land (75)% under irrigation in San
Benito County in 1929 and practically zll of this, divided between
572 farms, is in the Hollister area. The ares includes valley lands
along San Benito River and its tributary, Tres Pinos Creek, as well
as those along Pacheco Creek, which enters the valley from the
northeast.

The elevation of the valley floor near the county hospital south of
Hollister is 324 feet above sea level, at Hollister 292 feet, and in the
bed of the San Felipe depression as well as at the junction of the Pajaro
and San Benito Rivers about 140 feet.

WaTeEr SurppLy anDp Use

The water supply for this irrigated land is derived principally by
pumping from the underground reservoirs. According to the census
there were 410 pumping plants in 1930 with an average lift of 71 feet
and a fotal capacity of 225,727 gallons per minute (505 cubic feet per
second or 1,004 acre-feet per day). In 1020 the average 1ift for the
then existent 183 plants was 34 feet. The average annual drop in
water levels ® as observed in 105 wells for the period January 1924 to
Decemnber 1935 was 3.0 feet in the lower Southside-upper Union scc-
sion, 3.4 feet in the San Juan-Westside scetion, 4.0 feet in the central
Hollister-Bolsa section, and 2.8 feet in the Fairview-Enterprise section.

Measurements by Pillsbury?’ involving a study of 66 pumps serv-
ing representative acreage show the following average use of irrigation
water per acre in the Hoilister ares in 1935: Orchards, 11.2 acre-
mches; alfalfa, 24.9 acre-inches; truck, field, and seed crops, 17.0
acre-inches.

WatEr RESOURCES

Of the approximate 800 square miles of watershed tributary to the
Hollister area, 584 are drained by San Benito River and its most
important branch, Tres Pinos Creek (pl. 1, A). San Benito River
flows into the valley from the south. Pacheco Creek, with 148 square
miles of watershed, enters the valley from the northeast snd turns to
flow northwestward across the valley floor to San Felipe Lake depres-
" tatic numbers in parentheses refer to Literaters Cited, p, 58,

3 PILISRURY, A, F. [MRIGATION STUDY OF THE HOLLISTER AREA—NEPORT OF FIELD INVESTIGATIONS,

AUGUST I, 1934, T0 JANUART 31, 1930. Diviston of Irripatlon Investlgations and Pructices, Univ. of Colifarnia
Trmultlgeaphbed).
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A, Live oaks and grassiands along the dry bed of Tres Pinos Creek. Los Mucertos
Creek eomes in from the Teft in backgrouurl, B, Fruit plantings weslward frem
Hollister.  Lomerias Mucertas (hills) in right background.
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sion and thence out of the valley through Miller Canal and vhe Pajaro
River. Three other creeks enter the valley from the east and drain
northwestward through Tequis%uita slough into San Felipe Laske.
These creeks, Lias Viboras, Dos Pieachos, and Santa Ana, have drain-
age aress of respectively 22.3, 15.5, and 33.5 square miles.

S8an Juan Creek, which rises in the Gabilap Range, contributes
subsiantially to the ground waters in the San Juan distriet. Usually
no surface flow reaches the San Benito River. This strenm is regarded
by some as the main source of ground water in the northwestern
portion of this district.

The seasonal discharges of the San Benito River, Tres Pinos Creek,
and Pacheco Creelk that have been recorded are reported in table 1.

TasLe 1.—Seasonal discharge of San Benito River, Tres Pinos Creek, and Pacheco
Creek for years recorded

[Data by C. W, Lavitee, engineer, Hallister irrlgation distriet, except as noted]

San Benito | Tres Pioos | Facheeo 8un Benito | Tres Pings{ Pacheco
Creek at Creck 8t River at Creck at | Creek at
Bolado Lester Carr Bolado Lester
Park Bridge Bridga Park Bridge

Atre-feet Acre-feel Aerefeet | Acre-feet
3,492 @

i Data by U. 8. Geologieal Survey. .
1Data by A. N. Bureh, engineer, Hollister irrigation district,
1 No Ager.

The run-off expectancy from the San Benito-Tres Pinos watershed
has been placed as equivalent to about 1 inch of water depth per
senson, In no year has as much as 2 inches been recorded. The
Pacheco drainage area is somewhat more productive, the avarage
vield being ahout 3 inches.

A storage reservoir on the north fork of Pacheco Creek with a ca-
pacity of 6,000 acre-feet was completed in 1939. This reservoir during
coming years will be used to regulate the flow of the stream as an
adjunct to effective spreading of storm water. Plans have been pro-
posed at various times for check dams and reservoirs on the San Benito
River to serve a similar purpose and possibly to supply some canal
water. Spreading has been conducted on a small seale since 1837 on
60 acres of sandy bottom land along the San Benito River. A total
of 4,300 acre-feet was spread iu one season with beneficial effects on
the water levels in adjacent wells. Water for Paicines Reservoir,
which has a capacity of 3,100 acre-feet, is diverted from San Benito
River above Paicines. This reservoir and the Brown ditch system
are capable of serving several hundred acres of land during the winter
and spring months, %ut the supply is ususlly exhausted by May 1.
The seepage from the 6 miles of sidehill ditch leading to this reservoir
and from the reservoir itself is relatively great. Without doubt seep-
age water from these sources contributes to the ground water and to
the late-season flow of some of the streams.
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A diversion reservoir with o capacity of 89 acre-feet was constructed
on Las Viboras Creek in 1937. Water from this reservoir is spread.

There will be developed in connection with the discussion of the
quality of ground waters evidence indicating that the San Benito
River contributes substantislly to the ground-water supplies under-
lying & large portion of the valley floor northwestward from Hollister.

CLIMATE AND Ramnrary

The climate of the Hollister area is similar to that of other inland
valleys in the coastal section of California. Killing frosts are oces-
sionally experienced, particularly in lower portions of the valley,
causing the culture of subtropical fruits to be impracticable, but a few
sensitive trees, such as the lemon and avocado, are grown in family
gardens. The more susceptible of the commercial fruits, sueh as
apricots, are customarily planted on higher elevations. The minimam
recorded temperature at Hollister is 18° F. in January, and the maxi-
mum, 112° in July. The summer nights are almost invariably cool
and the coastal breeze tends to maintain equable temperatures during
the day.

Th.eymost charseteristic climatic feature, like that of other sections
of the Pucific coast, is o comparatively rainless summer. The average
annual precipitation in Hollister (table 2) over a 63-year period, 1873—
1936, as recorded by the United States Weather Bureau, is 12.86
inches, 90 percent of which has fallen in the months of November ic
April, inclusive.

TanLe 2,—dverage monthly and annual lemperatures and precipilation et Hollister,
Calif., 1878-1938, end monthly mean muvima and minima, and monthly precipi-
tation for the years 1985 and 1936

|From records of the UL 8. Weather Bareau]
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The soils represented in the valley lands of the Hollister area are
grouped on the basis of their mode of formation (4) as old transported
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soils and recently transported soils. In both of these groups therearea
number of soil series, each of which is represented by one or more
textural fypes.

The old transported soils are represented by the Pleasanton, Antioch,
Montezums, and Rincon series. These soils occur on flats, benches,
or terraces, intermediate In elevation between the bhigher hills and
mountains and the lower land. In the eastern portion of the valley,
where there has been less erosion, old transported soils are also found
on the valley floor at elevations only slightly higher than the recently
deposited alluvial soils. These old transported soils are charaeterized
by heavier or more compact subsoils caused by the leaching downward
of the finer materials from the surface. In some places soil layers of
distinet structure have developed. There Is considerable variation in
the importance of these old soils; and experience has shown them to be
sgriculturally less desirable than some of the recent alluvial soils.

The svils of the recent alluvial group are ropresented (1) by the Han-
ford and Chino series whose materials are derived mainly from granitic
rocks; (2) by the Conejo gravelly clay loam, derived from basie igneous
rocks; and (3) by the Yolo, Capay, and Dublin series, which onginate
mainly from sedimentary or metamorphosed sedimentary rocks. The
iatter three series are most sbundantly represented, and of these the
Yolo series has the greatest agricultural value. It ranges in fexture
from gravelly and sandy loam to clay adobe and is preferred for orchard
and speciglized plantings. The profiles of all the recently transported
soils are more or less uniform in appearance.  They cccur on the stream
flood plains, in low basinlike areas, and on low, recently built stream
terraces and alluvial fans.

The low-lying portion of the Hollister ares, known as Balsa de San
Felipe, is nearly coincident with the 25-square-mile area of artesian
flowing wells as mapped by the United States Geological Survey in
1924 (3, pi. XVIII). At the present time there are oniy s few flowing
wells in the Hollister area. The soils of the Bolsa district as reported
by the soil survey are prineipally of the Dublin serics, and of this series
the Dublin clay adobe is the dominant type. This soil type generally
occurs in low basinlile areas where drainage is deficient. The limits
of the Bolsa are indefinite, as it grades into tillable lands. The Bolsa
is covered by scanty growth of saltgrass, and much of the soil is too
saline for uses other than pasture. An extensive effort was made to
reclaim the Bolsa for the culture of sugar beets early in the present
century, but the venture was abandoned. Some of the drainage ditches
still remain.

AGRICULTURAL DEVELOPMENT AND CROPS

The Hollister ares is widely known for its production of vegetable
and flower seeds, but, as may be observed in table 3, this specialized
industry is secondary to the fruit industry (pl. 1, B) in terras of nereage.
Acreage estimates as of 1937 (2) report a total of 13,534 acres of fruit
trees, most but not all of which are irrigated. The census report

gillves the number of trigated trees and vines of the several kinds, but
e acreages of the different ones are not reported.




6 TRCHNICAL BULLETIN 746, U. 8. DEPT. OF AGRICULTURE

TABLE 3.—dAcreages of frrigated crops, 1928, and more important frrigated crops,
18372 in Son Benite County, Calif.

Irrigated crops 1923 Trvipated crops 1937
|
Kind Acres Kind Acras
Cotn, tobal e 105 | Garlie . i iaiimeemmanan 1,109
Clerenls, threshed .. ___...ceeas & | Lettuce. . 1,15
Hey crops: Peas.__.. 1,475
Allalin o _______ 2,721 | Potatoes. 148
Small grale.. . ooooeooa 641 | Seeds. . ..._.. 1,450
Clover....... 17t Sugarbests. . oo o oa e 2,53
Annusl IBEUEIES e iiaann 2| Tonmdees. .. .- - 4,190
POtBEO8S . e mmem e cacnmamm—————— 61 | BHerries._ . #6
BOTENOIDS i croomcanmaa 1 | Aptricots 5,150
eeds: Appies_. i
THSB. oo mvmmcecmacecc—sicamemme= 30 | Peaches. 188
Vegotablo nnd Qower oo oor s 1,00 | PODTS. . comccceccmcccmcaace e e mmara 1,212
Vegetables. . oaooone oo e e 1,927 | Prames. e 8, 280
Fruits, outs, vineyard . 11,765 | Walnuis e et ———— 745
BeITiES . cun vmiee oo 14
Pasture and onaccounted .. - 1,322
Total_ . e immaan 0, 238

t Fifteenth census of the Tnited States: 1930, Irrigation of Aprieuitorsl Lands.
t Dhtained from W. B, Saonders, San Renito County acriculinral comiissioner,

The agricultural development of the Hollister area was begun with
the founding of the San Juan Bautiste Mission in 1797. As sum-
marized by Cosby and Watson {4, p. 647):

About 10 acres of the lowland at the hasc of the small platesu on which the
mission is situated, were set out at an early date to an orchard of mixed fruoits,
mainly pears and apples. The mission had small herds of eattic and sheep, and
a 30-acre vinevard, and a few olive and peach trees were planted on the higher
land 1 mile south of the mission. Referring to this early orchaerd onc writer stated
in 1881: “All the apple trees have decayed; but several hundred of the pear trees
are still standing, vielding annually an abundance of fruif, and are, apparently,
still vigorous encugh to outlive the present generation of man.”” At the present
time (1923) about 30 of the peer trees which are probably more than 100 voars
old are still living and each year preduce a small guautity of fruit of inferior
quality.

A slow agricultural development is reported during the first half
of the nineteenth century. It consisted almost entirely of the raising
of livestock on the larger land grants by Spanish and Mexican owners.
The founding of the town of Hollister in 1868 and the consfruection
of the Southern Pacific Railroad in 1870, following the admittance of
Californis to the Union in 1850, accelerated agricultural development,
but until 1880 most of the land was still devoted to the grazing and
livestock industries. Subsequentiy the livestock industry was dis-
placed by grain and hay farmers, and these in turn were crowded to
higher land with the development of the fruit industry and other more
intensive types of agriculture.

IrRRIGATION DEYVELOPMENT

The first land to be irrigated in San Benito County was located in
the northern part, in a section known as the San Felipe district. In
1878 William Buck drilled the first well on property located on Lovers’
Lane adjacent to Pacheco Creek. This well was sbout 90 feet deep
and supplied artesian water for his experimental plaatings. The
following year, E. A. Sawyer developed an artesian well on his property
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along the San Felipe Road. Water was plentiful in this locality,
and In succeeding years many other artesian wells were developed for
use on alfalfa and other field crops. The wells were usually 50 to 100
feet deep and at least one of them supplied as much as 3,000 gallons
per minute in artesian flow. It was not until 1898 that the artesian
fow was reduced to the point that pumping was resorted to—the first
pump being installed by R. I. Orr in that year.

The development of irrigation agriculture in the Hollister ares began
with the incorporation in 1889 of the Hollister Irrigation Co. This
company constructed diversion works on the San Benito River and in
1891 began delivering water through a canal system to serve aboui
2,000 acres of land adjacent to the town of Hollister. This eanal
system was practically identical to the Brown ditch system now owned
Dy the San Benito Land & Water Co., successors to the Hollister
Irrigation Co.  Water from this system was available only for winter
and spring irrigation as there were no storage reservoirs constructed
until 1814, the year the Paicines Reservoir was built,

Although most of the water diverted from the San Benito River was
used for the irrigation of alfalfs, some was used to irrigate the first
deciduous fruit plantings in the county. In 1891 F. L. Barnhisel,
Jessie Ross, and William Kelly planted the first orchards south of
Hollister and irrigated them from the canal. Additional plantings
were mads in 1892, some of which are still bearing,

Without & reservoir to extend the irrigation season, the water
supply from the San Benito River was not dependable, and gradually
wells were developed to supplement the river water. The first success-
ful well from which water was pumped was installed in 1898 by Dan
McCloskey, about 2 miles northeast of Hollister. This well was 80
feet deep and delivered about 700 gallons per minute. At the time the
well was drilled the water stood at 35 feet below the surface. This
well was in operation until 1926,

Between 1898 and 1914 there was a gradusal incresse in the number
of wells drilled. A more rapid expansion in the irrigated acreage took
place after electrical energy was made available to the farmers in the
Hollister Valley in 1914. This increase was continued until the present
date when practically all of the irrigable land is supplied with well
water. The Federal census provides the following data on irrigated
land in San Benito County: 1900—2,870 scres; 1910—7,186 acres;
1020-—12,463 acres; 1930—20,277 acres.

The Hollister irrigation district was organized in 1923 for the pur-
pose of replenishing the underground water supply by means of dams
to be constructed on the San Beniso River and Tres Pinos and Pacheco
Creeks for the conservation of floodwaters. Although the Hellister
irrigation distriet as originally formed has not accomplished its objec-
tives, the Pachcco Pass water district has been more sugeessful.
Originally a part of the Hollister irrigation district, this district com-
prising 5,389 acres of land in the northern section of San Benito County
and t%c Pacheco Pass area of Senta Clara County withdrew and in

1931 organized » separate district. In 1939 the Pacheeo Pass water
district completed construction of a dam on the north fork of Pacheco
Creele. The reservoir formed by the dam has a capacity of 6,000
acre-feet of water. which will be used for controlied percolation.
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QUALITY OF WATER SUPPLIES

The investigations reported in this bulletin were undertaken in 1931
for the principal purpose of determining the extent to which excessive
concentrations of boron in irrigation waters were responsible for the
poor condition of orchard and other plantings in portions of the Hol-
lister area. Prior to thesc investigations it had been found (5, 10, 15}
that boron was not uncommonly an important constituent of the irri-
gation waters in the Western Btates. The concentrations encoun-
tered, though usually not sufficiently high to be directly injurious to
plants (pl. 1, B), in some localities are such that with continued use
soil-solution concentrations are built up to o point where crop growth
is depressed or lands become unsuitable for the culture of other than
the most tolerant plants (pl. 2). In 1831 W. R. Schoonover observed
that the symptoms of injury shown by walnut trees interplanted in an
unprofitable prune orchard on the Martin Luther property near Hol-
lister were like those found elsewhere and known to be due to 2n excess
of boron. Analyses of samples of the irrigation water and of the wal-
nut leaves confirmed the fHeld conclusion. Analyses of additional
water samples from other portions of the ares showed the boren con-
centrations to be highly variable, and in some cases the concentrations
of chloride were such as to attract attention.

MEeTHODS OF ANALYSIS AND EXPREsSsION OF RESULTS

The analytical procedures were those customarily employed in
water analysis, HCO;, Cl, and SO, were determined by the Associa-

tion of Official Agricultural Chemists {I) metheds, Ca by the titration
of calcium oxalate, Mg by weighing magnesium pyrophosphate, and
Nz by weighing the uranyl zine acetate hexahydrate. Boron in
water and soil solutions was determined by clectrometric titration in
the presence of mannitol.

Elecirical conductance (K X108 at 25° C.) is reported in reciprocal
chmns, multiplied by 10° to avoid awkward decimals. The eleetrical
conductance of waters is dependent upon the number and kinds of
dissclved salt constituents and accordingly provides an index to total
salinity. JKnowing the conductance of a water sample, as here pointed
off five places to the right, an approximation of the total milliequiv-
alents per liter of the anions (acid radicals) or of the cations (bases)
may be had by dividing the conductance by 10. If the conductance
is multiplied by 7, the resulting value approximates total dissolved
solids expressed in parts per million {p. p. m.). Thus, in a water with
a conductance of 100, the sum of the milliequivalents (m. e.) of CO,,
HCO;, 805, and NO; will be about 10, and total dissolved solids will be
about 700 p. p. m.

The cxpression “percent sodium” (5) is used to designate the relation:

millicquivalents NaX100
milliequivalents of total bawes

Caleium (Ca), magnesium (Mg), sodium {Na), and the anions: Bicar-
bonate (HCQO,), sulfate (8Oy), chloride (Cl), and nitrate (NOGj;) are
expressed in milliequivalents per liker (abbreviated m. e.). Car-
bonate (CO,) is included in the value reported for bicarbonate. This
1nit of measurement, which reflects the number of jons, is adopted in
the interest of an understanding of the chemistry of waters and the

Sodium-total basc ratio= The eations:
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interpretation of analyses. Concentrations expressed in units of
weight such as parts per million are sometimes desired for particular
purposes. The concentrations of constituents expressed in milli-
equivalents per liter may be converted to parts per million by multiply-
ing them by an appropriate factor as follows:
Cutions: Facior | Anjons:

Caleium (Ca) 0 Carbonate (CQy)

Magnesium (Mg) X Bicarbonate (HCQq)

Sodium (Na) Sulfate (SO

Potassium (K) , Chloride (CI)

Nitrate (NQO;)

These factors are the atomic weights of the ions divided by their
valences. The atomic weight of chloride, for example, is 35.5 and the
valence is 1; accordingly 5 m. c. of chloride is the same as 177.5 p. p. m.
The atomic weight of the sulfate radical (SO,) is 96, and it has & valence
of 2; accordingly 5 m. e. of sulfatc is the same as 240 p. p. m.

AGRICULTURAL INTERPRETATION OF ANALYSES

BORON

As a general consideration, above 0.3 p. p. m. the less boron in an
irrigation water the better. “Some boron is essential to the growth
of many if not all plants, but it is not implied that as much as 0.3
p- P m. s generally essential or advantageous. As will be developed
o conjunction with table 18 (p. 55), plants show marked variability
in their sensitivity to boron injury. In that table & series of agricul-
tural plants ere classified as sensitive, semitolerant, and tolerant.

Little, if any, injury can be expected when sensitive crops are irri-
gated with water containing less than 0.4 p. p. m. of boron. Pro-
nounced mmjury can be expected when tho most sensitive of the sensi-
tive crops are irrigated with a water supply with 1 p- p. m. of boron,
Boron is considered an adverse factor in the culture of walnuts when
injury appears as early as August, but when these symptoms are not
evident until October they may be disregarded.

Walnuts are placed toward the end of the sensitive group because
they sometimes remain alive under boron condition that would kill
such plants as the navy bean. Whalnuts nevertheless show leal
symptoms at boron concentrations as low as those that are injurious
to the lemon,

Under the climatic and soil conditions in the Hollister area a water
supply containing 1.5 p. p. m. of boron is regarded as hazardous for the
culture of apricots and prunes. A few orchards have developed mild
symptoms of boron injury when the water supply contained f]less than
1 p. p. m. of boron and a few have shown only mild symptoms after
having been irrigated for 15 years with water supplies containing
more than 3 p. p. m. of boron,

Water with as much as 2 p. p. m. of boron ¢an be comsidered promis-
in% over o long period for the culture of only those crops classified as
tolerant. It is not implied, however, that the production of sensitive
and semitolerant crops is not sometimes profitable under favorable
conditions when water carrying 2 p. p. m. of boron is used. This is
particularly true in areas of substantial rainfall when the soil is deep,
permeable, and well drained.

HES0E"—4)—a
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Soils show outstanding differences in the proportion of the boron,
added by irrigation water, that is fixed in forms of low solubility.
The injurious effects of boron become evident and pronounced on
some soils after a few vears’ use of water, whereas on other soils the
evidence of injury remains slight after many years. There is accord-
ingly a factor of uncerteinty in the interpretation of water analyses
that is related to the soil.

Climate likewise appears to be a factor of some importance, since a
greater degree of injury ¢an be expected in the hot and more arid
sections than can be expected along the coast. The relative propor-
tions of rain and irrigation water must likewise be taken into account.

PERCENT SODIUM

Waters with high percentages of sodium have an adverse effect
upon the physical structure of the soil. Soils irrigated with such
waters become difficult to work, penetration of water into the root
zone is retarded, and the leaching of salt from the root zone impeded.

