|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




s fizs 0 B

e 132
IUIV22 o P

5138

'l’.‘
"'3

fue
| s

[
[P

um_-% = flie
L e 2 L4 fJLe

MICRCCORY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST CHARY
NAT GNAL BRIREAL 0P STANDARDS 190 A RATGNEL BLEE AN o0 < UAMDARL © (s A



http:111111.25
http:111111.25

Tecavical BurrLeTin No. 448

FeBruary 1935

APR 5~ 1335

Publi

BORON IN SOILS AND IRRIGATION WATERS

AND ITS EFFECT ON PLANTS

WITH PARTICULAR REFERENCE TO THE
SAN JOAQUIN VALLEY OF CALIFORNIA

By

FRANK M. EATON

Assoctric Physloloélst
Divislon of Western Irrigation Agricniture
Bureau of Plant Induatry

L2

T
bt

£y

Unitep StaTes DEPARTMENT OF AGRICULTURE, WAsSHINGTON, DLC.

..........................................................................................................................................

B ]
-nmmmﬁﬁ‘s\mm‘hxoa'dolr& P e e

For e by the 5

.................................................................................................................................................

» Warhi LD e e e = e s e e - Pnctmm

of Iy




Tecrvical BuLtEir No. 448 Fesnvary, 1933

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

BORON IN SOILS AND IRRIGATION WATERS AND
1TS EFFECT ON PLANTS, WITH PAR-
TICULAR REFERENCE TO THE SAN
JOAQUIN VALLEY OF CALIFORNIA
By Fraxx M. Karoy

Associute physiologist, Division of Weatern Drrigation Agriculiure,
Lnrean of Plant Tndustry!

CONTENTS
I'nge Pogs
Tateaduelit - v - o canccmamcns o = ammmme e E o Qualiny of [erigution wilsla. .y caveiaaeoos a7
Nataral occnrrpncy . 14 Injurions concentenlions of horod. . ... a7
Boren in southern Califoroli, ca. cu-eo - s Signifiennee of otlior rotstilients of irvigy-
Taron alsowhers In the West .. oovoimmnn i LiGn WleIS e aus o m o cmmmmam e em e mm 2
Wattre of Wi boren problen ... .. ) toterpretbiion of snalyses of lrripation
Edlects of boroo on plant growth ... 44 WBLEIBer s wvrrsoaimcer wimcezeezazames 04
Characleristics of boran defelency. ... A Anulyses of woters of the San Jeanuin Valley_ M
Charnetyristics of beron ujury ... ... g1 Collestion af samples .- i}
Relntiva lolemnee ol CTODS . aeimn o m ea 5 Expression of agalylicol resulis. . 36
Geeurrente af boron in plaots..... j Melhods of snalysis. . o .oaan L]
Toxicily of beron 15 Method of presenting analyt o]
Boron 10 5008 oo cecemmmercmmrres o amm s 17 Aoud¥tieal data... o 41
Counteraction of boron snd the use of boron- ! Disenssicn of San Tounn 05
contuminnted Waltr. . o - cemioaroeoccmeaan 2 Quadrangles 1 to 4., H5
Water supply of the San Joanuln Valley w3 b (uinddenngles & to 13, Qi
Sourees nnd general eharacter ... . o Quadrapgles 14 to 30, 105
Qeopgrapbice lunel geolopleal charn Guadrangies 27 to 33.. 113
ties of the valloy. ... .. | Tiscterial roduction of sulphates. 122
Tirst sbservations of b I SUIIMALY . e e i rmmrmm s awran weme 125
a7 | Literature eitetl oo ocreeemmmmeenas veao, 129

VOlEY e e iaammcmeeaes

INTRODUCTION
NATURAL GCCURRENCE

Boron, the clement that characterizes such luniliar compounds as
borie acid (T,BO;) and borax (Na:BO7.10H.0), is of agricultural
importance for {wo reasons, namely: (1) Some of it 1s essential to the
growth of many if not all plants; (2) it is extremely toxic to o large
number of plants if prescnt in the soil selution in concentrations above
a fow parts per million.

In nature, boron is never found in the uncombined or clemental
state, but occurs in the form of borie acid or more commonly as
borates, especially in regions that are or have been voleanic. It 1s
not g rare element, as it is widely distributed in small amounts; but

{Throughont tho investigation much valuiblo agsistance and eordinl snppoct were rendered both by

(ndividuals and organizalions engagerd in Lho development niud uliltzntlon of irrfgalion wnter, There 13
also to be especintly acknowlodged Lha cooperation of the University of Colifornis and members of the
sxtension service. The coopernlion ofored Ey all Is sincerely opproviatod.  The writer is further Indabted
to his nssociates in tha horon uvostigalions not only for their counsal bud for mony tiireet contributlons to

tha investipations reporiod,
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workable deposits of boron minerals are uncommon, According to
Clarke and Washington (70}, the igneous rocks that constitute 95
percent of the 104nile crust of the earth contain possibly 0.001 percent,
or 10 parts per million, of boron. The present known boron deposits
in ihe United States are located principally in the semiarid regions of
the West., Schaller (31) has provided a list of ““&ll the known boron
minerals’’ (1929), which includes 56 names with corresponding chemi-
cal formulas. Many of these minerals are soluble In water, but the
list includes 20 borosilicates, some of which are known to be practi-
cally inseluble, and the others, if soluble in the ordinary sense, are
only slightly so.

In connection with the agricultural significance of this element,
EKellerman. {21) in 1920 made the suggestion that toxic concentrations
of boron were likely to be found here and thaere in soils and irrigation
waters of the southwestern United States. He pointed out that large
deposits of borax and other horon minerals oecur not only in several
places in Californin and Nevada but that analvses had shown sniall
amounts of boron in various lakes and streams.

LBORON IN SOUTHERN CALIFORNIA

In 1926 and 1927 Kelley and Brown (22) established the fact that
boron occurring as a natural constituent of irrigation water was re-
sponsible for the poor condition of certain citrus and walnut groves in
southern Californie. The peculiar symptoms exhibited by the foliage
of affected frees in Ventura County had been an object of inquiry for
a number of years, and the nature of the cause was determined when
citrus trees clsewhere developed similar symptoms aflter having been
rrigated with water accidentally contaminated with the waste from
packing houses in which borax was used in washing fruit. Kelley and
Brown found the leaves of the Ventura County trees, as well as those
adjacent to these packing houses, to contain more boren than the
leaves of healthy trces. Boron occurring as o soil constituent was
suspected in the Ventura County injury, and it was found that the
soils of the affected groves were high in boron; hut further investi-
gation showed that in ench of the several larger arcas examined the
brron was traceable to the irrigation water.

Investigations by tlic Bureau of Plant Industry lollowing those of
Kelley and Brown have confirmed their ebservations and have shown
that boron injury was more widespread than was at first suspected.
Scofield and Wilcox (33) have reported on the boron situation in
southern California, and in addition to discussing general aspects of
the problemn they further described the effects of boron on citrus and
walnuts. Asreported by them, instances of injurious effects resulting
from toxic concentrations of horon in irrigation waters oceur in the
following southern Calilornin localities: (1) The valley of the Santa
Clara River, in Ventura County, where boron is brought in chiefly
by Piru and Secspe Creeks; (2) the Simi Valley, also in Ventura
County, where the boron occurs in underground-waters that are
pumped for irrigation; (3) the San Fernande Valley, in Los Angeles
County, where boron occurs in the waters brought in through the Los
Angeles Aqueduct from Owens River; (4) the vicinity of San Bernar-
dino, where boron cceurs in the waters of Avrowhead ot Springs and
in a few wells; and (5) the coastal plain in southern Orange County,

¥ Iinlic numbers I parentheses refer Lo Literntore Cited, 1. 120,
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where boren occurs in some of the underground waters pumped for
irrigation. Boron is likewise now known to occur in injurious con-
centrations in wells in & number of other locations in the aren south
of the Tehuchapi Mountains,

BORON ELSEWHERE IN THE WEST

Significant concentrations of boron are quite commonly found in the
underground and surface waters of that portion of the San Joaguin
Valley Iying west of the valley axis, and in & number of small arens
near Bakersfield. Injurious concentrations are likewise found in
soms of the wells and streams draining to the westward in the coastal
mountains and valleys, and these mountains presumably have been,
In part at least, the source of the boron found along the western side
of the San Joaquin Valley. The principal instance of injury to the
west of the San Joaquin Valley is In the vicinity of Hollister, where
high concenftrations of boron are sometimes found in well waters.
Boron has been feand in irrigation waters in the western Sacramento
Valley in an avea about and below Cache Creck. It occurs also in
water supplies in and abeut the Death Valley area and occasionally
southward in the Mojave Desert. It is alse found in many domestic
wells in the Newlands Reclamation Projeet of ivevada. Other isolated
instances of boren injury have been lound, and it may be suspeeied
wherever urigation water is used il symptoms of the boron type
develop.

All trrigafion waters examined during the course ol the investiga-
tions by the Bureau of Plant Industry have contained at least a trace
of boron. Higher concentrations of boron can normally be expected
1t both surface and underground waters, as well as in the soil solutions,
in the western arid portions of the United States than in eastern morve
humid regions, by reason of the higher precipitation in the eastern
regions,

NATURE QF THE BORXON PROBLEM

The fact that boron is now leoked upon as essentisl to the growtl
of many plants [urnishes fairly conclusive evidence of its widesprend
distribution in ngricultural soils, While it is with boron as o toxic
element that this bulletin is principally concerned, the boron require-
ments of crop planis constitutes an important aspect of the relation of
the element to agriculture. Some plants are known to be benefited
by concenfrations of boron sufliciently high to injure others. The
spreed between beneficial and toxic concentrations s for some plants
narrow; in fact, concentrations that stimulate vegetative development
may ab the same time be sufficient to produce mild evidence of injury
as the older lexves mature. dhe variation in boron requirements and
the differential toxicity of this element even to closely related plants
causes the two phases of its effects on plant life to be closely ailied.
It is highly probable that numerous plants are found at their Lest
only on particuiar soils or in particular loealities because of the narrow
rango of boren concentrations to which they are adapted. In some
localities only plants rolatively tolerant to boron are successfully
produced, thougl their selection lias heen by a process of trial and
error without knowledge of the reason for their adaptability. As
knowledge of the function in growth and mode of injury of boron is
amplified by additional information and more Lbeeomes known of its
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distribution in nature, changes in the choice of economic plants for
certein arens are almost certain to follow., The concentration of
boron required for normal plant growth and the concentrations that
cause injury are of a distincily lower order than are those of many
nutritive elements and the common toxic salts.

If soils are ligh in naturally occurring boron and for that reason are
unsuitable for cartain tvpes of agriculture, a recognition of the fact
should become possible before extensive development of such lands
has taken ;lace. The conecentrations of boron in the Irrigation
waters in the area under consideration in the Sun Joaquin Valley are
for the most part not sufficiently Ligh to be directly toxie to many
plants, but their continued use has frequently resuited in depressed
vields and in the appearance of leaf symptoms characteristic of the
injury. This development of toxic effects results from the concentra-
tion of boron in the seil solution by trangpiration and evaporation.

Boron applied in irrigation water tends to accumulate in the soil,
snd il effects may appear only after & number of seasons and after
investments have been made in permanent plantings or in the instal-
lation of expensive pumping equipment and irrigation systems. In
one instance an investiment reported to have been m excess of
$5,000,000 was made in $he development of a fruit ranch which
during its first vears gave promise of success. These fruit plantings
were later abandoned, and the present known facts indicate that the
{atlure is attributable to unsatisfactory irrigution water, high in boron,
and with sodium as the predominating base. Other examples of this
sort sre also to be found in which failure might have been avoided if
mformation concerning the distribution and toxicity of boron had
been available. The boron content of irvigation water has come fo
be regarded as liaving ereaber cconomie significance than the iaitial
boron content of soils.  Over much of the nrea cousidered, water of
sultable quality is fnr more limited than are arable soils.

EFFECTS OF BORON ON PLANT GROWTH
CHARACTERISTICS OF BORON DEFICIENCY

The evidence available as to thie role of boron in plant nufrition has
shown that this elemont, at lensy In very low concentrations, is as
essential fo the development of muny plants as are ealeium, magne-
sium, pobassium, nifrogen, phosphorus, sulphar, or iron. The re-
quirement of plants for boron is in some instances so small that
enoungh or nearly cnough is supplied in the form of impurities in the
so-called chemically pure salés used in making up culture solutions.
Worlc by the writer and his associates now in progress at the Rubidoux
Laboratory, Riverside, Calil,, is showing that the growth and produc-
tion of a number of common plants is increased by boron concentra-
tions sufficiently high to imjurc other spocies of plants that arc
particularly sensitive So 1k

When boron is lighly deficiens, the younger leaves and growing
points of plants are usually aflected fivst.  The npices may die back,
or the terminal buds, if not killed, may become dormant. ‘This may
be followed by the development of numerons branches which in furn
may make only limited growth. Asisillustrated in plate 1, the leaves
of boron-deficient grapes are reduced in size and become irregularly
chlorotie, with the subsequent development of small areas of dead
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tassue followed by premature abscission. In some plants an arrested
or retarded development of the veins takes place, resulting in a buck-
ling of the mesophyll and in irregularities in the shape of the leaves.
In citrus plants, as was first shown by Haas (16), the leaf veins become
conspicuous and split open and there is a subsequent protrusion of
corky tissue. In the writer’s experiments, the apical portions of the
roots are often enlarged und stubby and fail to clongate normally.
Sommer and Sorokin (37) have shown that boron deficiency in other
plants results in a deformed or lacking root cap and in & marked
hyperplasia of the sterome and a hypertvophy of the surrounding
periblem tissue. Warington (40) found tie cells of the cambium to be
adversely affected, this condition being followed by degeneration and
disintegration of surrounding tissue. A number of investigators (7,
20, 25, 26, 36, 39), have demonstrated that varipus plants require
boron and Lave described the plant reactions when the supply was
deficiant,

The symptoms of boron deficiency nearly always muke their appear-
ance only when the available boron is considerably below the concen-
tration required for the best growtly of the plants. In other words,
the absence of deficiency symptoms does not provide evidence that
the plant is obtaining as much boron ns might be used beneficially.
Some plants develop deficiency symptoms only when special precau-
tions have been taken to reduce the boron supply to a minimum by
the use of boron-free culture vessels and repurified chemicals,

't may be recalled that during and following the World War boron
toxicity became o problom of economie concern in certain Eastern and
Southern States as a result of the use of fertilizers containing horax as
animpurity. Investigations of borax injury resulting from fertilizers,
by the United States Department of Agriculture and a number of
State experiment stations (8, 28, 84), showed that injurious effecis
sometimes followed field applications of the equivalent of 10 pounds
or less of anliydrous borax per acre. Snmuller applications did not
generally resuit in notable or clear-cut inecreases in yield. The lack
of evidence of beneficinl results from smaller applications does not,
however, warrant tie conclusion that the use of borax as a fertilizer,
on partacular soils or for particular crops, might not be profitable.
In the experiments just mentioned the borax was applied in or broad-
cast above the drill rows nt or near the time of planting, and horax
thus concentrated in restricted poriions of the root zone would be
expected to produce injurious rather than beneficial results until it
had become more uniformly distributed through the soil, Certain
crops, such as figs, cotton, grapes, alfalfa, beets, and asparagus in the
experiments at Riverside, Calil., by the Buresu of Plant Industry,
have shown definite requirements for boron in excess of concentrntions
ordinarily designated ns traces,

CHARACTERISTICS OF BORON INJURY

The texic cffect of boren on plants was observed and recorded as
early as 1876 by Peligot (29), who mentions that the leaves of beans
yellowed and fell from plants prematurely. Hotter (79), in 1890,
colled attention to the spotting and yellowing of leaves caused by
boron. Subsequant investigations by Agulhon (7}, Brenchley (€),
Hasclhofl' (77), Warington (89), Collings (17}, and others have all
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demonstrated the Lighly toxic ciuracter of the element to many species
of plants and have added to the funsl of knowledge on the subject.

‘The irjury produeced by boron, as contrasted with the injury pro-
duced by other substances, is distinetive in i*s effects upon plant
folinge. ~The typical boron symptoms are at once striking and in
many cases clearly distinguishable {rom these normal to maturation
processes or resulting from excasses of other clements of the soil solu-
tion. The faet that an excessive nmount of boron in the soil solution
is indicated by leaf characteristics of numerous plants, particularky
during the late summer and autumn, makes it possible to arrive at
fairly accurate conclusions councerning such occurrence in advance of
clieinical analyses ol the soil, the irngation water, or plant foliage.
Wherever doeryard plants are grown, the indieations afforded by their
folinge are n great nid in tlie location of the general boundaries of
horon-contaminated areas; and if $he boron originates in water from
wells, plant symptoms are an aid in the selection of samples lor the
determinantion of the water sources or strata most heavily impregnated.,
The presence of boron in toxic concentrations in certain arcas of the
San Joaquin Valley was originally discovered by neting plant symp-
toms. Tho fuct that these symptoms are absent in extensive areas of
the San Joaquin Valley lias made unnccessury the collection, in such
sections, of other than occasional samples of waters which have veri-
fied the plant evidence,

There is a tendency for plants to concentrate boron in their leaves,
and these organs are typically the first to exhibit its injuricus effects.
Some variability is shown by different plants, in the character of both
the initial and the later symptoms; but usually the apical murgins of
the leaves first turn yellow, and the yellowing then extends betveen
the lateral veins toward the midveins. The chiorophyll of tissue
towards the center and base of the leaves and adjacent to the veins is
usually retained until the leaves have dropped from the plants. Areas
of dead tissue dovelop as yellowing progresses. In some plants the
dead tissue is confined to the margins of the leaves, while in others,
such as walnut, sycamore, cotton, and bean, dead spots develop be-
tween the lateral veins either with or without notable yellowing in
advance. These dead areas are largest and may coalesce near the
periphery of the leaf (pls. 1 and 23,

In citrus and some other plants the injurious ellects of boron do not
make their appearance until the leaves have approsched or attained
full size, and the configuration of such leaves is therefore not changed.
The injury to some other plants, such as grapes, tomatoes, beets, per-
sitnmons, and beuns, may become apparent while the leaves are young.
Such leaves do not attain a normal size, and, either with or withoust
macked yellowing and drying, they sometimes become cupped owing
to o cessation of marginal growth in advance of that of the more cen-
tral portions. The older leaves are usually the first to show njury,
and they abscise sooner than leaves of similar age on uninjured plants.
Some of the variations of the form of injury to grapes are shown in
group O of plate 1. The leaf on the left shows the cornmon marginal
injury with darls, discolored nreas between the leaf veins. The young
leaf in the center, which was spread out for the photograph, was
deeply cupped, whereas the leaf at the right showed both cupping and
margmal mjury. All these leaves were taken from the same piant
on the sume day.
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Cereals and other monocotyledonous plants show prenounced
abps ~malities when supplied with toxic concentrations of boron, but
the symptoms, unless they are severe, cannot be differentinted with
certainty from effects attributable to other causes, such as salt and
normal inaburation. The tips of those leaves turn yellow or brown
and die back, and in corn the older leal blades may develop yellow
stripes. Barloy leaves not uncommonly develop yellow and dead
spots back of the burned areas. The tips of onions Jikewise burn, as
do those of some other planis grown from bulbs. Gladiolus and
palims show similar symptoms.

The stone fruits, as well as apples and pears, are sensitive to boron,
but these plants do not develop in other than exceptional cases the
type of symptoms that in many plants is so nearly specific. Not only
are the charactetistic leaf markings commonly sbsent, but repeated
analyses have consistently shown the boron content of the leaves to
be much lower than the concentrations thal are built up in the leaves
of such plants as welnuts and lemons,

Prunes and apricots under high-boron conditions sometiines develop
growth sbnormalities which, while not as specific as is the typical
horen Teaf Injury, are nevertheless highly indieative and when taken
together provide a [airly reliable basis for field diagnosis. The most
outstanding of these characteristics is a peculinr enlareement of the
bark of the smaller branches just below the nodes {pl. 3). The wood
at the nodes is likewise found to be enlarged when the bark is scraped
away (pl. 4).  Accompanying this hypertrophy at the nodes thers is
commonly an extrusion of gum above the axes of the twigs and leaves,
Both with and without these symptoms the tips of bwigs often die
back, and not infrequently the torminal leaves, instead of attaining
normal size, remain small and often eupped, aad some of them may
abscise leaving vacant nodes. Another effect of boron, which has
been seen in young prunes, is a tendoncy for the tips of the main stem
and important branches to become enlarged by the lormation of many
closely sot and poorly developed seale-bemrmeg nodes. Laie in the
season short and similarly multiple-budded branches may be pushed
out {from these. Boron-aflected apricot, and to a lesser extent prune,
orchards present the general aspect of being wilted, owing to ‘» ten-
dency for the loaves to droop. The leaves of these trees thicken con-
siderably when injuved and, if folded and pressed lightly between the
thumnb and forefinger, tend fo crack open at the fold.

Symptoms adequate for the fiold diagnosis of boron injury of
peaches have nof as yet been found, but in experimental cultures and
in a few cases of advanced field injury a tcadency for the bark of
twigs above some of the leaf axes to turn brown and split open, either
with or without the extrusion of gum, has been noted. ~ Often ths bark
Injury encircles the fwig and causes death of the growth above.
When injury is sufficiently severe in peaches “he leaves may die irreg-
wlarly elong & narrow margin with an acec.mpanying or preceding
cupping of the leaf. The breaking of the restricted margins gives
such leaves a ragged appearance.

: Symptoms on pear and apple adequate for field diagnosis sre not
LTIOWIL,
In all of the stone fruits growth is depressed by boron concentra-

tions below those required for the development of clearly defined
symptoms.
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Smith and Thomas (35) designate as exanthemsa a growth abnor-
mality of prunecs near Santa Cruz, which was remedied by applications
of copper sulphate. Enlarged nodes not wholly unlike those here
illustrated were among the symptoms, but the general aspect of the
affected trees was very different from that produced by horon.

RELATIVE TOLERANCE OF CROP3

A wide varinbility exists in respect to the amount of boren that
different crop plants are able to withstend, and, as was previously
noted, some are bonefited by boron concentrations high enough to
injure the more sensitive plants. A large body of information on
comparative plant tolerance is now at hend at the Rubidoux Labor-
atory. A detailed presentation of these data cannot be attempted in
this bulletin, but it is nevertheless desirable that the subject should
be dealt with briefly. An irrigation water relatively high in boron
may sometimes ho used profitably for tolerant crops and bo entirely
unsuited for crops that are sensitive. In fact, farmers using water
high in boren have in some instances found, by trisl and error and
without knowledge of the cause, that certain crops were more suitable
to their particular conditions than others,

In undertaking to determine in & caveful way the boron require-
ments and the relntive boron tolerances of some of the more conunon
field, garden, and doorvard plants, it was considered essential that
the mothods employed should assure the greatest comparability in
the conditions under which the test plants were grown. Soils are not
only capable of absorbing borven salts or rendering them partially
insoluble, but under field conditions soils are notably variable, not
only from place to place but in their diffevent horizons. For these
reasons pure quartz sand was used in place of soil in this experimental
work, Thesund was placed in large metal beds (13) so arranged that
it could be flooded and drained daily with solutions containing nll
essentinl plant-food clements, and for the several beds different con-
centrations of horon. The used solutions were replaced by new solu-
tions at frequent intervals, and a portion of the franspiration loss
was made up daily by adding water to the nutrient solution to main-
tain the initial boron coneentrations. These procedures insured that
all plant verieties grown together in any bed wers subjected to like
conditions with respect to the boron content of the nutrient solution
with which they were supplied and that the desived boren concen-
trations were maintained in the different beds,  The nurient solution
employod is one that supports n vigorous vegetative growth when
boron 1s applied in sufficient but low concentrations. This oxperiment
will he subsequently referred to as “experiment 11.”

Certain plants have heen found to be particularly sensitive to
boron, some to be semitolerant, and others to bo highly tolerant (table
1). The plants that withstand only relatively low boron concentra-
tlons have been designnted in this table as sensitive, those that show
only & small or moderate decrease in growth at relatively high con-
centrations as tolerant, and intermediate plants as semitolerant.
This division of plants into three groups serves the purpose of con-
venience in classilying plants, but between the groups thera is no
sharp line of demareation, and frequently uncertainty exists as to
wheiher a plant showdd be placed near the hottom of one group or
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near the top of the next. Within the groups the aim has been to name
the more sensitive plants first. In some cases the difference between
successive plants of the list has been quite sharp, whereas in other
cz2ees the differences were oo small or the daia insufficient for final
conclusions. The continuation of this work will add new plants to
ths list and will undoubtedly result in certein rearrangements in the
order.