CALCIUM, MAGNESIUM, AND SODIUM

Waters high in calcium are to be preferred to waters that are high
either in magnesium or sodium. Some caleium and magnesium are
essential to crop growth and a little sodium is not eonsidered disadvan-
tageous, but a high concentration of any of these ions is undesirable.
Potassium rarely occurs in sufficient concentration in natural waters o
require consideration.

CARBONATE AND BICARBNNATE

The presence of much carbonate or bicarbonate in irrigation waters
is not desirable, as these ions tend to increase soil alkahinity. With
the loss of CO; from bicarbonate ion during the drying of soils calcium
and magnesian carbonate sre precipitated.

BULFATE AND CHLORIDE

A little sulfate is essential to plant growth, but few irrigated soils
are deficient, in this ion. Although chloride is not generally regarded
essential to plant growth, some few plants have been found to respond
favorably to low concentrations,

It is to be recognized that different erop plants show marked varia-
bility in their tolerance to the salts carried by irrigation waters.
Furthermore, some plants, as illustrated by beets, show greater
sensitivity to sulfate than to chloride, whereas the converse is ordina-
rily the case. Unfortunately, the information available on either the
relative or actual tolerances of crop plants to these common salt con-
stituents is very limited. The results of exploratory experiments dis-
cussed in part elsewhere (7) indicate that there i1s a tendency for some
of the common crops to be about twice as tolerant to sulfate as to
chloride as measured in milliequivalents und that the effects of these
two ions are additive. In other words, with some erops a water con-
taining 5 m. e. per liter of chloride plus 10 m. e. of sulfate should
produce about the same degree of Injury as a water containing either
10 m. e. of chloride or 20 m. e. of sulfate. The solubility of calcium
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sulfate in the soil solution does not ordinarily exceed 30 or 35 m. e.,
but sodium and magnesivm sulfate arve highly soluble. Nearly all
irrigation waters carry chloride and sulfatesaltsin solution. The extent
to which these, as well as other salts, aceumulate in soil solutions to
the detriment of crops, rests not alone on the concentrations in the
irrigaetion waters, but also on the abundance of root-zone leaching.
The degree of productivity of potentially fertile irrigated land depends
more upon this factor of salt accumulation, which 1s related to mein-
tenance of soil permeability and drainage conditions as well as to the
adequacy of the water supply (both quantity and quality), than upon
any other factor.

As a result of evaporation from the soil and of greater withdrawal of
water than of salt by plants, the concentrations of salt constituents in
the root zone are greater than those in the irrigation water. Under
good irrigation practice the soil solution of the root zone can be ex-
pected o be from three to eight times as coneentrated as the irrigation
water. The concentration of the soil solution may, however, exceed
that of the irrigation water many times as a result of inadequate leach-
ing of the root zone by insufficient use of water, improper methods of
application, impermeable soils, or the presence of hardpan layers.
In evaluating the probable effects of & water upon crops, due considera-
tion must be given the fact that plants are not subject to the salt con-
centrations as they exist in the water supply, but rather to the con-
centrations as they exist in the soil solution of the root zone.

It is well known that pootly drained lands sometimes go out of
production as & result of salt accumutation even thouglh irrigeted with
remarkably pure waters and, conversely, profit noi infrequenily
results when relatively saline waters are used abundauntly on open
and well-drained soils. With the foregoing considerations in mind, it
should be fully evident thatin any classification of water quality general
terms must be used and the limits of concentration ranges must be in
a measure arbitrary. The data in table 4 are offered merely for purpose
of orientation. The soils, drainages, and climatic and cultural condi-
tions sre diverse in irrigated regions, and there are such marked dif-
ferences in the salt reactions of different crops that each water supply,
in the final analysis, must be regarded in terms of the relations existing
in the locality in which it is to %e used.

TasLe 4, —Clagsification of irrigation waters

. Boron
Clansification Chlerides {m. | Sulfntes (nt.

Sengitive plants | Tolerant plants| 2 Per liter} e, et liter)
(p. p. m.)

Clezs 1, exesllent to good .| 0o 40, Less than L. v =-| Lass than 4,

Class 2, good to Injurions. | 4010 70.__ t 1to 2. v 4 to 12,

Cl_a?s 3{ injurfous bo unsat- | 70 to 100._[ 1 and above....| 2and above... 12 and ahove.
isfactory.

If & water approaches the upper limit in a number of respects it is
not to be regarded a3 being as good as one that is high with respect
to only oue constituent. Sulfates must be considered in conjunction
with the percent sodium. If waters are high in calctum, higher
concentrations of sulfate can be tolerated.
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‘With increasing concentrations of salt constituents in the soil solu-
tion of the reot zone there is increasing injury to the plants growing on
the land, The first growth depression occurs at relatively low con-
centrations, and at ench successively higher coneentration there is a
further decrezse in growth and yield. Thus injury is & matter of
degree and it is not possible to assign s critical significance to particular
soll-splution concentrations.

Some salt mjury may exist on many well-managed farms and
crchards without being evident. Plant appearance can rarely be
taken as & criterion of salt injury. The growth of many feld and
orchard crops may be greatly depressed by salt accumulation without
the appearance of visible evidence of the cause of injury. Leaf mark-
ings or other morphological abnormalities are commonly notin evidence
even when a substantial depression of growth has been produced. The
walnut leaves Llustrated In plate 6 show what is usually regarded as
chloride injury, but salt symptoms of this character are exceptional.

MISCELLANEQUS WATERS IN CENTRAL COASTAL AREA OF
CALIFORNIA

A number of analyses of water samples from the central coastal
area of California are reported in table 5 and the following pages for
the purpose of recording them and for the addisional reason that they
serve in some measure to relate the conditions pertaining in the Hoi-
lister area to those of the general region in which it is situated. Some
of these samples were collected as a part of a reconnaissance survey of
the Southwest, and others were collected in collaboration with county
agenis and other public officials for more specific reasons. Although
the analyses are indicative of the water-quality conditions existing m
this area, the samples are so few in number and the territory embraced
is so large that a discussion of the results has seemed inndvisable.




TABLE 5.—Quality of surface and ground waters sampled in central coastdl area tncluding Santa Clara, Santa Cruz, San Benito (other than
Hollister drainage area); Monterey, San Luis Obispo, and Santa Barbara (north of Santa Ynez River) Counties

Quantity per liter of—
KXx108 Percent

Labora- Depth [Discharge| S0 soditm

tory No.

Location
HQGO:

Banta Clara County:
Burface waters: Cu.ft.[sec,
Coyote Creek at Moyote 2052 | June 25, 1030 4
Gilroy Hot Springs.”. ... . 4878 | Sept. 19, 1031
Ground waters:
Associated Seed CGrowers 12011 [ Mar, 21, 1938
Snunders Bros, .| ... Sl 7795 | Aug. 15, 1933
Banta Cruz County:
Surface waters:
Pajaro River . oo e 5004 | Oct. 16, 1031
Ground waters:
Watsonville-city water_. ... ... ... 2053 | June 25, 1080
G. Errard Co. e 85003 | Oct. 15, 1081
San Benito County (other than Hollister drain.
age nren):
Surface waters:
Creck east of Pinnaeles. .-, . .. . Jine 24, 1932
Hepsedam Springs . o Sept. 10, 1931
Pnn%:hc Creek. . ..., May 22, 1930
0

Do e 4833 | Sept. 9, 1931
Ground waters:

Woll near Panoche : 2768 § May 22, 1030
J. H. Morgan . - .+ . 6673 | Aug. 3, 1932
Manuel Ortiz .. .. 11167 { Dee. 3, 1036
Bitterwater. __. . 4842 | Sept, 10, 1031
Monterey County:
Surface waters:
Salinas River, Solednd ... . 2794 | May 23, 1930 |.
Do ... . e m . . 10762 1 May 26, 1936 |. .

Salinag River, Bradley . Oct. 14, 1031
San Antonio River. . . _ ... . Qct. 15, 1931
Nacimiento River, underflow ... : Oct. 14, 1931
San Lorenzo Creek. ... . io . iomninnn .. 63556 | June 24, 1031
Ground watoers:
M. & d.Tavernetti . ... ..o, 12076 | May 8, 1038
J. Q. Trescony.. oo e Sept. 2, 1932
California Orchard Co. .. . Sept. 28, 1020 235
. Pledmont Land & Cattle C Oct, 14,1031 4 135

1 T'raco.
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TABLE 5—Qualily of surface and ground waters sampled in central coastal area including Senia Clara, Santa Cruz, San_Benilo (other than
Hollister drainage area), Monterey, San Luis Obispo, and Sanla Barbara (north of Santa Ynez River) Counties—Continued.

K P Quantity per liter of—
Labora- : o] KX108 Pereont
Locatlon tory No. Depth |Discharge| oron sodivm

HCOs | 804

£an Luls Obispo County:
Surface waters:
Estrella Creek. .. . 7 May 23, 1030
Sulphur Springs. Sept. 28, 1920
Santa Rosa Creek July - 6, 1935
Paso Robles Creek. . . June 24, 1932
Arroyo Grande Creek .. §
Tar Springs Creek .. ..
Ground waters:
J. B, Livingston . ... . 21 1 Nov, 12, 1036
Cambria Municipal.. June 6, 1935
DO i e . .odo -
Shell Beaieh. e umenmssasaiccimenane . 60 | July 5, 1931
Santn. Barbara County (north of Sants Ynez
River):
Surface waters:.
Cuyama River.., .. .. .. 2736 | May 19, 1030
Cuyama ranch reservoir, . . 27306
Snnta Ynez River............ e 2134 1 _L.do. ., ...
Do.. 4997 | Oct, 13, 1931
Ground waters:
Santa Marla CItY.u. o ovivmeeicanns 4908 | Oct. 14, 1931
Packard ranch, Lompoe.... 11046 | Oct. 8, 1936
Spanni well, Lompoc . 11047 1.
Calm ranch, Lompoe.. ... ... ) 11060
Packard ranch, Lompoc, .. .. 11061 .

Do oo 11062 |.
Southern Preific R. R. ... 11063 |.
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DESCRIPTIONS OF SURFACE AND GROUND WATERS
SAMPLED IN CENTRAL COASTAL AREA

Santa CrLara CoUNTY
Surface waters: .
2852. Coyote Creek at Coyote. Discharge, 4 cubic feet per second.
4878. Gilroy Hot Springs. SEY, see. 36, T. 9 8, R, 4 E. Mount Diablo
base and meridian. Discharge, 0.02 eubic foot per second. Tem-
perature, 112° F,
Ground waters:
1201i. Associated Seed Growers, Inc., well. 0.5 mile west of Milpitas.
Depth, 150 feet; 10-inch easing; discharge, 405 gallons per minute.
7795. 8aunders Bros. well. SEY, sec, 13, T, i0,, R. 3 E. 4 miles north
and east of Gilroy, on Lena Avenue. Depth, 180 feet, upper
perforations at 110 feet; 13-inch casing; discharge, 495 gailons per
minute; static level, 65 fect.

Santa Cruz County
Surface waters:
5004. Pajaro River. Locabion corresponds to SW cormer sec. 12, T. 12 8.,
R. 3 E. At highway crossing nbove Chittenden. Discharge, §
cubic feet per second.
Ground waters:
2958. Watsonville city water. From streams north of city and wells near
I'EServoir.
5008. G. Errard Co. well. Location corresponds to SE corner see, 26, T.
8., R. 2 E,, 3 miles northeast of Watsonville. Depth, 190 fect;
easing perforated full lengih; extending into red sandstone; dis-
charge, 1,008 gallons per minute,

San Benrro Counry (OreER THAN HOLLISTER DRAINAGE AREA)

Burface waters:

6354, Creek east of Pinnacles. Sec. 33, T. 16 8., R. 7 E. Unnamed stream
Sowing southward to Chalone Creek at highway crossing 1 mile east
of Pinnacles. Discharge, 0.3 cubic foot per second.

4843, Hepsedam Springs, T. 155, R. I0E,, 8 or 1§ springs below Hepse-
(éa.m LLPea\i: piped to Associated pipe line station No. 4 on Lewis

reck.

2767. Panoche Creek. Near center W¥, sec. 27, T. 15 8, R. 11 E. Dis-
charge, 1 cubic foot per second.

4833. Resample. Discharge, 2 subic feet per second.

Ground waters:
2768, Irrigation well near center sec. 30, T. 15 8., R. 11 E, Small centrif-
ugal pump in 30-foot pit.
6673. J. H. Morgan well. SWY¥, sec. 1, T. 16 8, R. 10 E, Dug well;
depth, 20 feet. On Griswold Creek, south of Panoche.

11167. Manuel Ortiz well, Panoche. SWY, SWY, sec. 230, T. 15 8., R. 11 E.
Depth, 99 feet; perforated at 20 and 75 feet; 10-inch casing; dis-
charge, 99 gallons per minule. Statie level, 20 fect.

4842. Stock well at Bitterwater. Near center seec. 8, T. 18 8, R. ¢ E.
Stock well at King City road turn-off. Depth, 35 feet.

Mox~TEREY COUNTY
Burface waters:
2794, Salinas River, Soledad. Discharge, 6 cubic feet per second,
10762. Balinas River, Soledad. Discharge, 75 cubic feet per second.

5000. Salinas River, Bradley. Discharge, 10 cubic feet, per second.

5002. San Antonio River, Pleyto Bridge. No surface flow. Sample ob-
tained helow surface of sand.

4999. Nacimiento River, underflow, SE¥, sec. 33, T. 24 S, R. 11 E.
Shallow power-operated irrigastion well. Many surface pools in
river, but no surface flow,

6355. San Lorenzo Creek. NWY, see. 23, T. 198, R. 8 E. 5 miles north-
east of Xing Cify op Bitterwater Road, Discharge 0.3 eubic fect
per second.
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Ground waters: ]

12076. M. & G. Tavernetti well, 2 miles south of Salinas on Salinas-Bpreckles
Road. Depth, 208 feet; upper perforations, 90 feet; 12-inch cas-
ing; discharge, 1,003 gallons per minute; siatic level, 45 feet; drawn
down to 60 feet; temperature, 55° F. No odor, no gas, clear.

6663. J. G. Trescony well, SW corner zec, 33, T. 21 8, R, 9 E, 7 miles
southwest of San Lucas. Depth, 80 feet; upper perforations, 30
feat; 10-inch casing; discharge, 2.5 gallons per minute. Domestiec.

1883. California Orehard Co., well No. 1. robably sec. 26, T. 19 S, R,
7 E. 'Well at headguarters, domestic and irrigation. Depth,
235 feet; static level, 74 feet; draws down 20 feet; discharge, 1,890
%g{;ns per minute. All peiforations in gravel; probably all below

cet,

5001, Piedmont Land & Cattle Co, well, Center, SE¥, sec. 10, T, 24 8,,
R. 9 BE. Depth, 135 feet. Formerly a flowing well, (.5 mile
south of Ban Antonio River.

Sanw Luis Osispo Counry

Surface waters:
2795, Estrella Creek. Sec. 22, T. 25 8, R, 12 E. 2 miles southeast of
Sen Miguel. Discharge, 0.04 cubic foot per second.
1881, Su]pgl;u}t_'" Springs. Paso Robles Hotel, Paso Robles. Temperature,
9

10014, Santa Rosa Creek, Cambria. Discharge, 0.5 cubic foot per minute.
6356. Paso Robles Creek at highway crossing. 3% miles north of Atas-
eadero, Discharge, 0.3 cubic [cot per second.
6808. Arrovo Grande Creek, 0.5 mile west of Arroyo Grande below junction
of Tar Springs Creek.
6809. Tar Springs Creek, 3 miles northeast of Arroyo Grande above junction
with Arroyo Grande Creek.
Ground waters:
11121, J. B, Livingston well, SEY, sec, 8, T. 25 8., R. 12 E. ! mile north
of San Miguel. Combined flow of 5 wells pumped into reservoir.,
Depth, 5@ feet; discharge, 950 gallons per minute.
10015, Cambria Municipal, Old Town, Depth, 45 feet; upper perforations,
15 feet; 12-inch casing.
10016. Cambria Municipal, New Town. Depth, 45 fcet; upper perforations,
15 feet; 12-inch casing.
4469. Shell Beach well.  Subdivision No. 2. 2.2 miles northeast of Pisino,
T.325,R. 12 K.

Santa Barsara County (Nomrm oF Santa YneEz River)

Surface waters:

2736, Cuyama River, at highway bridge 11 miles east of Santa Maria.
Discharge, 1 cubie foot par second.

2736. Cuyama raneh reservoir. T. 10 N,, R, 26 W. 8an Bernardino base
and meridian. Composite of 14 springs (discharge, 3 cubice fect per
second) and water pumped fram stream bed of Cuyama River.
Some of springs reported as warm, with sulfur odor,

2734. Santa Ynez River, at bridge at Buellton.

4907, Santa Ynez River, at bridge at Buellton. No surface flow,

Ground waters:

4998, Sonts Maria city well, 3% miles south of city. Depth, about 700
feet. Surface water shut out.

11046. Packard raneh well, Lompoe. .75 mile west of Artesia Street, 1.6
miles north of Central Avenue. Windmill at north edge of valley.
Top of casing is 4 feet above surface. Approximate elevation, 35
feet. Domestic use.

11047. Spanni well, Lompoe. 1 mile north of Central Avenue, 200 feet
east of Artosin Street. Windmill at tank house. Elevation, 56
feet, Depth, 80 feet. Domestic use.

11060. Calm ranch well, Lompoce. On north bank of Santa Ynez River on
Th-sere trach of bottom land.  West of Douglass Avenue extended
across river from south. Deep-well turbine pump, 16-inch ensing.
Static level before pumping, 34.2 feet below pumyp base, which is
0.3 foot above ground. Level after pumping 15 minutes, 35.2 feet,
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11061. Packard ranch well, west of Lompoe. 58 feet north of north bank
of Banta Ynez River and one-haif mile west of Renwick Avenue
crossing. Depth, 133 feet, 16-inch casing. Static ievel, 19.6
feet below hole in pump bowl 1 feob above ground atb elevation of
discharge outlat. vel after pumping 15 minutes, 19.9 feet.

11062. Packard ranch well, west of Lompoe. On north bank of Santa Yoesz
River 3 miles from Pacific Ocenn, 50 feet west of Renwick Avenue
crossing.  Depth, 173 feet.

11063. Southern Pacific Railroad west well, West of Lompoe, 3% miles
from Pacific Ocean. 150 feet west of Renwick Avenue, 40 feet,
north of tracks.

SURFACE WATERS OF THE HOLLISTER AREA

The compositions of the surface waters of the Hollister sres as
represented by the samples collected during the course of this investi-
gation are reported in table 6. In this table discharge values are
customarily reported, but it is not implied thet these are accurate.
In most instances only rough approximations were possible and these
onty for the purpose of providing information on the general magni-
tude of the ﬁ)ow. The discharges assigned to the samples collected

in 1936 at Malone diversion and Paicines intake from the San Benito
River, those at Lester Bridge from Pacheco Creck, and at Bolado
Park from Tres Pinos Creek are within the limits of accuracy asso-
ciated with stream estimates by experienced stream gagers. The
descriptions of the sources of these waters are given in table 7.

240800°—41——3




TaBLE 6.—Analyses of surface waters of the Hollister area

SAN BENITO WATERSHED

Labo- ‘ Kx108 Quantity per liter of—

Location TLocation ratory Discharge| at 25°

Na | BECO; | 804

B

gl mgwp—wuug
REGRID, SOLENGEN

SIR2RABVLEEER FSVIIQs

M.e.

m»e»g

RBEJEE B

O =Jr &

San Benito River:
At bridge 2)4 miles north of San Juan. ... 17-1284E. . .crpu. - May 23,1930
Hollister-San Juan Bridge...__.. 33-128-5E....... e Mar, - 2,1938
Above Tres Pinos Creek junctica 2| 30-138-6E. ... Jan, 19,1932
Malone diversion....._.. .. 26-148-6E...___.. . 10,1635
Paicines intake 1-158-6E... ... e 27, 1032

11,1935
20, 1935

. 10,1035

. 3,1936

.. 14, 1936

25,1936

. 3,1936

. 17,1936

. 14,1936
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Stone ranch. .. icai e iim e 7-158~7E. . .vmenn.
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Bridge below Willow Creek 21-158-7E
Above Smoker Canyon 5~16S-8E...
Above Clear Creek junction. ... e ——— 22-188-11E
San Benito tributarics:
San Juan Creek.... . . May 28,1936
Bird Creek below spring R 1,1935
Bird Creek above spring 28-135-5FE-a. [ [o SN
Tres Pinos Creek:
Southside Road bridge. ...ccccovean PR 10-138-6E. ... Jan. 19,1932
Bolado Park...ceeeunnn .1 34-135-6E_. Feb. 3,1936
Do. . Feb. 14,1036
Feb. 25,1036
Mar.  3,1936
Mar. 17,1936
Apr. 1,1938
Apr. 14,1936
. ay - 5, 1030
Paicines. 11-148-6E.......... Jan. 12,1035
Jan. 18,1035
Apr. 10,1935
Los Muertos Creek (tributary) Jan. 22, 1935
Quien Sabe Creek (tributary) 1-148-7E._..__. . Jan, 31,1035
Feb. 4,1935
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Other 8an Benito tributaries:

Stone Canyon ¢1 mile above junction) 10736 | May 7,1036
Deyarmin Spring (Stone Canyon)....... .. . . May 20,1036
Melindy Spring.. .. e . Dee, 11,1033
Smoker Canyon, . . . . g May 7,936
Sulphur Canyon 5-168-8E .. « _i May 16,1936
Clear Creek.. .. .. 17-188-11E ... ... May 20,1936

DIABLO RANGE DRAINAGE

Pacheco Creek:
At Lester Bridge. .. ......c- e ram————— wan| 13-118~6E.... ... . 0746 | Apr. 10,1035
10452 { Jan. 16,1936
10531 | Feb. 3,1036
10545 { Feb. 14, 1036
10574 | Feb,
Mar,
Mar,
Apr,
Apr,
2 miles below Bell Station., . ..} 32-108-0E. .. .. .. May 23,
North Fork . s ..| 28<108~6F .- Apr. 19,1034
Other erecks:
Las Vihoras Creek. . ... .. . 20-118-6E. 3§ Jan. 20,1038
L.a5 Viboras Lake. . .. 22-118-6E. 4 1 M, 23, 1033
‘Dos Picachos Creek . ] 16-128-BE. ... ... Oct. 15,1031
5 s S, S 13-128~5E . Jan. 19, 1032 [.
13-128-6E. .. ... May 27,1082 |.
L] 12-138-5E ... L Apr. 8,1035
Santa Ana Creek. . ... . icieiemnvenee.oo| 30-128-6E . . . Feb, 3,1038
Springs: i
Flint spring (Picachos drainage). o ... .....} 10-128-6E . .. . May 31,1082 .
Ladd’s spring {Santa Ana draioage).. . ...} 5-138-68 . .. . .. 4 1 Dee. 17,1935 . 3410
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PAJARO RIVER

Pajaro River. . .cecvecucnamann an e am e ay 4-128~4E. ... .1 M772 | May 27,1036 10
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TABLE 7.— Description of sources of surface waters of the Hollister area

Labo-

rag.:ory Location Symbol TDescription
o

2783 | 17-125<4E ..} 432-8 San Benlto Riven. Center, 53¢ sec 17, T. 128, R.4 E, Dis-
churge, 0.82 cubic oot per second.