TapLe 1~—Tolerance of various cultivated plants fo boron, Rubidows Laboratery,
experiment 11

[Tn each group Lhe pliuls first nomed wee eonsldersd o8 Deing oore sensitive and the Inst nomed luore

tolerant]
- i
sensitive Hemitolernal Tolernnt
Lemon. _ ___ 1 Lin Lenn Chrrot,
Grapeflroil. SwpaLtalo . Lottnee,
Avoeaton. . Hall pepper. Cabbnge.
Qrunge.... . .._ Tomalo. . A Tuenipn
Thornless hinckberry - Punipkin, -1 Onlon,
Apricot ..o PO 11117 . L Drond beat,
Pench... [ & 11 WO .o Uladdiolus,
Cherry oo e e e MEDL e Altulfi.
Tershiimon.... . ... DU I ST | S Linrthen howt,
Kaduln g, oo o oo oL, . Whent. .| ATangel.
Grape (Sultaninm g Malnga) Bnrley Stipat beel.
Applea. oL e Olive... Pulin {FPhoenir canariensis),
T Rupped Dute palm {Mhnendr dacipfifera),
Plum.. oo ee... ] Fiakl pea. . oo Asparapns,
Amerfenn el cene oo Haellsh Lo o L. oAb {Trneesis aphyding,
Nuvy bean. .. ... emeeend SWERL O L oo
Jerugalew nrtichoke ... o Phmnoeniion o et
GAenlaeHiom. L. L aain

Fersing (English) waluat... ..,
Black walnet, ..o ...
FPeonthae. ool e en mewes

L Patate et
Surillower (Halive) . .o

Climatic conditions bave an important bearing on the concentration
of boron that a plant will withstand. Many plants, including the
stone fruits, grown at Riverside, Calif., withstood more boron during
the cooler, more humid summer of 1929 than they did during the
hotter and drier summer of 1930. A number of the garden vegstables
and cover-crop plants listed, when grown during the winter months
to which they are best suited, have shown higher tolerance than when
planted in the spring,

There arc also difforences in the reactions of plants to toxie con-
centrations of boron. Walnuts, for example, show mild late-season
leaf injury at boron concentrations so low that & question may prop-
erly exist as to whether there is actually a.: associated injury to the
plant as a whole, and yet walnuis survive in higher concentrations
than the stone fruits,

The only fig tested as yet has heen the Kadota, Mission figs have
been observed to grow under field conditions in situations where
some of the semitolerant plants showed severe injury. It now seems
probable that some of the other varieties of figs ave considerably more
tolerant than the Kadota,

OCCURRENCE OF BORON IN I'LANTS

Agulbon’s review (I) of the early literature on the vccurrence of
boron in plants records an identification of this element as early as
1857 in the seeds of & Primule. The next reference $o sinilar work is
recorded for the year 1879, after which there were a number of papers
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relating principally to the occurrence of the element in grapes and
wines. Agulhon determined by quantitative methods the concen-
tration of boron in the ash of 27 plant species distributed through 15
families, including annual and perennial Angiosperms, Gymnosperms,
Cryptogams, and marine algae. His values, when expressed as boron
in the dry plant material, show a range of from 7 to 14 p.p.m, of
borom, respectively, in the stems and leaves of fir trees to 79 p.p.m.
in the leaves of figs. Fucus from the English Channel contatned 168
p.p.m. of boron. Agulhon conducted a number of plant expertments
beth with nutrient solutions and in the field, but in only one instance
did he report the effects of the ireatments on the boron content of
plants grown experimentally. As reported by Scofield and Wilcox
(33), the boron content of leal samples of eitrus plants coliected in
Florida ranged from 31 to 161 p.p.m. and af Silver Hill, Ala,, from
55t0132. Leavoes of post oak,sassafras, and wild grape from Maryland
contained 35, 59, and 51 p.p.m. of boron, respectively. A rangefrom
61 to 177 p.p.m. was found in the boron content of 6 samples of citrus
leaves from the valley of the lower Rio Grande at Weslaco, Tex.
The results tnken collectively constitute evidence that boron at least
in small amounts is widely distributed and is probably a constituent
of all agricultural soils.

The boron content of 127 scattered samples (33, table 2) of citrus
and walnut leaves collected in southern California ranged from 35 to
1,522 p.p.m. The boron conteni of thic mature lenves of these plants
when no injury was apparent was generally less than 300 p.p.m.,
and when definitely injured, in excess of 400 or 500; concentrations
between 300 and 500 p.p.m. are of uncertain significance. Instances
of boron concentrations in the leaves of both citrus and walnut trees
in excess of 1,000 p.p.m. on the dry-weight basis have been encouu-
tered a number of times. Notwithstanding the lack of outstanding
difference in the extent of boron accumulation in the diTerent com-
mercial citrus varieties in California, the lemon is definitely more
sensitive to boron than the orange, and the grapefruit occupies an
intermediate position. Nearly all instances of high concentration of
boron in the leaves of these plants in southern California have been
associated with irrigation waters also relatively high in boron.

A marked diversity exists in the extent to which different plants
grown under comparable conditions accumulate boron in their
foliage. A few plants are known that accumulate more boron than
the lemon and the walnuf, but there nre many that accumulate less.
As an illustration of this diversity, reference is made to table 2, in
which are listed the boron contents of a series of leaves collected
from & small mixed orchard on a ranch southwest of Mendota, Calif.
This orchard had been irrigated since it was planted from a deep well
which, when sampled, contained 1.39 p.p.m. of boron. The water was
somewhat s line, baving o total salt content in the order of 1,300
p.p.m. Sodium was the dominant base in this water, and as a result
the soil had become hard and relatively impervious. The table is
not presented for the purpose of drawing conclusions as to the relative
tolerance of the different trecs, since factors in addition to boron in
all probability were operating in the determination of adaptability.
There were open places in the orchard indicating that some had al-
ready died out, and others were in poor condition; also certain of them
may have been vounger than others as a result of replanting.
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TaniLe 2.—Beron conlen! of leaves in n mized orchard planting in weslern Fresno
County, Culif.

[Samiples callected Sept. 1, 1931, Doren cxpressed in parts per mitilon oo dry-weight bsls]

Eaniple oo Sample LI Baron
ne. ke . Varfets tonlent
e per Farie per
. wiiftion : wifttion
J03% . Lemuon. .. R L] W7 Tonunt .
1060 ! Pench. .. 320 lohs Plum
1061 | Pershinmon. 9IS N0 Neetarine.
1062 Chuerry. . et B9 1070 ¢ Apple...
1003 I Quiner. _. C e 80 107] - Almweud .
16 | . L I 12 Pomegranaie
1065 | Fig o 20 SOl
1066 j Cotlonwnol - 08

Vuriety

The fact that plants growing in or adjacent to the same plot of
ground may vary to such a remarknble degree in the extent to which
they accumulate boron in their leal tissues clearly indicates outstand-
ing physiologicel differences whicl: parallel in interest the outstanding
differences in the tolerances that different plants show to high boron
concentrations. TLemon trees grown in nutrient solutions containing
G p.p.m. of boron have died, whereas alfalfa, asparagus, and tamarix
have been grown in solutions with 100 p.p.m. and certain native plants
have been observed to grow in « soil watered by a flowing well contain-
ng 161 p.p.m. of boron.,

Among the plant characteristics that might he expected to fall in
the front rank of importance in the determination of tolerance ave those
governing ecither boron abserption by the plant as a whole or the
necumulation of boron in particular organs. Evidence is at hand
which suffices to show that the velationships in {his reeard are not
simple, and no gencral criteria are known upon which to judge the
tolerance of a plant variety other ihan by experimental tests and field
observations.

In table 1 there was presented a list of plants arranged in what is
belicved to represent the order of their relative tolerances. Alany of
these plants have been grown in the sand beds for more than one
season. During different seasons the relative tolerances have been
found to be essentially the snme when reasonable allowsnces are made
for the variability that must pecessarily accompany small populations
and differences in season, Boron determinations have been made on
all these plants, sometimes on composite samples of eutire plants,
sometimes on thie roots, stems, leaves, and grain, and sometimes on
the leaves only. Owing to climntic factors, the time of harvest, or
the stage of growth at which the plants were harvested, the boron
content of each variety has heen found to vary to a moderate extent
in the different plantings. Leaving the detailed discussion of these
effects to another time, it is of interest to examine, among different
plants, the extent of the relationship hetween boron tolerances and
the boron concentrations built up by plants in their tissues. For the
purpose of illustrating what has been found, a list of representative
plants selected from experiment 11 are presented in table 3 in the order
of their tolerance of boron. The plants in this experiment were all
planted in a series of culture solution concentrations ranging from 0
boron”’® to 25 p.p.m., but only the horen concentrations found in the
plants of the 5 p.p.m. cultures are shown bere.

e 16
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TanLe 3.—Boron content af plants grown in send culture supplicd with nutricni
golution contatning & p.p.m, of boron, Rubidour Laboratory, experiment 11
[Boron {n plants cxpressed fo porls pee million on dry-weight badis]
SENSITIVE PLANTS

T

i [
> 4 : Plant :
Enm--l Plant Tioten 3 Sumn- ]' u 1 Baron
ple fromme—— e . vt i ple [—eee s s— ereaes ame e opp,
no. | Varfely ' Iortinn tent -+ no. ' Variety I'ortiou ! tent
U U U UV N ——r|
4 -8 pan, ¢
1338 | Lemon. . o Lenves oo s L2 UV Bultaning grape..
1330 ____de. . Btemns and rools. TOAG AR L .
494 | Avecaudo Toaves. . o ... By TR 17 S o 11
929 1 Maekbe PR 1) T - o LI ST T
487 | Apricot ceecthide oL Ll Wi HAT P American el
B2y Cherry.oooocan. v e i Lo L 18wyl I [ P,
484 § Persinmmen... .. PO [ ¢ P, BT . T8l Nuvy bean . o .
805 0 Kwddn Mg onnn -ans {11 DO T . !
| \ ;
SRMUTOLERANT PLANTS
Foan, rpam,
a Limat bean. ..., Endre.. ... . b Aty Hapmnl Ioliin laewves . oL.._C T30
3 Tonmto. . 0 Ll o . 1 - rose. :
BTN STPTTTY 1) 31 S | | T 1 [0, 1 SR | [ SR | (1] [ - )
00 Bweelpolete ..o Tops, . . oL.. i 7 Fielhd | e eowe Entir .. 7
Wa M. . ooLl. . Tops nid roots, THE Swewt s . . Linves. (.. R0
22 R I R, Tlimds, cvnean s e e il ol oL Entire., . ; 210
325 Corn.. oo .. P md Toots. W Amin eatiten . Lo Tamwes.o ool J
(1 T ][+ T £ £ £71{ | IR, o, Ldooo. .. oo, Stewns apd rools | 3
S Whent . ... oL Endro. ...l A oo Lo, Entireo.o ... 1%
405 Barley. ..o aeaatlon o L Bdk . Potwe . ... Toms ...l 179
WIT O Olive oo . .o Lemwves. L :
TOLERANT PLANTS
. fapoame, .
80 - Lurrab.,. . . oo Entire ool il 37, Gladioles. ..o Paps, oL ..., 253
T3 ol Lo Leaves.,oool | 356 1 Alfailn. . ... i Entire. ... ...... ! 1189
GI4  Lelluee,. ooooon Enlig ool w60 ! Garden heote . aal [T 144
A5l Cubdmgpe, L. Iy 7a7T  Swear el o0 Leaves..ooo. .. 177
H . .- . Hp L[ J [ DO vawt MDOLS, o - b
1415 Tops... ... . 22 . BH C Aspnrmpgus....oo.. Eftire. oo 14
e o Wao- e Palme. L o P, Ll ' By
534 P 2% I . . :

It is customary in the field to select for boron determinations only
mature lenves, whereas in table 3 where the boron eontent of leaves
is given the sample represents all leaves, hoth young and old, on the
plants at the time of harvest. Boron concentrations usunlly in-
crease in leaves us they grow older, but the horon concentrations in
entire plants taken from (he sume crops at different stages of muturity
may either merease or decrease ws the plant becomes older.  This
1s s0 since the woody parts of the plant as well as the roots, seed, and
fruit, which contain much less boron than the leaves, eonstitute
lurger proportions of the weight of old plants than of ¥oung ones.

Table 3 indientes & strong tendeney for the horon-sensitive plants
{0 nccumulate more boroun n their leaves than those of either the
semiitolerant or the tolerant group. The same tendency applies
in comparisons between the boron content of entire plants in the two
latter groups. The exceptions to this tendency, however, are too
numerous und some are of too great magnitude to provide on this
single basis a general or adequate explanstion for tolerance. Some
of the notable exceptlions to the tendency are among the sensitive
plants.  Apples, pears, and the stone fruita are found to have
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relatively little boron in their leaves, whereas leaves of the lemon,
blackber.y, fig, grape, and elm are high in boron. In the semi-
tolerant group the lima bean has more than twice as much boron as
the sweetpotato, and yet their tolerances are considered as being
approximately the same. Of the cereals, milo and corn have much
less boron than wheat and barley, but they withstand approximately
the same boron concentrations. The leaves of cotton have about 40
percent more boron at this concentration than do leaves of either
the olive or the Ragged Robin rese, but cotton is more tolerant
than either. In the tolerant group none of the plants so far examined
are high in boron, which fact is noteworthy.

It is shown incidentally in table 3, and also previcusly mentioned,
that boron is not uniformiy distributed throughout the plant in the
different organs or parts. Rooted lemon cuttings grown in experi-
ment 11 had 1,232 p.p.m. of boron in their leaves, which varied
in age from young to those ready to sbscise, and only 54 p.p.m.
in the trank, stems, and roots. Similarly, young elms had 943
p.p.m. in the leaves, 22 p.p.m. in the main stem and brancles, and 18
p.p.m. in the roots. Sugar beets had 177 p.p.m. in the leaves and 28
p.p.m. in the fleshy roots.

The uneven distribution of boron throughout the plant does not
stop with particular parts or organs, but Is carried to the different
portions of the same organ. In deseribing boren symptoms it was
observed for some plauts that as injury became evident the margins
of the leaves first yellowed, particularly the apical margins, and that
the yellowing then progressed along the margins toward the base
of the leaf and inward toward the midvein, the veins and the tissuc
ad)acent to them remaining green for a longer time. As injury
becomes pronounced, some of the tissue first yellowed conmmonly
dies, the dead tissue remaining in place as a part of the leaf.

For the purpose of determining whether this pattern of injury was
associated with the accumulation of boron respectively in the unin-
jured portions, the yellowed portions, and the dead portions, 150
leaves were collected from 2 boron-treated Eureka lemon tree at the
Rubidoux Laboratory. The different portions of the leaves enumer-
nted were carefully separated with a sculpel and dried for boron
determinations. The boundary between the yellow and green areas
is infrequently sharp, and there was, therefore, a little admixture of
both in the yellow and green samples, but the whole of each leaf was
included in one or another of each of four samples reported in table 4.

Tame d—Boron conten! of several portions of 150 baren-injured Eureka lemon
Ienves

{Cutivctad ind dissected In Decenther 180, Foron expraxsed in peris per million on drv-welght, basis)

Poriton of lepves . ‘ “F:{E;"_ { Horon

{eraany f 2. pm.
Mldveins nnd porioles e e mierm wmmemmmee o e e ... - N 4
Grepo portions . ... e e e eammme e et e s P ! 20 48
Yellowad portions .- e e e e L. ' i 1 iH
Dot portons of npives aned marging . . o L. .. . 4.5 i, 7v32

Welhted ment of vadire bosves . . .. ... .. . . ‘ [0
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M The differences found in the boron content of the different leaf
fractions are definite and of outstanding meagnitude. Thay indicate
an intimate relationship batween the injury that had taken place and
the boron concentrations in the corresponding tissues.

The form in which boron occurs in the plant has not been estab-
tished, and it is not known that all of it is in solution. Presumably,
however, it exists in one or more of several reasonably soluble forms.
Assuming that all the water * of these leaves acted as a solvent (a
significant percentage 6f it does not) and that the boron was all in
solution, the concentration of boren in the sap of the sellow tissues
where the chlorophyll had largely disappeared was about 800 p.p.m.,
and the concentration in the sap of the dead tissue before death must
have been about 1,300 p.p.m. The latter corresponds to the concen-
t-mtigu of boron in a boric-acid solution 17.2 percent saturated ot
age C.

The distribution of boron in the leaves of Jemon shown in table 4,
conforming as it does with the pattern of injury, supports the view
that boron is carried by the transpiration stream into the loaves, and
that the movement of water through the cells of the leaves with the
tramspiration steeam tends to carry it to leaf tissues farthest removed
from the water vessels of the leaf veins. The distribution of boren
in the various parts of the plant, as shown by the boron eontent of
seeds, fruit, and roots (note espocially the roots of the beet, table 3,
in which extensive storage takes place), further indicates that little
boron is translocated from the leaves with organic productsin plants of
this class, but tends to remain and accumulate in the leaf cells. "The
fact that the greatest injury occurs to tissue at points of highest boron
concentration does not peint to the formation or occurrence of appre-
ciable concentrations of nontoxic or insoluble forms of boron in the
plant. Tdoren has an affinity for certain sugars and polyhydrie
alcohols, and a reaction with one of the latter, mannitol, by which a
hydrogen ion is liberated for each molecule of boric acid present, is
the basis for the method used in boron determination. Since boron
and certain of tho carbohydrates are known to combine to form esters,
it is quite probable that simtlar compounds may form in the plant,
but if such is the case they arc not as extensively translocated as are
the uncombined photosynthetic products,

The distribution of boron in the stone Iruits is quite different from
that in the lemon, and the manner of injury is likewise different.
Boron does not accumulate in the leaves of these to the extent that
it does In many boron-sensitive plants, and, us has been stated, stone
{ruits rarely develop leal symptoms characteristic of boron injury,
The stone fruits may, however, develop growth abnormalitics at
their nodes (pls. 3 and 4) in the form of hypertrophy of both
the bark and the wood, or, as in peaches, the cortex way break down.
For the purpose of determining whothier this overgrowth of the cortex
and of the wood at the nodes was in any way asseciated with an
accumulation of boron at these points, the sepacntions of tissio shown
in table 5 were made for boron determinations.

+ Aceord[ny Lo resulls privately communicated by I . Haima, of the Callfornin Agricultural Experi-
nient Stutlon, lunen leaves nornaliy contain 57 pereent of moisture In December,
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TABLE 3.—Distribution of boron in prune and apricol twigs collecled near Hoflisler,
Calif., October 15, 1032, and, for comparison, boron in lemon fLwigs collected from
boron-treated trees at Riverside, Calif., Jonuary 22, 1932

[ Buron expressed {n parts per millon oo dry-weight basis]

"

Boron eoutent

Fample
uw.

Fpteeles and coaedition

Leaves l Bark { Weedl

P i g

Mg~ ] Pruse, infure] Rty
1123=-0197 | Prizne, eoinjursd a3, an -
1182113 ) Aprfeat, infured i i)
1076-1078. .| Apricel, uninjured - 34
15341506, | Lomon, slighely injored 10! €2

Table 5 shows boroa to have accumulated in the bark and to o lesser
extent In the wood of injured prune and apricot twigs and to be rela-
tively low in the same tissues of unailected twigs. DBoron did not
sccumulate in the $wigs and cortex of injured lemon trees. Twigs col-
lected from other boron-injured prune trees in the same orchard in
Janusry had 388 p.p.an. of boron in the buds, 244 p.p.m. in the bark
adjacent to the buds, 136 and 133 p.p.mn., respectively, in the outer
and inner bark of the internodes, and 48 p.p.m. =n the wood. The
buds from twigs of injured pears contained 183 p.p.m. of boron, the
adjacent bark 143 p.p.m., the internode cortex 139 p.p.m., and the
wood 122 p.p.m. The results provide & means of aecounting for the
high toxicity of boron to stone fruits in the absence of abnormal leaf
characteristies.  Studies of the nature of associated anatomical
sbnormalities are now In progress. The overgrowth at the nodes has
clearly Indicuted their existence, as does the large amount of gum
extruded. An examination of the extruded gum for boron showed very
low conceatrations.

The orchard from which the prune twigs were collected had been
observed by pathologists and others prior to the recognition that
boron was the cause of its poor condition, and one section of the
orchard had been pulled out. Prior to 1931 the orchard was irrigated
principally from a well, and g bailed sample from it contained, in
September 1931, 3.98 p.p.m. of boron. During 1931 a new well carry-
ing in excess of 15 p.p.m. was used. The conclusion that boren might
be the cause of the disorder was arrived at by W. R. Schoonover, of
the Californin station, on the basis of the appearance of adjacent
walnuts. Leaves of these walnuts colleeted by him in August 1931
contained 1,033 p.p.mn. of boron, some of the walnut trees were dying,
and the others were in poor condition,

TOXICITY OF BORON

In the preceding sections it has not been directly shown that as the
boren concentration of the soil solution is increased there follows an
increase In the boron content of the plant tissue, nor has it been
shown that with an increased concentration of boron in the plant
tissue there is an accompanying effect upon the growth of the plant.
Both of these effects aro llustrated in table § with data taken from
experiment 11, previously described.
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TanLE 6.—Crowth and boron conlent of plants in sand beds supplied with nutrient
solutions, experiment 1

DRY WEIGHT OF ENTIRE PLANTS

Qrown wilh 1 «irient salution cantsining boron
of indiented eoncentration (. p.m,
Period of growll or parl of pant

T T 2

Gramsy ] Grams [ Grams | Grame | Grams
Aalhsz eraped.! Apr. 19 10 Nov, 14, 1430 148 By ¥ L& 15

Kedata fig *. .._| Apr. 2 to Naov. 12, 1§30_ JET
Dwarf 10llo. May 22 to Bept, 19, 1920, i

| June 5 to Dee. 4, 1029,

-| Apr. 22 to Bept. 8, 030
Fny 1920 w0 Nov. 1330,

BOROXN CONTENT OF INDICATED PART OF PLANT {(ON DRY-WEIGHT DASIS)

[ H

A 2pom ) Popomd P ] P,
Malsgn grape.._ 38 250 sl 2| 1,7
Kadots fig [1TA - . 1,204
Dwarf mtlo. e 208
Acnln cottar 55 . d12
Bugnr bect.. 9 2
Daste palin b : Gol

! From 1-year-old rooted enttings pruned bnck.
t Phoentr eanariensls, 1024 scedlings,

The culture solution designated as ‘0 boren?” contained only such
boron as was introduced as an impurity with the ordinary chemically
pure chemicals used in making up the base nutrient solution, that
derived from tho apparatus and the quartz sand, or that resulting from
free exposure ouf of doors. Repeated analyses of the “0” culture
solutions both before and after use showed that for the ntost part these
solutions contained approximately 0.05 p.p.m. of boron. The con-
centration of boron in the solution supplying the other beds was
maintained at or near the designated initial concentration by the
daily addition of approprinte quantities of water to the culture solu-
tion to offset the concentrating effects of transpiration and cvapora-
tion. The I-p.pan. concentration was not included in the 1920
experiments, :

All plants tested have shown higher horon concentrations in their
tissues when the boron concentration of the nutrient solution was
higher. The examples of table 6 are taken to illustrate plants of con-
trasting boron requirements and boron tolerances. The optimuym
range for the Malagn grape and the Kadota fig is narrow. Both
respond to boron and both are sensitive. Dwarf mile has not shown
definite benefits from added boron, but the plants in the 0" bed have
tended to produce n greater number of tillers Inte in the senson and to
remain green after the plants supplied with boron matured. Acala
cotton, both in the total weight of the plants znd in the number of
bolls produced, had a higher boron requirement for maximum growth
thun any other plant as yet studied, but cotton plants were injured by
the 15- and 25-p.p.m. concentrations. Sugar beets in the 87 solution
predueed undersized roots with zones of disintegrated tissue; the
leaves were reduced in gize, with large areas of the tissues broken down,
and judged by taste there was liftle sugar present in the pulp, Tho
leaves of sugnr beets i the higher concentrations showed some
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cupping and burning, but the yield was not signifieantly reduces,
Like the sugar beet, alfalfa is benefited when seme boron 1s added to
the culture solution, and the growth 1s only moderately reduced at
higher concentrations. The palm (Phoenix canariensis) was appar-
ently benefited by 5 p.pan. of boron. The plant in the 25-p.p.m.
culture wns more compact and the pinnae were burned back about
2 inches, but no reduction in weight oceurred,

Nearly all of the annual crops have shown a retarded gerinination
rate and reduced seedling vigor in the higher roucentrations of boron.

BORON IN SOILS

The relatively small number of boron determinations that have
been made on seils, whether irrigated or not, bave in cach instance
shown boron to be present. In a few cases in the San Joaquin Valley
the anaiyses show that the boron contained in unirrigated soils has
been sufficient fo have an adverse effeet upon crop growth or so high
as to hasten the injurious eflects following irrigation with water high
in boron, Notwithstanding evidence of the ocensional occwrrence of
untrrigated soils containing appraciable concentrations of solubie
boron in the San Joaquin Valley, the general inference to be drawn
from the appearance of crops grown under irrigation leads to the
conclusion that such depression in yield or growth as mny be caused
by boren is attributable for the most part to boron carried by the
water applied.