11837 | 33-128-5E . ... ox3-A__ San Benito River. Location corresponds to NWI{ see. 33,
T.12 8, R. 5§ E. Floodwater taken at San Juan, Holl{ster
Bridge. Stream flow undetermined but ruoniog banks full.
Bample tnken from surfice of the middle of stream. Esti-
mated discharge, 7,000 cubic feet per second at time sample
wag taken,

6586 | 30-138-6E ________._ 322-8_ ... San Benito River, at Southside, 14 mile south of Trep Plnos
Creek Junction. Locatlon corresnonds to NWI{ see, 80,
T.13 5., R. 6 E. Discharge, 500 cuble feet per second.

ST | 26-148-8E .. __ 322-8_.__..| S3an Benito River, at Msalone diverslon. Loentita corre-
spoads to SWi4 see. 28, T. 14 8., R. 6 E. Discharge, 94
cubic feet per second.

8168 | 1-158-6E......... 333-8......| Cumnlative samples from Pajcines Rescrvoir. Locatlon corre-

10034

10758
a147

_| Resampla.

20-1487E

18-158-TE . ..

10-1559E. ________.

RS E - I 2

4-168-TE.. o i

5-188-8E._____ ... 33-8._._..
22-188-11E. ... BI-5 ...
9-135-4E 311-8

28-133-5E 212-8

2R-138~-5E-&_. ccnan M-8
1B-1356RE, _.__ | #2-8_ ...
B4-1350E. (... W22-B......

°| Qulen Subo Creck.

sponds to NEI sec, 11, T. 13 S., R. 5 E. Winter run-ofl of
San Benite River. Sampla taken from autlet diteh,
Saln5 ?ergtoﬁléiver, at Paicines Intake Drm. SE){ sec. 1, T.
s+ R.BE,
Resample. Discharge, 75 cubic faet per second.
Resampla, Discharge, 20 cubie leot por secomd.
Raznmpla.
Resamnple,
Regample.
Resample.
Resample.

Discharpe, 1,583 cubic feet Per second.

Discharge, 581 curbic feet per second,

Dvischarge, 20 cubic feet per second.

Discharge, 1f) cubic [eot per second.

DHscharge, 784 cubic feat per second,

San Benite River, at Stane raneh. SEl{sec. ¥, T.16 9., R. 7
., Trischarge, 3 cubic feot Der second.

Resample. Discharge, 17 cubie feet por socond.

Resarnple, Disclisrgn, 8 cuble feet per second.

San Tenito River. Center see, 21, T.15 S, 1. 7 E. Between
Live Qak and Willow Creek Schools. Dischargs, 0.3 eubic
font per second.

Snn Benlto River, above Bmoker Canyon, NWIX sec. 5, T,

69, R.8E. Dizcharge, 5 cuble fest per second.

San RBeplto Itiver., SEljsee. 22, T.18 3., R. 11 B, Twamiles
sbove Jznction with Clear Creak. Diseharge, 5 ctbic feet
por seepnd,

San Juan Creek. Center E, lina NE} sec. 9, T.135,R. 4 E,
Discharge, 2 cubic feet per second.

Blrd Creek, snmpled below where the sulfor spring emptles into

the cresk, Loeation eorresponds to 8WI see, 28, T. 13 5.,
5 E. 10 miles south of Iollister, 1 mile west of junetion of

Elrd Creek Boad end Canyon.  Use, Irrlgation.

Bird Creek, samplad 50 (oot npstrenm from Na. 10033, or above
whero sulfur spring empties into creek. Location corresponds
to BWlf ger. 28, T.13 8., R. 5 E. 10 miles south or Hollister.
Lr}inilnévest of Junection of Bird Creek Road and Canyon, Tse,
irrigation,

Tres Pines Creek, SWI4 sec. 10, T. 13 5., R. ¢ E. Discharge,
75 cuble feat per second,

Tres Ploos Creak, Bolado Park. NEY see, 34, T. 13 5, R.
6 E. DMscharge, 11 cuble feet per second.

Rosample. Dlseharge, 297 cubic feet per second,

Rosample. Discharge, 126 cibie feet per second.

Ressmiple. Dlscharme, 2 enbic lfeet per second.

Tesample. THscharge, 0.7 cuble foot per second.

Resample. Dscharge, 6 cuble fect per second.

Resample. Discherge, 1 cobic fogl per second.

Resample.  THscherge, 0.7 enbie foot per seeond.

Tres Pinos Creek, at Paleloes. WEY, see. 11, T. 145, R.8 E.
Discharge, 2 eubic feet per seeond.

Resample.  Discharge, 15 cuble feet per second.

Resample. Discharge, 22 cublc foet per second.

T.os Muertos Creel, at junetlon with Tres Pinos Greek, SWH,
see. 20, T 14 8., R. 7 E.  Discharge, 4 cubie feet per second.

Resample, Discharqtrz‘, 20 cuibie fect per secomndd.

ributary to Los Muertos Creek. Loca-
tion coresponds to center, see, 1, T. 14 5., R. 7 B, At june-
tion of Gulen Habe Creek and road, Discharge, 4 cuble fect
per second. . -

Stone Conyen Creck, 1 mile ebovo Bnn Bendto River junction.
N\"«'}‘i1 sog. 18, T. 153, R. T E.  Tdscharge, 0.1 cuble foot per
secomd.

H. C. Doyarmin spring. SWY sec, 11, T. 15 8., R. 6 E,
Alviso Cupyon.

Henry Melindy spring.  Sec. 4, T. 16 8., R, T E. Discharge,
0.03 cubie feot per second, Water seems to be corresive in
aetion on pipes.
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TABLE 7.—Descripiion of sources of surface waters of the Hollister area—Continued

Labg.
atory Location
Ne.

Symbol

Dascription

10735
51658E-b____ ...
17-185-11E_ .. _....

13-1E-5E .. .

30-1954Eg
09858 .

5-138-6E_. .. ..

§-1284E.. ... . .

54-9......
338-3... ..

2t1-8._.....

212-5_....

B8

322-8 ...

Smoker Canyoen, st junction with San Benito River, SEM,
spe. 5, T. 168, R.8E. Discharge, 0.02 cubie foot per second.

Suiphur Canyon, al junction of Sso Benite River, MNWH,
see. By T 166, .8 E.

Cigar Creek, SEM, see. 17, T. 18 3., R. 11 E. San Benite
County, 81 miles south of Hollister, DHscharge, § cubic feet
por seeond,  Cloar rapid water.

Pacheco Creek, st Loster Bridge.  Location correspontds NWH,
see. 12, T. 11 5, R.5E. Discharge, 223 cuble {eel per second.

Resample, Discharge, 27 cuble feet per sceantd,

Resample, Discharge, 18 cabic fect por second,

Resampde, Discharge, $27 cubic feet per sapond.

Resample. Ddscharge, 1,165 cable feel por second.

Resnmpie, Dischacge, 134 culie foet per sceond.

TRiosamnple, Discharge, 3 cubic feet per second.

Tesample. Discharge, 16 cubie fead per second.

Resample. Ddischarge, 5 eubic feet per mecond.

Pachieco Creek, below Cednr Croek, 2 miles helow Bell station
rued 17 miles from Oiiro}'i Location corresponds to SENM,
sep 32, T.108., R.GE, iver hed pools; same flow. White
inerustalion on rocks in viver bed,

Pacheeo Creek, on north fork, ¥4 mile north of the Junctlon of
rortk aod south forks. Sonta Qlara County. Location
cotresponds to WK, see. 23, T. 108, R. 6 E. Sample was
:fkcn from water hole where water was barely moving down-
stream. |

Las Viboras Creel, st Oawkins raneh. Location corresponds
to NWii, sce, 28, T, 11 8, L. & E. Disuhgrpe, 6 cubie feot
perseeond.  Sample rc&)::ssengs south lork flow only.

Lake on headwaters of Viborgs Crock. Locatlion corre-
spoods to BWE, see. 22, T, 11 8, R, 6 E. Artiflein? inke.
Volume, §0¢ acre-feet, 'Temperature, 15° G, Use, lrrige-
tinn.

Arriye Dos Pieachos.  Lacation corresponds to center, sec. 18,

5., R. 8 B. Discharge, 0.5 cubic Joot por second.

Rusampioﬁt crossing of Fairview Road, NEM, see. 13, T% 12

-
Resample.

| Dos Pienchos Creck~flgodwater. This is floodwater which

)!aussmi gver the Lather ranch from Des Pieachos Creck.
’ickcﬂd :iup on Fred Hawkins ranch {$3W34, see. 12, B 12 8,
R.SEN

Santa Ana Croek, st erossing of Falrview Noad. SW3i, see.
30, T. 125, R. 8 E. Discharge, 10 enbiv feet per second.

W, T, Filnt spring.  Locslion corresponds te MW, ser. 10,
T, 128, R. 6 E. Elevation, 1,400 feet; discharge, 0.02 cubic
font ;f,cr secondd; o ador! no gas; clear.  In drainage basin of
Dos Pleachos Creed,

Ladd sprisg, near Szota Ana Creck. NWI§, NWH, sec. 5,
T35, R B, Usad for steck,  Discharge, 0.01 cabie fogt
por seegnd. '

Pajaro River. Locatien gorrespontls to econter, W, sec. 4,
P, 125, R.4 E, Near Sargent nnd above Junction with San
Benite River. This water rises fromt strearm bed a Hittle
shove this peint representior drainoge from o pamber of
sources. Ddscharge, 0 cuble foet per secomd.

The comparative characleristics of the waters of San Benito River
and Tres Pinos and Pacheco Creeks, as represented by the averages of
seven samples from cach of these sources collected on fike dates during
the spring of 1936, arc shown in table 8. The water of the San Benito
River above its junetion with Tres Pinos Creck has a total salinity
and a concentration of boron and of cliloride alimost twice as high as
those found in the water of Tres Pinos Creek. The waters of San
Benito River and Tres Pinos Creek, cither separately or combined,
are superior to the ground waters adjrcent to the San Benito River

in the Hollister area.

These ground watbers as used on deep well-

drained alluvial soils have supported a creditable agriculture for many
years. The waters of Pacheco Creek are of superior quality and in
all respects better than those of San Benito River and Tres Pinos

Creek.

-
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TABLE 8.—Qualily of 1936 spring run-off from Sen Brnile River (above junclion
with Tres Pinos Creek), Tres Pinos Creek, and PacFeco Creek as reprosented by
awvgrages of seven samples from each source collecled belween Feb. 3 and Apr. 14,
1936 (from lable 6}

Ko Quantity per liter of—
Boron

Souree

gt
25° G, HOOy | 804

Sap Bexnlte River shove . P. . e | Me. el Ale. 1. e

Tres Pinos Creek 9.5 3 32
Tres Pinps Creek, ... .. 522 . 30
Pacheco Creck 33.7 . 22

In the water of the San Benito River the concentration of magne-
sium tends to approach the sum of the ealeium and sodium concentra-
tions and sodium exceeds calcium. In Tres Pinos Creek the con-
centrations of the three ions tend to be equal. Ya Pacheco Creek
celcium exceeds magnesium and magnesium exceeds sodium. In all
of these waters bicarbonate exceeds sulfate and sulfate excceds
chloride. These findings point o important distinctions between the
domirant rock and alluvial materials of the three watersheds.

The storm water impounded in reservoirs on any of these streams
would more nearly resemble in quality that of samples colleeted during
periods of heavy run-off than the averages of samples collected at all
times. The underflow of streams, however, like the surface dis-
charges at times of lesser flow, would be intercepted by rescrvoirs,
and these contributions would materially influence the mean quality
of impounded waters. Though the general characters of the respec-
tive waters arc signified by the samples collected, it was not feasible
to undertake the collection of the kind of data that wanld have made
possible compuiations of the mean compositions of any of those
waters on the basis of averages weighted both as to quantity of water
and variations in quality.

Explorations along the upper course of the San Benito River and
its tributaries have pointed to the existence of a number of minor
water sources that carry relatively high concentrations of boron.
Deyarmin spring yields a water with 137 p. p. m. of boron, but a
sample from Stone Canyon inte which the spring discharges contained
only 0.30 p. p. m. of boron. Bulphur Canyon as sampled in May 1936
was very saline and it contained 14.4 p. p. m. of boron. The San
Benito River as sampled in Scptember 1931 at Willow Creek School,
22 miles southeast of Hollister, when the discharge was very low con-
tained 2.73 p. p. m. of boron, and there were relatively high concen-
trations of sodium and sulfate.

GROUND WATERS OF THE HOLLISTER AREA

The ground-water samples were customarily taken after pumps had
been in operation long enough te provide representative samples.
Analyses were sometimes made at the request of property owners
when it was believed that the source of a sample was such that the
information obtained would contribute to an understanding of water-
quality conditions in the arca as o whole. Others of the samples were
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teken with permission of the owners for the purpuse of supplying in-
formation on gréund waters In portions of the valley that would other-
wise not have been represented. The data on well characteristics are
based almost enfirely on the statements of owners. Well depths so
ascerfained, although generally reliable, do not provide information
on the extent to which effective depths have been sltered by sanding
in of casings. The information on the elevation of the water table
and on draw-down when pumps are in operation is likewise based on
the statements of owners or operators,

A detailed chemical analysis is essential to the adequate description
of a water supply, but in an area as large as that embraced by the
Hollister map it is difficult if not impossib%e to visualize the character-
istics of the waters underlying the different sections by mentally
transposing the complex data of tables of analyses and descripticns to
map locations, In this bulletin as in an earhier one (4), an attempt
has been meade to facilitate visualization by placing a three-digit
water-quality symbol on the map at the well location. By this
trinomial each of the waters is characterized with respect to con-
ductance, boron, and percent sodium. A fourth figure that follows
a hyphen provides an index to the depth of the well. Fach classifica-
tion is on the basis of the 1 to 5 scales shown in table 9. A water and
well described by the symbol 1234, for example, has a conductance in
range 1, i. e., 0 fo 25; & boron concentration in range 2, i. e., 0.25 to
0.74 p. p. m.; a percent sodium in range 3, i. e., 40 to 59 percent, and &
depth of the well between 200 and 399 feet. The letter 8 is used
after the hyphen to indicate that the sample represents a surface water.

TABLE 8.—Tndex of waler quality and weli-depth symbols

Caond y .
Kff&,‘;‘;‘g;’é’%_ Boron {p. p. m.) | Percent sodium "apth tfeef)

Bto249_ .. ...
b 3 ta TS
. 75t 149, . A9
Ll 150 to 200 1L o200 ___ ..
30 and above 3.00 and ahove_. .

The analyses of the ground waters of the Hollister area (table 10)
are prouped on the basis of subdivisions corresponding %o ranges,
townships, and sections. Not, all this area is subdivided by the United
States General Land Office surveys, part of it being held on the basis
of old Spanish land-grant descriptions. Property lines so deseribed
are generally shown on the map (fig. 2), but across these boundaries,
ranges and townships are projected by dotted lines connecting with
those established on either side. There is thus set up a uniform
system to coordinates. Well locations are designated on the basis of
section and township throughout, but in the descriptions the state-
ment “location corresponds to” is made in advance of the land office
location when the well is in an unsurveyed section (table 131). Not
infrequently more than one well has been sampled within & section.
In these cases the successive ones after the first are listed by suffixing
a letter to the location number. These letters are shown within
circles on the map.




Tasue 10.—Analyses of quality of irrigation waters of the Hollister area

Quantity per liter of—

. Kx108 Percent
Location No. Depth | 44950 ¢, sodium

HCOs

May 27,1936
Jan, 23,1933
Oct. 14,1931
May 27,1936
May §,1932
June 15,1932

26-118-5E.

"96-118-5E-8_. . 6,1934

g{_{;—ﬁ%—g}é-b Jumz1 4, 1926
~118-5E ... o

Sept. 4, 1934

Nov. 13, 1934
do

oo
o=
=2
=3
=t

v
|
v
i

“May 27,1936
June 26,1936
Oct.

3,1931
May 6,1932
May 23,1932
36-115-5E-d do
36-11S-5E-¢ July §5,1932
. Aug. 25,1932
36-118~5E~{. June 24,1932
36-11S~5E-¢ Nov. 18,1935
31-118-6E__ July 15,1936
May 27,1936
do
May 28,1936
Oct. 22,1931
34-1284E-a Oct. 30,1931
34-128-4E-~b. do
35-128+E . May 28,1936
1-128-5E. May 16,1932
1~128~-5E-a 1\/far(i 18,1933
- 0,
1-125-5E-b. June 7,1932
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Apr. 16,1934

May 23,1935

Apr. 12,1933

‘Oct, 9,1035

May 27,1936
do

N
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~1 =3
crno'f::

9-128-5E _ I SRR« [ S,
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TasLe 10.—Analyses of qualily of irrigation walers of the Hollister area-—Continued

Quantity per liter of—

Labora- Kx10?t Percent
tory No. Location No. Depth {1950, Boron sodium

Q
=

HCOs

S

1010801969000 00 b PO SO R0

24-128~-5E-b...
25-125-5E

03 0080 e
S~
SBRS
G0 s I O G it O B 1 0O I QO
KBCBRRCSBEBIY

bt il al st nd gt ad-
[SY°Y

2.59 5.66
2.09 3.88

38

31-128-5E.
33-12S-5E .
34-125-5E.
35-128~5E. ..
35-128-5E-a.
35-12§-5E-b. .
35-12§-5E~c. 12,1933
36-128-5E.... . 23,1031
36-125-5E-a. d
36-128-5E-b...
36-128-5E-c.
36-128-5E-d.
36-128-5E-¢.
36-125-5E-1,, .
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wese.do

Bept. 22,1932
Sept. 11, 1034
Sept. 0 1032
Oct. 5 1935
May s1,1932
Sept. 23 1931
May 10 1932
June 14 1032
June 12 1932
Aug. 31 1934
June 4 1035

....do . 3 cofans .
18-125—01‘3-8.,. Oct, 90,1034 . 1.15
IQ—IZS—OE-.,...,,. Oct, 7, 1931 1. . 2,2 1.86
May 17,1932 E . 3 . 2 5.70
19-128-6E-a. May 27 1032 |. . - P ORI
19-125-6E-b" July 2 1932 X 3 . 0 8.64
19—12S—<}E—c -do.. . 3 3 . 1.903

Mny 18 1934 R U 3 R [ DR
July 2,1932 2. 5 1.904
Sept. ﬁ 1034
Aug. 1,1032

'
h
*
.

10-1986E g . , .07 | .
10-128-6E-h. ..000 , by

19-128-GE-i.. . 7 . ; “T10.35
19-12§-6E~j .
19-128-6E-k
19-12S-6E-1.;
19-128-6E-m.

30-128-0K .
30-128-6E-n. ...
30-125-0E-b.

36-198°6E-c.. .
30-128~6E-d..
30-128-6E-o0. .
y 4 10'!4
Sept. ]7 1031 {.
June 13 1932
Apr. l 1936
May 28 1036
Sept. 11, 1034
Sept. 21 1931
Aprd 10 1934

Oct. 9,1931
May 28 1936
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See footnotes at end of table,
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TABLE 10.—Analyses of quality of irrigation waters of the Hollister area—Continued

Quantity per liter of—

Location No, Date Depth MKx%LO& Boron Is:féﬁfgf
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TABLE 11,—Descriplions of wells sampled tn Hollister area

Tocation E Symbol

Treseription

5055

505

5052

10670

nda

5125

27-115+4E
16-115-3E

2U-115-5E
i

24-115-5E

25-115~5E.

21-115-5B-a_.____.{

212-5

| 26-118-5E-b.._.....
27-H18-5E. ceumeo..
23-118-5E . .....___
i B-[1S-5E-a. ......

28-115-5E-b. ...

20-118-5E. . ...
3-118-5E . ... ...

H-115-5E

" 35-115-5E. .......

" 35-115-5E-a. . .....

| 35-H18-5E-b.. ..

i
'

i 36-118-5E.... ... ..

L3-S SE-a. ...

454

D.G. Alvernsz. Location cotresponds to NE34, sec. 27, T, I1 8.,
E.4 E. De -, 480 feet. Discharge, 500 gallons per minute,
Well formeriy flowed. Acreage served, 219,

V. Teani. Location corresponds to SWW1, see. 15, T. 11 5., R. 5
E. Sur{ace well,

A, Cabrol. Location corresponds 1o SWi, see. 21, T. 115, R. §
E. Depth, 104 feet; 3-inch casing. Discharge, 300 gallons per
minute. Acreage served, 3.

Geo. E. Hamilton. Location corresponds to NEL, see. 21, 'T. 11
5., R.5E. Depth, 200 fet. Discharge, 100 galions per minute.
Tempersture noroal.  Sulfide odor; very little pas; color smoky.
Domestic well nearby has static lavel of & foet.

E, Sharp. Location corresponds to NWY, see. 21, T. 11 8., R. 5
E. TDepth, 136 feet; strats at 40 to 60 feet, small strata below,
Discharge, 200 gallons per minute.  Acregee setved, 60,

W, I. Hawkins. Location corresponds to 3Wi, sec. 25, 1. 11 S.,

R. 5 E. Depth, 170 feet; Ii-inch casing; Upper perforations, 45
feet; draws down fo 35 leet; statie level, 30 feet, Discharge, 100
%sl!ons per minute. Acreage served, 108. Temperature, 20°

W. A, Maroney. Location corresponds to SEL, see, 25, T. it 8.,
R. 5 E. Depth, 250 fret; 12$och casing; perforated, 130 to 240
fect; strata 45 to 55 feet, 200 to 250 feet.  DMscherge, 430 gailons
per minute. Acreage served, 2.

Resample, Discharge, 100 gallons per minute.

Resample.

Mrs, B, Stevens. Location corresponds to 3E3, sec, 26, T. 11 5.,
R.5E. Depth, 200 feet; (3-inch casing. Discharge, 76 gallons
per minute, Static level, 60 feet, draws down to 50 feet, Sul-
fide odor; gas present; biue color.  Acrease served, 20,

Ed. Murphy. Location corresponds to SW1Z, see. 26, 7. 11 5.,
R.35 E, Depth, 125 feet; {3-Inch casing, upper perforations, 65
feet. Discharge, 550 galions per minute. "Statle level, 40 feet:
dravws down to 48 feef. Acreage scrved, 37,

Dunne tanch. McCann fleld well. Location corresponds to

34, 5e¢.27, T. 118, R.5 E. Depth, 177 feet; I2inch casing.
Discharge, 1,10 gallons per minate.  Staticlevel, 22feet. Acre-
age served, 300,

Faupstine Sequiers. Loeation corresponds to SWi, seg, 28, T.
11 5., B. 3 E. Deptl 90 feet; Xinch easing; windmill pamp;
static level, 25fect. N wdor; mo gas; ¢londy.  Domestic,

Fanstins Sequlera.  Wel. No, 1. Locatfon eorresponds to 5Wig,
soe. 28, T. 11 B, R, § E._ Depth, 103 feet; upper perforations, 53
feet; l-ioch casing. Discharge, 300 gallons per minote.
Statie lavel, 20 feet; drews down to 30 feel.  Acrenge served, 60,
Weil is located 300 yards south of No. 9907,

Faustine Bequiers, Well No. 2. Locatlon corresponds to SWi,
see. 28, T. 118, R.5E, Diepth, 86{ect; not perforated; 10-inch
casing, Dischargs, 25 gallons per minute. Statie level, 18 feet:
drzws down to 20 fect.  Diomestic and stook.  Well lopated 200
yards south of No. 8073.

M. F. Sousa well. Locatioh corresponds to NWI{, sec. 29, T. N
8, R. 5 E. Depth, 150 feet; upper perforations, £ feet; 13-inch
casing. Dscharge, 700 palions per minunte.  Statie level, 8
feet; draws down to €8 feet. Agrésge served, 40,

W, L. Little. Loeation corresponds to SELf, sec. 33, T_ 11 5.,
R. 5 E. Depth, 165 fvet; 13-Inch casing. Discharge, 600 gal-
lons por minnte. Static level, 22 feel; draws down 1o 36 feet.
Acreage served, 36.

Waldo Robnert. Home wel. Location corresponds to NELY,
see. 3, T 115, R.& E. Depth, 115 feet. Discharge, 275 pai-
lons per minute. Totul acreage served by all Rohnert wells,

395,

Walde Robmert. Creen well Location corresponds to SE3,
see. 35, "I‘.ul!I 5. R.5E. Depth,185fect. Discharge, $06gailons
per minute.

Walde Roboert. Well No, 4. Location corresponds to SWI,
sec. 35, T. 11 §, R. 5 E. i4-Inch casing. Discharge, 1,200 gai-
{ons par mrinute.

Geo. Nielson well. Location corresponds to SEL, sec. 35, T.
11 5., B. 5 E. Tlepth, 365 [rol; upper perforstions, 60 feet:
draws down to 74 fect; l6-inch easing. Discharge, 600 zalions
per minute. Static level, 60 feet.  Acreape sorved, 96,

Inck Briggs, Location corresponds to NWI, see. 35, T. 11 S,
R. 5 E. Depth, 119 feet; 13-inch ¢casing. Discharge, 400 gal-
lons per minute. Acreape Sarved, 19

E. E. Porter. Location corespotds to SWig, sec. 36, T, i §.,
R.5E. Acreape served, 50
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Labeo-
ratlory
Neo.

Location

Symbol

Description

6145

B196

6197

1l

6672

[l

10362

10861

LV

774

10785

5120

Eng
511%
10782

6158

TG

e

5285

8506

THO

36-118-5E-b

W~118-6E-¢.

36-115-5E-1

36-118-5E-¢.

4

354

45-5

3323

B. W. Barrett. Location corresponds to W1, sec. 36, T. 11 8.,
.5 E, Drepth, 300 fent; strata, 160, 200, and 280 feet. Dischargs,
650 gallons per minute. Water rather warm. AcTeage served,

T, P. Davis. Loeation corresponds to MW, see. 36, T, 11 §.,
R. 5 E. Depth, 300 feet; 14-Inch casing; up%:r perforations, 50
feet. Discharge, 650 gallons per minute. Draws dewn to 90
[_cat; static lovel, 60 feet. Water zather warm. Acreage sorved,

LN

F. Crsheri. Location corresponds to SW3, see. 36, T. LL 5.,
R.5E. Depth, 490 ect; 12-inch easing.  Discharge, 250 palions
ver minnta, ‘Tempersture, 0° F. Somo gas; clear.  Acrcage
sorved, 38,

B. W. Barrett. Loeation corresponds to SWi{, sec. 36, T. 11
5., R.§E. Dopth, 180 feet; 14-nech casing; upper perforatlons,
WHcet, Acreage served, 70,

R g, after potmonent pumop installation.  Depth, 275 fecl.

118 5E

3G-115-5E-¢

31-118-8E

A-1284E. e

2M1284E. -

F41284E o

34-1254E-n. ...
H-128-4E-b.......
351254E. ...

1-128-5E-8___.-aa.

IS L oo

i-125-5F-¢. ... ...

1-128-5E-t . em e -

221-3

243-4

3432

g3

432-4

4324

3321
2=t
332-2

3414

3324

BXA

355-5

33X~

1 4. 0.

Aines, Location corresponds te SWl, =ec. 36, T. 11 8.,
R. § E._ Depth, 180 feet; upper perforations, 80 feel; thinch
easing. Discharge, 50 gallons per minute. Static lovel, 70
feot; tomperaturo, 58° F.  Acrcoge served, 25,

Mis. 5. H. Stevens. Location eorsespoands to N W, see. 36, T.
11 8., R. 5 E. Depth, 217 feat; upper pecforations, 05 feet; 12-
inchensing. Dlischarge, 400 gallons per minute.  Static level,
45 feet; draws down to 95 feat; water slightly wartn; gas present:
sulfide ader. Clear, Pumped 2% hours before sample.
Aereage served, 40,

John J. Bogan, Location correspends to SWi, see. 31, T, 11
3, 0. 6 E. Depth, W7 feet; 124nch easing.  Discharge, 700
gnllons per minate. * Static level, 57 foet; deaws down to80feet.
Acronge served, 4.

J. Z. Anderson. Miller weil, SEI{, sec. 20, T, 12 5., R. 4 E.
Treptly, 105 feet; upper perforations, B0 fect; &dinch casing,
Discharge, 300 gallons per minute.  Statie level, 80 feet: diaws
down to 50 Jeet.  Aereage served, 120,

T. %, Anderson, Canvon well. SWIJ, 5ec, 20, T, 128, R4 E,
Denth, 180 {eet; upper perforations, 120 faet, 10-loch casing.
Dizeharpe, 120 pnllons per minute.  Static levetl, 40 feet; draws
dawn ta 55 feet. Used [or spraying, garden, and domestle,

Ben Flint, Location correspands tn SE1, see, 27, T 125, R. 4
. Tropth, 200 feet, o water below 190 feet.  Upper perfora-
tions, 100-120 fect; 13-inch casing. Tscharge, & fallons per
minute. Static level, 45 feet; draws down to 70 feet.  Acreagn
served, 83,

Maorse sced farm. Well No. 5. SWhf,see. 34, T. 12 5, R. 4 E.
Tiepth, 202 feat. Discharge, 700 gallons per minute,  Acrenge
served, together with weell MNo. 1, 300,

Morse sced farm. Well Mo, 2. 8WI{, sec. M, T, 125, R4 E,
Diepth, 428 feet, Discharge, 300 gallons per minute.

Marse seed farm, Well No, 1. BWl{, sec. 34, T. 125, H. 4 E,
Trepith, 284 feat. THscharge, 1,000 gallons por mloute.

W, E. Burnett well. Loeation corresponds to SEI, see, 35, T.
12 3., ®. 4 E. Depth, 0 feet; GInch casing.  Domestie well,
with windmill, Statielavel, 55 fect. No otlor, no gas, cloar,

Fred Stevens.  Laeation correshonds te NEL], gee, 1, T 12 8., R
5 E. Dopth, 27 fect, Discharge, 350 gnilons per minute.
Acreage sorved, 10,

Tony Palymhbo, Tocatlon eorresponds to NWI, see. 1, 0. 125,
K. 5 E. Ticpth, 288 fect: upper perforations, 106 feet; 12-lnch
casing. Discharge, 200 wallons per ymimute, Stotic lovel, 43
feat; water cold. Na odor; gas present; color blue. Acreage
gserved, 30, Water pumped 4 heurs before snmple deasn,

Respmple,  Water pumped 1 hout befora samnple drawn.

M. T. Galvin. Location corresponds to WWY, see. 1, T, 12 5,
R. & E. Depth, 200 feet; upper perforations, 50 feet; T4-inch
eading. Discharge, 650 gallona per minute. Drnws down to
52 fept,  Acreapo served, 45,

P, Bozzo. Locatlon corresponds te WWI{, s0e |, T. 125 L5 E,
TDepth, 285 fect; 10-inch casing. Discharge, 63 gallons per min-
nle. St;atic lavel, 55 feat: draws down te 74 feet.  Acteoge
sorved], M.

Robert Grant, Location corresponds to SEl, sec. 1, T. 125, R.
5 E. Tapth, 410 feet; 12-inch cnain%‘ Discharpe, 250 gnllons

r minute. Tempernture, warm. Slight odor; ciotigh gas to
Tocotion corregponds to NEIf, see. 2, T, 125, R,

urn; clear.  Irrigatlon.
Geni?N ielson.
i F.
Whaldo Robnert. Pear pumyp.  Eocation carresponds to MWL,
see. 2, T. 128, R.SE. Depth, 185 feet. Discharge, 700 gallons
er minute.

i
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3324

12-125-5E-b__
12-128-5E-0

13-128-3E-{

13-125-5E-h

TH125-5E-1 ...

13-12B-8B~j....._..

Brown well.  Location eorresponds to N'W, see. 3, T, 12 5., B,
§ E. Sample from southernmost of 2 wells. Depth, 320 fect:
14-ineh casipg. Discharge, 1,000 galions per minute. Statie
level, 10 feet; draws down to 40 feot. 60 fect to pump howl
(western torbine pumyp, 25 horsepower), Irripntes large more-
age of 8ald crops.

i Apnic Hogan estate, Lecation corresponds to NE, see, 8, T,

12 8., B, 5 E. Depth, 185 feet; 14-ineh casing: discharge, 800
gellons per minnte,  Statlelevel, 50 feot: drews down to 85 feet.
Acrespe scrved, 100

i Bedford Lynn, Location corresponds to NW4, see. §, T 12 §.,

R, 5 E. Depth, 150 feat; perforation, holow 100 fect; 13-inch
cesing head, 10-ineh lower cesing.  Discherge, 650 gallons por
minute. Static lavel, 85 feot; draws down 10 to 12 feet.  Arre-
e rerved, BO.

H. Hawkins. Loestion corresponds to S%W1{, sec. 12, T, 12 8., R.
5 E, Depth, 240 fect. Acrenpe served, 72,

Resample. Teken afier pump had beon running severst days.

E. A, Suibiey. Location corresponds to NWY, see. 12, T, 12 B.,
R. 5 E, Acreage served, $0.

Holthouse ranch, Logation corresponds to SEY, sec. 12, T, 12
5., R, 5E. Trepth, 93 feot; acreage served, 170

Jack Eydd. Taocation corresémnds to SWI, see, 12, T_125, R,
SE. Depth, 08fent; 13-inch ensing. Discharge, 500 gollons per
minute. Stetic lovel, 42 faet. Temperature, 63° F.

Rasnmgle.

W. F. Renz, Freltas well. Loeation ecrresponds to SWI, seo.
12, T.125, R.6E. Deapth, 125 feet; upper peiforation, 60 feat;
I2inch casing, Discharpe, 306 gellons per minute. Tempera-
ture, 65° F,

Morse seed_farm. Location corresponds to SWIZ, sec. 13, T, 12
8., R. 8 E. Av abandoned well in souchesst cormer of south
flald, Degth, 200 feet.

Martln Luther, Facation corresponds to NE, see, 13, T. 12 §.,
R. 5 E. Depth, 500 feet. Discharge, 75 gallons per mloute.
Actenga served, 388,

Resnmple.

Do.

Martin Luther, Domestic well. Luration corresponds to NEy,
sec, 13, T.125., R.5E, Driiled to i8dfeet; sanded in to 100 leet .

Martin Luther. Abuandoped well. Location eorresponds o

E}, sec. 13, T, 12 5, R, 5. E. Used unth season of 1931,
Drified in 3920 to 200 leet; sanded into 168 feet; stands st about
5 feet. Ballleg bucket lowered to about 140 feet.

BResample. Pumped 4 hours befora sampling.

Resample. 'This sample taken after cleaning well and installing
rump, Now described as folfows: Celifornin Lands, Inc
Depth 300 feet; upper perforation, 50 feet; 14-inch casing, Dis-
charpe 500 gnilons per minute, Statlelevel, 60 feet: draws down
to 135 feet.  Soms ador; some gus; some color.  Acrenge served,

50,

5. F, Barnet. Location corresponds to SE}, sec. 13, T, 125, R.
SE. Depth, 270 feat; 14-Inch easing.  Discharge, 300 gallons per
minitte.  Acreage servad, 30

TResnmpla.

Morse soed farm.  Well No. 2. Location corresponds to NWig,
ser. 13, T, 1258, B.5 E. Depth, 28 fset. Discharge, 850 gallons

F mnute.  Acraage served, 100
W, A. Blackloek. Lacation corresponds to SEY, sec. 13, T 12 a,,
‘R.5 E. Depth, 98 fret. Discharge, 35 galions per minute,
Acrenge served, 20,

W. A, Pack. Loeation correspunds to SEY, sec. 13, T. 125, R.
SE. Daopth, 320 feet; upper perforations, 5 feet; 12-Inch easing.
Dk.-ghnrge, 300 gnilons per tolnute.  Acrengeserved, 8. Pumps
satd.

Resample. Sample taken ufter wel) had beer runaing for 5 hours.
Statie level spproximately 152 feet. Draw-down approci-
mately 100 feel. Present capocity, 150 gallons per minute.
Well {5 £20 foel dee?. hut Jower 2% foet nra flled with send,

W, A, Pack. Loenilen correspends to SEI, sec. 13, P, 12 3., R.
3 E.  Depth, 270 feet; draws down to 140 feet; static level, 70 feect.
Tempernture, G6° F,

Fraok T, Duncsn.  Locatien cortesponds to NEY, sec. 13, T, 12
8., R.5E. Depth, 22 feet; upper perforations, 80 feet: 10-inch
caslng.  Dlischarge, 25 gallons per miinnte, Siatlelovel, 26 feat;
draws down to 85 feet.  SulMide oder; no gas: bive color, Acre-
nga served, 50, Snmpled after ® hours' ran,

Frank T. Dancan.  Well Ne. 2, Laeation corresponds to NEI,
see, 13, T 12 8., I, 5 E. 306 feet down creek from 8541 (3).
Depth, 200 feet: 10-Inch casing. Statle level, 28 fest, Slight
suifide odor; no gas; clear. Dommestic; has smell pump,
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Wa.
8733 | 13-123-6E-k. ..... 35X—5 | Frank T. Duncan. Abandoned well. Locatiom corresponds to
WEY, sec, 13, T 125, R, 5 E. Depth, 430 feat; static fovel,
60 feet; id4-inch easing. Diseharge, 100 gallons per minute.
Some adar; gas; color, blue, i
B0 | 13-128-5E-1__. . ___ 2544 | Frank T. Dapean. New well, Loecation correspands to NEK,

10302

i
1402

20764

10767 °

164

4914

B563

10763

10685

6143

o284
6670

=1

667
000
7272
8037

6412

sec. 13, T, 128, R, 3 E. Ahout 8 feet from No. 8541 (i}, Sam-
ple bailed from 211-foet stratum.

Resample. Bailed (romm 208-foot stratum. FProbably contains
no water (rom 211-foot, stratum.

Regample, Alter completion. Dopth, 315 feet; upper petfora-
tion, M1 lect; 14-inch casing. Dischnrge, 400 galloos per min-

“utﬂ. Sulfide odor; oo gas; b

13-128-5E-m. ...

! 14-128-58. ... . ...

14-125-5E-8. --..-.}

16-125-5E

17-128-5E,

21-1253-5E

22-125-5E._.. .. —

| 23-125-5E-a

| 22-128-5E-h

22-125-5E-¢

|
25-198-6B e ee,

‘337125 -5E-a..

i
| 2412851

3333

clear.

le.  Well Alled tn fram depth of 315 feet to 240 feot and
putnped 2 hourg heloro sampling,

Resgmpls, This sample wes collected after the collection of
Nn. 5488, and after well No. B541, Jocated 6 fect from this well,
had heen filled in from 215 feet to 180 fect.

W_A. Pagk. New well, Loeation eorresponds to SW, see. 13,
T. 12 8., R. 3 E. Tlepth, 250 feet; perforation, 80 fvet; 12-inch
ersing, Discharpe, 500 gallens per minute. Statie level, 65
fect: draws down to 115 feet.  Tempetature, 66° F.  Noodor; oo
ras; yvellow color.  Acrcape served, 100,

G. Galli. Leeation corresponds to NEY, sec. 14, T. 12 8., R,
5 E. Depth, 400 {fcot. Discharge, 00 gailons per minute.
Aecreage served, 6L

Willinm Hooper. Location corresponds to SEY, see. 14, T. 12
8, .3 E. Depth, 388 feet; npper (erforation, 175 feet; 12-ineh
casing, Discharge, 500 gallons per minugta. Static level, B)
fret; draws down to 130 feet. Mo odor, no gas; yellow eclor.

J. L. Sullivan. Location coitesponds to W, sec. 16, T 128,
R.5E. Depth, 157 feet; 13-inch cosing.  PMscharge, 900 pallons
per minute.  Statie level, 80 fret.  Acreape Served, 71,

David Lundy. Loeation corresponds to N EM, =ee, 17, T, 12 8.,
E. § E. Depth, 211 fects u‘)per parforations, 30 feet; 13%-Inch
onsing.  Dischnrpe, 400 rallans per minoete.  Static lovel, B0
feel.  Treaws down to 100 fect.  Acreace servesd, 5.

Martin Luther, 1d AMiller ranch. Looation corresponds to
SW{, sec, 31, T. 12 5, R. 5 E, Drilied in 1827 to 315 foet;
L4-inch gasing, Statie level, 90 feet.

Resample. Dirseribed as follows: California Lands, Tne,  Drepth,
A5 feed s upper perforations, 50 fret; 14-inch cnsing,  Discharpe,
400 gallons per minute,  Statie level, 06 {eet; drows down ta 145
Tect. Trrieation end domestie. Acreage served, 180,

©W_ A Johnson, Loentipn corresponds to SW1E, see. 22, T, 125,

; Depth, 250 foet; 14-inch easing.  Peroraied below %0
jest. Ddischarge, 475 pallons per minute.  Acrosgeserved, WL

W. A. Johnson and 8. W. White, Locntion corresponds to
EWl{, scc. 22, T. 128, R. 5 E, Depth, 113 feat; 1B-inch casing,
Discharge, 450 pailons per minute, Statie Jevel, 80.5 feet; drws
down to 110 fegt.  Temperature, 85° F. Acronge served, R

Ludd-Laomberti-Hawkins, Loeatioh corresponds to the N'Wig,
see. 22, T, 12 5, R, § E. Discharge, 700 gallons per minute.
MNodraw-down.  Acreags served, 132

W, A, iohpsen. Loeation eorresponds to SWI{, sec. 22, T, 12
8., R.5E, Twpth, 35 feet: upper perforetjons, 00 feet; 14-inch
cosfog, Diseharge, 700 galions per minute. Static level, 84
feet: draws dovwn to 104 feet.

Ray Hawkins. Laeation correspends to W1, sec. 28, 12§,
R.5E. Depth, 287 feet; 4 stratn, 125 to 287 feet, Dischorpe,
BOD pnloos por minhte.  Acrepge served, 25.

Resnmglc.

J. MeClaskey & Inskeap. Loortion corresponds to SEL, seo.
23, T.128., R. 5 E. Diseharge, 7530 gallons per minute, Depth,
186 feet, Temperature, 67° F.  Aereage served, 180,

Califorgin Lands, Ine.  MeCloskey ranch. Locationcorresponds
to BV, see, 24, T. 125, R. 5 E. Depth, 1% eet; 14-inch easlog.
Dischnrge, 400 gallons per mioute.  Staile level, 15 feet; draws
Gown to 153 feet. Acresge served, 150. Temperature, 65° F.

L AE,

.1 Resnmple,

Mrs, Thos, MeCiosker., Locailon correspontis to SW M, sec. 24,
T.12 8., R. 5 E. Depth, 400 fect: perforated at 200 feel (none
below ®E feet); 14-fneh pasing, Dischorpe, 700 galions per
minate, Draws down to 145 feet.  Tewmperature, 70° F.

Resamnle. Dieseribed as: Californis Lands, Ine, (Joas, Me.