Boron as found in soils does not appear to be very soluble, and for
that reason boron that has accumulated in the root zone is not as
easily removed by leaching as are chilorides and soluble sulphates.
Several lemon trees growing at the Rubidoux Laboratory at Riverside,
Calif., on a soil with o moisture equivalent of about 10 percent have
peen Irrigated by the University of California in basins sinee March
1926, Durng the period from March 1926 to May 1927 boron was
added to these basins at the time of each irrigation in such quantities
as to produce a concentration of 5.0 p.p.n. in the water used (22).
In 1934 these trees still show seme adverss effacts of the treatment—
this notwithstanding continued irrigation in the basiuz, subsequent
to May 1927, with water containing less than 0.15 p.p.m. of boron,

Tihe behavior of boron, or more correctly of boron compounds, in
soils constitutes an important problem. 1t is no longer difficult to
determine acceurately very small quantities of boron in aqueous solu-
ticn, but each method of extracting a serics of test soils for such
determinations has yielded different values which bear httie relation
one to ancther. Extractions with water at high temperetures yield
several times as much boron as extractions at low temperatures, and
variations of the water-soil ratic used for extraction give different
results; also, digestions with acid materially increase the boron
obtained. Almost from the beginning of the boron investigations it
has been recognized that an equilibrivm exists between the undissolved
boron in the seil and the boron in the soil solution, and the need of
suitable methods for the determination of petentially soluble boron
in soils has hoen appreciated as essontial for a full understanding of
tho effects of boron in irrigation waters, Irrigation waters of similar
quality, Jor exnmple, have been observed to produce varying degrees
of injury on different soils, and the time elnpsing between the first

Flsas—35—2
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use of a contaminated water and the first appearance of crop injury
likewise varies with differont soils. With heavy soils the onset of
crop injury is apt to be retarded as compared with light soils. Not
only do adverse effects usually become apparent sooner on light soils
than on heavy soils, but when good water 1s substituted improvemens
is more rapid in the light soil,

The relationship between the boron-fixing power of soils and their
texture is only & general one. It is believed that the colloidal matier
of soils is the most active constituent, and heavy soils are usually
higher in colloidal mastter than light soils. The beron-fixing power of
4 San Fernando Valley soils has recently been rxamined by adding to
each from 2 to 25 p.p.m. of boron as boric acid. Each of the 4 soils
was wetted with three-fourths of its saturation percentage of moisture
and set aside for 30 days. Two of these soils, with moisture equiva-
lents of 5.3 and 15.1 poreent, removed approximately 25 percent of
the added boron from solution and 2 of them, with moisture equiva-
]Dents of 13.5 and 24.6, removed approximately 50 percent of the added

oron.

The factors that determine the equilibrium between the undissolved
boron in the soil and the concentration of boron in the soil solution
are not known, but it is recognized on limited evidence that they
may be diverse. There is evidence to suppory the view that the
solubilities and rates of formation of an undetermined series of mixed
boron compounds may be of primary importance, and that soil col-
loids, possibly thosc active in base exchange, take up and render
unavailuble indefinite quantities of boron. Some boron minerals are
highly insoluble. For example, plants grown by the writer in o
tourmaline mineral (Al, Cr, Te, B,giog) powdcred to pass a 100-mesh
sereen developed no symptoms of boron injury.

Some soils near Hollister, Calil., show remarkable boroa-fixing
powers. The crops on a few have not shown conspicuous injury
even when irrigated with waters containing up to 10 p.p.m. of boron
for o number of years. Omund Lilleland, of the University of
California, has applied as much as 60 pounds of boric acid to 2 heavy
s0il at Davis without producing injury to the prune tree that the soil
supported. This amount of boric acid would be roughly equivalent
to 60 p.p.m. of elemental boron in terms of the dry weight of the soil.
TFour ounces of borie acid, if absorbed by one of these large trees,
would undoubtedly lLave produced serious injury. As a further
illustration of the marked varinbility in the capacity of different
soils to absorb boron, cotton was grown on a heavy soil at the United
States Cotton Breeding Field Station at Greenville, Tex., which had
been treated at the rate of 2,000 pounds of borax per acre, and accord-
ing to Homer C. McNemara no adverse symptoms developed the
first season and only a few plants showed injury during the second.
But as has been noted, drill-row applications of not more than 10
pounds of anhydrous borax per acre greatly reduced cotton yields
on light soils in the Southeastern States.

Evidence of the distinction that exists between the behavior of
boron compounds. and such ions as chlorides and readily soluble
sulphates is illustrated by the data of table 7. The 10 soils there
represented were chosen on the basis of soil types and field conditions.
The crops grown on some showed marked boron Injury, and on others
avidence of boron injury was entirely absenl. The diversity of soil
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character is represented in part by the reported moisture equivalents,
It may he noted {rom the boron content of the first three percolates
in this table that there are marked differences in the rate at which
boron is liberated from different soils lo the percolating solution,
Significant amouuts of boron were iv all cases found in the third
percolutes, whereas nearly all of the chlorides and sulphates were
removed by the first two percolates. Sulphates persisted in the
percolutes of soils 8 and 10, since gypsum in excess of its solubility
in the water used for leaching had been added to each: Some horon
wias obtnined in the twenticth percolate from cach soil, '

Tarpe T.—Compurisen of relention of boron and of chiorides end sulphates in 10
sotly when 2 Lilograms of cuch was plased in duplicale percolator tubes and leached
7 shegessive lomes with the saturation percentuge af woler
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Tanne 7—Comparison of relention of boren and of chlorides and sulphaies in 10
soils when 2 kilograms of each was placed tn d uplicate percolator tubes and leached
8 successive times with the saturative perceniage of water—Continued
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If soils are leached with water to which boron has been added, the
extract obtained may be cither higher or lower in boron than the leach-
ing solution. If a considerable part of the soluble boron has been
removed from @ soil by leaching with boron-free water, or if a soil
is initially relatively free of horon and a water with several parts per
million of boron is then used, many successive leachings may be
required before equilibrium resulls and the solutions recovered attain
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substantially the concentration of boron used in the leaching solu-
tion. Im other words, the concentration of boron in s leaching water
and in the soil, and the soil characteristics that determine the equi-
librivmn concentration, may couse boron to be either absorbed from
or relessed to percolating water. When land is irrigated with boron-
contaminated water the soll may remove boron from the water used
angd for & time maintain o soil solution with less boron than the irn-
gation water. On the other hand, when toxie concentrations have
been reached in the soil solution it may be necessary to pass large
guantities of good water through the root zone to reduee substantially
the soil-solution concentration,

Twn distinet measures of the boron in soils sre recognized as
desirable. To describe adequately the boron conditions in a soil one
should be able to set forth (1) the total amount of boron Jooked upon
as water soluble or potentially injurious and (2) the concentration of
horon in the soil solution. Some doubt is enfertained =s to whether
it will be possible to work out an entirely satisfactory method for
determining the first of these values. The nature of this problem has
already been made evident in the foregoing discussion of the solu-
bilities of boron compounds aund the effect of acids and temperature
upon their solubilities. It is possible, however, to arrive at satisiac-
tory values for the concentration of boron in the soil solution, and it
is this concentration that is most directly reflected by crop condi-
tions. The procedure for displacing the soil solution, nevertheless,
is a difficult one and requires considerable experience. The details
of the method must be varied to suit different soils, and not uncoms-
monly retrials with variations in moisture content, degree of packing,
cte,, are necessary. For practical purposes recourse is now taken fo
what is designated as three-fourths ssturation perceniage extracts.
This method is direct and juvolves little difficulty. Also much less
soil is required. These extracts are obtained by wetting 500 or 1,000
g of soil with thiree-fourths of the saturation percentage of water and
then extracting o portion of this water with air pressure after the
soils have been wetted for several days. The concentrations found
in the three-fourths saturation extracts are ordinarily a little lower
than in displaced soil solutions., The concentrations of boron found
in three-fourths saturation extracts of the 10 soils listed in table 7
were on the average 88 percent as high gs in corresponding displaced
soil solutions. Good correlations have been found between these
values and crop conditions.

In undertaking the cuiture of planis in the experimental sand
beds for the detennination of boron tolerance, it was assumed that
their reactions to the boron of the nutrient sclutions held by the
sand would be essentially the same as those of plants grown in soils
with soil solutions of like concentrations. To the extent that it hes
yet been possible fo make comparisons between the reactions of the
plants grown in culture solutions of known boron concentrations
with field plants grown on soils of determined soil solution concen-
trations, this assumption has been substantially wverified. It is
Tecognized nevertheless that some discrepancy must result from such
factors as nitrate differences between culture and soil solutions and
from soil variability.

Baoron oceurring naturelly in toxic concentrations in unirrigated
scils is not uncommonly found in small areas surrounded by produe-
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tive land. The topography or the appearance of such land frequently
provides no index as to either the condition or its eause, and vet the
boron content of the soil of such areas may differ to the extent of
more than 20 to 1 from that of adjacent land. One such area is
shown by figure 1 in a peach orchard south of Tracy, Calif. Soil 10
of table 7 was taken in the foreground area, in which both the orig-
inal and the replanted peach trees cither died or made little growth.
Soil 9 of table 7 was taken from among healthy trees shown in the
background.

COUNTERACTION OF BORON AND THE USE OF BORON-CONTAMI-
NATED WATER

It bas frequently been asked whether it is possible to remove
boron from irrigation water. Tor practical purpuses it is necessary

Fioune 1.—A small aren of boron-fmpregoated, unproduetlve soi} surrounded by fertile lend. (Fleld 7,
BE, M 8ec. 81, T.3 3, R.TE, July®, 1831)

a7 - r )

to answer in the negative. Methods have been proposed, and in the
laboratory it may be possible to render n part of the baron in a
solution insoluble, but no feasible method applicable to irrigntion
water 13 known. To preeipitate the few parts per million of boton
in irrigation water, excessive concentrations of renctive selts would
be necessary and might in themselves prove toxic. The only rec-
ommendations that can now be made are the substitution of another
water, dilution by blending with better water, ov the cultivation of
less sensitive crops.

It has likewise been asked whether something could not be applied
to the soil to reduce the toxicity of boron. Well-cared-for u.mj well-
fertilized orchards not uncommonly show less marked horen symptoms
than do partly neglected groves irrignted with the same water.
It has been found that the severity of the boron injury shown by
lemons and grapefruit in controlled experiments both in sand and in
water cultures is materially reduced when the concentration of the
nitrogen supplied is increased. Wield observations have likewise
indicated that the libern] use of nitrogenous fertilizers reduces the
severity of boron injury in citrus plantings. Potassium and sodium
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supplied in relatively high concentrations have been found to modify
the character but not the intensity of leaf injury caused by boron.
The concentrations of chleorides, sulphates, and phosphates have not
heen found to offect materially the severity of boron symptoms,

When an irrigation water is high in chloride or sulphate it ought to
be used in sufficient abundance to displace the soil solution by leach-
ing as it becomes concentrated by transpiration and evaporation.
The situation with respect to boron, however, is not s¢ simple; unlike
chloride, a part of the boron applied with water, instead of remaining
in golution, may accumulate in the soil in an undisselved but poten-
tially available form, and for this reason the same considerations
cannot be applied to the use of saline and high-boron waters, Un-
fortunately, many of the high-boron waters in the San Jorquin Valley
also contain high concentrations of the more common salts. Con-
stdering boron independently, and assuming the soil to be initinlly
relatively free from this element, the abundant use of water high in
boron te promete o systematic leaching of the root zone is not to be
recommended until boren symptoms become pronounced. Such
symptoms indicate unfavorable root-zone concentrations, When
boron symptoms have become propounced, the advantage will
probably lie on the side of abundant vse of water to prevent further
Increases in the soil and soil-solution concentrations; in other words,
the methods used should result in some leaching of the root zone.

WATER SUPPLY OF THE SAN IOAQUIN YALLEY
SOURCES AND GENERAL CHARACTER

Agriculture in the southwestern part of the United States is con-
trolled by the distribution of rainfall, the charncter of the soils, and
the possibility of supplementing precipitation by brrigation. In the
San Joaquin Valley the rain{all increases gradually from less than 3
inches in the vieinity of Bakersfield to 16 inches or mere in the vicinity
of Stockton,

The intensive agricultural devclopment of the valley has followed
the utilization of water obtained from wells drilled in the valley floor
or in the alluviel fans, nnd the diversion and use for power and irriga-
tion of water derived from the streams that rise in the mountains to
the east. Stresms originating in the Sierra Nevada, which tise to
grent heights sbove the castern side of the valley, furnish either
directly or indirectly by {ar the greatest proporiion of the water that
enters the valley. The remarkably rapid growth of agricultural
enterprise in the valley is to be attributed not only to the fertility of
the soil and the suitability of climatic conditions fer crops but also
to the fnct that the wnter furnished by the Sierra Nevada watershed
is unusually free from dissolved mineral matter. Those areas alon
the eastern side of the valley 1nost abundantly supplied with gooc
water are the most intemsively cultivated. The supply of water
derived directly from rivers of the Sierra or that can be pumped from
their alluvial fans is limited, however, and along the castern side of
the valler there has been recently little extension of the irrigated aren;
rather it has been necessary to despen existing wells and to install
larger puinps in order to maintain the present area,

In addition to the rivers that flow from the high Sierra on the east,
there are & number of creeks rising in the Tebachapi and San Emigdio
Mountaing, which form the southiern boundary, and from the coustal
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mountains, which form the western boundary of the valley., Principal
among these creeks or **washes” are gn.liente, Grapevine, San
Emigdio, Los Gatos, Cantusn, Big Penoche, Little Panoche, Los Banos,
Ban Luis, and Orestimba.  All of these are relatively short, and except
at flood time their waters are lost in alluvial cones before reaching the
axis of the valley. These streams nevertheless are of considerable
importance in the present conneetion, since they are genernlly con-
sidered to have been the source of the underground water supply
tapped by wells over o portion of the southern end and the western
side of the valley, in which areas Irrigation waters contaminated with
boron are most frequently found. The water brought in by these
creeks hikewise carries a much larger amount of dissolved mineral
matier than water derived from the high Sierra.

In some sections of the Southwest the contamination of an irri-
gation water by boron can be traced to some particular spring or
group of springs heavily charged with boron but contributing only
a minor portion of the stream fow, or to exposed borax or colemanite
deposits in & limited po.tion of a watershed. In the San Joaquin
Valley tracing out the sources of boron contamination is generally
difficult. In those portions of the valley in which boron occurs in
agriculturally significant amounts, the water supplies for the moss
part are derived from wells, many of which are of great depth and
far removed from the streams that now presumably supply or have
in the past supplied water to the underground streta. In fact, over
& considerable portion of the western side of the valley some of the
water now brought to the surface from the deeper wells may be of an
age comparable with that of tie upper alluvium depositions of the
valley itself.

As has been stated by Mendenhell, Dole, and Stabler (273:

The belief that there ig little movement in the subsurface waters of the lower
San Joaquin is strengthened by u consideration of their chemical eharacteristics.
Some of the ground waters of the upper delias of the esst side are among the
purest waters of this type known, while those from the shsliow (formerly) fowing
wells of the hottomn of Tulure Leke and from the deeper wells of the north end
of the valley are so henvily charged with mineral matier as not to be potubie or
suitable for irrigation purposes. Crouud waters dissolve the soluble minerals
from the rock fragments—iéhe clay, sand or gravel particles with which they are
in contuct. The mmount thus dissolved depends upon the chemical combinations
in which tie minerals exist, some being much more soluble than others, and upon
the length of time during whicl the waters are in contact with thein. In general,
the alkalies in the sands and gravels of the cast side are in the niost resistant form,
the silicates of the greuitic debris from the Sierra; the alkalics of the sands and
gravels of the west side are in less resistent form, the sulphates and earbonatesg
of the Cretaceous and Tertiury shsles and sandstones; hence the ground waters
of the high parts of the cast slopes and the valley, which move with comparative
rapidity, are much purer than the waters from similar situations on the west
side. Furthermore, the volume of water poured out upon the enst-side fans is
many times greater than that discharged upon the west side, so that the alkalies
disgolved are greatly diluted. But down in the trough of the valley, especially
near its north end, the ground waters contain a muel larger percentage of salts,
even than those of the west side. I there were rupid circulation of ground waters
here, this condition should not exist, for the dissolved salts should be gradually
carried out. The fact that the walers sre highly mineralized is regarded then
as additional evidenee of sluggish circulation, or perhaps practical stagnation.

GEOGRAPHICAL AND GEOLOGICAL CHARACTERISTICS OF THE VALLEY
The quality of the ground waters ns well as that of the streams

entering the valley is related to the topography and geology of the
valley and its surrounding mouontuins and foothills.  The alluviam

-
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derived from the hard granitic rocks of the Sierrn and supplied by
water from streamns rising in these mountains yields water distinet in
composition from that derived from the nlluvium of the west side,
which has been brought dewn and deposited in the valley from the
more soluble, softer, and often gypsiferous sedimenturies of the Coast
Range. The waters derived from the two sides of the velley are in
general distinet one from another, but all are highly variable in the
concentrations and proportions of their constituents, and both of
these waters have contributed {o the large body of ground water
which extends to great depths bencath the valley. Not only ure
these underground waters derived from various sources in unknown
proportions, but some have been subject to concentration by evapora-
tion and to changes resulting frou biological processes.  Since the
movement of grownd water in the valley floor 1s at most very slow,
these waters have long been in contact with the many stratifieations
of the alluvium of wlich the valley floor is built, and such contact
has served 1o modify Turther their quality.

It is beemuse the geographical and geological churncteristics of the
vadley have such a pronounced bhearing on the quality of hoth the
surface nnd ground waters that it has seemed desirable to include in
this report n descriptive statement of these features.  Mendenhall,
Dole, and Stabler (27, pp. 15-22) availed themselves of au unpublished
manuseript by H. K. Johnson 1o supply a shmilar need, and the state-
ment that follows has been taken {from their publication almost
without change except {for the omission of matter of only shightly
lesser interest. The contribution by Johnsen beging at the third
paragraph helow:

The Great Valley of Californis cxhibits little diversity in its physical aspeet.
Buch differences a3 exist between its north and south ends are elimalie, or, if
physica), are directly due to climatic differences. Ameng local physical features
based upon climatic differences may be mentioned the Tulare Basin nt the
south end of the San Joaquin Valley. The basin is due to tne aridity of the
region and the consequent extensive tlevelopment of alluvial fang, Two of
these, extending {from Kings River on Llie east and T.os Gatos Creek on the
west side of the valley, have eosleseed in o low ridge seuth of which lie the Tulare
Luke and Xern Luke dopressions * * % The southern, more arid third of
the depression, extending from Kings River delta to Tehachapi Mountains, hus no
surface outlet under normal eonditions, and the surplus surface waters aceumulate
in the Tulure Luke depression and Bucena Vista reservoir.  Originully Kern Lake
reccived n portion of the excess from Kern River, but through the protection
afforded by a restraining dike waler is kept out of it except when unusual floods
bresk the restraining dam.  The originud lake hottoins have in part new hecome
valunble wheatl lands.

* % ¥ the valley floor has bheen huilt up by the alluvinl materinl eraded by
the stresms from the mountains east and west of the depression and deposited
in it. The larger and more aetive strenms build fatter but more extensive
alluvind fans—the type that makes up the cast-side slopes; the more erratic and
torrentinl strenms of sinaller volume build the steeper and less extensive fans
that constitute the west-side slopes.

In simplest outline the geolegy of the eastern border of the San Joaquin Valley
consists of the “Bedrock series™ of granites and metmmaorphic sedimentary and
igneous wnsses of pre-Cretaceous age, overlain st the north znd soulh ends of the
valley in an interrupted band vecapying n zane of low reliel between the Sierra
proper and the valley proper by a series of Tertinry sediments, entirely unsltered
and including beds as old as the Eocene, although the great body of the material
seems to be Miocene or Pliocenc in age. ¥ ¥

The geology of the westorn margin of the valley contrasts in wuny ways with
that of the eastern border. The oldest rocks of the Mount Diablo Range—
the easternmost of the coast ranges—comprise a series of altered igneous and
sedimentary rocks of Jurassic (?) age known as the Francisean formation, which
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extends along the axis of the range from & point southwest of Coalinga to San
Francisco Bay. Overlying them on the valley side, but not continuously, is a
series of suirdstones, shales, and conglomerates of Cretaceous and carliest Tertiary
(Eoccne) age. Buceeeding these in furn is a variable serics, locally of greas
thickness and usually but not always present in some of its members, representing
the middle and upper Tertiary. * * * ‘Toward the top of the series are
beds that clearly represent fresh water or subaerial depoesition, undoubtedly
much like that which is now taking pinee in Tulare Lake and in the wesi-side
alluvial fans. * * *

The valley as a whole is a great structural trough and appears to have been
such a basin singe well back in Tertiury time. %ince it assumed its gencral
troughlike form, gradusl subsidence, perhaps interrupted by periods of uplift,
has continued and has been accompanied by deposition alternating at least along
what is now its western border with intervals of crosion. This interrupted but
on the whole continucus deposition seems to have been marine during the early
and middle Tertinry; but during the later Tertiary and Pleistocene, when pre-
sumably the valley had been gt least roughly outlined by the growth of the
Coast Ranges, fresh-water and terrestrial conditions beeame more and more
predoiminant, until the relations of land and sea, of rivers and lakes, of coast fing
and interior, of mountain and valiey, as they now exist, were gradually evelved.
Ag these conditions developed, the ancesbors of the present rivers probably brought
to the salt and fresh water bodies that occupled the present site of the valley and
its borders, or, in the latest phases of the development, to the land surface ifself,
the clays, sands, gravels, and alluvium that subsequently consolidated into the
shales, sandstones, and conglomerates of the late Tertiary and Pleistocene series,
just as the present tivers are supplying the aliuvium that is even now accumu-
lating over the valley {loor.

The very latest of these acctmulntions are the sand and silt and gravel beds

encirated by the driller in his explorations for water threughout the valley.

hey are like the early folded sandstones, shales, and conglomerates exposed
along the flanks of the valley, except that they are generally finer, and are not
yet consolidated or disturbed. The greater part, perhaps ali of them, accumu-
iated as stream wash on the valley surface or in interior lakes like the foriner
Tuisre Lake, but & proportion of the older sediment that is greater as we delve
farther back into the geologic past accumulated in the sea or in salt bays having
free connection with the sea. [t is these very latest geologic deposits, saturated
betow the ground-water level by the fresh water supplied chiefly by the Sierran
streatns, that constitute the reservoirs drawn upon by the wells, whether flowing
or pumped, throughout the valley.

The chemical composition of the ground waters, as well as their cecurrence and
accessibility, is relaled to the geology. Where the valley alluviuin is derived froin
the Cretaceous and Tertinry beds of the coast ranges, rich in gypsum and other
readily soluble minerals, the ground waters [gencrally] contain large quantities
of these salts, Where, on the other hand, the alluvium is derived from the
granites and melnmorphic rocks of the Sierra, whose potassium, sodium, and
calcium compounds are in the form of difficultly soluble silicates, the ground
waters under ordinary conditions contain very little of these salts.

Ohviously if Lhe sands and gravels through which the ground waters percclate
were deposited under such conditions that salis were deposited with them, as in
the sait water of the ses or of bays like San Prancisco Bay, or in interior lakes that
are saiine through evaporation, as is true of Tulare Lake, then the ground waters
themselves become saline, nlthough when they leave the mountains as surface
waters, before their absorption by the alluvisl fans, they may be as pure natural
waibers as are known in the world.

The lowland through the heart of California known as the Great Valley, whose
arigin as a depression appewrs o date well back into Terbinry time, owes its
actual surface i more recent action snd to more obvious agents.  That surface
is, in brief, o combination of the surfaces of a great munber of alluvial fans,
originating at the moulhs of the canyons through which the tributary streams
discharge from the mountains into the valley.

*® ¥ *

Phe essential fuct as to the present valley surface is that it is e direct rosult of
stremn action. It has everywhere been built up by depositien from the stresins
or from the Buctuating lakes that are themsclves dependent upon the streams;
and it is formed of materials brought by the streams from the mountainous
portions of their drainage basins where they are eroding instead of depositing.
Throughout the south end of the valley its surface is n combination of alluvial fan
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surfaces; ab the north end of {..¢ valley these fans, less strikingly and typically
developed because of the greater precipitation there, still predominate along the
valley borders, while the center of the valley is a flood plain of the uaual type.

LI I

The west-side streams, draining mountains practically free froin granitic and
similar rocks but with soft serpentines, shales, and sandstones, deposit fragmoents
of those rocks in their alluvial fans, and the result is a soil type entirely ditferent
[rom that of the east side and south end of the valley. These shale, clay, serpen-
tine, and sandstone fragments disinfegrate much more quickly than the granitic
sands that confain large proportions of such resistant minerals as quartz and
feldspar, and the result is the mellow, loamy soil with its fragments of siliceous
shale that makes much of the west slope of the valley and is so produetive when-
ever water can be applied to it.

FIRST QORSERVATIONS OF BORON INJURY IN THE YALLEY

As carly as 1922 W, 5. Ballard, of the Burcau of Plant Industry,
noted a similarity between the symptoms shown by certain plants 1n
the vicinity of the Reck Pile School, southeast of Bakersfield, and the
syrptoms that had been tilustrated as resulting {rom the application
of borax with {ertilizers in Enstern States. Ballard encountered
difficulties with analytical methods and with experimental plants
and made neo published comment on his observations. He called the
conditions in the Reck Pile aren to the attention of C. 8. Scofield,
in charge of Western Irrigation Agriculture, Bureau of Plant Industry,
in 1929, About the same time A. R. C. Haas, of the California
Agricultural Experiment Station, ealled attention fo boron symptoms
that he had observed in citrus near the Weed Pateh store, also south-
east of Bakersfield. Boron determinations on samples collected by
Scofield established the cause of the crop injury in the Rock Pile
area and at YWeed Patch. A water sample sent in from Lemoore
was likewise found to contain an injurious concentration of horon.

Observations of the symptoms exhibited by plants and the analyses
of a few scattered water samples collected by the writer in the valley
in .JJune of the same year resulted in the concluston that injurious
concentrations of boron were possibly common to many of the well
viaters along the west side of the wvalley. Non evidence of boron
njury was observed in plantings east of the valley axis north of Kern
County. These observations pointed to the desirability of the
investigations in the San Joaquin Valley which are reported in this

bulletin.
QUALITY OF IRRIGATION WATER

INJURIOUS CONCENTRATIONS OF BIORON

Belore attempting to attach significance to particular concentration
ranges of the boron found in irmgation water it is desirable to reviow
a number of the factors that are known or believed to influence the
evidence of injury and the accumulation of boron in soils as produced
by boron-contaminated water,

The tolerance of the crop or crops grown is in the front rank of
importance; alfalfa and sugar beets will do well with boron concentra-
tions in the soil solutions to which cotion and cereals show depressed
vields and at which the profitable culture of grapes and many of the
deciduous fruits would be out of the question,

A heavy soil initially low in boron will usually remain productive
for a longer time than a light soil when water ligh in boron is used,
but after injurious concentrations have been built up in soils the light




28 PECENICAL BULLETIN 448, U. 5. DEPT. OF AGRICULTURE

soil will respond quicker to the substitution of a good water. The
existence of marked differences in the boron-fixing powers of both
light and heavy soils is appreciated, but little is known of the chemiesl
charaeter of the reactive constituents.

The initial boron content of the soil i1s of obvious significance,
since upon this there is dependent the delay in the onset of adverse
symptoms when water high in boron is used.

Boron injury is accentuated by climatie conditions eausing high
transpiration rates.

The annual quantity of water applied is of significance. Boron
will be added to the soil more rapidly when water is supplied in
quantities required for such crops as alfalfa and cotton than when
lesser quantities are used, as for cerenls.

The amount of rainfall is of special significance, since this reduces
the amount requiréd by irrigation. Rain water, being free of boron,
constitutes an effective agent in leaching boron from the root zone.
Highly undesirable boron concentrations in irrigation water in arid
localities mnay linve little significance in regions of heavier rainfall.

The effects of boron are similar to those of other toxic elements on
plants, in that above certain minima a decreasc in plant growth
results from any increase in the concentration of the toxic substance.
The point of diminished growth selected as critical from an agricultural
viewpoint must be chosen somewhat arbitrarily and is certainly con-
tingent not only on plant growth but on economic facters such as the
cost of crop production and market values. It is obvious thut neither
the concentration at which injury first appears nor the coneentration
that kills the plant is as useful a criterion as some intermedinte point of
diminished yield. The conditions in the soil solution resulting from.
the use of a given water are in general not stationary but vary with
time as the toxic substances are concentrated in the soil by transpira-
tion asd evaporation, become insoluble by soil reactions, or ure leached
away by water penetriting beyond the root zone.

With the foregeing considerations in mnind it should be appurent
that uny statement of what constitutes dangerous concentration of
boron in an irrigation water must be phrased enly in the most general
terms. Thisis particularly trize in an area ns extensive as the San Joa-
quin Valley with its diversity in quality of irrigation waters, soil types,
crops, and climatic conditions.

In terms of suitability of water for those plants listed as being
sensitive to boron, & most conservative statement for the southern
portion of San Joaquin Valley would be that above & concentration of
0.3 p.p.u. the less boron in an irrigation water the better.  In Ventura
County, to the south, where rainfall is 10 inches or more and where
both the temperature and the humidity are affected by the Pacilic
Ocean, » water containing muech more than 0.5 p.p.m. of horon is
considered as being of doubtful quality for the irrigation of lemons and
walnuts. In the latter area higher concentrations have been used
without appreciable injury under some conditions, but in at least ene
instance the prolonged use of o water with only slightly more than
0.4 p.p.m. of boron has injured the foliage of lemon trees.  Tn the more
arid portions of the San Joaquin Valley, where the annusal rainfall 15
about 5 inches and tlie transpiration rate is high, injury may resuit to
plants of the sensitive group with water containing 0.5 p.p.n. of bero,
or, under favorable conditions, the more tolerant of the sensitive
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crops may make a fair or even profitable growth for a period of yvears
with water containing as muech as 1 p.p.m. of boron,

In the arid parts of the valley the growth of plants of the semitoler-
ant group may be adversely affected by as little as 0.5 p.p.m. of boren
in irrigation water in localities where appreciable boron occurs as u
native constituent of the soil or where conditions nre such that exces-
sive concentration takes place in the root zone. Under more favorable
conditions and with soils that remain open to leaching, reasonably
satisfactory growth can be expected from semitolerant plants with
water containing from 1 up to 2 p.pan, of boron. When the boron
concentrations exceed 1.5 or 2 p.p.an. the best resuiis ean ordinarily
be expected only with planis of the tolerant group.

The effects of boron are less severe in those parts of the valley with
higher rainfall.  Where the water is supplied neawrly equally by rain
and irrigation only about half the injury experienced in the more
arid portions of the valley is found.

In all considerations of toxicity the standard of injury or of reduced
yieids is of grent importance. The family of a dry-land farmer south-
cast of Bakersfield has recurrently endeavored to grow 2 little garden
as well as ornamental plants and dooryard trees with well water con-
taining 7 p.pan. of boron. It is frue that many planis have been
found entirely unsuited and that the condition of the perennial
plants grown 1s far from satisfactory, and yet there is no question that
the eflorts to mainfain o little home garden and a few trees are worth
while, .\ water containing 3 p.p.n. of boron in Lost Hills was used
for a short time but was found to be unsatisfuctory even for a lawn, and
cobtonwood trees and other plants atb this place bore warked evidence
of injury. Tamarisk trees grow fairly well with water containing 15
p.p.m. of borun, and & number of other plants have been grown with
such water when placed in pots or boxes to permit af the deainage
necessary for coplous irrigntion,

SIGNIFICANCE OF OTHER CONSTITUENTS OF [RRIGATION WATERS

It has been found essential in these invesligations to delermine
the concentrations of constituents other than boren in the irrigation
waters examined.  Though no general relntionship has been found to
exist between the concentration of boron and the concentration of any
other constituent, there is a marked tendency nevertheless toward
higher boron concentrations in the more highly mineralived waters.
In some of the San Joaquin Valley waters boron is the only dangerous
constituent, but mnore commonly when boron is high other lons are also
high, and there are many saline waters that contain very little boron.

The injurious effect of boron is modified to some extent by other
constituents of irrigation waters; and since the ill effects of the various
constituents are in & messure interrelated and additive, it is clear that
the significance of one characteristic of the salt complex cannot be
properly evaluated independently of a knowledge of the others.

Tn the previous section a number aof factors were enumerated which
modify the rate at which boron seeumulates in soil and influence the
cffects that follow the use of boron-contaminated water. A variety of
factors likewise influence the effect of higher concentrations of the
other toxic ions, and for that reason it is not possible to indicate critical
concentrations of these ions in other than genoral terms.
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The ill effects that follow the accumulation of toxic substances m
the soil are due less commeonly to direct injury to plant roots than to
effects upon foliar and other tissue nfter these substances have been
absorbed and concentrated within the plant. Climatic factors and
the balance of ions in the soil solution may affect absorption rafes,
but the concentration of salt constituents presented to roots by the
soil solution stands out as a predominating factor in the determination
of the concentration built up within the plant tissue and ghe injury
that results. ‘The high osmotic force of the soil solution when it has
become concentrated has sometimes been pointed to as a deferrent
to the free absorption of water from the soil by the plant; but in other
than rather unusual cases, as when the soil solution concentsation
may have been suddenly increased by the application of water more
snline than customarily used, or by the washing ol surface salt into
the roob zone, this relationship is of secondary importance. It has
been shown elsewhere by the writer (12) that plants maintain osmotic
concentrations in their tissues which exceed those of the soil, the
concentration wilthin the plant being higher when the salinity of the
soil is higher Within the limits of tolerance, a tendency toward a
uniform difference between the pilant and soil concentrations is indi-
cated in soils of varied salinity, but this gradient would be expected to
vary for each variety and habitat.

Tt is well known that plants differ to marked degrees in their
tolerance ol the different salt constituents, but information compa-
rable to that presented in table 1 for boron is not available, Iigard
(18) has published a table of plant tolerances compiled by 1. IL
Loughridge which sets forth the highest concentrations of sulphate,
carbonate, chloride, and *total alkelis” found in soils supporting
uninjured plants. The work upon which this table was based was
done long ago, and it is still recognized as & valusble and compre-
hensive source of information, but in the terms of present-day knowl-
edge its limitations are manifest. The plant habitats investigaied
were undoubtedly limited in number and variety, and conclusions as
to whether planfs were or were not affected would seem now to be
almost tmpossible except by comparison with similar plants grown
on nonsaline or nonatkaline soils. The growth of many plants may be
materially reduced by sulphate and chloride ions without the develop-
ment of symptoms indicating that fact. Hilgard’s table reports the
tolerances of different planfs {o each of three, independently con-
sidered, soil ingredients, but he recognized that the proportions of
these ingredienits found in nature were extremely varigble. It is
likewise to be recognized that the salt concentrations in the different
horizons of the root zone may vary widely. A question therefore
avises as to which soil layer was or is to be taken as a criterion of
tolerance, or what significanee is Lo be attached to composite gamples
from several different horizons. In the table cited account was taken
only of the acid radicals, bul it is now known that different proportions
and concentrations of the bases, caleium, magnesium, potassium, and
sodium, greatly affeet plant growth and soil characteristics; these
bases, collectively, are always present in concentrations equal to those
of the acid radicals. The point here made is that we do not know for
any onc sef of conditions the comparative iclerances of the various
agriculbural plants to the conunon ions nor the extent to which plant
growth is depressed by the various combinntions and concentrations.
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The difliculties encountered in attempting to assign critical or toxice
limits for these irrigation-water constituents, however, do not end at
this point. It ig the concentration of salt in the soil solution, and not
the concentration in the irrigation water, which determines plant
reactions. The concentration of the different salt constituents in the
soil solution may exceed by many times that in the water applied.
Cultural practices as well ns climatic factors and the kind of crops
grown are all of importance, and there is to be stressed also the
permeability of the soil as it affects the removal of salts from the root
zone by leaching and the abundance with which water is used to
accomplish this.  Waters sufliciently high in toxic constituents to be
directly injurious to plants are seldom used [or irrigation. Tran-
spiration by the plant and evaporation from the soil botls serve {o
increase the concentration of the soil solution above the concentration
of the water applied.  On the other hand, water, either irrigation or
rain, when in suflicient abundance, displaces in part the soil solution,
which, being removed downward, carries salt bevond the root zone,
In addition to the salt removal by leaching, small quantities are
absorbed .by plants, the quantities thus remmoved being dependent
upon the type of plant, the portions of thie plant removed from the
land, and the concentration of the different constiluents of the soil
solution presented o the roots,

Plants may absorb the individunl constituents of the soil solution
either in a greatey or lesser proportion than they absorb water, but
under the usual conditions in irrigated regions the soil solution is left
more concentrated in cllorides and sulphates a: a result of plant
transpiration. It is not to be assumed that the absorption of salt
constituents is determined wholly by plani needs. A plant may
absorl such salt constituents as chiorides and sulphates to an exfent
that certain of its growth processes are impaired as a result of chemicnl
effects. Yebitis obvious that if the growth processes nre to be earried
on the plant must absorb water from thie soil! solution, and insofar as
this absorption depends upon osmosis it is obvicus that the osmotic
concentration of the plant sap must be higher than that of the sqil
solution.

In sand cultures of mixed deciduous fruits and grapes mainiained
with a nutrient solution containing 1 p.p.m. of boron, the solution
removed by the plants over a 21-dny period was only 14 percent as
concentrated in boron as that presented to the roots. In cultures
maintained with a 6 p.p.m. boron nutrient selution the ahsorbed
solution was 15 percent as concentraicd as that presented. These
same solutions cach contained initielly 3 millimoles per liter of
magnesium sulphate, ond a known amount was added with the water
used to replnee a part of the transpiration loss. In the low-boron
and ligh-boron freatments cited, the solutions {nken up by the
plants were respectively 5 and 7 percent as concenirated in sulphaies
as were the solutions presented. In o culture with 9 p.p.nw. of Loron
in which the grape was the predominating plant, the solution removed
was 32 percent as concentrated in boron amd 21 percent. as concentrated
in sulphate as that presented to the roots. With other solutions and
other plants diflerent percentages have been obtained, hut those
given are illustrative. The concentrations of the solutions renioyed
by the plants were estimated from the known initial and end concon-
trations of the culture solutions and the quanfity of water transpired.
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The preceding discussion las been presented for the primary
purpese of showing why it is not possible to set definite limits for
the critical concentration of any of the common, constituents of
irrigation waters. Not only do the tolerances of different plants
vary, but no fixed relntionship can exist between irrigation-water
concentrations and soil-solution concentrations, and it is the latter
rather than the former which determines plant behavior. Not-
withstanding these limitations, standards of reference are desiruble,
and when properly interpreted they are of value.

Chlorides in o water supply ordinarily cannot be expected to
produce injurious effects of materinl consequence below n concentra-
tion of 4 or 5 milligram equivalents per liter, whereas some injury is
generally certain above § or 10 m.e. Toxic effects from sulphutes
caunot ordinarily be expected from water containing less than 7 or
8 m.e., but they are highly probable above 20 m.e. 'The effects of
chlorides and sulphates between these limits nre relative to conditions
and crops, and the limits are of only moderate signiflicance, since
outstanding exceptions might be noted, In view of the uncer-
tainties ocenstoned by varied conditions, it is preferable to think of
the quality of waters with respect to chlorides us being better as the
chloride concentrutions drop helow 7 m.c. nod poorer as they exceed it.
For sulphates, 12 m.c. provides an equally suitable base.

The concentration of biearbonsie (HCO,) in irrigation water is of
secondary importance, and for practieal purposes it may ordinarily be
omitted from quality-of-water considerations. At one time bicar-
bonate was supposed to be ns toxic as chiloride or sulphate, but that
view is not now generally hell.

Tt is customary to regard the basic constituents of irrigation walers,
i.e., the enleium, magnesium, potassium, and sodium, first in the light
of their potentis] effects upon the physical clnracter of soils.  Differ-
ent proportions and concentrations of these ions in the soil solution
have effects also upon plant growth, but the information new avail-
able does not lend itself to field interpretation in tertns of the quality
of irrigntion wnber, and for that reason the subject cannot be satis-
factorily dealt with.

The ratio of alkali bases, i.e., sodium and potassium, to the alkaline
carth bases, ealeium and magnesivm, is of particular significances, since
upon this ratio the maintenance of permenbility of soils to irrigation
water is many times dependent.  An impermealsle soil not only pro-
vides an unsatisfactory secd bed and prevents good aeration but it
takes water slowly and does not leach freely.  An irrigation water of
givon salinity used in sullicient abundance may be entively satisfactory
on a permeable soil and yef render unproduetive other soils that may
not be adequately leached.

Wlhen sodium constitutes a large proportion of the bases ol an
irrigntion water, similar relationships must ultimately exist in tho
soil (32). The rapidity with which such changes ave brought about
is contingent not only upon the proportion of sedium in the water and
its concentration but likewise upon the proportions and amounts of
replaceable ealeium and magnesivm and sodiun: in the exchange comn-
plex of the soil. In ene section of the srea here dealt with, where
sodium is the predominant hase in the irrigation walers, {armers
recognize that such profit as is Lo be obiained from their land must be
obtained during the first few yvears of irrigmition. Yields of 30 spcks of
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barley the first year ave followed by yields of 12 to 15 sacks the third
year, and it is then necessary to let the land lie fallow for a year before
1t can be brought into sufficiently good tilth for a sced bed for a
fourth crop.

Just as 1 was indicated as hazardous to set up well-dofined limits of
tolerance for salts in irrigation waters, so it is not yeot possible to
assign definite limits for sodium as a percentage of total bases in
irrigation waters.

For each of the waber analyses to be reported the alkali bases
(sodium and potassiumn) are presented both in terms of concentration
and also as percentages of total bases. Inasmuch as the analyses are
set forth in mifligram equivalents, it is largely immaterial whether
these percentages are read as sodium as percentage of total bases or
sodium selts as porcentage of total salis. The insccuracy occasioned
by considering the total alkali bases as being sodiuvm is not of grent
conscquence, because tlie eflect of potassium, which is rarely present
in high concentrations, is regarded as heing like that of sodium.
Caleivmn and magnesinin may be considered as nearly alike in their
cffects upon the soll. Waters carrying sodium to the extent of ¢5
percent of the total bases are looked upon as being of doubtful
quality, waters with less than 50 percent as being wholly satisfactory
in this regard, and those with more than 65 percont of sodium as
presenting a progressively greater hazard as the percentage increases.
But with this interpretation it must ho recognized that water very
low in total salinity, even though sodivm predeminated, might be
used for many years on a soil high in ealeium carbonate or in adserbed
caleium and magnesium.

Gypsum, sulphur, or the salts of iron and alominum (24) are
sometimes used suecessfully for the improvement of soil structure
and for promoting reclamation where impermeability is serious.  The
gypsum equivalent of 1 m.e. of cnleium per liter is 234 pounds per
acre-foot of water, I{ water with (9.2 percent of sodium has, for
example, 4 m.c. of ealcium nnd magnesium combined and 9 m.¢, of
allaali bases, the difference in the sums of the alkali bases and the
alkaline earth bases is 5 m.c, per liter. To give equal proportions of
nlkali bases and alkaline earth bases in sueh water it would be neec-
essery to add to each acre-foot of water 1,170 (5X234) pounds of
gypsum. To reduce the alkali-base econcentration to 60 percont of
total bases 468 (23234) pounds of gypsum would be required.  If the
alkaline enrth bases exeeed the alkali bases, the gypsum equivalent of
the excess calcium and magaesium can be computed in & similar
mannaoer,

Apprehension exists in the minds of a few growers and agricul tural
advisers that gypsum teken from deposits in rogions where the
waters hiwve been found to carry substaniinl concentrations of boron
might ltkewise be contaminated. Boron determinations have beesn
made on 8 samples of gypsum, 5 of which ware collected near Panochs
Creek southwest of Mendota, 2 from Lost Hills, and 1 from Imperial
Valley. One of these samples showed no boron, 2 had 22 p.p.m,,
and the average of the § was 8.4 p.p.m. The resulis obtained from
the 8 samples do not constitute evidence that boron compounds are
never deposited with gypsum, but indicats that there is no particular
reason Tor suspeeting such contamination. Ten tons of gypsum con-

TORE—35——1
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taining 22 p.p.m. of boron would add to the soil but 0.4 pound of
horon, or approximately the amount added by 1 acre-foot of water
containing 0,16 p.p.m. of boron.

The specific eleetrical condnctance, K>10° at 25° C,, as given for
each of the water analyses, provides an index of the total salinity of
the water comparable to that provided by total solids, but neither
measurcment indieates the nature of the ions present. Waters with
conductances below 75 will not ordinarily contain o sufficient con-
centration of any of the common ions to produce injurious eflects,
but between conductances of 75 and 150 uncertainty must exist in
the absence of chemieal analysis.  An clectrical conductance above
200 is definitely significant of ¢ poor water, nlthough sulphate waters
high in ealeium and magnesiom with conductances above 300 have
becn used profitably for long periods.

INTERPRETATION OF ANALYSES OF IRRIGATION WATERS

The common mineral constituents of natural waters may he divided
into two groups, namely, those existing in ionic forms with definite
cliemical aflinities for other constituents, and those held in suspension
as moleculnr aggregates possibly in the colloidal state. The latter
group probably 1ncludes & portion of the siticn, and oxides of iron und
aluminum. Natural walers contain in addition dissolved gases,
chiefly oxygen, nitrogen, carbon dioxide, and not infrequently hydro-
gen sulphide or sometimes hydrocarbons. The concentrations of
these cotloidat and gascous constituents have been determined in this
work in only a few instances, and these determinations are not given
in the analyses that follow in this bulletin. The constituents of the
other group, the lonic group, are of bwo kinds, (1) the positively
charged bases, principally calelum, wmagnesium, sodium, and potas-
sium, and {2} the negatively charged aeid radicals, principally car-
bonate, biearbonate, chioride, sulphate, and nitrate. 'The several
constituents of each kind have different but definite capacities for
rencting with or holding in solution the constituents of the other
kind. The two kinds of constituents in a water are always in chem-
ical equilibriwm; that is, the swm of the milligram equivalents (or
rencting values) of the positive radieals is always equal to the sum
of the milligram equivalents of the negatice radieals.

An anaiysis that ineludes only the ions mentioned is never complete,
for in practically all natural waters other chemieal substances are
present. These other elements, or radicals, which may be of widely
varied character, are usually present in low concentrations, and their
identification and accurate estimation is often diflicult or may require
special apparatus, and they are not determined in the ordinary chem-
ical annlysis. Boron belongs among these secondary substances.
Formerly it was rarely included in an analysis of agricultural water
or soil, sinee its agricultural signifieance was not appreciated. Only
recently have accurate analytical methods for the estimation of boron
in very low concentrations heen developed.

ANALYSES OF WATERS OF THE SAN JOAQUIN VALLEY

In the following pages are reported the analyses of approximately
450 water samples from streams and wells of the San Joaquin Valley.
The samples were collected and analyzed primarily to determine to
what extent horon oceurs as o natural constituent ol the surface and
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underground waters in the aren. The waters examined were for the
most part irrigation waters. Some other waters not then used for
irrigation but which had been used and abandoned or which ‘might
at some time be developed for agricultural use were also collected,
and some additional samples were examined, particularly those of
foothill streams, wells, or springs, because of the implications afforded
with respect to the quality and source of valley waters.

Within the area drained by the San Joaquin River and its tribu-
taries there are 2,405,308 acres of irvigated Iand (approximately one-
half of the fotal irrigated acreage of Californis) and an additional
1,157,322 acres which are reported as of 1929 as capable of being sup-
plied with water by existing irrigation enterprises (38). Txtensive
areas underlain with water-bearing sands have been developed only
in part.

Boron oceurs in higher concentrations in the waters of seme regions
than in others. It was anticipated that the data resulting from the
survey would serve a general purpose by indiceting in which portions
of the valley boron should receive particular attention in extending
agriculbural developments and to what extent agricultural problems
in developed portions of the valley were attributable to high boron
concentrations. The analyses here.presented are Limited i number
and are expected therefore to servo only as guides in these matters,
and this function was in view when the work was undertaken. Insofar
as the resuits may direct attention to the importance of boron as a
potentially toxic constituent of irigation waters and so stress the
desirability of examining waters for this constituent, the work will
have aecomplished an additional purpose. Such constituents as
chlorides and sulphates have long recoived serious consideration in
the utilization ol ir-igation waters, but only recently has attention
been direcled toward the frequent occurrence of horon in irrigation
waters and the highly toxic efleets upon plants that vesult from
relatively small concentreations,

Boron has been found to be present in each of sonme 4,000 surface
and underground wators so {ar examined by the Division of Western
Drrigation Agriculture in tne western portion of the United States.
In some of these waters its concontration has been sufliciently high
to inhibit the growth of irrigated plants, and in others so low that its
presence was demonstrated only by special methods.

The analyses of the San Joaquin Valley waters were not limited
to boron determinations but included slso determinations of bicar-
bonate, chiloride, snlf)hnt.e, calcium, magnesium, and alkali bases.