$-125-5E-b

3553

Closkey). Depth (sbout) 200 feet. Discherge, M pallons
r minets.  Upper perforations, 40 feet: 14-inch easing.
taticJovel, 30feat. Drawsdown to ilfect. Acreage served,

80,

I.B. Dermody. BEMN,sec. 2, T. 128, R. 5 E. Dupth, 15 feet;
upper pecforntions, 80 feet.  Dilscherge, 330 gallons por minate.
Toemperature, 68° F, Atreape served, 10,

!
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8874 | 25-128-5E. . ... .} Geo. Clemens estate.  Location eprresponds (o N'W, see. 25,
T,125., R. 5 E. Discharge, 300 gallons per minute. Acrenpe
sorved, 40.
Bavs Regomple. Deseribed  as  follows: Californin Lands, Ine,,
{Clemens well). Depth, 284 feet; 14-Inch ensing, Dischoarpe,
200 pallons per minute. Static ieve‘l RO feet; draws down Lo
: 140 feet, Acreape served, 3.
8847 ! 25128 5E-8_ ome a33-3 ! Pefer M. Qross. Location corresponds to Wi, see. 25, T, 12
: 1" 8., R.EE, Depth,230feet, Discharge,450gailons per minute,
i * i .-\cma;:e served, 4.
8968 ¢ 25-128-5E-b 33441 C.J. annnto,.\E corner, SEL,see, 25, T.12 5, R.6E. Depth,
: ¢ 325 feot; upper perfotntinns, 165 feet; 12-inch casing, Discharge,
! 325 gﬂllnus ner minute, Static Tevel, 150 {eet; draws down to
: i _1M0fect. Lrripation pod demestie.  Aercape servod, 6.
26-125-5F_ ____.__. 23— 3 W.J. Campbell, Location coerresponds to SEL;, see. 26, T 12 8,,
BR.&8E. Depth, 136 feet; 10-dnch easing,  PHscharge, 150 gnllons
:  per minate, Acreage st'r\'ed 21.
26-125-5E-B. . ooun 3334 - Ben Rice. Loeation curreqpn‘ndq to NEMX, sec, 3, T, 12 8., R.
i 6 E. Depth, %5 foor; uﬁmer perfnratiuns o Teety 12- inch
b i ' cnsmg Discharge, 450 callong per minufe. Static level, 84
; © fesl, Acreage sorved, 40
26-125-5E-b 3335 | Mrs. Thos. MeDloskey, Trump No, 1. Location corrosponrs
© to NEY, see. 25, T. 12 8., R. 5 E. Depth, 410 foet; upper
])orforatinnq 182 I‘l:et, 14-juch ensing.  Discharge, 800 pallons per
minute. Tiraws down ta 142 fect: bost gravel 257 to 307 fect.

i Temperature, 70° F. Avrenpe served, 110,
H-128-5E-¢. oo A0, (‘cntma} or. Localign corresponds Ln $Wh, sec. 26, T,
12 8., R. 5§ E. Depth, 210 fecl; I3-inch casing. Discharge, 600
fallons per minute.  Acreape surved, 15,

20-125-5E~d R. 0. Hardin, Location corresponds to W, sce. L1258,
! R. 4 BE. Depth, 3M [eer; npper pnrromtinns. i6h I'wt‘ it-inch
easing. T)scharge, ¥ gallons per minute. Siatie lovel, 106

. _ feet: drowsdown to 130 feet,  Acreage served, §a.
L.L.Thomas. Location eorresponds to NW h see. 27, T 125,
. 5 E. Dopth, 14Q feel; perfornted, 78 ta 140 frct' 13-inch
msing Trischnrge, 850 gollons per minute. Acreape served,

i Hollister r,‘ll; water. Locotinn corresponds 1o SEN, see. 27,
T. 12 8., R, 5 E. Depth, 930 fcel: all stratn below 222 fact,
‘Discharge, 950 fect per minute.

- Resample.

Calirornia Lands, Ine. 1. E. Cole well. Loeation corresponds

i toBEY, see. 28, T. 125, R. 5 E. Deplh, 168 feet; upper per-
I'orfll.lum. 40 Fccl. 14-inch casing. 1discharge, 350 gnlluns por
mizntte. QLatlcicxel Sfeetidrawsdown to125feet. Tlomestic
and Irrigation. .\creage :orvcd a5,

Brran Y. Jensen. Tocation cnrrcspnnrls io SEM, soc. 28, T. 12
5., R.5E. Depth, 210 fect; npper perfoeations, 80 feet; 1t-inch
casing.  Discharge, 650 pallons per minute. Statie level, 70
feet. Draws down to 15 feet, Trripation and domestic.
Acreage served, fiS,

Tohn G. Mntulieh. Loeation corresponds to NEM, sec. 20, T,
12 5., R. 5E, Denth, 350 feet: 12inch easing. quolmnzc 300
gallrms per minute, Statie level, 95 feel; draws down to 115
fect. Straia: 1s1, 60 Jeet; 23, 177 fcot: 3{1. 205 feat.  Well run
3 days snd nights helore sampling.  Acreape served, 14.

Resample. Depth, 270 feet. Stalle lerel, 5 feal.  Well hng bren

'pluaged il bottom slnce previous snmrnlm

31-125-5E W, T. Freitns. Logation cnrrcspondsm\‘\\ 14, sec. 21, T. 12 8.,

. 5E, Txepth, 178 leot; 13-inch cusing, mcilnma,.‘%ongnllnns

per minute, Statie jevel, 45 leat; draws down ta 65 feet. Aore-

e served, 200,

33-128-5E ool .. 2 | Wm. Arnnl:l. Loeation corresponds to NW4, seq. 33, T, 108,

R. 5 E. Depth, 35 feet; 12-inch eaging, Discharge. 300 gailons

per minute. Stutle level, 55 fcet; draws down to 67 feel. Sul-

fide odor; oo pns; ¢lenr.  Acreape ser\.'ed 12,

: 293 i Hollister ¢ity witer, Drawn from tap in cit:.'

35128-5E. . B. R. Loofburrow. Lecation corresponds to SR, see, 35, T.
12 8., R. § E. Depth. 207 feot: 6-ineh easing. ‘Dlaolmrqe. 250
gnIIuns per minnte, Tempermture, 69° . Acresge served, 30,

35-123-5E-8 ;] James Bheriffs. Fnterprise pnm ||:u: pinm. Location  corre-

sponds 10 NEM, sce, 3§, T. 12 R. 5 E. Drepth, 213 feet; 13

inch costng. Df';chnr;:e. 00 zallnm rer roinute.  Static level,

132 feet; draws dawn to 142 fest.  Areroace sarved, 132,

35-123-5E-b : Frank Dasuni. Tocation eorresponds ta NW1{, see. 35, T. 12 8.,

! R. 3 E. Dopth, 317 lvol: upper pcrfnratinn'i. 150 feel; 10-inch

ensing, Discharge, 300 wollons per minate. Statie lex el, 100

feel: druws down Lo 106 feet. Aecrenge served, 11

A-128-5E-e ..____.; E. I, Overstreet, Loeation eorresponds to NW, sce. 35, T.

2i 8., R. 5 E. Depth, 250 feet. Discharge, 3 gallong, per

minute,
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Tasre 11.-—Deseripiions of wells sampled in Hollister aree—Continued

Labao-
ratory
No.

Location

Symbot

Dascription

4508

4909

4510

5643

8435

BSOS

0152

10

4918

ize4d

514

5122

5123

6845

6673

10260

6286

4018

a0

8283

8284

el B i) D

BO-128-0E~R. cena__

36-126-$E-b.. .. ..

3-128-5E-¢.caun--

36-125-5Ed_____..

36-128-5E-8.cae_..

36G-128-5E-{_... ..

1255 E-g - mm_aan

0-128-BE.cieeaaaaan

0-128-0E-0cmenr e

G-128-8E-b.o .. ...

T-1283-GE8. ...

T-I286E-b___ .. |

T-125-6E+t) . onees

128-6E-e . ____..

10-128-6E _ . ...__..

18-128-0E. _oeuao_

1B-128-6F-tn ceeen s

1B8-128-0E-h. . ___.] :

18198 GE—. ...

3334
3334
3334
3334
BX—

3dh-5

X2

334-5

1324

223

333

X5

3434

212-3
3643
353~

202-2

212-3

C. Corrole.  lLocation corresponds to WL, sap. 86, T 12 3.,
R. 5, Denth, 305 feet. Discharge, 250 gallons per minate,
Actenpa served, 28,

H, Savenman. Locatlon corresponds Lo SW24, seq, 34, T. 12 5.,
R.55. Depth, 212 feat; 12-inch ensing.  Diischnrpe, 400 galions
per minote,  Acreage served, 65,

¥, Trowbridge. Location corresponds to SWi, sec. 36, T 12 5.,
R. 5 BE. Depth, 205 feat. Tischarge. 250 gallans per mintte,
Acreage served, 10,

P. Qospodnelich, Looatlen coiresponds lo NWY, sec. 35, T
i2 ., B, 5 E. Depth, 230 feet, Discharge, 100 gallons per
mipate. Acreage served, 20,

Jim Sugicka. NIig, sec. 38, T. 128, R. 5 . Deplh, 353 feet.
Static jevel, 80 feet; draws down t0 138 feet. Discharge, 400
eallnns per minnte.

Cecil Bmith, R, SEl, see 38, 7. 125, R. 5 E. Depth, 555
fect; perfornted, 240 to 520 feat; 12-inch eosing, DMschnrre, 200
gaifens per mingte. Static level, 113 feel; daws down to 200
feat. Sniflde odor; containg gas. Whaier Is warm and comes
olit of bilae sund.

S{munevich Brog. Domestic well, NEl4, NEl, sec, 36 T.
123, . 5 B. Depth 18% {eet; I8-lnch casing. Windmill painp,
Static tovel, 120 feet.

J. Simunovich. New well, NEY, NEY, sec. 36, T. 12 8, R,
SE. Depth, 100 fect; upper perforntions, 260 fect; 12-inch casing.
Dischinrge, 250 prlions per minute, Statlelevel, 120 fect; derws
down to 200 feet.  Aerenge served, 20,

Fred Ames, Locrtion corresponds to NWig, sce. 8, T, 12 8,
R.BE, Depth, 200 leet; 12-Inch ¢rsing.  Discharpe, 310 galions
per minute, Draws down to 98 feet. Tempersture, §1° F.
Acreage sorved, 32,

R. C, MfpeLachlnp. Locntion corresponds to SWY, see. 6, T,
125, R.8 E. Daepth, 310 fect; 10-Inch caslng. Discherge, 250
pnllons per minuwle,  Acrenge served, 25,

Robert Gmant. Loegation ¢otresponds to NEM, see. 8, T. 12 8.,
R. 63, Depth, 190 feet; perfornted, 120-165 feet; 12-inch casing.
Dyischarge, 300 gallons per minufe.  Statie leval, 218 fent; drows
down o 120 feet.  Acrenpe served, 100,

Resompde.  Static lewel, 56 fend; draws down to 58 foet,

E. Robbn, Lecation corresponds to $Wig, see. 6, T. 12 8., R. &
E. Doepth, 120 {cot; npper perforations, 100 feek,
300 gailons per minnte,  Acreage sorved, 22,

Jeff Docling. Leeation corresponds to SWi{, see. 7, T, 12 8,
R. 4 E. Depth, 233 el Discharge, 35 gallons per minute,
Acrange served, 490,

Oyden Bres. Location corresponds to 8Wi4, see. 7, T. 12 8., R,
6 E. Depth, 120 feet. THscharge, 500 gallons per minute,
Acreage servid, 30,

Ralpk W, Jenes, Loecation corresponds $o NE)Y, see. 7, T, 12
S., R.6 E. Depth, 16 feed; upper perforations, 90 fect; 12-inch
casing,  Pischarge, 350 pallons per minate, Statie level, 30
feet; draws down to 75 feet,  Acreage served, 40,

E. C, Oberholtzer. TLocntion corresponds fo MW, sec. 7, T,
12 8., R. ¢ B, Depth, 172 iel; upper peclorations, 158 feet;
i12inch easing., Discharge, 250 pgallons per mignte. Static
fovel, 30 foet; draws down to 100 feet. Mo odor; gas pregent:
ofl-enlor.  Acrenge served, 35,

Dan Regan. Lacation corresponds to NWIf, see, 7, T 12 8,
I.6E., Ywepth, R0 feet; I3inch pasing, DMscharge, 650 galions
per minwic,  Acrenge sorved, 100,

Eiton L. Jonos. Lagation corresponds to NEY, see. 7, T, 12 8,
R, 8§ B. Dopth, 200 feet; upper perforations, 173 fest; 0-inch
ensing.  Discharge, 200 gallons per minute.  Static lovel 1K
feet. Sulfde edor; no gas; clonr. Domestic and frrigation.
Acrenge served, 10 .

W. P, Flin{ spring.  Location corresponds to NWY, see. 16, T.
12 8, R. 6 E. Spring in mountain district, Dischnrae, 50
zollons per minute, In dminage hasin of Dos Pienchos Crock,

M. E. Shippy. Locontion corresponds to Wi, sep. I8, T. 12
B., . 0 E. Depth, 155 fect; 13-inch casing, Dischnrge, 150
gnllons pet minute,  Acreape served, 33,

T. Boravich, Laocstion coryesponds to 5Wi, see, 18, T. 12 8,
. ¢ E, Acroage served,

Gen, 4. Jarvis. Loostion corresponds to WEM, see, 18, T, 12 8.,
R. § E. Depth, 90 feet; upper perforations, 55 feet; 10-inch
easing. Dischrrga, 5 gn'!ions ner minute,  Stntic lowel, 45 tn
50 feat, Tempetature, 845° F. Acrcage served, 20,

A, M, Inrvis. Locatinn corresponds te SEX, see. 18, T. 12 8.,
R. 6 E. Depih, 125 feet; upper perforatlons, 45 fect: 10-inch
casing, Drischarge, 25 golions per minupte, Biatie lovel, 45 to
5 fect, Acreage served, 20,

Discharge,
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TasLE 11— Descrintions of wells sampled in Hollisler area—Continued

Laha-
atory
No.

Loentlon

Zymhol

Description

o2

18-125-6E-d

18-128-6E-¢

15-125-8E-g

18-123-6E._..._...

19-128-6E

18-123-6E-k
Ip-125-6E-]

18-123-6E-m.......

19-129-8E-_____..!
I-128-8E-f. ____..

232-4

Antone Arperich, Locatlon corresponds to SWi, sce, 18, T, 12
8., R.6 E. Dopth, 200 feat; upper perforntions, 80 feet; 12-inch
casing. Disgharge, 300 gallons per minute. Statie level, 52
Ieet; draws down to 80 feet. Domestic and Irrigation, Acre-
ape served, 10

P. Qospodnetich, Well Mo, 2, Loceatlon corresponds to SWig,
see. 18. T. 12 8., R. § E. 100 yards northwest of Well Na. 1
(Mo, 9H0Y, Depth, 130 feet; upper pecforations, 50 feet; 13-inch
casing. DMscharge, 250 gallons per minuite. Statle level, &0
feet; draws down to 75 feet.  Acreage served, 20

P. Gaspodnetich. Well No. 1, Locstion corresponds to SWif,
se¢, 18, T. 12 8., R. 6 E. 100 yards southeast of Well No. 2
{No. 0H1). Depth. 142 feet; upper perforatiens, 60 feot; draws
down to 67 feet; 13-inch casing. TMseharge, 300 gallons per
minute, Slatie level, 55 feet. Sulfide odor; no gas; clear.
Acreape served, 20,

Frank Bozzo. Loeation corresponds to N'Wi, sec. 18, T, 12 8.,
R.EE. Depth, 92 fect; upper perforntions, B) faot; 13-inch cag-
ing. Discharge, 250 gallons per minuate, Stalic levol, 43 feet;
draws down to 56 feet.  Acreage served, 22,

George Stickler, Location corresponds to NEl, see. 10, T, 12
8, R. 6 E. _Depth, 250 fect; perforated, 9 feet, 95 feet, 225 feet,
238 feei. Discharge, 400 pallons per minute. This sampls
tnkcndafé.gr pump had been nminning about § minutes.  Acreaga
served, 32,

Sample taken after pump had been tuoning for
about 3 hours,

I. L. Hailer. EM, 3E!, sec. 19, T. 12 8., R. 8 E. 'This Is on
old well whish is partly sanded up,  Acrengs served, 40.

W, E. Dermody. Lacation corresponds to N'Wi4, see, 19, T.
12 3, K. § E. Depth, 300 feet; upper perforations, 80 feet,
Discharge, 40¢ zallons per minnte. 'Femperature, 70° F,
Acrenge served, 30.

1. E. Dermody.  Lacation cortesponds to NELS, sec. 18, T, 12 8.,
. 6 E. Depth, 150 {eet; upper perforations, 80 feet. Discharpe,
}g{l gailons per minnte. Temperature, 08° F,  Acreage served,

Resample. Samplad after well had been runoing 4 weeks.
Drows down to 90 fest.

Gep. Gedd. Lacation corresponds to NE3, see. 18, T, 12 8.,
R.6E, Depth,113feet; upper perforations, G0feet, Dlscharge,
200 gallons per mioute,  Acreage served, 35,

Hesample. Deseribed as fellows: Crlifornia Lands, Ine., E. E.
Gadd well. Depth, 110 feet: upper perforations, 50 fect; 14-lnch
casing, Discharge, 200 pallons per minnte. Statie levol, 50
feat; céragsdnwn to 3ifoet.  Domestic and irrlgation.  Acreage
served, 23,

F. Parker. EM, SE}, see. 19, T. 12 8., R, 6 E. Depth, 400

feet,

Chas. Spndlore.  SWK,5Wi4, see. 14, T. 125,, R. 6 E. Depth,
19] {eet: ipper perforations, 60 foot; 1%-inch casing.  Discharpe,
200 pallons per minite,  Btatlc level, 80 feet; deaws down to 170
feet. Slight sulfide ador; ne gas.  Temperature, 68° F. Acre-
age served, 100,

Resample, Taken after & weeks of use,

I. L. Haller. SEl,SEM, sec. 10, T. 12 8., R. 6 E. Depth, &0
feat, New well being drilled,

I. L. Haller.  SEN.BEY, sec. 19, T 128, B, 6 E. About 50
fect morth of No. 7419. Dup well, about 85 feet deep; water
from 58- to 65-foot devel, Discharge, 80 gallons per minute.

I. T Cardoza,  SWILSW4, sec. 10, T\ 12 5., H. 8 E, Sanded
in to & depth of 143 fect; static lovel, 90 feet.  Discharge, 10 gal-
Jons per minute. Abandonnd except: for & small pumyp that has
bean installed in place of the former largn one.

Geo. Stlckler. Location correspouds to NE, sce. 19, T. 12 5.,
R. 6 E, Depth, 12 feet; npmer perforations, 60 foot; 10-fnch
casing. Discharpe, 60 pallons per minute.  Statie lovel, 60 foct;
draws down to 108 fest.  Arcrenge served, 28,

Joe Marcells. Laocation eorresponds to NW1, see. 19, T. 12 8,,
H. 8 E, Depth, I70 fect; upper perforations, 80 fect; 10-inch

casing.

Mrs. F. Maxwell, Domestle well.  NW,SWY, sep, 10, T.
128, R, 6 E  Depth, 100 fect; 13-inch casing,  Discharge, 33
gallons per minute.

H, L. Wilkinson., Loeatlon corresponds to NW, sec. 19, T,
123, .46 E, 'De[!lth, 500 feet; I4-inch caslng.  Statle lovel,
65 fcot, SBome solflde ndor and pas,  Acreage served, 20,

Resample.  Discharge, 150 pallons per mioute.
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TABLE 11.-~Descriptions of wells sampled in Hollister area—Continued

Laho-
ratory
No.

Laeation

Srmhbol

Description

8608

52

10775

HT80

19779

C. H, Moron, Near center, SWi{, sec. 30, 'T. 12 8., R. 6 E.
Depth, 400 feet; upper perforaflons, 246 feet; 12-imch caslng,
Discharge, 225 gallons per minute. Statlolevel, 00 feet. Slight
sulfds odor; no gas; oo color.  Water, warm, Arreago served,

5. a

Chas. Spadfore.  NWI{L,NWI{, sce. 30, T.128, R.6 E, Depth,
190 fect; upper herforations, 80 feet; I4-Inch ensing, Discharge,
35 pallops per minnte, Static level, 10 feet. Temperatura,
° F. Domestle.

8am Matullch ond Fred Paullus. NWIZ,8WY, see. 30, T. 125,
R. 8 E. Depth, 370 feel; upper perforatlons, 150 feet; I0-inch
casing, DHscharge, 300 gallens per minute, Btatic fevel, 124
feet.  Acresge served, 85,

Resample,. Well cleaned out te 270 feet; statle level, 100 foot;
draws down to 200 fect,

John Guldinger. NE, 5Wi{, sec. 30, P. 125, R.6 &, Depth,
210 feet; 20-nch casing, Discharge, 100 gailons por mivire
Domestic.

John Quidinger, Jr. NE}{, 8Wi{, see. 30, T. 12 8., R, 6 E.
Adincent to No. 8552, Tlepth, 200 fect; i0-inch easing. Dis-
charge, 12 pulions per minute. Statle lovel, 100 foet. Domestic
and irrigation. Acresge served, 15.

Joo_ Lozaneo. 8SW3{,3%W3, sec. 30, T, IZ28, R. 8 E TDTapth,
350 feet; upper perforations, 180 feet: 10-inch casing. Plseharge,
50 pallons per ‘minute. Static level, 135 foet; draws down to
170 feat. Irripatlon and domestic. Acrenge served, 15.

R. Farr. BWi{,BE},sec. 30, T, 128, R. 6 E. Drepth, 370 ooty
toch caslog. Dfschargc, 0 gellons per minute, Statfe
lavel, 24 feet, Suifide odor; me ges; ciesr, Well run 2 dnys
beforo taking sample. Acremgs served, 9.