Following the analytical tables and sample deseriptions the general
characteristies of the waters of different portions of the valley are
briefly discussed. For each of the smaller geographical units into
which the valley was subdivided for purposes of presentation a more
detailed deseription of the water supplies hias been undertaken.

In the preceding pages it has been emphasized that attention
should be given to the percentage of sodium in irrigation waters. In
the last column of each table of analyses the sodium percentage in
each of the samples has been calculated, and the significance of these
figures cannot be overemphasized. Their calculation and inclusion in
reports of water anslyses represent a new departure which it is
believed shoul: be generally adopted. The writer has found the
concept to be one of great importance in the area studied.
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COLLECTION OF 8AMI'LES

Not oll of the water supplies sampled in the arca eovered by this
report have conteined apprecinble concentrations of boron, and
relatively few samples have been collected east of the trough’of the
valley. The ecast side of the valley is the most highly developed and
is of the greatest agricultural importance for the reason that the
quantity of water derived from the Sierrs greatly exceeds that
derived from the eastern watershed of the coastal mountains, The
west side of the valley has received the greater attention in this
work, since both preliminary and later observations and collections
indicated that boron occurred in appreciable amounts in many of
the west-side wells, whereas except for aress in the south end of the
valley, little or no evidenee of boron injury resulting from the use of
water from streams or wells east of the valley trough has been found.

In undertaking the work a general rather than a detailed survey
was contemplated, and an effort was made to colleet representative
samples over the entire west-side sres. Nevertheless, more snmples
were collected in arcas where boron confamination was thought to
be local and where marked differences were indicated in the quality
of the water of neighboring wells or in the different water-bearing
strata. More numerous samples were sometimes collected af the
solicitation and with the cooperation of property owners when the
problem of water quality was thought to be of Immediate economie
concern.

It has been possible for the writer to collect personally the greater
number of the samples, but when any were collected by others the
name ol the collector i1s given. For the most part and insofar as
practicable, sample collections were confined fo the swmmer or early
{all, for it is during the latter purt of the season that the effect of
boron in irrigation water upon crops is most clearly indicated. De-
tailed notes on plant reactions for comparison with the subsequent
analytical results were regularly taken. The interpretations of the
significance of boron concentrations in rigation water in the dif-
ferent pavts of the valley (p. 27) were based upon these observations
and upon the severity of symptoms and associated reduction in
growth of plants grown experimentally at the Rubidoux Laboratory.

EXPRESSION OF ANALYTICAL RESULTS

At one time nearly all water analyses in other than puvely eliemical
papers were reported as prains per gallon. Parts per million later
come to be the more popular unit and is still ordinarily used. In
this work it has been elected that the analyses should be reported in
milligram equivalents per liter, tlie reason being that concentrations
so expressedl more clearly portray the chemical composition of a
water, and the analyses so reported most readily lend themsolves to
agricultural interpretation.

Parts per million is & gravimetric expression which sets forth the
weight of a given constituent in a given weight of water, whereas by
milligram equivalents & statement 13 made of the number of ions of
each constituent present. The cssential differcnee between the two
forms of expression may be simply illustrated by assuming an aqua-
riuin containing various kinds of fish. If it is stated that there are
so many pounds of each kind of fish in a million pounds of water, the
analysis of the population has been cxpressed in parts per million,
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By stating that there are so many of each kind of fish in a given
volume of the aquarium, a form of census is adopted which iz com-
parable to that used when the concentrations of the various ions in
8 water are expressed in milligram equivalents. In other words, the
one form of expression concerns itself with the mass of the different
constituents and the other with the number of chemical units.

In chemieal terms & solution conteining 1 milligram equivalent per
liter of any ion is one one-thousandth normal with respect to that
ion. If water is added to 1 gram of sodium chloride (common galt) to
make g liter of solution, that solution contains 395.4 p.p.m. of sodium
and 606.6 p.p.n. of chloride. This same solution contains 17.1 m.e.
per liter each of sodium and chloride.

If gypsum is added to a water, the numbers of calcium and sulphate
lons are incressed equally, buf gravimetrically the concentrations
are increased in the proportion of 20 p.p.m. of calcium and 48 p.p.m.
of sulphate. Likewise in base exchange considerations, if sodium of
a8, water exchenges places with calcium of the soil it does so equivalent
for equivalent, but gravimetrically expressed in the proportion of 23
p.p.m. of sodium for 20 p.p.m. of enlclum.

oron is expressed in parts per million because its concentration is
normally too low to require consideration in the balancing of ions,
and the nature of the ion or ions in which it occurs is not known;
also, if boron concentrations were expressed in milligram equivalents
the concentrations frequently found would le in the third decimal
place, which would make verbsl discussion awkward,

The concentration of any ion expressed in milligram equivalents
per liter may be converted to parts per million by multiplying by the
factor that results when the atomic weight of the ion is divided by
its valenece. The factors for a number of the common ions are as

follows:

To converd mitligram equicalents o
fon parts per mitifon muitiply by—

Bicarbonate (HCOy)

Chloride (C)

Sulphate {80))

Nitrate (WO}

Caleium {Ca)

Magnesium {Mg) _

Alkali bases {by difference, as sodium)

Tc:tt':all hxlzrd ness (as CaCOy), izke sum of calcium and magnesium and mul-

iply

To convert parts per million o grains per gallon, multiply by
0.0584; or to conver$ grains per gallen to parts per million, multiply
by 17.12. To convert parts per million to pounds per acre-foot of
water, multiply by 2.72.

The specific electrical conductance {(X) is the reciprocal of the
Tesistance in chms offered by a water to the passage of electricity
between two electrodes of standard dimensions and spacing. For
convenience of expression the decimal is moved five places to the
right; thus, KX 10°=129 is the same as K=0.00129, Electrical con-
duetivity, being a function of the number and nsture of ions in
solution, is more dircctly related to the sum of ions expressed in
milligram equivalents than are values for total solids which represent
the weight of all jons in & given volume of solution. The clectrical
conductance of a st {ution increases with temperature, and for that
reason the tempevatare ot which a conductance nieasurement is made
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must be stated. In this work all conductance determinations have
been reported as at 25° C. The total salt content in parts per million
of some ordinary waters can be estimated approximately from con-
ductance values by multiplying the conductance by 6 if if is less
than 100 or if chlorides predcmmate, and by 7 if the conductance is
over 100 or if sulphates predominate. A conductance of 100 is
roughly equivalent to 1 ton of salt per acre-foot of water.

The boron concentration is expressed as puris per million of elemen-
tal boron in the selution. Two places to the right of the decimal
are reported, but full confidence in the second of these i1s not implied.
The titrating solution used in the Wilcox modification (47} of the
Chapin method was of suclh concentration that 0.05 milliliter of it
was equal to 0.01 p.p.m. of boron in sliquots ol the size used. While
the error of such & buretle reading is not great, there are other sources
of errar in the process of analysis.

Carbonate and bicarbonates (CO, and HCO,) are reported together
in the analyses because very few waier samples contain n,pplecmble
amounts of normal carbonate and the equilibrium between carbonates
and bicarbonates is influenced both by tcmpemmle and aeration
either bef{ne or after sampling.

The alkali bases are assumed to include sodium and potassium,
but neither of thesc elements has been directly determined in the
greater number of analyses. The values reported in the tables
were obtained by the customary procedure of adding together the
milligram equivalents of bicarbonate, chioride, and sulphate and
from that sum subtracting the sum of caleium and magnesium. In
nearly all waters sodium gre&blv exceeds potassium, and for all prac-
tical purposes the quantity of alleali bases reported can be interpreted
as sodium.

The percentage of alkali bases (sodium principally) of the totsl
of all bases {ealcium, magnesium, sodium, potassium) has been cal-
culated for each analysis and is designated in the final column of the
tables as “ percent sodium ™’

METHODS OF ANALYSES

The chemiecal annlyses herein reported were made by L. V. Wilecox,
Viadimir Sokoloff, and Francis C. Scoficld, all of the Division of
Western Irrigation Agriculture of the Bureau of Plant Industry. The
procedures in briel were as lollows:

Conductance.—The specific clectrical condietances were determined af 25°+
0.1° C. by the conventional procedure and with the usual appreatus, which in
this ease cousisied of & Wheatstone bridge of the slide wire Lype, baiteries,
1,800-cvele microphone huinmer, and suitable cleetrode vessels cither of the
}npcttc or the inunersion type.  The pipetle elecirode had a cell Tactor of about
0.30 and the immersion type ashout 1.30.  The clecirade vesset was standardized
each time of use and rlways rinsed with & duplicate sample at the same tem-
perature before ench reading,

Boron.—Up to and inelnding sample no, 4500, the beron determinaiions were
made by the Wilcox modification (4£) of the Chapin melhod.  Subsequent to
that number the delerminations were nade by the electromelrie tibration
method (4:2),

Carbanale and blearbonate.—The carbonate and bicarbonate ions were titrated
with 8.05 normal suiphuric acid, phenclphthaiein Indieator being used for the
carbonate {on and methyl orunge indicator Tor the bicarbounate ion {2, p. 83).
Aliguots of 50 millititer were fitrated with 0.05 normal neid, so that a burstte
resding of 8.05 corrcesponded to 8.05 miiligram cquivalents.
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Chloride.—To the neutral solution resulfing from the carbonate-bicarbonate
titration, 1 e of potassium chromate indicator was added. Chleoride was then
titrated with 0.05 normal silver nitrate solution. This is the official method.

Sulphate.—Suiphate was determined gravimetrically as Darium suiphate from
a 200-ce aliguot. The official method was followed except that silice was not
removed prior bo the precipitation of the barium sulphate. The relatively small
amount of silica does not interfere so long as the volume is not evaporated below
78 0 100 ml.  The celeium sulphate, anliydrous, equivalent of the sulphate ion
lr)xmysbc cotnputed in parts per willion by malliplying the sulphate concentration

v 68.
Caleiwm.—The caleiumm ion in all sanmiples bearing nuinbers above 767 was
precipitated as caleium oxalate and titrated with permanganete (2. Caleium
and magnesium, in the few snmples earrying serial numbers of 747 or below, were
separated and determined by the Winkler modification of the Clark soap method,
as reported by Grittner (15, p. 847).

Magnesium.~—Through sample no. 2300, magnesivin was determined by the
soap moethod (see ealeium).  Subsequent to sample 2300, magnesiumn was deter-
mined by preeipitation 25 maguesiutn ammonium phosphate, which was ignited
and weighed as the pyrophosphste.

Atkall buses—The amount of alkali bases, sodium and polassium, was csii-
mated in nearly all of the annalyses without direet determination by subtracting
the sum of the calefum and magnesium ious from the sum of the aeid radieals,

Sodium percentage——The expression ' percent sodium™ takes into account
the ratio of the sodiuin content to ihe sum of the ealeium, magnesium, and the
alkali bases, the concenirations of all three constituents being expressed in terms
of miiligram equivalents.  In other words, the perecentage of sodium is obtained
by dividing the sum of the milligram equivalents of caleium, magnesium, and
aikall bases (A8} into the figure for the alkaili bases and poinling off two places
to the ieft, according to the following fornula:

“ Poreent sotdium ™ ABX100

METHOD OF PRESENTING ANALYVTICAL IPATA

For the presentation of the analytical date of this report and the
orderly arrangement of offlice records the ares here dealt with has
been subdivided into quadrangles of uniform size. Iach of these
quadrangles embraces an area 18 iniles wide In an east and west
direction by 24 miles long {from north to south and includes therefore
12 townships. RExecept {or portions of the valley floor adjacent to
the Slerra Nevadsa, all of the San Joaquin Valley is included in one
or another of 35 of these quadrangles. A sketch map of each quad-
rangle has been prepared.  Where a representative number of sainples
were colleeted in any one, the map has been reproduced freing or
adjacent to the corresponding table of analyses. Thelocations of the
sources of the samples are shown on the maps by numerals which
appear also in the first column in the tables of analyses. Samples
representing surfgee waters nre identified by a letter 8 placed adjacent
to the location number on the quadrangle maps and following the
location number in the tables of analyses. Following each table of
analyses there is given a brief desceription of ench of the samples.

A key map (fip. 2) is provided, which designates by township and
range as weil as by number the respeetive locations in the valley of
the area embraced in each quadrangle. Townships and ranges of
quadrangles 1 to 32, inclusive, are relerenced to the Mount Diablo
meridian and base line, and those of quadrangles 33 to 35 to the San
Bernarding meridian and base line.

The quadrangle maps show with & fair degree of necuracy the
locations of the important towns and streams and & little of the
locations of lines of focthills; they are intended, however, to be
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disgrammatic rather than precise, and all sre drawn on & comunon
hase sketch of townships and sections. A part of the area is unsur-
veyed, and where surveyed the sections and townships are {requently
not of regular shape, Certain samples were taken in unsurveyed
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territory, and these are located on the maps in terms of section, town-
ship, and range by projecting township and section lines into unsur-
veyed territory; but inaccuracies necessarily accompany such
procedure.

Where many samples are reported from arcas us large as the 432-
section quadrangles here used, it is difficult for the reader to visualize
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conditions by transposing the data of the tables of analyses and
location descriptions to their map positions, A detailed chemical
analysis is essential to the adequaie description of a water supply,
but in the economic application of such analyses certain features are
of greater importance than others. In formulating geperal con-
clusions with respect to the guality of water in an ares it 1s convenient
to adopt a system of group classification in order to clarify the major
features. For the purposes here to be served, use is made of a tri-
nomial exponent pliced adjucent {o ench of the location numbers,
Each of the figures of this trinomial exponent refers to & charac-
teristic of the water sample. The first figure refers to the specific
electrical conduectance, the second to the concentration of boron, and
the third to the percentage of sodiwm. The actual concentrations of
these constituents src not represented, but instead & group classifica-
tion is made on the basis of a scile of 1 to 5 for cach of the three
characteristics. The seale used for each is shown in table 8.

TaBLe 8.—Koy te group classificalion of waler samples with regard o specific
elecirical conduciance, boron conlent, and sodium percenlage, as represented by
trinomial exponents shown on quadrangle maps .
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A water having, for example, a conduclance of 36, a boron content
of 1.80 p.p.m., and a sadium percentage of 19 would he designated
a5 241. The classification is in pert arbitrary, but it is clear that
o water designated as 111 would be regarded as excellent, whereas a
water designated 555 would be unsurlable for spricultural vse. A
water designated 533 might be used profitably under some conditions,
whereas a 355 water would be expected in the end to cause the soil
to become hard and impermeable with o tendeney to accumulate
toxic concentratiens of salt in the soil solution.

Ii conductances are higl, waters high in sodium are preferred for
industrinl or demestic use to those high in ealeium and magnesiuym;
but for agricultural use it is important that the sodium should be low
relative to ealcium and magnesium, TFor practically all purposes a
water of low conductance, i.¢., low totid salinity, 1s preferable to one
of high conductance. Boron concentrations toe high for agricultural
purpeses may have libtle or no significance in waters used for domestic
purposes, since there is no evidence thiat cither people or antmals would
be adversely affected by the boron concentrations such as were found
in the waters of the San Joaquin Valley.

ANALYTICAL DATA

The analytical data are presented in tables 9 to 39 and in the
sccompanying descriptions of sawmples, all arranged by guadrangles
corresponding to the maps {figs. 3 to 32).
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TaBLe 9.—Quality of waler in quadrangle I, T'ps. 1, 2, 8, and 4 N., Bs. 1, 2, and
3. (fig. &
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DESCRITTIONS OF SAMPLES OF QUADRANGLE ! (TABLE 0 AND F1G. 1)

Location 1, sample 5062. T, W, Haag raneh, Martinez. Location corresponds
to NE corner of 8Wlf see. 30, T. 2 N, It. 2 W. Dapth about 40 feet.  Collected,
by F. W. Herbert.

Location 2, sample 4571. Concord. Mrs. Amanda Smith, domestic well.
Depth, 120 feet; static level, 80 lect.

Locution 3, sample 4572, Alhumbra Springs.  Location corresponds to NWL{
see. 1, T. 1 N, R. 3 W. TFour springs discharging 10,000 gallons per day,  Tem-
perature, 60° 17,

Locittion 4, sumple 4570, Clayton. A. C. Trette well.  NEl sce. 14, T. 1N,
R.1W. Depth, 70 feet,

Loeation 5, snmple 6232 A, Guribukli irrigation well. SElf see. 1, T. 3 N,
R. 4 W.  An old ofl well drilled te 2,700 [oet, new partly eaved in. Casing
dinmeter, 3 inches; diseharge, 0.04 eubie foot per seeond; tewperature, 72° F.;
some gas,  Colleeted by V. W. De Tar.

Location 8, sumple 6230, Sulphur Spring at mouth of Hastings Mine. SWyf
sece. 11, F. 3 N., R. 3 W. Discharge, .22 cubie foot per second; temperature,
73° I} slight ador; discharge ilows into Lake Herman, from which Benicia munic-
ipal supply is drawn.  Collected by V. W, De Tar.

Loeation 7, smnple 6231, Lake Hernan, NEY see. 23, T. 3 N,R. 3w
Benicin municipad supply, with minor use for frrigation. 1 part from ahove-
mentioned sulphur spring.  Colleeted by V. W. D¢ Tar,

Location 8, sample 6213, DBancroft” raneh well, Ygnucio Velley.  Approxi-
mutely 3%{ miles south of Conenrd nnd 1 mile southwest of Whitmun, Colleeted
by R, IZ. Goble,

Miscellancous sample 6230,  Ralph Mason irrigation well. NEY sec. 35, 1.
5 N, R. 3 W. 10-inch casing; depth, 134 leet; upper perforadions, 20 fect; dis-
charge, 0.7 cubie fuol per second. Bailed stmple, motor nob operating.  Cal-
leeted Ly V. W. De Tar,

Miscellancous sninple 6235, J. B. Duniclson irrigntion well. NEL sce. 32,
T.6N., R.2W. Doepth, 180 feet; dischurge, 0.33 cubie foot per seeond; tempera-
ture, 63° F,  Collected by V. W. De Tar.

Taule 10—@uality of waler in guadrangle 2, Pps. 1, 2, 3, and 4 N, Rs. 1, 2 and
3 B (fig. £
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DBESCRIFTION OF SAMPLES OF QUADIANGLE 2 (TABLE 10 AND FIG, 43

Loeation 1, sumple 1568, Rio Fista wunicipal well; L. P Gardiner, owner,
Depth, approximately 250 feet,

Loeation 2, sample 4565,  Isleton municipal, for fire emerpeney.  Deplh, 130
feat; d-ineh casiug not perfornted; water stands ab 10 fent,

Loeation 2, sample 45064,  Isleton municipal; L. P, Gardiner, owner.  Seldom
used becuuse of sanding.  Depth, 211 feel; {2-inels casing not perforaled; water
stands at 40 fecl.

Loegalion 2, sample 1564, Tsleton municipal; L. P Gardiner, owner.  Deptly,
G153 feet; 10-inch casing nol poiforaied; water stands nt 60 lo 70 {eet.  Approx-
imately 70 feel from Sacrmnento River.

Loealion 3, snmple 4568,  Pilisburg munieipal plasl.  Three wells 250 fecet
deep, perforated bulow G0 fect.

Loeation o, sampie 2051, Los Medawos Stalion, Standard Ol o,  Composite
of ihirce wells 157 Lo 171 feel deep, sll perforated helow abou. 110 feef.
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Loeation 3, samnple 2050, J. G. Powetter, seclion 5, stock weil.  Centor 814
see. 5, T. 1 N, R. 2 E. Depth, ahout 30 feet.

Location 6, sample 2949.  Brentwood municipal well.  Depth, 180 fect.

Location 7, sminpie 6202. Baifour Guihrie Co, well. SW sec. 18, T, 1 N,,
R. 3 E. Depth, 127 fect; static level, 45 feet; denws down to 93 feet; 12-inch
casing perforated eutire length. Collected by R. B. Goble. . .

Location 8, sample 6204. East Contra Coste Irrigation District. Drainage
well on Inferal 4. SWH see. 19, T. 1 N., R. 3 E. Depth, 50 fect; stutic level,
12 feet; i6-inch cnsing, Coallected by R. B, Goble.

Location 9, snmple 6206. W, W. Collis well. SBY see, 17, T. 1 N, R. 3 E,,
on Balfour Road. Depth, 48 fect; static level, 15 feet; easing dinmeter, 8 inches.
coliceted by R. T, Goble, o

Locatlion 10, sampie 6203, Balfour Gutlhiric Co. well. Breatwond irrigated
farms, lot 50. NEY gee, 24, T, L N, R. 2 B, Depth, 116 fest; static level, 16
foet; draws down to 18 feet; frrigates 80 acres.  Colleeted hy R. E. Goble.

Lneation 11, sample 6205, R, B. Crawlord well.  Brentwood irrigated farms,
lot 5. NWif{see 19, T.1 N, R. 3 B, Collceted by R. 1. Goble. ]

Loeation 12, samples 6209 and 6211, Tast Contra Costa [rrization District,
drainage well. SWiisee. 21,F. 1 N, R. 3 E. Cnllected hy R. E. Coble.

Laention 13, sumples 6208 and G210, Xnst Contra Costs Trrigntion District.
Drainage well on main cunnl. BWY see. 21, 7. 1 N, B. 3 E. Collected hy
R. B, Goble.

Location L4, snnuple 53827, Andrew Davis, Jr.. domestic well. Center south
line SEY see. 20, T. 1 N, R. 3 E.  Depth, 50 feot; statie level, 10,5 foet; draws
down to I fect; discharge, 0.15 cubie foot per second, Casing extends through
clay sirntum exeluding swrface water and is nob perforated. Collected by
R. E. Goble.

Location 15, sample 5328.  Andrew Davis, Jr., druinage well. Near NW cor-
ner S\;s',’ﬁ' see. 21, T. 1 N., R, 8 B.  Depth, 35 feet; discharge, 1.5 enbic fect per
second.

Location 16, sample 6212, Bast Contra Costn Trrigation District, main eanal.
Near Wi cornersee. 28, 0. 1 N, R. 3 E.  Colleated by R. E. Coble,

Location 17, sample 6207. H. P. Garin Co. woll un. 5. Near 8W corner
NWlisce 30, T, 1 X, R. 3B, Depth, 600 feet; static Ievel, 125 fect, Collected
by R, E, Goble.

Tante 11, ~Qualily of water in quadrangle 3, Tps. 4, 2,8, and 4 N, Rs. 4, 5, and
6 A (fig 5
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PIGURE G- -Qumirsngle 3, shawing locutions of sanpies repotied in table 11,
BERCHRIPTION OF SAMPLES DI QUADRANGLE 3 (TARLE 11 AND FIG. &

Leeation 1, sample 4562, Western Pacilie depot, Thornton. Depth, 280
Teat; 14-inch casing.

Lacalion 2 8, sample 4560,  Mokelumne River, ncar Ladi.

Location 3, sample 4559, Yila Fruit Produets Co. weli, approximately 1 mile
north of Lodi. Iepth, 150 leet.

Location 4, sample 3916, Lodi municipal well.  Used forhath hause.  Depth,
1,000 leet; temnpernture, 68° F.; high gas content; formerly flowing, now aperated
by small pump.  Colleeled by C. 8. Seoficld,

Locaiion 5, snmple 4543,  Btocklon municipal.  Calilornia Waler Service Co.
plant no. 4, at Ellis Streel, two blocks west of North Cenler Streeb.  Depth,
533 feet.

Loeation 6, sample 4544 Shallow domestie well. Bast Ceary and North
Ceuter Streets; near sample 4543, Depth, 101 feet; static level about 75 feet.
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Location 7, sample 4542, Stockton munieipal, California Water Service Co.,
plant no. 2, at Monroe and Peplar Streets. Composile of three wells;, cach
ahout 700 feet deep.

Location 8, sample 4539. Gas well at Hunter Street and Harding Way,
Pacific Gas & Electrie Co. Water supplies high-school plunge.  An old well
drilled fo 2,900 feet. Temperature, 88° F.

Location 9, samples 2044, 3454, 3692, 4540. Stoekton State Hespital, 1,000
black, North California Street.  Depth, 594 feet; discharge, 1,000 gallons per
minute; temperature, 64° T,

Location 9, samples 3417, 3520, Btockton Stale Hospital, new well.  Depth,
624 feet; discharge, 2 cubic feet per socond.

Location 10, sample 4545,  Gasz well, Wilson Way and bMinor Avenue.  Depth,
3,300 foet; temperatbire, 96° F. Serves Olympie Baths.

Location 11, sample 454G, Fibreboard Produects, Inc., Stocktan, West
Church Street, one-quarter mile weost of Linceln Street,  Well no. 2. Depth,
1,040 feet; perforated below 233 feel; water stands ot 21 feet,

Location 12, sample 4541, Stockion mmunicipal. California Water Service
Co., plant no. 1, at East Sonora Btreet and Wilson Way., Composite of cight
wells; depth, 670 to 1,070 fect; none perforaled abave 200 {eet; discharge, cach,
2.2 eubie lect per second.