Samarkand raneh, Loeatlon corresponds to N'W 3, sce. 34, T.
i28., R.8E, Acrcago served, 132,

Cayl Sgrher. Locatlon corresponds to NWUY, see. 34, T. 12 8.,
R.8Z  Depth, 130 feot; 12-inch casing. Discharge, 300 gailons
per minute,  Staticlevel, 30 feet; draws down to 75 feet, | Tem-
perature, 72° F,

Ferry-Morse S8eed Co, Locetion cerrespends to NWHM, sec. 2,
T.138, R.4 E. Dapth, 450 fest; upper perforations, 90 feot:
1-inch easing, DMscharge, 1,200 gallons per minute. Stntic
level, 51 feet; draws down to 80 fect. Water addy,  Acregge
served, 450,  Run 48 honurs before sampling,

Mrs. Lokis Pacatt!, NEM, sec. 4, T, 13 8., R. ¢ E. Dropth, 80
feet; &inch caslop; 30-foot pt. Discharge, 160 ratlons per mla-
ute. Domestle aod irrigstion, Acreage served, 5,

Harry M, Daggett. Locatlon corresponds o SWY, see. 1, T. 13
8. R. § E, Dopth, 278 fect; 12-fnch casing. Diischarge, 200
gallons per minute,  Btntle Ievel, 120 feet; draws dowrn to 18D
foat. ater coming from 260-foot gravel.

F, L. Barnhisel. Locatfon corresponds to SE M, see. 2, T. 138,
R.5E. Acrosga served, 43,

F. I.. Barnhisel. Loration corresponds to 8E;, 3en. 2, T 13 8,,
R. 5 E. Depth, 125 feet; upper porforations, 5t feet: 13-ineh
coslng, Discharge, 600 gallons per minute, Statle loval, 72
feet: draws dows to 82 feet. Acreage served, 142,

Carl L, Ladd. Location corresponds to 8Wi4, see. 2, T.138,
R. 5 E. De?]th, 254 feot; upper perforations, 85 feet: 12-4nch
casing, Dischnrpe, 600 gallons per minute. Statie level, 75
fect; draws down to 85 feot. Asrage served, 150,

Otto Schultz.  Lacation corresponds ta §Wis, sce. 3, T, 13 8., R,
5 E. 135 feet of 13-inch caslng; perforations sll ot bottom, Dis.
charge, £00 pallons per minuta.

Luigi Presseude.  Loestion corresponds to SE, see. 3T 138,
R. i E. Depth, 120 teet. Discharge, 400 galions per minute,
Acrenga served, 40,

H. T. Schultz. Locatlon corresponds to Wi, sec. 3, °F. 138,
R.6E, Depth, 160 feet; 12-Inch casing. Discharge, 500 golions
per minute, Static lovel, 70 fect.  Acreage served, 10

Tranborg & Johnson. Locatlon corresponds to NE, see. 10, T.
i3 8., R. 5 E. Depth, 150 feet; upper poerforations, 100 feel:
l-inch casing, Diseharge, 500 pallons per minute. Statle
Javel, 112 {eot; draws down to 118 feet. Acrespe served, 60,

W, 0. Mnthows. Locatlon corrosponds to SE3, see. 11, T 13
5., R. 5 B. Domestic and rrigntinn. ~ Acreage served, 18,

Cowden Ranch Co. Location eorresponds to 8W 34, see. i, T.
13 8, R. § E. Diepth, 208 feet; 14-inch caslng.  Discherge, 300
galions per minute, Jintle leved, 50 foot; no draw-down.,  Acra-
rgo sorved, 80, A water stratum at 150 foat.

Mra, Gracs Kay. Location corresponds te W3, see, 11, T, 13

- R. 5 E. Daopth, 225 feot; 12-inch easing,” Discharge, 300
zahnns per minute.  Statle lovel, 0 foot: very ity Araw-down,
Bulfido odor] very little gas; clear.  Acrosge served, 90,
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TasLE 11,—Descriptions of wells sampled in Hollister area—Continued

Labo-
ruénrr Locatien Symbel Description
Ma.

Claude Sharp. Near center E34,9E}, 50,13, T. 138, R. 5 E
Dopth, probably 142 leet; casing perforated at sirata below
72 {eet. Discharge, % galons per minute. Acreage Sérved, 22

27-135-5E e Cassle Crow, ground water. Location corresponds to SWiH,

sec, 27, T, 13 5., R, 5. E, Al point where Bird CreeR emerges

[tore catiyon and crosses rond sbove Vineyard School. Depth,

8 fect. Water stands st depth of 3 te 10 feet, and this sample

was taken from a ditg hole in the pround.

27135-5E-8 Caszls Crow, ground water. Locatlon cortesponds fo SWi,
sec. 27, T. 138, R. 5 E. At a point where Bird Croek emerges
from: canyon and crosses road abore Vineyard School.  Depth,
3G feel; upper perforations, 22 to 30 {eet; 12-9och casing.  Static
Eevlel,t-ii feel; draws down fo 16 fert. Dlomestic and emergency
rrlgatfon.

Ladd spring, near Samte Ana Creek. NWI, NW, see. 5, T.
i35, R.6E. Used forstock. Discharge, 5 gallons per minute.

E. I Anderson. NEM,5W{, sec. 7, T. 138, R. 86 E. Dopth,
260 fert. Water becomes wanm alter a few minotes pamplpg.
5o lnoger used for Urigation.

J.E. Apnand well. NBNEM, see. ¥, T. 135, R.8 E. Depth,
150 feet; t3.Inch casing. Discharpe, 50 gailons per minute.
Staticlevel, 78 feet. Irmigation and domestic.

Juiius Jessen. NEIf, seg, 20, T. 13 8, B. § E. Depth, 65 feat.
Discharge, 150 gallong per minue. Acreage sefved, 10,

W. E. Parker, Jr. SWi{,500.21, T.13 5., R. 5 E, Dopth, 160
feet. Discharge, 300 gatlons per minute. .

Paicipesgrchards. eorge Sykes, owner, Location corresponds
to SE}{, see. 11, T. 14 5., R. 6 E. Depth, % {eet.

Hoie]l orehard weil. CGeorpe Sykes, owper. SWif, sep, 12, T.
145, H.6 E. Depth, 375 fest; upper perfarations, 37 feel; 2-
ineh  easing, Discharce 1,450 H per micute. Statie
layvel, 37 feet; drewn down to 90 lfeet. Temperaturs, 57° F,
Acreage served, 210,

35-148-68_ ... _.| Cugean orchard pump. Geo. Svkes, owper. NEI{, sec. 35,

T, 14 8., R, 6 E. Depth, 553 feet; X-inch casing. THseharge,

3,500 gatons per minute. Statle level, M feel; draws down to

5 feet. Temperature, 46.5° F. Acreape served, 350.

H1E8-TE o R. L. Matthews. Near center sec. §, T. 155, R. 7 E. Dz
well 35 feat devn. A

Antejope patmol statlen P. G. E. W, ceptersec. 7, T. 13 8., R.
9 E. Depth, 150 feet—Ary hole 30 feet. Windmlil pump.

Earle C. Fancherreoeh, NEM,see. 7, T.1535., R.9E. Depth,
85 feet; static level, 20 feet. Discharge, about 2 gsllons per
miguts from windmill, Domestie, livestock, sod srosllamount
of irrigation,

Discussiox oF Borox CONCENTRATIONS

The occurrence of concentrations of boron in excess of 1.5 p. p. m.
in the ground waters underlying the Hollister area is for the most
part limited to a strip of land in the eastern portion of the valley.
This band extends northward from the mouth of Santa Ana Creek
for a distance of about 6 miles, ending near Avsaymas School, which
is approximately midway between the mouth of Arroye de Las Viboras
and the right-hand bend in Pacheco Creek. This area in which es-
pecially high concentrations of boron have been found is of irregular
shape, varying in width from & few hundred feet te & mile or more.
The ares can be followed in figure 2 on the basis of the middle fizure
of the water-quality trinomial, concentrations of boron in exeess of
1.5 and 3 p. p. m. being designated by the numersls 4 and 3,
respectively.

Your weﬁs were sampled near the roouth of Arroyo Dos Picachos,
east and north of Fairview School, which contained, like the creek
itself, less than 0.25 p. p. m. of boron. Two wells produced waters
with between 0.25 and (.75 p. p. m.; otherwise all of the wells sampled
east of the high-boron band produced waters with from 0.75 to 3.0
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p- p. m. of boron. Immediately west of the high-boron band there
are & few wells that contained between 1.50 and 3.0 p. p. m. of boron,
but generally concentrations below 1.5 p. p. m. are represented.

Wells in the northeast portion of the ares in the vieinity of Pacheco
Creek, with three exceptions, produced waters with boron concentra-
tions between 0.25 and 0.75 p. p. m.

Bouth and westward from Hollister along the San Benito River, in
the immediate vicinity of Hollister and northwestward toward and in
the Bolsa, the ground waters, with very few exceptions, contained
between (.75 and 1.50 p. p. m. of boren, the former concentration
being approached more frequently then the latter. This range of
concentrations 1s represented by numeral 3 2s the middle figure of the
trinomial. '

A well in the upper delta of S8an Juan Creek, like water from the
creek itself, carried less than 0.25 p. p. m. of boron.

Ladd’s spring, which discharges in the bed of Santa Ana Creek,
contained 5.12 p. p. m. of boron in December 1935, and the creek
itself during a period of storm run-off in February 1938 had 0.46 p. P.
m. These waters were also relatively high in chloride.

A sample collected from a well at loeation 19-125-6E after the well
had operated for 5 minutes contained 0.96 p. p. m. of boron. Several
months later when the well was resarapled after 6 hours’ pumping
15.9 p. p. m. of boron were found. This well was 250 feet in depth,
A nearby well drilled to a depth of 120 feet on the bank of an aTTOYO,
19-128-6E~}, contained 0.18 p. p. m. of boron. These and other
observations have indicated that the water in the upper strata is exten.
sively replenished by storm run-off. A further comparison of the
quality of ground waters encountered at the successive depths in the
Fairview School area during drilling is sfforded by the samples col-
lected from the well at location 13-128-5E~1, where it was found
that the upper strata yielded water with less boron than did the lower
strata. Where the hydrostatic pressures existing in deep high-boron
strata have exceeded those in overlying aquifers, an extensive move-
ment of water from one to the other through easing perforations has
sometimes been indicated.

Discussion oF CHLORIDE CONCENTRATIONS

The ground waters adjecent to the San Benito River and those
underlying the portion of the valley that extends northwestward from
the river through Hollister were found to have chloride concentrations
ranging from slightly more than 2 m. e. to less than 4. In fact, ap-
proximately one-half of all the waters sampled in the ares as & whole
fall m this range. Only rarely can significant chloride injury be
expected to result from such waters when used on well-drained recent,
alluvial soils under rainfall conditions such as prevail in the Hollister
area. Approximately one-quarter of all of the waters sarmpled con-
tained less than 2 m. e. of chloride; 20 percent of the waters of the
ares contained from 4 to 10 m. e. of chioride; and 7 percent in excess
of 10 m. e. Nearly all of the high-boron well waters along the east
side of the vealley were also high in chloride. Few wells with more
than 2 p. p. m. of boron contained less than 4 m. e. of chloride. Soms
other wells in this locsality that had little boron carried substantial
concentrations of chioride. It is worthy of special mention thet the
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wells in section 30, T. 12 S., R. 6 E., near the mouth of Santa Ansa
Creek, all contained between 5.74 and 15.30 m. e. of chloride, and high
chloride concentrations were sometimes found in the two sections,
18 and 19, to the north. Santa Ana Creek as sampled during heavy
run-off carried 0.90 m. e. of chioride, which is higher than the con-
centrations found in the other streams during flood periods. Ledd’s
spring on Sante Ana Creek contained 17.42 m. e. of chioride.

Several of the nine wells sampled in sections 6 and 7 between Dos
Picachos and Las Viboras Creeks carried less than 1 m. e. of chloride
and only one had mure than 2.11 m. e. This latter was a deep well
with 4.40 m. e. of chioride and 7.58 p. p. m. of boron.

There has been considerable conjecture as to the source of the boron
and chloride in the waters of & group of wells in section 36, T. 11 s,
R. 5 E., between Pachecc and Las Viboras Creeks. During the drilling
of the well at location e in this scetion & sample with 0.94 p. p. m. of
boron and 3.55 m. ¢. chloride was bailed when the depth was 180 feet;
ab 275 feet o pumped sample contained 3.32 p.p. m, of boron and 10.15
m. e. of chloride. 'The logs of this well and of the well d, about 100
feet mway, were dissimilar, indicating abrupt changes in formation
probably associated with earth movements. The waters from the
wells at & and e are notably similar.

Discussion oF SULFATE CONCENTRATIONS

There is & marked diversity in the concentrations of sulfate in the
ound waters in the various portions of the Hollister ares. This fact
is brought out by the analyses reported in table 10. The relations in
this regard are graphically presented in figure 3 where it may be ob-

served that many waters, particularly some of those along the east
side of the valley, are notably low in suifate. For the valley as a whole,
41 percent of the wells sampled showed sulfate concentrations below
1 m. e. per liter, 27 percent had between 1 and 4 m. e., 28 percent
between 4 and 8 m. 6., and 4 percent between 8 and 12 m. &. There
were none with more than 12 m. e. It is clear from these findings that
only exceptionally can sulfate be regarded as a dominant toxic constit-
uent in the ground waters of the Hollister srea. In this respect these
cosstal mountain ground waters sre demarked from those on the
opposite side of the Diablo Range in the Sun Joaquin Valley (5).

SOURCE OF GROUND WATERS AND ORIGIN OF BORON

Substantial evidence on the sources of the ground water in the sev-
eral sections of the Hollister area is afforded by the chemical analyses.
Most, indicative in this regard are the sulfate concentrations taken in
conjunction with the sum of the anions—carbonate, bicarbonate,
sulfate, chloride, and nitrate. In figure 3 the sum of the anions and
the sulfate concentrations, respectively, have been shown by the total
height and height of shaded portions of columns at the locations of
each of the weils for which complete analyses were made. The
concentration of boron is designated by s numeral at the side of each
of these columns, and on & similar 1 to 5 scale the depth of the well
is designated by a numersal at the base of each column. The depth
of & well has a greater significance as a limiting value than gs an index
to the depth ogrt-he most imporsant aquifers which contribute to the
discharge.
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The ground waters adjacent to San Benito River, those in the viein-
ity of Hollister, and those northwestward through the floor of the
valley possess similar chemical characteristics, and in conformity with
geophysical evidence it seems certain that they have a common source,
They are distinet from the waters entering the valley from the east
but similer to waters of the San Benito River. The direction of move-
ment of ground waters is customarily af right angles to the contour
lines representing the elevation of the ground water. It is to be noted
that the angle of decline of the water plane is greater from the San
" Benito River across Hollister and northwestward than it is along the
present channel of the stream south and west of Lomerias Muertas
(hills). The boron coneentrations, total salinity, and the eoncentra-
tions of constituents, such as chloride and sulfate, tend to be similarly
reluted in the waters of San Benito River and the ground waters in this
portion of the valley. The boron concentrations not only tend to con-
firm the preceding conclusion as to the source of the ground waters
but they provide important evidence that the deep alluvial materia]
In this section of the valley also originated in the San Benito-Tres
Pinos watershed. Boron is extensively fixed by soil and fine-textured
alluvial materials, and, because of the equilibrium effects, to be dis-
cussed in the section on the behavior of boron in soil {(p. 45), important
changes in the boron concentrations of slowly moving or stagnant
ground waters take place only slowly.

The ground waters in the vicinity of Pacheco Creek and along the
east, sidge of the valley are variable as regards the sum of anions, but

they are similar to one another and to the waters of Pacheco, Las
Viboras, Dos Picachos, and Santa Ana Creeks in that the sulfate
concentrations are generally, though not always, low. This fact ns

well as the elevation and slope of the water plane support the idea of
origin and recharge from the streams mentioned. The boron coneen-
trations in some of the wells near Pacheco Creek north of Ausaymas
School and under the strip of land extending southeastward toward
the mouth of Santa Ana Creek necessitate the view that these waters,
if of the same origin as those on either side, have accumulated boron
after entering the ground.

Lacustrine conditions have undoubtedly existed at various times
during thie building up of the valley floor, and there is evidence that the
aren has becn occupied one or more times by an arm of the sea. The
fine sediments now present on the surface of much of the northwest
portion of the valley floor are an indication that San F elipe Lake at
one time occupied much of the Bolsa. Should a body of water evapo-
rate, perhaps after isolation as by changes in stream courses, salines
would crystallize out. Some of the boron compounds, particularly
the silicates, are only slightly soluble, and extensive fxation of boron
by lake-bed sediments would occur. Under subsequent conditions of
water movement through lake-bed materials, either while on the sur-
face or after having been buried by later deposits, the more soluble
salt constituents such as chioride and sulfate would be leached away.
But boron fixed in forms of low solubility would remain much longer
to gradually come into solution in the waters with which these ma-
terials were in contact. In many situations an explanation such as this
probably acecounts for the boron contamination of ground waters.
Another explanation, to be discussed in the next scction, for the oc-
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currence of boron in the comparatively narrow and irregular strip of
land across the east side of the valley seems more probable.

CeemMical EVIDENCE oF AN UncmanTED FaurT ZoNE

‘A number of characteristics of this high-boron area point to the
existence of a previously uncharted fault zone (71, 14) extending in
& porthwesterly direction through the sharp bend ifi Santa Ana
Creek near Ladd’s spring, past Fairview School, and slightly esst of
Ausaymas School, to the eastern escarpment of the hills lying to the
west of the little valley through which Pacheco Creek enters the
Hollister Valley. On the basis of the chemical analyses of the ground
waters this fault is probably not represented by a single line of frac-
ture but rather by a zone cross-fractured at places for a mile or more
in width.

The waters of hot springs, like the warm or hot waters obtained
from wells, are in some cases brought into the upper horizons of the
earth from great depths. More commonly, however, they are waters
that are heated by hot gaseous emanations whieh find an outlet through
the fissures resulting from earth movements. Voleanic vapors ma
contain steam, sulfur, ammonium salts, chloride, and fluorides as weﬁ
as boron compounds. The waters of hot springs sometimes contain
low concentrations of boron, bitt typically they are in excess of 1 p. p.
m. and in some instances more than 100 p. p. m. have been found,
There is similarly a tendency toward high concentrations of boron
in hot or warm waters from wells, since the cause of such occurrence
is not different from that in springs.

The association of high temperature with boron concentrations
regarded as high from the standpoint of effects on plants is not an
essential one. This is so since the activity that once caused the
emissions from fumaroles or other deep-seated openings from the
lower earth may have long since died away. By reason of large quan-
fities of boron having been injected into and fixed by alluvial or other
materials through which vapors or waters passed, conditions such as
those outlined in the discussion of lacustrine deposits may have been
created. Boron from any source tha? is fixed by alluvial material is
subject to dissolution in the waters that later come in contact with it.

Ladd’s spring, which is cold, produces & water containing 5.12
g. p. m. of boron, and in this locality or elsewhere along its course

anta Ana Creek picks up enough boron to produce higher concentra-
tions (0.46 p. p. m.) than the others of the east-side streams during
similar heavy run-off. A well on the former Luther property near
Fairview School produced a warm water with sulfide odor, but this
well, the water of which was observed to be deleterious to crops, was
filled in before boron had been shown to be one of the causes of failure of
irrigated lands in the Southwest. A later well drilled a few hundred
yards away on the same property produced a cool water containing
i one sample 18.2 p. p. m. of boron,

The fact that waters high in boron were found in a group of wells
northeast of Ausaymas School near Pacheco Creek has herotofore been
difficuls to explain. ‘These wells, however, areseen to lie {(fig. 3) in the
same northwest-southeast band as the high-boron wells to the south.

Evidence of a southeasterly extension of this fault is afforded by
the finding that about 1 mile south of the bend in Santa Ana Creek
there is a 150-foot well (7—135-6E-a) which produces water contain-
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ing 2.70 p. p. m. of boron. This well lies about 1,000 feet west of the
center of the fault zone as projected. Farther to the south in the
same section there is a 260-foot well on the Anderson property which
produces hot water with 5.99 p. p. m. of boron. This latter well is
about a half mile west of the fault. The several analyses of ground
waters in Banta Ana Valley east of Ladd’s spring have shown boron
concentrations below 1 p. p. m.

The fault zone here projected on the basis of chemical analyses of
ground waters parallels the Hayward fault, which crosses the valley
just east of Hollister passing through the San. Felipe Lake depression.
The fact that irregularities oceur in boron concentrations in the well
waters through this faulted zone is to be expected rather than other-
wise. Differences in proximity to a source of present or past activity,
in the extent of the activity, in the communicating aquifers, and in
water movement, as well as in the refative yield of water from high-
and low-boren aquifers, are all involved. It has been previously
noted (p. 38) that in this section water encountered in the upper water-
bearing strats commonly contained less boron than that from deeper
strata. The fact that the deep aguifers contain more boron than those
pear the surface might indieate either that the friable alluvial forma-
tiong overlying vents of fissures impeded the upward movement of
boron-carrying waters and gases or that the upper sediments have been
deposited since the time of the carth movements. An obstacle to the
latter conclusion is the fact that abrupt discontinuities were observed
in the gravels and sediments in the logs of two adjacent wells in the
high-boron area.

Lowering of water levels as a result of pumping to meet the demands
of the recent irrigation development must result in an increased water
movement. Whether there will be o tendency for the area of boron
contamination to extend itself westward cannot be antieipated. It
would seem, nevertheless, that such extension would probably be
slow and that water movement might be most rapid in the upper strata
which in some instances have proved to be low in baren.

A movement of the deeper high-boron waters upward through well
casings and out into the upper aquifers has been demonstrated in one
instance. The water in that well, 12-1256E, as sampled 180 feet
below the surface, was noticeably warm and had a distinct sulfide odor
and a boron content of 9.65 p. p. m. As sampled from a stratum at o
higher elevation after blocking the casing below the perforations, the
weter was much cooler, but the boron content was changed but little,

Bonon, CHLorIDE, CONDUCTANCE, WELL DEPTH, AND OTHER
CORRELATIONS

There are presented in this section the results of examinations of the
chemical analyses of ground waters for evidence of interrelations
between certain water characteristics and the depths of wells. In pre-
senting tables 12 and 13 it is desirable to point out that each table
embraces all wells, irrespective of location, for which the two values
correlated were available. Each correlation accordingly is a general
one for the area as a whole without regard to the diverse or particular
conditions that may have prevailed in one or more sections, More
wells are sampled in some portions of the area than in others and the
magnitwies of the velues are influenced accordingly. The correlations
are made on the basis of the ranges in concentrations, percentages, and
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dz}aths presented in table 9 rather than on the basis of the actual
values.

TaBLE 12 —Frequency table between well depths and water characterisiics !

Wells with water {n horan classes? Indicated—

Rangs of depth
2 3 4 5 Taotnl

Number | Number | Nuwber | Number | Nuntber | Number
2 1. 4

§ 1] 3 1
1
|

3

27 . G
37, 12
Boeeneemmeman } Ll

1 a9

15 : i
g

144 "4:[ 24: |

with water of conductanco classes 1 indicated—

15%

1 Qaleulated correlation coefficients: Boron r=0.20::0.051; conductance r==0.080.053; pereent sodium
r=0.39=0.070.
1 For class rapge, see table &, p. 23,

'TABLE 18, —Frequency toble between eonductances and waler characteristics !

Wiells with water in boron classes * indicated—

Range of conductance
2 3 4 ki Total

Number | Number | Number | Number | Number | Number

[i]

T

7 7

g § 12
| 3 . 3

BO 20 31

saditm ¢lasses ? indieated—

17
42
g

awyo 5o
! Calenlated correlation coefMelents. Boron r=0.34=£0.045; percent sodium r=0,45:4:0.043; pervent chiorida
re=0,40=-0.048.
% For class range see tabla 9, D. 23.
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For the area as a whole the coefficient of correlation between the
concentration of boron and well depth is +0.20+.051 (table 12). A
coefficient as high as this is believed to result principally from the fact
that the deeper waters in the faulted zone along the east side of ths
valley tended to be high in boron. There is little evidence of any such
relationship in the south and central portions of the area where the
waters and alluvium probably originated in the San Benito watershed.

The correlation between total salinity, as measured by conductance,
and well depth (+0.091.053) is positive but low and indicates only
that the conditions in this regard for the valley as a whole are diverse.

Little has been said about percent sodium in this bulletin for the
reason that few very high sodium percentages have been found, and in
most of these cases the irrigation history of the land has been too brief
for the development of notable effects on soil permeability. Here asin
other areas there is evidence of higher sodium percentages with increas-
ing well depths. The cocefficient of corrclation is +0.394.070 (table
12). Since there was little relation between depth and conductance it
follows that the greater proportion of sodium in the decper waters is
consequent as often to loss of caleium and magnesium by precipitation
as carbonate 2s to increments in the actual quantity of sodium ion.

Between percent sodium and conductance there is a substantial
positive correlation of J-0,45:-.043 (table 13}, This finding is con-
sequent to important principles of irrigation agriculture. After water
is applied to land to support crops the salinity of the soil solution is
mcreased as a result of the water losses by transpiration and evapora-
tion. These more saline soil solutions return to the water plane in
deep open alluvial soils, or, in soils with clay-pan or impervious strata,
they accumulate in the root zone unless carried away by lateral move-
ment. Chloride and sulfate concentrations are quite regularly found
to be higher in soil solutions than in corresponding irrigation waters,
but usually there have not been proportionate increases in the eon-
centration of bicarbonate ion. Sometimes bicarbonate concentrations
in soil solutions are substantially lower than in the water supply.
This fact is attributable to an extensive precipitation of caleium and
magnesium carbonates. The subsoil leachates, typically high in
salinity as a result of precipitation of calclum and magnesium, have
higher proportions of sodium than the water applied to the land.
These subsoil lenchates return to the water plane, and in all sections of
the arca, with few exceptions, the ground waters are both more saline
and contain greater proportions of sodium than the streams from which
the ground waters originate.

As shown by table 13 the chloride percentage, like the sodium per-
centage, increases with inereasing conductance, r—=--0.404-.046.
This finding is in line with the preceding discussions and is associated
with the loss of bicarbonate ion from soil solutions. Ashasbeen shown
in other publications (6, 72}, increases in the actual and percentage
concentrations of sodium and chloride are characteristic of rivers at
guceessive downstream stages where diversions for irrigation and the
return of drainage waters are involved.

The extensive preeipitation of caleium and magnesium carbonates
in irrigated lands is belioved by the authors to be conducive to the
formation of plow soles and to calcareous hardpan, and for this reason
the phenomenon probably has an important bearing on the continued
produetivity if not the permanence of many irrigation developments,
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BORON IN SOILS

Investigations of the behavior of boron in soils (9) have pointed to
certain conclusions that have a bearing on the reactions of crop plants
to boron added to soils by irrigation waters., Some of this work has
been based on Hollister soils, and there are presented here additional
data bearing directly on the Hollister problem.

One of the most salient findings has been that soils, in common
with a number of finely ground materials, are capable of removing
substential quantities of boron from solutions. The removal of boron
by soils suspended in boron solutions is never quantitative; but accord-
ing to the character of the soil and the conditions of the test, fixation
may proceed until upwards of 50 percent or more of the boron has been
removed from solution. If a boron solution, with for example 1 p. p. m.
of boron, is added to the surface of a column of soil, the first percolate
to come through may contain less than 0.1 p. p. m. of boron. Upon
continuing the percolations, the solutions coming out of the soil
column will eventually carry 1 p. p. m. of boron. As many as 20
displacements of the solution held by the soil column may be required
before this comes about. More boron is fixed if the percolating solu-
tion contains a higher concentration of boron. If after passing suc-
cesstve quantities of & boron solution through a soil the soil is leached
with & boron-free solution, all or nearly all of the previously fixed
boron will eventually be recovered in the leachate. In other words,
boron under these conditions is not permanently fixed by the soil,
butinstead it is held in a form of low solubility.

It has not been possible to leach soils with distilled water to the
point that there was no boron in the percolates. This is so because
all soils apparently contain minerals in which boron in some quantity
Is & constituent, and these minerals vield at least very slowly to the
process of dissolution. Under field conditions soils are alternately
wetted and dried, and it has been found that drying incresses the fix-
ation of boron. Soils that have been treated with boron and then
dried and subsequently allowed to stand moist for 30 days gave rise
te solution concentrations substantially lower than those found in
suspensions allowed to stand for 30 days without drying.

The alkalinity or acidity of a soil influences the solubility of its
boron. Sols made slightly acid (pH 6) have been observed to yield
from 40Q to 100 percent more boron to the solutions in which they are
suspended than similar soils made slightly alkaline (pH 8). By these
results it is indicated that the addition oF an acidifying agent, such as
sulfur, to soils will increase boron solubility and thereby hasten recla-~
mation when the lands are leached. Conversely the addition of an
glkaline material, such as lime, to land results, temporarily at least,
in an increased fixation of boron by the soil, giving rise to lower soil-
solution concentration. The growth of a portion of a badly injured
apricot orchard treated with lime was observed to be better than in
untreated portions. The initial pH value of this soil was about 7.
Treatment with lime offers a possible means of lessening fisld injury,
but under low-boron conditions slkaline soils sre usually not as pro-
ductive as soils that are nearly neutral in their resction.

Soils differ greatly in their boron-fixing power. A series of samples
was collected (9) in the San Fernando Valley from 29 lemon groves
in 1931, and the same groves were resampled at the original locations
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in 1936. All of these Tgroves had been irrigated from the same water
supply since 1916. The water over the period of observation con-
tained an average of 0.65 p. p. m. of boron. The soil solution of some
of these solls contained as little as 0.54 p. p. m. of boron, whereas
others had as much as 1.80 p. p. m. During the 5-year period the
average soil-solution concentration increased from 1.05 to 1.14 p. p. m.
Only one soil contained as little boron in its soil solution as wes found
in the irrigation water of the corresponding year.

Cosarse-textured soils, as a group, have lower boron-fixing capacities
than fine-textured soils. It 1s found as & consequence that the onset
of boron injury is more rapid on the lighter soils, but these, having
fixed less boron, ere most easily reclaimed when a better water supply
is substituted.

Data are presented In table 14 on the concentrations of boron found
in & series of soil samples collected at 10 locations in the Hollister ares
in 1934. The concentrations of boron in the corresponding irrigetion
waters and in the tissues of the apricots and prunes grown on the soils
are given. When available, leaf samples were collected from wﬁnut
trees on the same properties, but in no instance were these trees im-
mediately asdjacent to the locations of the soil samples.

Soil 2, irrigated with a water containing 0.11 p. p. m. of boron, and
soil 58, which had never been irrigated, had soil solutions with sub-
stantiel concentrations of boron. In the first, the concentrations in
the successive horizons were (1.8, 1.0, and 2.1 p. p. m. and in the second
0.6, 0.5, and 0.6 p. p. m.

Soils 3, 5, and 9, irrigated with waters containing 0.65, 12.5, and 5.10
p.p. m. of beron, respectively, show substantially digher concentration
of boron in the upper soil horizons. This finding probably signifies an
active fixation of boron still in progress. With continued irrigation, a
uniform eoncentration of boron will doubtless result throughout the
root zone. The latter result has been observed in some citrus lands
in Venturs County that have now been under irrigation for over
40 years.

Soil 4 had been irrigated for 17 years with & water supply which in
1931 contained 4.39 p. p. m. of boron. The soil solutions of the succes-
sive horizons to a depth of 6 feet contained 2.8, 2.5, and 2.6 p. p. m.,
respectively. This finding may be construed ss indicating & limited
fixation of boron by a relatively heavy soil and deep penetration of
frrigation and rain waters, giving rise to soil-solution concentration
intermediate between the two. 'This irrigation water is so high in
chloride that without an abundant leaching of the root zone a chloride
concentration incompatible with good growth would have developed.
The trees are large, and they produce satisfactorily. The Yolo soil
upon which the orchard is planted is & relatively permeable one.

The French prune orchard on soil 6 was markedly injured by boron.
Severzal rows of Sugar prunes at one side of the orchard were in an
advanced stage of decline, and beyond these there had been & planting
of Imperial prunes which failed. During the winter previous fo sam-
pling, the orchard had been heavily irrigated with storm waters from
Dos Picachos Creek, and no pump water was applied during the pre-
ceding summer. Although mueh boren was obviously removed from
the upper 6 inches of soil by leaching, the results illustrate the fact
that the reclamation of soils high in boron is customarily slow and
difficult. Uneertainty is attached to the concentrations of boron in




TasLe 14—Boron in {rrigation walers, soil solulions, and plants of 6 French prune and 8 apricot orchards in the Hollister area

[Leaf samples, September 1033; soil snmples, January 1934)

Boron in soil solution
hor{zon—

Saturation percentage

Evidence of boron
in horizon~~ i

Boron in plant material niury

Irrigation water

Soll survey clnssifien- Esti-
mated Prunes

0-6 636 { 36~72 Chlo- fotal 0-6 6-36 -T2 | O A o £:11 1 4
inches| Inches| inches ride appH- | inches | inches | dnches | leaves
cation Leaves| Bark | Wood

Prunes Whalnuts

Acre-
Years | inches L Popom. 8 .| P.p.m. .M. . | Pounds|

Yolosilt loam . ovoenn oo S . 08 18 221 U A . 38 30 3 88 , 000 None.
Rincon loam. ., 60 11 200 LO L1 50 5048 | ... .1 Do,
Yolo silt loam ... 3 17 168 . .9 . 60 5,000 ... Do.
Y [ T 17 212 A 2.5 3 70 5,000 | Present. .| Marked.
Rincon loam't. ... . A 30 f 2.0 ! 65 SRR RN (; U
(Adjacent unirrigated). . S L . L. B 6 R PO - IO S A,

Yolo sandy loam ?. 41018 e [ 5 8.3 3 142 Marked. .| Severe.

Apricots

40 82 s Present...
7 42 20 B . ... I None._. .
.9 33 32 55 cewma | Marked ..

Yolo silty clay loam, PO PRI S L0t 3 JORUCE DET - .-
Rincon loam, ... 48 1.35 X 5 . 0
IR {1 T rmnem——— 49 n2 51 5, 10 | 3 304- . 1

1.0
37

1 Appeacs to he Monteziuna clay adoba which is shown by Soil Survey map {(4) th he seattered through aren mostly classed as Rineon loam,  Water bas beon used sparingly on
this orchinrd and the trees are not large,
1 This orchard was not.irrigated from the well during the year preceding the sample, but winter Soodwaters were used coplously to promote leaching.
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the irrigation waters used on this orchard. The lower of the two values
given is that of a bailed sample from an abandoned well and the other
represents water from a new well used only for a short time. Inter-
vening these waters, another well was used that produced a warm
water. It was filled in prior to the investigations.

Field observations have pointed to notable differences in the inten-
sity of the horon reactions of tree ¢rops on different ones of the several
soil series represented in the Hollister area. Limitations to general
conclusions have been imposed, as the extensive use of pumped ground
waters has developed ounly since about 1914, sand within the area in
which high-boron waters are most frequently encountered thereis much
diversity not only in the age of the plantings but also in the quantity
and quality of water applied.

Among the heavier soils, the recent alluvial ones such as the Yolo
and Dublin have been observed to be more tolerant to high-boron water
than those of the old transported group of which the Montezuma or
Rincon are important examples. These latter soils, which have well
developed and characteristically somewhat impervious subsoils, occur
extensively in the high-boron areea. and on them are found many
instances of failure of orchard plantings. 'The soils of the area iflus-
trated by plate 2, B, are principally Rincon. This soil series is not
only shallower, and for this reason less productive, than the Yolo
and similar soils but high-boron waters can be used successfully on it
for only a few years. The portion of the apricot orckard on Rineon
loam represented by soil 9, table 14, declined to the point that it
was removed in 1936.  Another portion of the same orchard on Monte-
zuma clay adobe, though not good, is still in production. This orchard
irrigated with & water containing 5.10 p. p. m. of boron and 8.14 m. e.
of chloride may be contrasted with the orchard on soil 4 (both apricot
and prunes), which, irrigated with water containing 4.39 p. p. m. of
boron and 9.15 m. e. of chloride, has been in production for 17 years.

The Conejo soils of the ares are of the gravelly type, and probably
because of their texture orchards on them have developed boron
symptoros rather rapidly. The Conejo soil being well drained, it is
possible to control the boroa concentrations in the soil solutions to
some extent by more abundant use of water. This soil responds
quickly when good water is substituted.

Good apricot orchards have been maintained for many years on Yolo
silt loam along the San Benito River where ground waters averaging
about 0.80 p. p. m. of boron are used. There has been & suggestion
that the Yolo soils in the wicinity of Pacheeo Creek have a higher
fixing capacity than those in the vicinity of San Benito River. 'This
difference is probablyrelated to the origin of the soil-forming materials.
The former were brought in from a drainage area, which pow yields
water containing only about one-seventh as much boron as the latter.

BORON ACCUMULATION IN PLANTS AND ITS INJURIOUS
EFFECTS

Basis or INJURY

Symptoms of boron injury in the form of abnormal leaf or other
characteristics are the result of an excessive eoncentration of boron
in the affected part of the plant. Species differ markedly in the
extent to which they accumulate boron, in the tissues or organs in
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A, Apricots planted in 1921 and grown as a promising orchard without irrigation
for 5 or 6 years. They were then irrizated 3 times with a water containing
15.9 p. p. . of horon. It effects of this water were noted, and the orcliard
has not been irrigated since. Tomatoes interplanted in 1937 werce markedly
injured by boron still remaining in the seil. 2, Rincon loam nartheast of
Hollister oeeupied until about 1934 by apricot and prune orchards. The
ground waters underlying this immedinte arex were found to be foo high in
beron for the suceesstul culture of other than borow-Lolerant Crops.




Persian walnut Jeaves showing (4) boron injury and (B) the type of injury customarily attributed to
excess.chloride. Not infrequently composites of these distinet types of necrosis are found in the
ficld. Few other plants exhibit chloride injury such as is shown by the walnut.
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which greatest accumulation oceurs, and in the concentrations of
accumulated boron that result in visible symptoms., Examinations
by Webber (16) have shown that the histological bases of boron
injury, though not always the same, have cerfain similarities in

ifferent tissues. In leaves, an excess of boron results in the conver-
sion of chloroplasts into leucoplasts and, as accumulation progresses,
the cell contents brown and finally shrink away from the cell walls;
a transition is thus represented fror a normal green condition, through
yellowing, browning, and the appearance of necrotic areass, to the
final death of the affected part or of the entire plant. In the bark of
current season’s stems of boron-affected prunes, peaches, and apricots,
necrotic areas comparable to those of boron-injured leaves occur in
the epidermiis and subjacent cortical parenchyma. Cortical gum
cavities and yet more conspicuous gum ducts of the xylem are formecd
by cell disintegration. These histological abnermalities are in general
similar to those that may be brought about by other agents, but
taken collectively and in conjunction with a knowledge of the loci of
boron accumulation they become fairly specific indicators of boron
toxieity., The enlarged nodes of some of the stone fruits (5) are due
to the growth of normally dormant axillary and aceessory buds and
to the multiplication of the cells of the cortex of the nodes as well as
those of the underlying woody elements.

Syaproms or WaALNuUTs, GRAPEs, AND Many Annvar Crops

A large group of plants, which includes not only all of the annual
crops that have been examined but also many trees, sueh as walnuts,
citrus, sycamores, persimmons, and elms, and such plants as the
grape (), characteristically accumulate beron in their leaves, and
from the leaves there is relatively little removement of boron to the
bark, to the roots, or to the fruit. In these plants, illustrated by the
walnut (table 13) and the grape (table 16) it is believed that boron is
carried to the leaves by the transpiration stream and there laid down,
probably in combination with sugarlike or other organic compounds,
10 forms that are not readily translocated. In these plants the leaves
are the organs that exhibit symptoms of injury. The greatest accu-
mulation of boron and the most marked evidence of injury occurs
elong the margins of the leaves and at points most removed from the
veins. In these regions (pl. 3, A}, yellowing first appears along the
margins befawveen the veins and, with the advance in age of the leaf,
this yellowing is followed by the development of neerotic areas and
by the death of the affected tissues,
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TaBLE 15.—Adccumulaiion of boron in various lssues of fleld-groun apricots and
walnuls

{Expressed ns paris per million based oo the dry weight of the material]

Apricots Walnuts
Plant part Upinjured | Injured Plant part Injured
Pom | Ppm

Leaves . i iiimaeimmmaaan 49 113 | Leaves: P.p.m,
Bark, tolegs_ .. 22 63 Dead marpins ... 2,717
Wood, twigs__ . eiimaaes L 27 Qreen portiod. 650
Fruit: Midveins. 118
41 441 Entire 1,302
3 52 | Petfoles. 27
T g5 | Bark, twi 40
Wood, tWiEs e 30

Nuis:

Husks 123
Shells_ .o 33
Bermnels, oo 14

TasLe 16— Accumulation and distribufion of boron in lssues of plants grown in
sand cuflure

[Expressed as parts per million hased on the dry welght of the material}

Leaves Tark, cardiest cycle | Wood, carliest eyele | Fruit, entire
Varlety and boron
o euiture solution
1632 1933 034 1932 14933 1934 1832 1533 1834 1033 Hi34
Po|PptPp P\ Pp|Pp|Pp{Pp | Pp|Pp|FPp
Peach, 3ims cling: m. m. i, . M. M. m. . m, W, m.,
Ip.pmmL____.____ 95 J 5 L T TR W6 |-ceme e o DRI DRI P
L3 I8+ 351+ T 120 3 SRR, P, EE: 72 DR PR -1 I F. R I
Peach, Chempion:
55 .1 I R [, 132 | oeeccaea ...
13 R R S 245 V. feoooaa 82
38 70 121 N9 | oanae i1
54 ED b1 2 R 104
48 125 [il:3 b 3 R 3 67 [ooaun 531
[R5 T - TR 8 28 186 | __ 64 1B5 ... 20 3 I A 828
Penr, Bartlett: :
. (el 76 42 Ll S 56 1 I I
B4 165 76 [ I P 35 ; ;322 (R R
320 462 25 |3 N IR ki 50
501 £43 1 1,008 42 |. b3 IR 89 88

SymproMs OF STONE-FrRUIT TREES

A second group of plants of which the stone-fruit trees are the only
known examples reacts somewhat differently. Much higher con-
centrations of boron are found to sccumulate in the bark and in the
fruit of these plants (tables 15 and 16) than in the former. Marginally
vellowed or burned leaves have rarely been observed, but injury to
petioles and midribs together with thickening of leaves results (pg 4).
Presuming that boron 1s first carried to the leaves with the transpira-
tion stream, the evidence indicates that it is readily translocated in
these trees to other tissues. Whether the boron is moved in the
form of organic compounds or ss simple inorganic radicals is not
known. In further contrast with plants of the previous group, young
shoots of the stone fruits are injured and frequently die back us the
bark is killed. Injury is likewise manifested by spots or longitudinal
strips of brown corky-appearing tissue along the petioles and midribs;
these represent the sloughing off of scales as a result of the death of




Technical Bulletin No. 746, U. S. Dept. of Agriculture

A B

Twigs of prune (A) and apricot (53} severely injured by boron.  Note sloughing
of bark, gumming, death of tips, necrotic patches in bark, on petioles, and leaf
veins and enlargement of some of the nodes.




Old Blenheim apricot trees on recent alluvial soils, photographed in January 1939 before pruning.
The productive orchard on the left has been irrigated with water containing about 0.8 p. p. m. of
boron and the now unprofitable orchard on the right with water containing 6.58 p. p. m. of boron.
The difference in the growth of the e¢urrent scason’s branches can be observed.
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underlying tissue and the development of cork parenchyma. Thicken-
ing of the bark of the trunk and twigs of apricots is sometimes noted,
and shortening of the internodes may oceur. Twigs of injured trees
are characteristically stiffened, and when bent they bresk trans-
versely more easily than do unaffected twigs, The leaves of affected
apricot and prune trees become thickened and lack toughness.