Location 13, sample 4547,  San Joaquin County IHospital, one-hall mile west
of ]f-‘rcnch Camp. Depth, 228 fect; perforaled below 185 feet; water stands at
17 feet,

Miseellaneous sample 4563, Walnut Grove. Well at Alexander TBrown
Hotel, T. 3 N., R. § I&. Depth, 180 fect.

TanLe 12.—CQuality af waler 0 guedrangle 4, Tps. £, 2, 3, and 4 N, s, 7, &,
and 9 I3, { fig. 4}
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DESCRIPTION OF BAMPLES OF QUADRANGLE & (TABLYE 12 AND ¥FIG,

Leeation 1, sample 4560, Mokelunne River near Lodi.

Location 2, sample 4536,  Clements munieipnl water.

Loeation 3, sunple 4558, George Messner well. NWy see. 31, T 3 N,
R.7E. Depth, 108 feet; stands 10 [eet.

Localion 4, suple 4557, W, BB Parker well, Slisee, 35, 7.3 N, L. 7 E.
Depth, 265 fect; perforated nt nll strala.

Location 5, sumple 4555. T, W. Moznett well, Linden,  BTY, see. 15, T.2 N,
R. 8}, Deplh, 288 lecl; perforated below 30 feet; water stands at 46 feet.

Location G, sample 4554, Toda Bros. well, 5Ely sec, 16, T. 1 X, R. 9 E.
Deptl, 180 feet, not perforated,
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Fiagne 7.—Quaodrangle 5, showing locations of snmples reported in Lablo 13.
LESCRIPTION OF SAMPLES OF QUADRANGLE 5 {TABLE !3 AND FIG. 7)

Location 1, sample 2048. Byron, Southern Pacific depos. Depth, 40 leet;
water stonds at 10 feet.

Lecation 2, sample 2947, Byron Hot Springs, “ white sulphur spring.”  Tem-
perature 81° F. Tree H.8 reported as 16.7 ec per liter.

Location 3, sample 6350. Southern Pacifie depot, Altamont, from well thires-
fourthe mile west.  Nenr center south line Wi sec. 17, T. 2 8., R. 3 E. Depth
not known; static level, 15 feet; agent believes water drawn from 125-foot level.
Cocl, without odor or gns. Uscd sparingly in locomotives.

Leeation 4, sample 6349, Summit C%amgc, Altamont {Tesla quadrangle).
Near SE corner NE} see, 17, T. 28, R. 3 E.  Old oil well drilied by Standard
0il Co. Original depth, 1,190 fect, possibly partly filled in now. Quter casing 12
inches; water-pump cusing 1}¢ inches extending to 250 feet; static level, 175 feet;
windmill pump. Water cold, slight edor with CO; and possibly other gases.

70532—35——
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Location 5, sample $352. Pleasanton municipal. Trom San Francisco city
wells located in Pleasanton just north of Arroyo Del Valle bridge. A battery of
wells, some perhaps 1,000 fect decp.  Static ievel lesd than 28 feet.

Loeation &, sample 6351. Livermore municipzl, California Water Service Co.
Sample from tap; compositc of two wells within city limits, first on North Liver-
more Avenue, second near P. G. & E. substation. Depth, each, about 600 feet,
with upper perforations helow 100 feet.

Location 7-5, sample 6353. Alameda Creck, approximately 1 mile south of
Sunol, at highway bridge. Location corresponds to NWY¥% sce. 21, T. 48, R. 1 E.
Discharge unknown but small,

TasLE 14— Quality of waler in quadran(gle GéJTps. 1,2, 8, and 48, Re. 4,6, and 6
E. (fig.
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PESCRIFTIONS OF SAMPLES OF QUADRANCLE 8 (TATLE I{ AND FIG, 8)

Location I, sample 4552, Southern Pacific depot, Lathrop, Depth, 160 feet;
7-ineh casing; drilied in 1896,

Location 2, snmple 2045, Iabian Howing well, B84 see, 38, 7.2 8, R. 4 B.
Depth, about 2,000 {cekr "4-ingh ecasing; dischnrge, sbout 0.1 cubic foob per
sceond; teinperafure, o o« d, 86°I".  Waler not used.

Location 3, sample .. 168 Tracy municipal well. Depth, 215 feet; B-inch
cnsing, perforated below .. :ect; water siands at 21 feet,

Location 4, sample 4550, J. €. Casselman, domestic well,  Neoar 813 corner
see. 25, T, 28, B. & 15, Depth, 90 fect.

Logation &, sample 4551, Californin [rrigated Farms, Inc., well no. 1. Near
NW corner see, 18,1, 2 8., R. 6 B.  Depth, G54 leet; perforated below 618 foet;
flows, pumped to incroase discharge.  Temperature, 71°,

Location 6, snmple 3419,  Lou Dedini, downestic well, See. 2, T, 38, R. 5 E.
Depth, 145 feet.  Colleeted by €. B, Beofietd.

Locrtion 7, snmple 4540, Standard Ol Co., Vernalis pumping plant well no. 2.
Woest center SWi see. 35, T. 3 8., B. § E. Depth, 270 fect; perforated below
100 fech; stands at 70 fecl; draws down to U8 feet; 8-iuch casing.

Location 8, snple 3284, [ Solyo Ranch, plant no. 2. Near 8W corner see.
1, T. 48, R. 6 B Depth, 129 feet; stands 5T feet; discharge, 0.4 cubic foot per
seeond.

Loeation 8, spinple 6348, Mountain House well.  Near center 54 sec, 18, T, 2
S, R. 4 B, A shallow well with brick casing; static lovel, about 12 feet.  Supplies
serviee siation.
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TABLE 15.—Quality :;f water in quadrangle 7, Tps. 1, 2, 3, and 4 8., Rs. 7, 8, and
- 2 E {fig. D
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i Discharges of San Joaquin River wi El Solyo diversion, below the mouth of the Tuslumne Iiiver, ns
estimanted hy W. F. Wooley at time of saenpling:

Cubife feed Cubic feet
Sample no.! per gecond | Sninple no.: per second

2 T =trace,
DESCRIFTION OF SAMILES OF QUADRANGLE T (TABLE {5 AND FIG. 1}

Loeation 1, sample 4538. Manteen municipal wells. Compaosite of three wells;

depth, 140 to 150 fect; water stands at § feet.

acation 2, sample 4553. Bscalon munfcipal wells. Composite of two wells;
depth, 150 and 250 feot; water stands at 10 {eet.

ocation 3, sample 4537. Ripen municips) well. Ripon Water Co. Depth,
186 feet; stands 18 feet; not perforated.

Location 4-8, sample 4536, Stanislaus River, south of Ripon.

Location 5-8, samples 1367 and following. San Joaquin River at El Solyo
Ranch diversion, below mouth of Tuolumne River. Collected by Leonard
Petersen.

Location 6, sample 2420. E] Solyo Ranch, Brigham Place, domestic well, Col-
lected by C. S. Scofield.

s Locf:;a.tion 7, sample 4535. Modesto municipal water. Tap at Ninth and I
treets,

Location 8, sample 3203. Bl Suiyo Ranch well at Camp 2. Depth, 165 fect;
stands at 28 feet.

Location 9, sample 3349. El Solyo Ranch well nt old Camp 1. Collected by
R. M. Pike.
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Location 10, sampie 2042. Bl Solvo Ranch well at Osklea headquarters.
Depth, 115 fect.

Location 1}, samples 2043, 4826, and 5114, Kl Solyo Ranech well at dairy.
Depth, 115 fect.

Location 12-5, sample 4750, San Joaquin River, Laird’s Slovgh, 1 mile above
mouth of Tuolumne, At the lime of this sample the waler was largely i not
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Frorre 0 —Qundrangle 7, shiowlng locations of samples reported in labie 15

entirely relurn Now and drainage from irrigated lands above. Dischnrge, 35
cubic fect per second.

Location 13, sumple 2040, Woestley, well nt Benson Garnge. Depth, 73 feet.

Location 14, sample 6347, T, C. Roberts, domeslic and garden well, SKSRY-
NWY sce. 27, T. £ 8, R. 8 1i. Depth, 125 feet; upper perforations, 100 {eet;
casing diameter, 7 inches; fempernture, 64°F.; wuter clear, no odor.

Location 15, sample 6660, 1. G. Poynor spring. SWi{sec. 9, 7. 18, R. 8 E.
Spring issues into pond 150 fect in diameter. Water cool and clear; used for stoek.

Spring runs low during summer months bhub always flows. Collecied by W. J.
Murphy.
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TABLE 16.—Qualily of waler in quadrangle 8, Tps. 5,6, 7, and § 8., Re. 7,8, and &
E. {fig. 10)
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DESCRIBTION OF SAMEPLES OF QUADRANGLE 8 (TABLE 1§ AND FIG. i0)

Location 1, sample 2041. Signorelti well, Kl Puseadero Grant. Location
corresponds to SW Yisee, 1, T 58, R. 714 D(.pth, 369 feet; perforated nt seven
water-bearing strata.

Locaiion 2, sample 2787, L. W. Johnson well. WM eec, 19, T. 55, R. § E.
Depth, 60 leect.
qlk?cution 3, sample 2786.  Twecradd Station, well 3, Standard Qit Co.  Depth,

cet
- (T;ort.'i.tlon 3, sample 2783, Emerald Station, well 4, Standard Oil Co. Depth,
370 feet

Localion 4, sample 2784, T T. MeGinnis well, Crows Landing,  Depth, 208
feet; not perforatcd

Location 5, snmple 2788, Walter Ismuty, irrigation well.  Near 8'{ corner, sec.
3, T.78, R.8E, Denpth, 260 fecct.

Loention 6, sample 2785, Well newr venter NWY see, 18, TH, R OE
Depth, 40 fect,

Loention 7, sample 3202, Newman municipal wells.  Collected from tap at
P Street Grammar School,

Loeation 7, smnple 1955,  Colden State milk plant well, Newman. Depth,
425 feet; not perflorated. .

Loeation &, sumple 1954, Gusiine municipal, new well.  Depth, 150 feet.

; L(t)crlltiou 8, sumple 2752, Gustine Createry well.  Depth, 225 feel; not per-
orated.

Loeation 9, saunple 1956 W. K. MeDBride well.  Wlisee. 17, T. 85, R, 9 L.
Depth, 35 lect.

" LSO";MI%H I({ sample 2781, Shallow domestic well, near center NE'4 see. 30,

Location 11, sample 3291,  Lenora Station, Associnted Pipe Line Co. NE-
8EY sce. 28, T § 8., R. 9 15, Depth, 450 feet; water stands at 12 feet.

Location 12-4, mmplc 3428, San Jonquin Tiv er, Puttersou Witer Co,, main
diversion canal,  BWlysee. 15, 1.5 5., R. S E, Collected by R, Schmidt.
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TanLe 17 —~Quality of waler in quadrangle 9, T'ps. 5, 6, 7, and 8 8., Rs. 10, 11, and
12 B (fig. 11)
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DESCRIPTION OF SAMPLES OF QUADRANGLE ¢ (TABLE 1Y AND FIG, 11}

Location 1, sample 4534, Turlock municipal wells. Marshall Street plant,
seven wells.  Depth, 40 to 300 feet; water stands at 14 feet.

Location 2, snple 2937. Old Stevinson well (Reed). SEY sec. 31, T. 6 8,
R. 10 E. Onec of two adjacent wells which formerly flowed, now pumped.
Depth not known.

Location 3, sample 2038. Richards well. NEY see. 36, T. 7 5., R. 9 In
Depth 356 feet; flowing.

D(])Jocation 3, snmple 2939,  Beckworth well; 250 feet east of samiple 2038, Depth,
300 feet.

Location 4, sample 136%.  Drainage well, Delhj Settlement, Turloek Irrigation
District. In or adiseent to see, 2, T. 6 8, . 11 E. Water stunds at 20 feet.

Loeation 5, sumple 1370. Canal, Delhi Scttlement, Opposite sample 1369,

Loeation {8, sample 1371, Merced River, near Livingston,

Loention 7, sample 4533, Livingston municipal wells; 2 wells,  Depth, 157
feet; perforated easings; water stends at 16 feet.

Location 8, sumple 2036, Old decp well (Rosa). NW corner sec. 2, 1. 7 8,
R. 10 E. TFormerly flowed; casing badly rusted; wuter stands at 12 feet; sample
obtained from 2-inch pipe extending into old casing.

Loeation 9, sunple 2935. J. ¥, Rhodes, Stevinson, NEY see. 15, 1N 7 8.,
R. 10 E. Domestic well.  Depth, 45 lect.

Loeation 10, sample 2033,  Charles Lyons Gun Club., NI sec. 28, T. 7 8.,
R. 10 . Depth, 265 leet; flowing.

Lecation 11, sample 6150,  Vern Hammatt, house well. NIBY sec, 25, T. 6 8.,
%: 'lll ]t:'} Depth, 60 fect; T-inch easing; static level, 10 feet.  Collected by 1. V.

right.

Loeution 11, sample 6160, Vern Hammail, grove pump. Depth, 47 leet;
12-inch ensing; G-inch discharge; static level, 7 (cet; draws down to 15 feet.
Collected by I V. Wright, _

Location 11, sample (161, Vern Hammatt, cleetrie pump. Daepth, 70 feet;
12-inch casing; G-inch discharge; stntic level, 15 feet; draws down to 27 feet.
Collected by R. V. Wright.

Leocation 12, sample 6834, 1. 1. Mars ranch well, NEUNEY see, 21, T. 7
8, R. 107, Depth, 24 feet; 3-ineh purip.  Collected by Wallnee Sullivan,
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DESCRIPFION OF SAMPLES OF QUADRANGLE I {TABLE J§ AND FIG. 12}

Location 1, snmple 1933, Alen Ranch. Stock well ab mouth of an arroyo
near center see. 2, T 08, R.8 B, Depth, 360 fect; lows with very sinall sbrerimn
to supply trough.

Location 2, sumple 3289, Ingomar secelion house, domestie well. Depth,
90 feet; perforafed below 80 feel; stands at 8 fecl.

Location 3, snmpke 3200, Salinss Gun Club, NBE!see. 2, T. 28, R. g E,
New flowing woll; depth, 550 feet; upper 100 feet of easing is 16-Inch, remainder
12-inch; upper perforations, 420 feet; ground water encouniered af 9 feet.

Location 4, sample 278%.  Shallow domestic well, Quinto Creek delta. SWH
see. 8, T. G5, R 9 E _

Location 5-%, sample 2791, Sau Luls Creek at Pucheeo Pass highway eross-
ing. SEY sce. 15, T. 10 5., R. § B, Diseharge, 0.02 cubic foof per second.

Location 6, sampic 2780, Sanin Nells, donestic well. NE eorner sce. §,
T. 108, R. 9 5. Depth, 00 feel; water-bearing gravel reporied only st 52 leeb;
cnsing not perfarated clsewhere.
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Localion 7, sample 2779.  Jog Vallado, domestic well.  Opposile Volta depod,
NEY see. 1, T, 10 5., R 5 K. Depthy, 200 fecl; ows during winfer mnonths.

Location 8, satpie 2760, Pacheeo Pass Tunclion well. NI corner sec. 14,
T. 10 8, R. 0 1, Dcpth, 150 lest.

TasLe 19.—Quality of waler in quadrangle 11, Tps. 8, 10, 11, end 12 8., Rs. 10,
1, end 12 B {jig. 18)
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RESCIRMTION OF SAMPLES OF QUADRANGLE iU (PAGLE W AND FIG. 13)

Location 1, sumple 1952, 13en Orogen, domestic well.  SEf; see. 15, T, 10 5.
R. 10 K. Depth, 25 feet,

Location 2, smnple 2776. M. B. Miyande, domestic well.  Coruer Fourth
and ¥ Streets, Los Banes,  Depth, 33 Tecl.

Location 3, sample 2777, Los Baros muunieipal well. NW corner see. 28,
’11;) i}0 8., 110 K0 Depth, 122 fecl; perforated below 116 feet; waler stands af

eob

Loention 4~ -5, sumiple 1879, Santa Fe Cuanad al highway erossing, 3 miles
eash of Los Bavos.  Ban Joaguin River water divericd nt \qulo{u

Loeation 3, smmple 1957, Big Waler well; flowing well in slongh, NW
see. 27, L 105, Ko 11 B, Drilled to 385 feet; "ensed to clay at 305 fect; present
discharge small,

T:ocation B, sample 2860, Drainage well, Near SE corner sce, 4, 1. 16 8,
K. 12 B, Left bauk of hranceh of Golony Canull  Celleeted under direction of
T, C. Motit.

Location 7, smnple 2867, Draioage well, south side 8W!i see, 2, T, 10 8.,
R.12E  North sstlc of rond nb west ond of Santa Rita RBlonghk. Collected under
direriion of T, €. Mott.

Location §, smuple 2778, AL T. Avelnr well. 8W carner sce. 23, T, 1L 8,
R. 10 L, I}cpth 235 feet; lowest waler stratuim, 93 feet; S-lach (!E‘-L‘h"ll‘ge pipe.

Lacalion §, sample QrI Miller & Lux, abandoned hole.  West side of
NE! see. 5, T, 118, R, 12 B, Abandoned hele drifled Lo about 500 feet.  Col-
leetod umim direetion of T C. Moit,

Loeation 10, sample 2870, Drainape well, SWisce, 4, T, 11 8., R, 12 E.
Left bank of Lagunn Canad,  Colleciod under direction of T, C, Metd.

TLocalion 11, snmples 2775 aud 2868, Drainnge well,  West side 81, see. 2,
T.31 5., R, 12 ¥ Right bank of eanni,  Sample 28068 colteeted under direction
of T. €. Molt. _

Location 12, sample 2774, A, B. Nevse well. NIl see. 11, T, 11 8, R, 12 E,
Depth, 12 fecl . .

Loention 13, sninple 2872, Drainage well,  Xast side of 5W see. 12, T.11 8.,
]I:LI‘ 1% B, Right bank of Colony wain vanal,  Colleeted under diveelion of T. C.

afit.

Location 14, sample 2772, Ore Loma Mulosl woll,  Near N'W ocorner sec.
23, 7. 125, R, 11 K. New welf drilled Lo 1,260 fecet.

I..ocut:on 15, sample 2771, Ora Loma Mutual well no. 24, NWIi see. 16,
T.128, R, 12 K Depth not ascertained,
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Tisure i—Quadrangly 11, showing Ineations o sninples reparied in table 1.

Location 16, sample 6965, Ti. Wluitmgton \\cll 7 niles soulh of Los
Banos on Merey Springs Road. SW' see. 25, T. 11 8., B. 10 I, Deplh, G08.
%?t. 60 feeb to water; B0-foot drasw- down i2- mch casmg Coliceted by R, V.

right.

Tanue 20.—Qralily of water in quedrangle 12, Tws. 9, 10, 11, and 12 8., Rs. 13, 14,
and {5 F.
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DESGRIPTION OF SAMPLES OF QUADRANGLE 12 (TARLE 20
{Qundranglo mep oot shown)

Loecation I, sample 2773, Durham farm, flowing well. Wost of center of
gec. 6, T. 11 8., R. 13 E. Depih could not be determined.

Location 2, sample 3288, Silaxo Station, Associated Pipe Line Co. SWY
see. 11, T.12 8, R. 13 5. Depth, 4G5 feet; water stands ab 15 feet; lower 86 feat
of easing perforated,

Tanup 21.~~Quality of water in guadrangle 13, Tps. 9, 10, 11, and 12 8., Rs. 14, 17,
and {8 E.
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1 Srutshle of quadrnnete; ineluded for sonveniopee,
DESCRIPTION OF SAMPLES OF QUADRANGLE 13 {ffaAiLE 21)

(Quudrangla map nol shown)

Loeation 1, sample 4531, Chowchille municipul well no. 2. Deplh 104 leet;
12-inch ensing, perforated below 60 {eot.

Loecation 2, sample 3264,  Slanley Yecney ranch well. Lot 7, block 7, see. 6,
T. 10 8, B. 16 I Tischarge, 0.89 cubic fool por sccond.  Colleeled by ¥, I.
Garthowaite. _

Location 3, sample 4530, Madera munieipal water. Sampled at tower plant.
Depth of six seatiercd wells, 220 to 400 feel.

Miscelluncous sample 4532, Merced muuivipal water.  IFrom lap af Sixteenih
and Main Streels.

Miscellansous sample 711l Ban Joaquin Light & Power subsiation well.
BWILNWI see. §, T. 88, R. 1§ E.; 4 miles cast of Athlone, Discharge, 0.04
cubic foob per second; depth, 162 feel; 12-inch casing; water elear.  Collecied by
W. I, Alisou, Jr.

Misccllancons sample 7115, B, 8. Porler well. NWHNW! sec. §, T. § 8,
1. 16 K.; 4 milescast of Athlone,  One-quarter mile east of sample 7114 Deplh
72 fect; waler clear.  Trvigaiion and domestic.  Coligeted by W, FL. Alison, Jr.

Lanny 2. —CQuality of water in quadrangle 14, Tps. 13, 14, 15, and 16 8., Bs. 10,
i, and 12 I3, (fig. 14}
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DESCRIFTION OF BAMPLES OF QUADRANGLE 4 [TARLE 22 AND FiG. 14}

Location 1-8, sample 2770. Little Panoche Creek. Near SE corner sce. 19,
T. 13 8, R. 11 E.  Flow of creek about 0.02 cubic foot per second at Lhis point,
but dry at Merey SBchoal, above, although there were g few Pocls; dry or nearly so.
betow. The bed of Sait Canyon entering just above sampling peint was damp..
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Fioune M.—Quadraaglo 14, showiny lueations of sRinples reported In tuble 22,

TOWNSHIE

Loeation 2, sample 1877, Irrigniion well near 8B cornor see. 4, T, 13 8, 1.
12 E. Temperature, 82° . DProbably a deep well,

Location 3, smmple 2769. Merey Hot Springs. Discharge, 0.03 cubic foot
per second; temperature, 120° 12

Location 4, sample 2768, Irrigution well near center soe, 30,T. 158, R.11 E.
Small centrifugal pump in 30-Toob pit,

Location ﬁug, samples 2767 und 4833, Panoche Creck.  Near center Wi see.
27, F. 15 8, R 1t B, Discharge ai time of each sample approximately 2 cubic
feet per second.

Location 6~8, samples 2766 and 4832, Silver Creek. NWUY gee, 32, T. 15 8,
R 1ZE At P. G. & I gas line crossing, Dischizrge ab time of cach sample
approximately .03 cubic foot per second.
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Loeation 7, sample 6673, J. H. Morgan well, domestic and irrigation. On
Griswold Creek, NEWSWY sec. 1, T, 16 8., R. 10 E. Dug weil; depth 20
feet, Collected by R. D. MeCallum.

TasLe 23.—Quality of water in quadrangle 15, Tps. 13, 14, 13, and 18 8., Rs. 13,
T, and 15 E. (fig. 15)
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DESCRINTION OF SAMPLES OF QUADRANULE 15 (TABLE 23 AND PIG. 18)

Location 1, sample 1876, Sellers well no. 19, 8§ vorner see. §, T, 18 8,
R. 13 15, Doepth, 1,406 feet; pevforated bhelow 530 Teel; discharge, 2.6 culsie feet
per seeond; tempernture, §3° 1,

Loeation 2, somple 2832, Associaded Pipe Line Co., Arbios slufion, NWY
see. 25, T. 13 5., R, 14 18, Tieptly, 400 feel,  Rueporied us beeoming less desirnble
for drir’.ing.

Locgiion 3, sample 2761, Irrigalion well. WX corner see. 31, T, 13 8,
R. 14 K. Doepth, 1,400 feet; stands al 165 Tect,

Location 4, sample 2762, Irvigation well.  8W corner Sk} see. 32, T, 13 8,
R. 14 K. Deplh, 1,400 feel; dischavge, 2,9 eubie fecl per second.

Location 5-5, sample 1940, Hap Juaquin River bhelpw Mendola Dam.  This
semplie conlains litte iF any slorage water Mroam Fresno Slough.

Localion 6-S, sample 1548, Columbia Canal; diverted from Ruan Jonguin
above mouth of Fresno Slough.

Locvalion 7, snmple 1871, ° Mendola municipal well.  Deplh, 586 feet; lower
50 feet perforaled; wealer slands al 67 feel. Waler sirata encounlered after
driliing through 350 or 400 feel of “hiuc muck?, above which the waler was
reported to be saline.

Location 8, samples 1875 and 2760, Irrigation well. NW corner see. 6,
T, 14 8., R. 14 .  Depth, sboul 1,400 fect; waler stands 1656 fecl; casing por-
loraled at about 400 feel nnd helow,

R Loct}.}lion 9, sample 2768. Irrigation well. SW corner XWi{sce. 4, T. 14 8,

.14 IE,

Locatlion 10, sample 2759, Wavland no. 2. NWisee. 7, T. 14 5, R. 14 E.
Dopth, 1,300 feet; slands at 180 feel; easing perforaied helow 400 feet; discharge,
2.7 cuble feet per sceond.