In apricots the first symptom that appears on new growth is the
dying back of tips of sgoots, which follows the break-down of the
barkin the terminal region. Enlargement of nodes of first- and second-
year twigs is & common symptom, but itisnot alwaysobserved. Gum-
ming at the nodes is likewise variable. The flowering and retention of
fruit by apricot trees with well-marked symptoms of boron injury are
not directly affected, and some orchards have been observed through
a number of successive seasons to bear fruit of normal size, color, and
flavor, The new growth of such trees is restricted, and this limits the
size of crops and retards their development (pl. 5). For this Teason
satisfactory orchard production is not attained. The fruit of severely
injured trees is often undersized, and necrotic areas may appear in the
epidermis and in the underlying flesh. In yet more severe cases the
flesh of the fruit is often diseolored and shrunken either in spots or over
the whole of one side. In one instance the flesh of badly injured apricot
fruit was found to eontain 732 p. p. m. of boron on the basis of dry
weight. The authors’ observations have not been sufficiently ex-
tensive to permit of differentiations in the sensitivity of different vari-
eties of apricots to boron,

The Imperial prune is more sensitive to boron than the Sugar variety,
and neither of these is as tolerant as the apricot. The French prune on
the basis of tree growth is more tolerant than the apricot. Although
the symptoms of injury of the three prunes, as well as of the apricot,
and in some measure the peach, all belong in the same group, there are
diflerences in emphasis. The Imperial prune exhibits a break-down
of the bark and death of the tips of new shoots very much as the
apricot does, and the enlargement of nodes, shortening of internodes,
and tendency toward the production of many branches are con-
spicugus features. The break-down of the bark of the Sugar prune
usually starts immediately above the nodes, resembling the peach in
this respect. The set of fruit by injured trees of the Imperial and
Sugar varieties is below that of the apricot but clearly superior to the
French prune. The latter prune flowers profusely, but few fruits are
set. It is probably for this reason that the French prune makes a
better vegetative growth than those other varieties, since without fruit
its photosynthetic_product goes into new growth. Thickening of
leaves, oorkiness along the midribs and petioles, as well as enlarged
nodes, death of shoot tips, and gumming are all characteristic symp-
toms of the French prune when severely injured, but, except for lack
of fruitfulness, injury may often pass unnoticed even though water
supplies unsuitably high in boron have been in use for a number of

ears.
d The diagnosis of boron injury of peaches, of which few are grown in
the Hollister area, is more difficult than in the case of apricots and
prunes. The most conspicuous feature of peach injury is the break-
down of cortex tissues in young twigs. This break-down is usually
but not always initiated just above the axils of leaves, from where it
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extends and commonly encircles the twig, causing death of the tips.
Gumming occurs to o, limited extent, but the enlargement of nodes
has not been observed. A poor setting of fruit by injured peaches is
characteristic of the injury, but between vsriefies there is & note-
worthy variability. The fruit from badly injured trees tends to be
insipid, often poorly developed, and, as in badly injured spricots, the
flesh may develop peorly either in large or small aress and in ad-
vanced instances may become discolored. The abnormality known
as split pit is a feature of boron-injured peaches, but it is not specific
as it is & common symptom of penches produced by trees weakened
by other causes.
ToxIciTY

Stone-fruit trees have been grown at Riverside, Calif., in & series
of send cultures supplied with nutrient solutions containing & trace,
1, 3, 6, and 9 p. p. m. of boron, respectively. The results of these
experiments showed that peaches, apricots, prunes, and plums with-
stand 3 p. p. m. of boron in nutrient solutions under Riverside climatic
conditions with little or no injury. Substantial injury results in
nearly all instances with 6 p. p. m. The apricots, one of the two
peach varieties, the French prune, and the Kelsey plum survived
through the three seasons in the 9 p. p. m. culture, but their growth
during the final year was negligible and the symptoms of injury were
severe. Pear trees in these cultures showed a higher folerance than
did any of the stone fruits. The growth of two Sultanina grapevines
in the § p. p. m. culture was about one-third as great as in the 1 p. p. m.
culture. In other experiments, the growth of waluis has I%)een
sharply depressed by 3 p. p. m. of boron. Culture-solution concen-
trations in these experiments are to be compared with the eoncentra-
tions in soil solutions rather than with concentrations in irrigation
waters. It wasshown by table 14 that the soil solutions of land that
has been irrigated for only a few years customarily contains less boron
than the irrigation water, but as time goes on the concentrations in
the soil solutions come to exceed those in the water.

Pears and apples have been grown in sand-culture tests sand the
condition of several crchards irrigated with water containing several
parts per million of boron has been observed. Although neither of
these fruit trees do well when the irrigation water is high in boron,
they do nob develop symptoms of diagnostic significance. Onp the
hasis of field observations it has appeared that apple and pear trces
irrigated with high-boron waters were apt to be chlorotic, but this
symptom is not & general one and in sand-culture experiments chlorosis
has nob followed the use of solutions bigh in boron. Neither the
apple nor the pear accumnlate high concentrations of boron in their
leaves; in this respect their reactions resemble the stone fruits. The
pear accumulates relatively more boron in its bark and fruit than do
trees like the lemon and walnut, but this feature is not as marked as
it is in apricots and prunes, and bark symptoms have never been
observed. A pear orchard on the previously mentioned Luther prop-
erty (p. 47) °in the Hollister area was chlorotic and grew poorly; when
cuf. back the branches died back farther. Two sets of pear samples
collected by C. J. Hansen, of the University of California, were sub-
mitted to the United States Department of Agriculture for boron
determination. One set was from an orchard at Martinez, Calif.,

8 Soil 8.
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where boron injury was suspected because of the reactions of other
plants and the stunted character of the trees. The leaves, barlk, wood
and fruit of these trees contained 58, 58, 33, and 48 p. p. m. of boron,
respectively. The other set was from Davis, Calif.. where trees such
a5 walnuts show mild late-season boron symptoms, and contained
in the same tissues 60, 43, 33, and 62 p. p. m. of boron, respectively.
In sand-culture experiments the boron content of leaves of pears
has sometimes exceeded and sometimes been below that of the bark
(table 16).

RooTsTocks

It has been found in the instance of a few plants (&) that the kind
of rootstock upon which a plant is grafted may markedly influence
the extent of boron accumulation in the scion and the degree to which
itis injured. Such relations may exist among thestone-fruit rootstocks,
but direct experiments have not been conducted nor has it been pos-
sible to draw conclusions on the basis of field observations. Myrobalan
rootstock is used almost universally for prunes, and in the Hollister
area it 1s gensrally used for apricots, particularly on the heavy soils
to which it is best adapted. Heavy soils predominate in the portions
of the Hollister area where waters high in boron are most common.

Shoots from myrobalan roots of apricot trees have been observed
to show little boron injury even though the apricot scion was badly
affected. Rather than to conclude that there are marked differences
in the tolerances of myrobalan plum and the apricot, it seems more
reasonable to believe that other factors are involved. The bhoron
analyses that have been made of root tissues have nearly always shown
relatively low coneentrations, and it seems accordingly that the boron
concentrafion in a shoot growing from the root below the graft would
be much lower than that in one from the upper portions of the tree,
where the bark normally carries relatively high concentrations under
conditions of injury.

EFrecT oF FRUIT oN AccuMuLaTiON OF Bomron 1 Apricor TREEs

The observation that the boron concentration in apricot fruit is
higher than in leaf or stem tissues and the further cne that the produc-
tivity of injured trees tends to be about the same as that of uninjured
trees of like size raises a number of questions of physiclogical interest.
For the purpose of determining whether the horon concentrations in
the leaf and stem tissues are increased by removal of fruit at an early
stage and whether the evidence of boron injury is thereby inereased,
an experiment was conducted at Hollister during the summer of 1937,
Two adjacent and entirely similar trees were selected in an injured
orchard of Blenheim apricots. This orchard was irrigated with water
from o well that contained 2.96 p. p. m. of boron in 1931 and £.36
p. p. m. in 1937. One of the trees was defruited during the first week
in May, leaving only about 25 fruits for sampling purposes. The
concentrations of boron found in.the several tissues of the two trees
on July 12 and Qctober 18 are reported in table 17. The flesh of the
fruit of the partly defruited tree was found to contain only a little
more boron than that of the control tree, but the concentrations in
leaves, bark, and wood were almost double. When the same trees
were resampled 3 months later on October 18, it was found that the




54 TECHNICAL BULLETINX 746, U. S. DEPT. OF AGRICULTURE

boren concentrations in the contirol tree had tended to increase and
those of the defruited tree to decrease. The concentrations of boron
in all tissues but the leaves remained higher in the defruited than in
the control tree. The quantity of boron removed from the control
tree with the fruit crop was not estimated. but it was obviously sub-
stantial. As measured in July when the fruit was ripe the length of
the new shoot growth on the defruited tree averaged 20 percent greater
than that of the control tree.

TasLE 17—Comparison of boron accumulations in leares, bark, and wood of apricol
trees with and without jrutl

[Expressed in parts per milifon an dry-weizht basls]

Baroo accrmis- - ‘Boron accarmala-
oms in— tions in—
Date of mllectian and portion _..__
of plant
Check - Defmited Check Deftuited
. free tree

Date of collection and pordon
of plant

Taly Ix 195 . D. m. . . Oer, 130 18G:
Lea . piezd Peaves. ... . aiiee.
197 growth, bark. | 3 1997 srowh, Dark. . .
1557 erowth, wood | : W erowth, wood. .ol
Old twigs, bark. ... - i Oid teios. bark . Ll
0id t=igs, wood ’ 0Old twigs, wood Looeeon- !
Frmit (om  foregoing :
twigs, Besh omlF. ...

I & few spricots lelt on tree o provide mmples for soalyzes.

As observed the following summer there were more leaves on the
defruited tree, then bearing a crop. than on the ceatrol tree. Little
difference was observed in the growth of the frees or in the severity of
boron symptoms on the latter date. This was perhaps to have been
expected, since on the one hand removal of fruit stimulated vegetative
growth, which is characteristie, but on the other the high-boron con-
centrations in the tissues tended to restrict it. In these reactions the
defruited apricot iree was similar to boron-injured French prunes,
which it will be recalled do not set a normal crop of fruit under high-
boron conditions and do make = creditable vegetative growth.

CoMPARATIVE ToLERa¥cES oF Orcaarp. Fieip. axp Trrer Crors TO
Borox

A wide variability exists in the concentrations of boron that different
crop plants withstand. There are likewise differences between plants
in the concentrations of boron that are most suitable for rapid growth.
An irrigation water relatively high in boron may sometimes be used
profitably for the culture of ‘boron-tolerant crops and be entirely un-
suited for sensitive ones. In fact, farmers using waters high in boron
have in some instances found, by trial and error and without a knowl-
- edge of the cause of their difficulties, that certain crops were maore
suitable to their particular conditions than others.

The relative tolerances of various cultivated plants have been
determined by means of large out-of-doors sand cultures in which the
concentrations of boron were closely controlled. By the use of these
methods many of the experimental difficulties were avoided that under
field conditions are associated with boron fixation by soils and varia-
tions in concentrations not only from place to place in field plots but
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also in the successive soil horizons. These recults, which have
previously been published (5} in conjunction with data on boron
accumulation in the plants, are repeated, with minor changes based
on later observations, in table 18 for the benefit of those Interested
particularly in the Hollister area. In this table plants are grouped
according to their sensitivity to boron. The plants that withstand
only relatively low concentrations have been designated in this table
as sensitive, an intermediate group as semitolerant, and & final group
as tolerant. This division of plants into three groups serves the
purpose of convenience in classification, but between groups there
are no sharp lines of demarcation,

Tanre 18.—Tolerance of various eultivated plants lo boron

|in each group the plonts Stst mamed are cons:'de]red asi being more sensitive and the last named more
tolerunt

Zensitive Semitoleront [ Tolernnt H Sensitive ! Semitolerant ; Trderant

Lima bean_..  Carrot, ' Rageed Robin ; Aspargus.
Grepelruit.._____; Sweetpotato. . Lettuce. rose.
Avoegdo.______ . el pepper. .. Cabbage. . Badish . ..__.. Athel (Tamar-

Qrange., Tomata. .. _ Turnip. Lr aphylial,
‘Thornless biack- Pumpkin. _._.. Opion. tPear .. {Sweatpes ___

berry. ; " Americen elm__.} Pima cotiny. .
.-\P i Zinnia...._.____| Brosd bean, - Navy hean. . | Acain colton. .
Plum. . Qag. .. CGindiojus. . Persign (Cnglsh} | Sunbowsr (na-
Prune. . Ao, Lot Alalkia, i walpot. tivel.

Peach orn .. . Blaek wainut. .y Canadian field
Cherry. ... _ 3 . pen
Persimmen__ -

Eadots fig

Within the groups the aim has been to name the more sensitive
plants first. In some cases the differences between successive plants
have been quite sharp, whereas in other cases the differences were too
small or the date insufficient for clear differentiation.

Climatic conditions are believed to have an Important bearing on
the concentrations of boron that g plant will withstand. Plants
grown in some summers showed substantially higher tolerances than
in others, and & number of the garden vegefables showed differences
in tolerance between winter and summer plantings. It appears on
the basis of limited evidence that most plants withstahd high boron
concentrations better in cool and humid weather than under conditions
that produce high transpiration rates.

AMELIORATION OF BORON INJURY

Boron injury resulting from the use of high-boron waters is conse-
quent upon the development of unfavorable concentrations of boron
in soil solutions. The soil-solution concentrations that develop from
the use of a particular water supply are conditioned by such diverse
factors as, (1) boron-fixing capacity of soils, (2) period over which the
water has been in use, (3) quanfities used, {4) quantity of rain in
relation to quantity of irrigation water, {5) changes in pH value of
soils as diseussed in the section on soils, and (6) extent to which water
1s applied in excess of crop use for root-zone leaching.

Other than by the often undesirable procedure of making soils more
alkaline, practical chemical treatments that will reduce boron coneen-
trations in soil solutions are not known. Farmers aceordingly may
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give consideration (1) to the substitutior of c¢rops of higher boron
tolerance, (2) to the substitution of betier water supplics, and 3) to
reducing boron concentrations in their soils by more coplous use of the
water to more nearly bring soil-solution concentrations into line with
the concentration of boron in the irrigation supply. This latter
practice naturally involves some loss of so1l nutrients. Inoneinstance
o Hollister prune grower with a badly injured orchard discontinued the
use of & high-boron well and relied entirely on heavy winter irrigation
and leaching with good storm waters. The water-holding capacity of
that particular soil was relatively high and the condition of the trees
improved, but profitable yields have not as yet resulted.

It has been found by greenhouse tests with citrus seedlings that
boron injury in cultures amply supplied with nitrogen was less than
that of scedlings supplicd with solutions with coneentrations of nitregen
insufficient for rapid growth of control plants. In the Hollister arca
it has been shown that the growth of boren-injured apricot trees could
be stimulated by the application of nitrate fertilizers. The soil sup-
porting the test trees was apparently poor in nitrogen, as the growth
of boron-tolerant winter weeds was strikingly mmproved by the
nitrogen application. This orchard would undoubtedly have re-
sponded to the applications of ammonium sulfate even though boron
had not been & factor. It is believed, nevertheless, in keeping with
the laboratory findings, that the boron injury and curtailed growth
were aceentuated by the low nitrogen conditions. In such & situation
the profit from the applications of nitvogen is doublless ereater than
it would be if boron had not been o factor. There is no evidence as
vet that would show that boron injury would be materially lessened by
the addition of excess nitrogen to already fertile soils,

BORON DEFICIENCY

The work of many investigators has pointed to the coneclusion that
some boron is ecssential to the growth of all plants.  The boron require-
ments of different species, like their boron tolerances, are highl
variable. Some plants are injured by concentrations of horon insufﬁ)-y
cient for the best growth of others. In many lecalities it has been
found that the production of particular erops is increased by the
addition of boron as a fertilizer, but because of the injury that results
frem an excess of boron much care must be emploved m arriving at
decisions as to the quantities that can be safely and most hencficially
applied. The instances of beneficial use of boron demonstrated up to
this time have tended to be in reglons of plentiful rainfsll, where soil
leaching by rain is normally substantial and where the use of irrigation
water, if any, is only occastonally necessary.  Several partial exeep-
tions to this general rule are found in the Northwestern States, but
these cases the boron content of the irrigation waters is notably low.
The addition of boron to seil in quantities sufficient to meet the require-
ments of crop plants with high boron requirements may prove disad-
vantageous to other more sensitive crops grown on the land in
subsequent years.

It 1s not improbable that occasional soils will be found here and
there in the arid Soathwest that are suffiiently poor in boron to admit
of increased vields by boron applicalions, but presest information on
the quality of lirigation waters would suggest that such aress might
be unusual.
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The symptoms of boron deficiency are often striking, and usually
they are fairly specific. They can nevertheless be confused with
abnormalities resulting from other causes or only partly due to boron
deficiency. It is unwise for this reason to draw conclusions on the
basis of symptoms alone. Aid in disgnosis is afforded by chemical
analyses of plant material. Such analyses, however, e¢ven in con-
Junction with symptoms, may not provide a conelusive guide to boron
deficiencies. As an example, an excelient concordance was found, in
collaboration with other investigators, between the boron content of
walnut leaves and the severity of what were regarded as boron-defi-
clency symptoms. Relatively heavy applications of boron to affected
trees did not correct the abnormality. .

The subject of boron deficiency 1s discussed in this bulletin, not
because it 1s belicved that benreficial results would follow the applica-
tion of boron to any of the soils of the Hollister arca, but rather
because questions on the possibility of boron deficiency have been
raised in this area and elsewhere in the coastal section in connection
with the significance of irrigation waters containing only a few
hundredths of & part per million of this clement.

Experiments conducted in potted soils may provide valuable indi-
cations of the possibility of boron deficiency. Tn pots, however, the
mass of soil available to a plant is customarily far more limited than in
the field.

In any area the final conclusion as regards adequacy of the boron-
supplying power of soils must rest on information aftorded by trial
application in the field.

SUMMARY

The Hollister area is an irrigated valley in west-central California,
located 20 miles inland from” Monterey Bay. The valley is best
known for its production of apricots, prunes, and flower and vege-
table seeds.

This bulletin constitutes a report on the following: (1) The quality
of the surfnce and ground waters of the Hollister area, ineluding
analyses of waters of the contiguous coastal scction between the
south end of San Francisco Bay and Santa Ynez River in Santn
Barbara. County (complete analyses are presented, but the data are
discussed with particular reference to the occurrence of boron); (2)
the accumulation of boron in Hollister soils; and (3) the accumula-
tion and toxicity of boron in plants, particularly apricots and prunes.

The higher concentrations of boron found in the ground waters of
the Hollister area are limited principally to those underlying a strip
of land extending across the cast side of the valley. On the basis of
chemical evidence it is believed that much of the boron in the ground
waters underlying this strip of land was brought into upper strata by
magmatic emanations rising through the fissures of a previously un-
charted fault zone. Substantial quantities of boron originating in
the rock and alluvial muaterial of the drainage basin are annually
carried into the valley with stream waters. -

The correlation coeflicient. between concentrations of boron in ground
waters and depths of wells was 0.204 .051, between electrical con-
ductance and well depth 0.09 +.653, between percent sodium and well
depth 0.394.070, between boron and electrical conductance 0.34
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+.045, between percent sodium and electrical conductance 0.45+4 .043,
and between percent chloride and electrical conductance .40+ .048,
The concentrations of boron found in the soil solution of irrigated

lands are dependent not only on the concentrations of boron in the
irrigation weter and the length and abundance of use but also on the
origin, age, and texture of the irrigated soils.

he apricot and prune lilee other stone fruits tend to 2ccumulate more
boron in the bark and fruit than in the leaves, differing in this regard
from other agrieultural plants that have been studied.  The fact that
boron in the stone-fruit trees is moved out of the leaves after having
been brought into the plant with the iranspiration stream implies
differences betwecn these and other plants in the mobility of the
organic compounds with which boron is believed to become linked.
Trees bearing & heavy crop of fruit had less boron in the bark than
adjacent trees from which the fruit had been removed.

he symptoms of boron injury of apricots and prunes are differen-
tiated from those of plants that accumulate boron in their leaves on
the basis of the tissues affected, but the histological characteristics
of boron injury are similar. The vegetative growth of boron-injured
apricot trees is curtailed, but relative to their size they set and mature
meny fruits. Injured prunes on the other hand make & creditable
vegetative growth and flower profusely but set a light crop.

he comparative tolerances to boron of & series of 53 agricultural
and ornamental plants to boron are reparted.
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INDEX TO WATER QUALITY CLASSIFICATION AND WELL DEPTH

THE FIRST FIGURE OF EACH NUMERICAL SYMBOL REPRESENTS COND
BORON; THE THIRD, PERCENT SODIUM; AND THE FOURTH, AFTER THE DAS

CLASS CONDUCTANCE

Kx10°@ 25%

0 - 240
25 - 749
75 149.0

150 - 299.0
300 - PLUS

BORON
RPM.

0 - .24

25 - 74

5= 1.49

L50— 2,99
3.00- PLUS

PERCENT
S00IUM

o—- 19
20~ 39
40 - 59
60 - 79
80 - 100

UGTANCE; THE SECOND,
H, DEPTH OF THE WELL,

- DEPTH
FEET

¢ - 49

50 - 99
00 ~ 199
200 -~ 3989
400 - PLUS
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AND WELL DEPTH

S CONDUGTANGE
THE DASH, DEPTH OF THE WELL.

; THE SECOND,

150
i

J
1

l
=

l
[
r

0

C 05
plelioe)

[}
H
¥/

CENT DEPTH -
DIUM FEET f
19 0 - 49 . !
39 50 - 98 éz
58 100 ~ 189 ./
79 200 - 399 !
100 400 - PLUS
5 ) 10

TFraure 2.—Map ot the Hollister area showing loeations of wells
s¥mboly indicating water quality and depth of well.
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SCALE DEPTH BORON
MILLIGRAM EQUIVALENTS PER LITER SYMa0L FEET SYMBOL PREM.
{PELOW COLUMK) (BESIDE GOLUMN}

-4 ! o - 4% 1 0 - 24
-30 4 50 a9 2 .25 -~ |74

TOTAL -

ANIONS 2a a Q0 199 2 5 - .49
=10 4 200 3939 4 1,50 - 2.99

SULPHATE

-0 3 400 PLUS 5 I.00 - PLUS

GROUNDWATER ELEVATION
CONTOUR LINES
DEGEMBER,I1935
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wung 3.~ Map of Hollister area, showing concenlriions of lotal aninis and
of sulfake in waters from wells sempled, with syinhels indicating boron cutuvn-
trations nnd well depihs,
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