Loealion 11, sample 1874,  Victoria Ranch well. BW corner see, §, V. 14 8,
R. 14 IB. Depth, 1,400 feet; stands at 167 feet.

Loeation 18, sampie 1372. ¥, M. Heim, Ine., irrigation well. SW corner
see, 17, T, 14 S, R, 14 E. Depth, 1,500 feet; discharge, 2 cubie foel per second.

Location 13, snmpic 1873, Ensher & Alexander well no. 1. 8W corner see,
15, T. 14 5, R, 14 E. Depih, 1,250 feet; perforated below 600 feet; discharge,
2.2 cubic feet per second; temperature, 84° F.; no odor.
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RI..lo;a].é.ion 14, sample 1872. Irrigation well. SW corner see. 13, T. 14 B,
‘Location 15, sample 2764. SW corner NWi{sec. 21, T. 14 8, R. 14 E.
Location 16, sample 2785. Irrigation well, N'W corner see. 35, T. 14 8,

R. 14 E, Depth, 1,400 feet.
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Wguns 15—CQusdrangie 15, showing lecellons of soliples roperted in tnble 22,

Loeation 17-8, sample 1947, Iings River Slough af White's Bridpe, sce. 4,
T. 14 8., . 15 E. This siongl serves as & stornge reservoir for San Jonguin
River water hefore diversion at Mendota Dam. :

Location 18, sample 2758. Chancy Ranch irrigation well. Scuth centber of
N4 sec. 5, T.15 S, R. 13 E. Depth, about 1,000 feet; 8-inch casing; running
1ift, 300 fect.

Loeation 19, sample 2757. Levis Pump Station, Associaled Pipe Line Co.
Near cenfer east line SEY see. 14, T 15 8, R. 14 15, Depth, 1,008 feof; now
stands ol 04.8 feet. Reported that whoen drilled in 1917 the waler stood 18 fect
from surface.

Loeation 20, sample 1373, Lnglebreck Ranch irrigation well. Near SW
corner see. 10, 1" 16 8., R. 15 E. Depth, 1,500 feet; stands at 100 fcch.
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Tanre 24.—Quality of water in quadrangle 16, Tps. 13, 14, 15, and 16 8., Rs. 18,
17, and 18 E. (fig. 16)
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DESCRIFTION OF SAMILES OF QUADNANGLE 16 {TADLE 21 AND PIG. 10)

Location 1, sample 2931, Jameson, Southern Pacitic Railroad scetion-house
dowmestic well, Nonr NE corner sec, 15, T. 14 8, R. 16 B. A shallow well
operated with hand pump.

Location 2, samples 2030 and 3540. Associated Pipe Line Co,, Jomeson
station. Near NWY corner see. 14, T. 14 8, R. 16 E. Depsth, 600 feet; per-
forated from 250 fect down.

Laoeation 3. sample 1869, Id. Nunes servive station. Prohably ¥. Jine sce. 7,
T. 14 5, R. 17 B.  Depth, 70 foet; casing not perforated and reported to exclide
three upper water-hearing strata.

Localion 4, sample 1867. Tranqguillity munieipal well. Depth, 1,000 feet;
casing notb perforaded; water cool.

Location 4, sample 1868. Tranquillilty Creamery well, Depth, 093 feet;
casing not perforated; weter cool.

Location 3, sample 1866. Jamaes Irripation District, well 29-G. Near SM cornor
sec. 22, T, 15 8, . 18 B, Temperature, 94° T.; strong sulphur odor; formerly
o flowing well,

Location 6, sample 1865. San Joaquin municipal well.  Dopth, 1,700 feet.

Location 7, snmple 2029, James Irrigation District. Composite of discharge
of the majority of a series of some 20 wells, spaced about one-third mile apart
along Coslinga Road, southwest from MeMMullin toward Helm. Sampled from
canal at 8W corner sce, 30, T, 15 8,, R, 1§ L. Depihs, 214 to 300 feet.

Location 8, sample 3287. Stinson Trrigation District. Well at SE corner
sec, 10, T. 16 8., R. 17 . Tyepth, 1,000 feet; perforated at all strata.

Location 9, sample 3286, Stinson Irrigation District. Well at SW corner
se¢, 23, T, 16 8., R. 17 B, Depth, 750 fee$; 12-inch discharge pipe.

Location 10, sample 1864, TIrrigation well. SW corner sec, 36, T. 18 &,
R. 18 Ii.; 12-inch discharge pipo, flowing into open ditch.

TO532—35—5
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TarLs 25 —Qualily of waler in quadrangle 17, T'ps. 18, 14, 15, and 16 8., Rs. 13,
206, and 21 E. (fig. I7)
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DESCRIPTION OF SAMPLEB OF QUADRANGLE 17 (TABLE 25 AND FIG. 17}

Location 1—8, sample 18366. San Joaquin River, Herndon.
St[.t':u’.mt.ion 2, sample 1870. IFresno municipal water. Tap at E and Fresno
Strests.

A Location 2, sample 2028, TFresno municipal water, Tap st 1717 Del Mar
venue,

Location 2, sample 4529. Fresno municipn! water. Tap at 1202 Van Ness
Street.,
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Frouns 17.—Quudvenglo 17, shiowing locations of samypics reporied in taiva 25.

Location 3, snmple 5205. Gmgc experiment station well. Twonty acres at
8W corner sec. 8, T\ 14 S, R. 21 E. Depth, 90 feet; open bottom; 12-inch casing
ending ab hardpen layer at 68 feoh; discharge, 0.67 cubic foot per second. Colo
lected by E. Snyder.

Location 4, snmple 2623, J. M. Long well, Ruisin City, SEYNWY sec. 28,
T. 158, R. 19 Ii. Depth, 125 feet; water stands ab 25 feet; 5-inch casing, per-
forated below 103 fect.

Loecation 5, samiple 4528, Fowler municipal water. Composite of twe wells;
depths, 145 and 175 feet; water stands at 127 fect; casings perforated ot all strata.
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Location 6, sample 2022, Caruthers municipal well. Depth, 170 fcet.
Location 7, sample 2021, J, T. Carrein well. SEY see. 36, T. 16 8, R. 13 E.
Depth, 186 fect; water stands at 20 feet.

TABLE 26.—Quality of waler in quadrangle 18, Tps. 17, 18, 19, and 20 8., Bs. 13,
14, and 15 E. {fig. 18)
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Flaure 18.—Quadrangle 18, showing lovations of spmples reportest in table 28,
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DESCRIPTION OF SAMILES OF QUADPRANGLE 18 {TABLE 21 AND FiG. i8)

Loeation 1, sample 2756. Halfway Station well, Associated Pipe Line Co.
Near NW corner sec. 7, T. 17 5, R. 14 BE. Depih, 700 feet: 295 feet to water.

Location 2, sample 4848. Fresno (Coalinga) Hot Springs, Composite of 6 of
the 15 springs at this location. Temperature, 108° F.; discharge, 0.05 cubie foot
per second.

Location 3, samyile 2755. Associgted QOil Co,, shallow domestic well. Los
Gatos Creck delta; probably see. 18, T. 20 8, R, 15 E.

Location 4, sumple 2732. Coalinga municipal well po. 1. Depth, 1,410 fect;
stande at 70 feet; cnsing perforated below 250 feet; discharge, 1.8 cubic feet per
second; temperature, 91° ¥,

Locention 4, sample 2753, Coalinga municipal well at gas plant. Depth, 1,402
feeb; casing not perforated; discharge, 0.6 cubie foot per second.

TanLe 27 —Qualily of waler in quadrangle 19, Tps, 17, 18, 19, and 20 8., Bs. 16,
1?7, and 18 E. { fig. 19}
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DESCHIPTION OF SAMPLES OF QUADRANGLE 10 {TARLE 27 AND FIG. 1%

Loeation 1, sample 3009, Irrigation well; T. L. Sims, {enant. Near 8Y
corucr sec. 14, T, 17 8., . 16 B, Depth, 1,600 feck.

Loeation 2, sample 3100. Towae pumnn station, Standard Ol Co.  Near Nig
E(ér?ertscc. & T 178, R, ITE, Depll, 1,100 feel; waler siands between 65 and
70 fect.

Loeation 3, snmple 1858, Xinps County Development Co., ranch no. 1.
Irrigation well near SW ocorner see. 33, T. 37 S, R. 17 5. Depih, 1,800 fcel;
E%?»i”f; perforaled below 900 feek; discharge, 2.0 cubic Feet per seeond; temperature,

‘u

Loceation 4, sample 3286, W. . Jones, irrigalion well. NWUNEY sec. 1,
T.17T 8, R. 18 E. Depth, 50 {eet; slands ab 26 feek.

Location 5, samnple 1863,  Stinson Irrigation Distriet well no. 7. YWY corner
sec, &, T IT 8, R. I8 . Deptlh, about 808 fect.

Loeation 6, sample 1861. Tony Falade, irrigation well. Near NE corner
see, 25, T 17 5., R, 18 . Depth, 408 leot; casing perforaled below 150 fest.

Locntion 7, sample 3098, T, G. Ladd, irrigation well,  NWi{gee. 12, T, 188,
R. 16 B. Depih, 150 feet.

Loeation 8, sample 1857, Kings County Devclopment Co., raneh no. 2.
Trrigation well near 8W corner see, 5, T. 18 5., R. 17 E. Degpth, 1,800 feci;
ggex;f%mted below 900 feet; discharge, 1.8 cubie feet per sccond; temperature,

'u

Loeation 9, samples 1856, 3097, and 4847, Xings County Development Co.,

ranch no. 8. Near SW corner sce. 7, T2 18 8., . 17 E.  Depth, 1,700 fect;
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perforated bLelow 000 fect; water stands at 150 feef; discharge, 2.0 cubie feel per
second; temperature, 91° F.

Location 10, sample 4844, Peter L. Ferry, irrigation well. Near center sec.
10, T. 18 8., R. 17 E. Deplh, 650 leet; stands at 70 fect; draws down to 140
feet; cmsing perforated bLelow 170 feel; upper 250 feet of easing 13-inch, with
10-inch casing below; discharge, 1.89 cubie fech per second.  Log shows 18 sand
strato alternating with clay strata.
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Figure 10—Quadrnngle 19, showing locelions of sninples reporisd in labie 27,

Location 10, sninple 4845. Peter I Ferry, abandoned irrigation well.  Adja-
cent Lo well represenfed by sample 4844, Drilled lo 467 feot; perforaled ad 70
feet and below. Sampled in April by ecoperator when pump was operaling.
Sample held in botlle till Septemhber.

Location 10, sample 4846, Well deseribed under 4815, This semple represents
waler eulering easing at 70 feel when the operntion of well 4344 causcd draw
down in water level.

Localion 11, sample 3096.  Cilizens National Bank of Los Angeles, irrigation
well.  Near SW corner of SEY sce. 17, 1. 18 B, R. 17 E.  Depth, about 1,800
feet; perforated below 900 feet.
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Location 12, sample 3094. Lethant pump station, well no. 2, Standard il
Co. Near NW corner see. 36, T. 18 8., R I8 . Depth, 600 feet.
Location 12, sample 3085.  Lethant station, well no. 3. Depth, 1,000 lect.
Location 13, samples 1374 and 1855. Boston Land Co., well no. 1. Near
NE cornersec. 3, . 20 8., R. I8 E. A very decp well. Log not ascertnined,

TaBLE 28.—Quality of waler sn quadrangle 20, Tps. 17, 18, 19, and 20 8., Rs. 19,
20, and 21 E. (fig. 20
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DESCRIPTION OT SAMPLES OF QUADRANGLE 20 (TADLE 28 AND FIG. 20}

Lecation 1, sample 1862. IHenry Kupling, irrigation well. NEY sce. 30, T.
17 8., R. 18 E. Depth, 195 feet; easing perforated all the way down; running
li‘l;lt, B0 feet; 7-inch dischuarge pipe; water tool, but with a rather strong sulphur
odor.

Location 2, sample 2920, Riverdale Cooperative Creamery Co., Riverdale.
NWYsce. 25, T. 17 5., R. 10 B, Depth, 210 feet; casing not perforated.

Location §, sample 2019, G. G. Regers, domestic well, Near NW corner
sec. 30, T. 17 3., R. 20 BE. Depily, 200 feet; static lovel, 28 feet.

Location 4-8, sample 1377, Irrigation canal fromn Kings River. Lemocore-
Hanford highway,

Loeaiion 5, sumple 2018. FLucern Vineyard. Near cenler sec. 0, T. 18 5.,
R. 21]E. Depth, 120 feet; siatie level, 15 feet; discharge, 3.2 cubic feet por
second.

Location 6, sample 3075. Hanford mumicipal.  Culifornin Waler Service
Corporation, station no. 3 well, West Florinda Street and Manford Avenue.
Depth, 1,100 fect; casing perforated below 600 (oot

Location 7, sample 1866. Hauford municipal, Culifornin Water Service
Corporation, station no. 2 well, Harris and Whaler Streols. Depth, 1,500 feet;
Egs}ng perforated below 600 feet; static level, 38 feet; draws down Lo about

eet,

Leeation 8, sample 1859, Hanford munieipal. Culifornia Water Service
Corporalion, station no. 1 well, 131 West Firth Strect. Depth, 900 feet; casing
perforaied helow GO0 feet; static level, 45 feel; draws down to about 60 foct.

Location 9, samples 1117 and 1375. Lemoore municipal. A deep weil.
Sample 1117 eollected by . E. Smith,

Location 9, sample 1370,  Lemoore. A ghaliow wel] ab old high sehool.

Location 10, sumple 3074. A, L. Dlakeley, irrigalion well. NEY scc. 13,
T. 20 8, R. 19 B. Depth, 860 {eet; draws down to 91 feet; ensing perforated
below 400 feet.

Location 11, sample 3073. Stratford municipal water. Well one-half mile
wesl of fown,  Depth, about 1,100 leet.

Leeation 12, sample 3072, . H. Mcyer, irrigaiion well. Near NE corner
sec. 20, T. 20 5., R. 20 5. Depth, 1,005 leet; temperniure, $1° I,
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Ficune 20.—Quadrangio 20, showing localions of sninples roporled io nblo 28.

TanLe 20.—Queality of waler in quadrangle 21, Tps, 17, 18, 18, and 20 8., Rs. 22,
28, and 24 1. (fig. 21}
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DESCRIPTION OF SAMILES OF QUADRANGLE 2! (TABLE 2 AND Fia. 21)

Loeation 1-8, samples 1365 and 1046, Kings River, between Traver and
Kingsburg. (Sec alse smmple 1377, loeation 4, quadrangle 20.)

Location 2, sample 3076. Hanford municipal, Californin Waler Service
Corperation, siation ne, 4 well.  Dast County Rond nt Bleventh Sirect, Depth,
500 feet; casing perforated below 200 fect.
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Figure 21.—Quadrangle 21, showing loeallous of samples reporied In table 29,

Loention 3, sample 4626. Goshen Janchion. Southorn Pacific depot well.
Depth, nbout 300 feet.

Location 4, sumple 2916, C. V., Wreden, irrigation wellno. 1. SEY sec. 13,
T. 208, R. 22 5.  Depth, 2,100 feet; casing perforated from 600 fect down.

Location 5, sample 2912, Tagus Ranch, James T'homas, irrigation well. Near
NI corner sce. 9, T, 20 §., R. 28 |, Depth, 563 fect.

Location 6, sample 2917. C. V. Wreden. NWlfsec. 19, T. 20 8, R. 23 L&,
Depth, about 100 fect.
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Location 7, sample 4525, Tulare munieipal well. Composite of two wells at
O Btreet plant. Depths, 669 and 770 foet; casings perforated below 300 fcet;
combined discharges, 5.0 cubie feet per second.

Misccllaneous sample 3048, Minnehaha Qrelinrds.  Approximately 5 miles
%orﬂn\';stkor Woodlake. Composite sample of battery of 19 wells.  Collected by
. R. Parker.

Tanvue 30 —3uality of waler in quadrangle 82, Tps. 81, 28, 83, and 24 8., Rs. 18,
14, end 15 E.
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DESCRIPTION OF SAMPLES OF QUADRANALE 22 {TABLE 30
(Quadenngle map not shown}

Location 1, sample 2754, Creseent Meat Co.  Shallow well near Waltham
Creel, Nenr center W14 see. 8, 1. 21 8., R. 15 Ii.

Locaiion 2, snmple 2751, T. Curvi. Shallow domestic well beside Jacalitos
Creck., See. 14, T. 21 8, R. 156 K. Depth, 15 fect.

Tantt 31~—Quality of water tn quadrangle 23, Tps. 21, 22, 23, and 24 8., Ry. 18,
17, and 18 B. (fig. 22)
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DESCRIPTIGN OF SAMPLES OF QUADRANGLE 23 (TAHLE 31 AND FIG. 22}

Loceation 1, sample $210, Hayes Raneh, SWlisee. 1, T. 215, .16 B, Depth
165 feet; casing perforated below 105 feet.  Coliceted by W. 'L Hayes,

Loeation 2, pample 2877, Talvodero Kanch, stock well. NEM see, 22, T, 21
8., R. 16 . Depth, 100 feef.  Colleeled by Theodore Ireyeohagen.

Location 3, smunple 1854, (. M. Gilford & Sons, Irrigation well.  About 1,500
fect north of 8W corner sce. 14, T, 21 8, R, 15 K, cepil, 1,000 leet; cusing
per{omtcd below 300 Jeet; static level, 112 feet; discharge, 1 cubic foat per second;
cool.

Loecation 4, sample 1552,  Kings County Packing Co. well.  Nenr NW corner
see. 15, 1. 21 8., R, 18 BE.  Depil, 1,700 lect; discharge, 1.8 cubic fect per second.

Location 5, sample 1853, Kings County Packing Co. XN!i corner see. 23,
T. 21 S;),Dlg. 18 B, Depth, 1,400 leet; ensing perforated below 500 feet; Lempern-
ture, 82° 1f,
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Location 6, sample 2876. Well near Zapata Creek, drilled to supply rotary oil
rig. NE} sec. 18, T. 22 8., R, 16 E. Depth, 512 feet. Collected by Theodore
Kreyenhagen.

Loeation 7, sample 2750. Theodore Kreyenhagen, domestic well. Near
center sec. 9, T, 22 8, R. 1§ E. Depth, 20 fect.
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Fioung 22—~Quadrangla 23, showing Incatious of snimplas reporiad in table 31

Loeation 8, sample 2875. Stock well near Canoas Creek. NW3 sce. 27, T,
228, R. 16 B, Depth, 100 feet,  Collected by Theodore Kreyenhagen.

Eocation 9, snmple 2749, Avenal.  Collected from tap supplied by 2 well 500
fech deep in see. 21, T 22 8, R, 17 E.

Location 10, suuple 2748, Dudiey pumip station, Union 0i! Co.
wells severul miles away, presumably insee. 11, T. 24 8, R, I8 E,
tion; reported o be 119 feel deep with siatic lovel of 32 fect.

Piped from
Well in opern-
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Tanve 32.—Qualily of waler in quadrangle 24, Tps. 21, 22, 23, and 21 8., lis. 13,
20, ond 21 . \fig. 23}

| “pyr
m——— - Locent

s Alkgliy ST
| bnses Voo

1

[ ! ! Miligram sqguivnlonts

! V
Sain- KX 1

Location
na.

- ople nl 25 |II Boron H
no. - p G jco;+uco;| cl ! Co i g

25,1820
22,1950
1550 @ Hept. 25,
30921- July 4
. 3071 July

b2l bl e b el
— b

v

MHENMEDE =R T D

QNETESNENESER
D=

, 1830
. 15, 1830
26,1080
. 28, 192%
. 15, 1030
r 22, 1030
. 25, 1929
do
Cduly 221080

[ [« JOR
1r.........| 3080 do........|
- 3070 July P1,1uad

]

3

SfisEEuEas

f=k=3—=1-:]

BEsip!
CEICEEEE2ERESHEEHEES

MEmrE Rk ms A ISt O

e

8ESEC’DG‘YU|

s

! Loat.
1T=trace

DESCRIITION OF SAMPLES OF QUADRANGLE M (TAHLE 32 AND FIQ, 23)

Location 1, sample 1831. Missouri State Life Insuranee Co. well, Near NW
corner see. 1, T 21 8., R, 1915, Depth, between 1,700 and 1,806 fect.

Location 2, sampla 3093. [Kings County Development Co. well. Near NW
carner see. 7, T, 21 8., R. 20 5. Depth, shout 1,800 fect; warm and gas,

Loecation 3, sample 1830, Kings County Development Co. well. Near NW
corner see, 18, 1. 21 8., . 20 18, Depth 1,800 fect; running lift, 160 feet;
temperature, 90° I,

Locution +f, sample 3092. Kings County Development Co, well. Near NE
corner see. 15, T, 21 8., R. 20 . Depth, 2,100 fect; cusing perforated below
1,200 feet; running tift, 200 feet; discharge, 4.5 cubic feet per second; warm and
Eas.

Loeation 5, sample 3071, Nick Weis well. Near center see. 23, 1. 21 8., It.
20 1.  Depth, 1,901 feet; perforated below 955 feet,

Location 6, swnple 184%. Kings County Development Co. well. Near NW
corner sce. 30, ‘I, 21 8., R. 20 B, Dupth, 1,950 feet; discharge, 4 cubic feet per
second; temperature, 99° B

Location 7, sample 1848, A, H. Wolfsen well,  North cenier sec. 36, 1% 21 8.,
!IJ{I“"QIQ £, Depth, 1,800 feet; discharge, 3.6 cubie (eet per sceond; temperature,

Loeation 8, sample 32561, Charles Slaybaugh well.  Near EY carner see. 12,
T. 21 8, R. 2t & Depth, abeut 1,500 feet.

Location 9, snmple 3162. Gilky Bros. welll  EM sec. 19, 1. 21 5., . 21 I
A deep well.  Collected by U, 15, 1lite, ]

Location 10, sample 3262, Tulare Lake Land Co. well. N4 corner see, 22,
T. 21 8., R. 21 . Depth, about 1,500 feet; casing perforated below 8§50 feet;
temperatitre not high; cousiderable gns.

Lipealion ii, sample 1845, Irank Helm well. Near NI corner sce, 24, T.
218, R. 21 X, Depth, 1,425 feet; water stands al about 50 feet.

Localion 12, sample 3163,  W. A. Crockeit well. BM see. 33, 1. 21 8., R. 21
E. A deep well.  Collected by IL . Hite.

Location 13, sumple 3001, Kings County Development Co. well, Near BE
corner see. 5, U, 22 8., R, 21 . Depth 2,100 feet; casing perforated below 1,400
feet; discharge, -1.5 cubic feet per seeond; running 1ift, 200 feet.  Water warm;
gas present.

Localion 14, sample 1816, It Rico Land Co. well.  Near SI corner NEL; see.
1, T. 22 8, R, 21 12, Depth, 1,800 fecl; temperature, 90° F.; considernble gns.
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Loention 15, samples 1847 and 3169, Kings Counly Dlevelopnieut Co. well.
8IZ corner see. 8, T. 22 8, R. 21 5. Deptl, 1,970 feet; tomperalure, 93° B
easing perforaicd below 1,400 feel; discharge, 3.3 cubie fect per zeeond.  Well
produces considerable gras; when ignited o llume several foef high burns 2bove
diseharge pipe.
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Figusr 23.~-Quadranale 21, showing locatlons of snmples reported in iable 32,

Loeation 16, sample 30%0. Kings County Development Ca. well. Near SE
corner sec, 9, T, 22 8., R. 21 15, Depth, 1,970 feel; easing perforated below 1,400
feet; statie level, ¥5 feel; running lift, 3160 feel; temperature, 919 T,

Location 17, sample 3089. Kings County Development Co. well. Near SB
corner see, 16, . 22 8., R, 21 E. Deplh, 1,800 feet; running lift, 185 feet;
diseharge, 3.7 cubic feel per second; warm water and considerable gas,

Location 18, sample 3070. Gates Ranely, shallow well.  Near SID corner sec.
86, T. 22 8., R. 21 E.  Depih, about 150 feet; waler used only for washing, ete.
Gas from the well is trapped and used for gns ranges.
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TanLe 33.—Qualily of water in quadrangle 25, Tps. 21, 22, 29, and 4 8., Rs.
22, 28, and 34 E. (fig. 24)
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DESCRIFTIONS OF BAMPLES OF QUADRANGLE 25 (TABLY 33 AND FIG. )

Locntion 1, sample 1844. Blaybnugh and Boswell, shallow demestic well.
Near WY corner see. 6, T. 21 S, R, 21 1.

Location 2, samples 1848 and 2015, Corcoran municipal.  Two wells, 1 mile
northeast . Coreoran, probably in 8974 see. 12, 1. 21 8, I3. 22 i, Depths, 400
and 460 feet, 12-inch easings perforated below 200 fect; discharge, 1.8 and 2.0
cubic feet per second.

Luention 3, sample 2914,  Fred Long service station well, 1 mile west of Cor-
coran on south side of highway. Probably 8W¥ sce. 15, 'L 21 8, R, 22 L,
Depth, 60 feel; stalic level, 26 feet; d-inch discharge pipe.

Loeation 4, sample 2013, Cord Uptbrove, irrigation well.  Probably NWY
sec. 5, L. 21 8, R, 23 II.  Depth 198 feel; ensing not perfornted,

Location 8, sample 3068, Post, Card Raneh, well ne. 1. Near NE corner sec,
21, T. 22 8., . 32 I&. Depth, 2,300 feet; casing perforated below 1,500 lect,
report waler produced by stratum at 1,800 feei; tamperature, 50° T,

Loeation 5, sumple 3009. Post Card Ranch, well no. 4. Near well no. 1.
Depth, 1,900 feet; casing perforated below 1,400 feet; temparature, 83° F.

oeation &, sample 3066, W. J. 8mith woll,  Newr NE corner NW¥ see. 24,
T. 228, R, 22 I&. " Depth, 470 fect; tempernture, 70° .

wecation 7, sample 806G7.  Forrest Riley, irrigation well. Near NI vorngr SEY
see. 24, 1. 22 5, R. 22 B.  Depth, 2,000 Teet; casing perforated  below 900 feeb;
static level, 80 feet; 10-inch discharge pipe; lemperature, 78° I; pas.

Location 8, sminple 3066, A. V. Taylor, trrigation well. NE! sce. 20, 1. 22 §,,
R.2315 (1 mile westof A, T, & 5. I Ry.) Depth, 460 feet; 10-inch discharge
pipe; temperalure, §9° T,

Location 9, sample 1841. &, W. DBryson raneh, domestic well, Near NE
corner see. 28, F. 22 8, R. 23 1i. Depth, 75 feet; 2-inel cusing.

Location 9, sample 1842,  C. W. Bryson ranch, irrigation well no. 4. Depth,
between 350 and 400 feel; 7-ineh rlischarge pipe.

Loention 19, sample 1839.  Alpaugh Irrigation District canal. Sampled in
see, 33, T. 238, R. 28 i, The snmple represents wuter principully if not enlirely
from a proup of 21 wells located near Smyrna.  These wells arc reported to vary
in depth from “shallow’ lo 1,000 feel.  Analysis reported also under guadeangle
28

I. Location 11, samnpie 1840,  Alpaugh municipal water, fram severnl wells 1 to 3
miles west of Alpaugh.  Depbh reported to be about 1,000 (uct.

Location 12, sample 3284, Deep well west of La Hacionda Ranch. SWY
see. 18, T, 24 8., R. 22 18, Depth, 835 feet; stalic level, 12 feel; 12-iuch easing;
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perforations thought by stockman fo be below 500 feet; operated by small rotary

pumyp to supply catéle; drilled in 1829, -
Location 13, semple 5946, La Hacienda Rench, well, headquarters. Near

center seo, 17, T. 24 5., R. 22 B.  Depth, 830 feeb; upper porforations ot 400 [eet;
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Fsauns M.—Qundrangie 25, showing “oentions of samples reported tn table 32.

95%-ineh ensing. Used for stock and domestic purposes. Collected by Roy
Filcher.

Location 14, sample 5845. La Hecienda Ranch, weil no. 7. NEY sec, 28, T,
24 8., R. 22 . Depth, 990 feet; upper perforations at about 400 feet; 14-inch
easing to 150 feet, then 12-inch; discharge, 2 cubic feet per second.  Co'lceted by
Roy Filcher.
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Tavre 84.—Quelily of waler in guadrengle 26, Tps. 21, 28, 23, and 24 8., Rs. 25,
26, and 27 E.

*Uiligrarn equivalents
FXG
At 25°
<,

Lacation
CO:+HCO:| CL | B0y | Ca | Mg

July 72981 000 N 0.06 | 0.00
b '3 4o . A . .35 | .48

DESCRIPTION OF SAMPTLES OF QUADHANGLE 25 {TABLH )
{GQuadrangle map not shiown)

Loeation 1, sample 4524, Pixley municipal well. Depth, 1,180 feet; static
level, 64 feet; discharge, 0.12 cubie fool per sccond.  An old well which ot one
time fiowed. :

Location 2, sample 4623. Jorgousen vineyard. SEY scc. 34, T. 24 8. R. 25 B.

TaprLe 35.—Quality of water in quadrangle 27, Tps, 25, 86, 27, and 28 8., Rs. 18,
20, and 21 E. (fig. 25)

Milligram equivaionts
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DESCRIPTION OF SAMPLES OF QUADRANGLR 27 (PABLS 35 AND FIG, 25)

Location 1, sample 2747, Temblor pump station, Associsted Pipe Line Co.
See. 20, T. 26 8., R. 15 E. Depth, 501 feet; static level, 120 feot; report water
g%?t}um encountered at 300 foot with other stvate aboutl 3 feet thick to shale at

aok,

Locntion 2, sample 2748, 8. & G. Gump property, sheep well. Seec. 2§, T.
26 8., R, 10 1. Depth, 363 feel; stutic luvel af 357 fect.

Loeation 3, sample 2745. Chris. Trisslman ranch, sheep well. Sec. 9, T. 27
8., R. 20 E.  Depth, 500 fvel; “1ir", 260 fect; 2¥-inch casing,

Location 4, sample 3281, State highway siation, Lost Hills, near NE corner
sec. 3, T. 27 8., R. 21 . Depth, 300 feet; ensing perforated for three strata.
Well runs dry a few minutes after starting and water is huwuled both for the lawn
and for drinking.
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Ficees 25.—Quadrangle 27, shawing Jocations of snmples reporied in tuble 35,

Tasre 36.~—Qualily of water in quadrangle 28, T'ps. 85, 26, 27, and 28 S, Rs. 22,
28, and 24 . {fig. 26)
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DESCRIPTION OF SAMPLES OF QUADRANGLE 28 (TABLE 38 AND FIG. 20)

Location 1, snmple 3283, (ld Fowler ranch well. Sec. 10, T, 25 8., R. 22 B,
Depth, 700 foet; stalie level, 18 fect, A very old well whieh formerly flowed.
Location 2, sample 1838, Alpaugh Irrigation District canal, as sampled in
uadrangie 25. Supplicd principally if nol entirely from wells at Smyrna.
elis reported to vary in depth froin shallow to 1,000 feet.
Loention 8, snmple 3282,  Gilbreath ranch. Near 8E corner sec. 10, T. 26 S,
R. 22 5. Depth, 300 feet; casing perfoiated below 800 feet; static level, 18 fect.
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Fisukre 268.—Quadrangle 28, showlng locations of samples reported in tebla 36,

Loention 4, sample 3280, I8, A, Meyer chicken ranch well. Near SI corner
sec. 2, 1. 278, R. 22 B, Depth, 170 feet; casing not perforated; static level, 50 feet.

Location 5, sample 2744. Semiltropic wells supplying General Petroleum
pump station ol Belridge. Depth not ascerfained.

Loceation 6, sample 4831. . P, Morgan, irvigation well. Sce. 2G, T, 38 §,,
R. 24 E. Depth, 112 feet; casing perfornted at severnl slrata. TReporled that
the domeslic well of similar depth but with an unperforated casing produced a
softer watcr. The boron symptoms were pronounced on dooryard plants irri-
gated from the domesiic well,
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Tavsre 37.—Quality of waler in quadrongle 89, Tpa. 25, 36, 27, and 38 8., Re. 25
26, nnrd 27 E. (fig. 27}
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DESCRIPTION OF BAMPLES OF QUADRANGLE 20 {TABIE 37 AND FIG. 7)

Location 1, sample 4522. Delano municipal well. Drilled to 1,100 Fect;
filled to B0O fech beecause of sanding; casing perforated below 300 feet; stadic level,
100 feck, Decper waler reported 6 have had sulphur odor,

Loecation 2, sample 4520, Waseo municipnl. Two adjacent wells; depth, 600
feel; static level, 110 feet; casing not perforated.

Location 3, sample §24. United States Cotton Field Siation, Shafter. SEY
sec. 33, 1. 27 8, R. 25 B. The older of two wells. Depth, 165 feat; static lavel,
gﬁ Iheeltdin May, 1927; discharge 1.2 cubic feet per second. Colleeted by C. 8.

cofield.

Location 4, sample 4521. Southern Peecific depot well at Famosa. Depth,
about 200 fech; static Ievel, 140 feat.

Loeation §-5, sample 2011. Eern River, as sampled from Beardsley Canal,
opgosite Levdo,

ceabion G, sample 3279. Dow station, Associated Pipg Line Co. Depth not
ascertained; engineer reported they were drawing water from about 130 feet.

Location 7, sample 3232, Lerdo Land Co., well no. 4, Near SE corner
fNW,’/.; see. 15, T, 28 8., R. 26 . Depth, 275 feet; casing perforated below 100
ect.

Location 8, sample 3233. Lerdo School. Near NE corner BWI sec. 14,
T. 28 8,, R. 26 ®. Depih, 250 feet; casing perforated below 160 feet.

Location 9, sample 2010, Lerdo Land Co., well no. 17. NIY sec, 14, T. 28 3.,
K. 26 B. Daepth, 441 feef; static level, 131 feet; perforated in ot sant? at 285
fect and below 375 feet; discharge, 2.8 cubic feet per second; mild sulphur odor.

Location 10, snmple 3236. Lerdo Mutual well no. 1-B. SEY sec. 24, T. 28 8.,
R. 26 E. Depth, £70 feet; casing perforated below 100 feet,

Loecation 10, sample 3285, ILerdo Mutual well no. 1. SEY sec. 24, T. 28 8.,
R. 26 L. Depth, 555 fect; casing perforated below 100 feet.

Location 11, sample 3231. Ng I%T Brown, irrigation well, BYNWY sec. 22,
T.288, R, 20 E. Depth, 250 fact.

Location 12, sample 3230. Lerdo Land Co., well no. 10. Near NE corner
sec. 22, T, 28 5, R. 26 E. Depth, 535 feet; casing perforated at several strata,
upper about 105 feet.

Location 13, sample 3229. Lerde Land Co., well no. 18. Nauar center sec. 22,
T. 28 8., R. 26 &. Depth, 170 feet; perforated below 100 feet.
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Loeation 14, sample 3422. Ben Arvkalian ranch, East center sce. 28, T. 28 3,,
R. 26, Colleeted by C. 8. Seofield.

Location 15, sample 3423, W. K. Lee ranch no. 2. See. 25, T, 28 8., R. 26 K,
Depthy, 425 fect; discharge, 5.4 cubic feet per sccond.  Collested by C. 8. Scofield.

Location 16, sample 3421.  Ben Arkalan ranch. North center sce. 26, T. 28 8.,
R.28 B, Collected by C. 8. Scofield.
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FIGURE %7.—Cluadrangis 20, showing locetions of samples roperied in lable 37.

Location 17, sample 2009. Lerdo Land Co., well no. §-A. NEX sec. 26,
T, 28 S, R. 26 E. Depth, 135 fect; casing perforated only near hottom; static
ievel, 72 fect; discharge, 1.3 cubic feef per seeond.

Location 18, sample 3284. C. L. Clafflin, irrigation well. SW} sec. 20, T. 28
S., B. 27 E. Depth, 500 feet; upper casing perforations at 160 feet; static level,
180 feet. Sulphur odor, with considerable gas.

Toestion 19, semple 3239. W. K. Lec, irrigation well. Near NIE corner
SW see. 30, T. 28 8., R. 27 E, Depth, 274 feet; upper perforations at 100 faet.

Loeation 20, semple 3237. L. P. Sorenson, irrigation well. Near NE corner
8E ¥ sec. 31, T. 28 8., R. 27 B. Depth, 247 feeb.
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Location 21, sample 3238. Lerdo Land Co., well no. 20. Near SE eorner
iSW% see. 31, T. 28 8., R. 27 B. Depth, 440 feet; casing perforated below 110
act,

Miscellancous sample 6345,  Lerdo Mutual Water Co., new no. 9 well, Jocated
near and northwest of packing house, near center S sce. 24, T. 28 8., R. 26 L.
Drilled in August 1032,  Depth, 765 feet; perlornted below 500 feet: draws dewn
to 121 feeb.  Water slightly warm, with sulphur odor and some gas. Waler from
this well replaces water from lhe now shandoned well at loestion 17.

Tanne 38.—Qualily of waler in quadrangle 80, Tps. 29, 30, 8¢, and 32 ., Rs. 22,
23, and 24 B. (fig. 28)
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DESCRIPTION OF SAMPLES OF (UADRANGLE 30 {TABLE 38 AND FIG. 25)

Loeation 1, sample 2743, Andrew Gregg, irrigation well.  SEY sec. 5, T. 20 8.,
R. 23 £.  Depth, 230 fest; casing perforated below 100 fret; static level, 10 feet,

Location 2-8, sample 2741,  Buttonwillow Irrigation Canal, known as Eighty-
foot Canal.  Bampled at highway erossing near 8 corner see. 13, T 28 S., R, 23
E._ Kern River gravity water.

Loention 3, sample 2742, Bubionwillow municipal well. Depth, approxi-
mately 220 fect; static level, 14 fect.

Location 4, sample 6906. Southern California Gas Co. well. Near ceater
SWJ see. 23, T. 32 8., R. 2¢ I&. Depth, 730 fect; upper perfarations unknown
(drilled 1912 or 1913} ; 1133 inches inside casing; static level, 120 feet; temperature,
approximately 60° I, Water passed through 600 feet of 2-ineh tubing by means
of high-pressure natural gas before sample.  Collected by N. D. Hudson,

Miscellaneous sample 2740, MeKittrick. Water from Associated 0il Co.
wells in Little SBanta Maria Valley, see. 13, L. 30 S, R.21 B. Composite of three
wells drilled to 500 fect; casing perforated below 200 [eet; static level in one at 300
feet and in another uf 126 leet.
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Figvare 28.—Quadrenglo 30, showine locations of sampies reporied {n toble 38,

TasLE 80.—Quality of waler in quadrangle 81, Tps. 29, 30, 81, and 82 8., Rs. 25,
26, and 27 B. (fig. 29)
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DESURIPTION OF SAMPLES OF QUADRANGLE 31 {(TABLE 30 AND FIG. 20)

Location 1, sample 3760, Qberlander well. N'WHSEY sce. §, T. 29 8., R.
27 E. N3 of lot 18. Depth not ascertained. Collected by W. B. Rabb.

Location 2, sample 3758. W. B. Robb, home well. N3 WUNWY see. 10, T.
29 8., R. 27 E. Depth not niore than 145 feet. Collected by W. B. Robb.
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Fievne 20.—Quadrangls 31, showlng locations of samples reporied in table 39,

Localion 2, sample 3268. W. B. Robb well. NIEUNWIY see. 10, T. 29 S.,
R. 27 1., west of and adjacent to Southern Pacific tracke, Casing perforated
from 50 to 310 feet.

Location 2, gample 3760. W. B. Robb well.  Near NIT corner NWI see. 10,
T. 26 8., R. 27 & DBast of Southern Ineific tracks and highway, Depih not
more than 145 feet.  Collected by W, B, Robh.

Location 3, sample 2739, Taoft municipal, From Western Water Works wells
in sections 21 and 28, T. 30 8., R. 25 &, eptl, 280 {o 450 fect; surfnce elevation
at wells, 300 feet; Taft elevation; 1,000 lect.

Location 4, sample 2008. John H. Balbach well. TMSEl see. 30, T. 32 8.,
R. 27 II. Depth, not less than 210 feet; stntic level, 14 feet.
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Yocalion 5, sample 6810. Symons Bros. Development Co., well no. 1. Fern
County, NEY see. 7, T. 32 8, It. 27 B.; 100 vards from north side, in ecnter,
Depth, 800 feet; 16-inch easing; diseharge, 2,2 cubic feeb per second; flowing
well; draws down to 85 lech; temperature, 55° or GO° F.; sulphur odor; no gns;
clear. Irrigates 160 to 200 acres.  Collected by 1L L. Sanders.

Location 6, sample 6812, Symons Bros. Development Co., well ne. 3. Xern
County, NEJ sce. 7, T. 32 8., R. 27 I., 200 yardls from north section ling, 200
yards from center section line, Depth, GOO feet; all perfarated; 18-inch casing;
discharge, 3.6 cubic feet per seeond; slatic fevel, 12 feef; draws down to 45 feet;
temperature, 55° or 60° I, Collected by R, L. Sanders.

Loeation 7, sample 6811.  Symons Bros. Development Co., well no. 2. Kern
County, W4 see. 7, T. 32 8., R. 27 I&,, 150 yards from NE corner. Depth, 237
feet; all perfornted; 14-inch ensing; discharge, 2.8 cubie teet per second; statin
level, 12 feet; draws down to 43 feeh; Lemperabure, 535° or G0° I, Collectad by
R. L. Sanders.

Loeation 7, sample 6320. Symens Bros. Development Co., Nowing domestie
well.  Kern County, 8W}{ see. 7, T, 32 8,, R. 27 E,, in ¢orner of quarter. Depth,
800 feet; I10-ineh casing.  Collected by R. L. Sanders.

Miseellangous sample 3827. Kern River County Park well. SEY sce, 38,
T. 28, 8., R. 28 E. Depth, 755 fect; tomperature, 90° . An artesian well with
flowing discharge of 0.5 eubic foot per second., Cotlected by N. D. Iudson.

Tanve 40.—Quality of waler in quadrangle 32, Tps. £9, 80, 81, and 32 S., Its. 28,
20, and 30 E, {fig. 80)
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TanvLe 40.~—Quality of waler in quadrangle 38, Tps. 29, 80, 91, and 82 8., Rs. 28,
28, nnd 30 BE. (fig. 80)—Continned
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DESCRIPTION OF SAMPLES OF QUADRANGLE 32 (TARLE 40 AND FIG, 30}

Location 1-8, samples 932 and 1380, Kern River, Bakersfeld. Sampled at
heading of ast Side Canal,

L Lgca.tion 1-5, sample 2911.  Kern River, Beardsley Canal, Sampled apposite
crdo.

Location 1-5, sample 6345, Xern River at Bakersfeld. River wns high at
time of sampling.

Location 2, sumple 1658, Bakersfield municipal. Sampled at service station
opposite fower.  Well source unknown. There are & large number of seattered
pumping stations which pump direetly into Bakersficld municipel water mains.

Loestion 2, sample 3424, Bakersficld municipal, tap at Seventeenth and
Chester Streets.  Collected by C. 8. Scoficld,

Loeation 2, snmple 4519.  Dakersfield municipal, tap nt Seventeenth and
Center Streets.  Colleeted by C. 8. Sceficld.

Loeenation 3, sample 626. Edison domestic supply well. Depth, 160 feet.
Collected by C. 5. Scofield.

Loeation 4, sample 930. Goif well, near NI corner SEY sce. 33, T, 30 8.,
. 29 B. Depth, 400 feet; static level, 85 feet; approximate water table cleva-
tion, 390 feet; draws down 45 feet.

Lacation 5, sample 346. A, Brown Co. well. SEYSEY sce. 5, T. 30 5, R.
30 B.  Depth, 565 fect; static level, 375 feet; water table clevalion, 690 feet;
digcharpe, 0.2 cubic fool per second; temperature, 79° I,

Location 8, sample 945, Jack Bowman, domestic well. SI3Y sec. §, P, 30 s.,
R. 30 2. Depth, 355 feet; static level, 160 feet; approximate water table elevn-
tion, 740 feet.

Location 7, sample 944. Deemer abandoned irrigation well, Near center
sec, 17, I 30 8., R. 30 L., in Caliente Wash. Depth not nscertained; static
level, 134 fecb; approximate elevation of water table, 636 feeb.

Location 8, snmples 810 and 1379. M. F, Newmarkel well, Nezr SE corner
sec, 20, T 30 8., R. 30 E. Depth, 387 fect; static level, 126 feet; soproximate
elevation of water table, 664 feet. Sample 810 collected by C. 8. Seofield.
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Location §, sample 943.  Shallow well nt location sometimes known as “Deemer
Spring.”” NEI sce. 38, T. 30 8., R. 80 1B, Bailed saunple. Surface elevation
approximately 720 feet: waler Lable several fect below, .

B Location 10, sample 1045, Td Joilner service station well.  Near SE corner
see. 18, T. 31 8., R. 28 . Dopth, 41 feel,

Iy Location 11, snmple 931, Earl Fruit Ce. well. NE corner see. 4, T. 31 &,
K. 26 T, Static level, 120 feet; waler table clevalion, 355 fecl,
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F Location 12, snmnple 1400, Irrigation well. Near N'W corner see. §, T. 31 8.,
R. 29 W, Characlerisiics of well not nscerinined.

Location 13, sample 048. Barl Fruit Co. well. Near NI cornor see. 10,
T, 31 S., BR. 20 B, just west of the cdge of old Caliente Wash.,

Localion 14, sample 946, Rarl Fruit Co., irrigation well. NE corner SEY
see. 10, T, 31 8, RR. 29 .

Location 15, sample 932, Tarl Fruit Co., irrigntion well. NI corner sce. 12,
T, 31 8., B. 20 I&.  Depth, 424 feet; static level, 185 feef; approximate water
tab]edeicvation, 360 fect; draws down 19 feet; discharge, 6.7 cubic fcet per
second.
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Location 16, sample 623, Ioover well. NW3 sec. 18, T. 31 S8, R. 28 &
Static level, 50 to 60 fect. Colleeted by C. 8. Scofield.

Loecation 17, smnple 1381, II. 8. Joweit well. Near NE corner see. 16,
T. 31 8, R. 20 15, Depth, 635 loet; siatic level, 110 feet; draws down 25 feet;
discharge, 2.5 cubie [eet per seeond.

Location 18, sample 1399. P. Ii. Greene Co. woll. NE corner sce. 15,
T. 3t 8, R. 20 . Depth, 407 feot; static level, 150 feet; discharge, 3.0 cubic
feeh per sceond,

Louation 19, sample 1384, . S8, Jowobd well. Near NE corner SWY sec. 15,
T. 31 8., R. 20 B. ~ Depth, 700 fcet; static lovel, 110 feet; draws down 50 feet;
discharge, 2.0 cubie feet per sceond.

Loeation 20, sample $13.  C. Yanssey well,  Near EL} corner sec. 15, T, 31 8.,
R. 20 E. Static level, 105 feet; approximate elevation of water table, 360 feet.
Colleeted by C, 8, Scofeid,

Location 21, spmple 1398, P, H. Greene Co. woll. Near N corner see. 14,
T. 31 8., R. 26 B, Depth, 550 feet; discharge, 3.0 cubie feet per second. This
well perforates a clay strafum in which sampie 1399 ended.

Locution 22, smmples 941 and 1397, Hannon well. NI corner sec. 14,
T, 31 8., R. 29 B. Depth, 320 feet; static level, 140 feet; approximate clevation
of walter table, 355 feet; discharge, 2.7 cubie foet per seeond.

R Ig);:}l;ion 23, sample 1386, Irrigation well. NI corner SEY sce. 14, T. 81 8.,

. .

Location 24, samples 805, 038, 1378, and 1838. Earl Fruii Co. well no. 2.
NE corner see. 13, T. 31 8., R. 20 E. Dapth, 240 fect; statie level, 142 feef;
draws down 27 feet; discharge, 5.7 cubic feet por second; warm. This well has
sulphur odor, is now capped, and ig ndjacent to = previousty capped well, 450
feet deep, with a perforated casing.

Tocetion 25, sanples 815 and 1395. Edmundson well. NW corner SW
ece. 13, T, 31 5., R. 20 B. Static level, 135 fect; clevation of water table,
approximmately 535 fect. Sample 815 collected by C. 8. Scofield.

Location 26, samples 040 and 1394, Daly weil. NW corner NEYSEY
sec. 13, T, 31 B, R, 28 Il Static level, 113 feet; clevation of water table, 377
feet; discharge, 2.0 cubic fect per second.

Loeation 27, sample 806, Brewster well no. 3. NE corner sce. 20, T. 31 8.,
R. 29 K. Static level, 155 feot; elevalion of water table, approximately 260
feet. Collected by . 8. Scofield.

Location 28, sample 1382,  Irrigation weil. Near NE corner see. 21, T. 818,
R. 20 . Well opornting; characleristics not ascertnined,

Loeation 24, snmple 1383, Richards, Pnuloy & Krauter well. NI corner
see, 22, P 31 5, R. 280 B, Well operating; characteristics not determined.

Loeation 30, sample 1385, Stenderup-Jewstt well, NIE corner Sk see. 23,
T. 31 8., R. 25 E. Depth, 360 feeb; stutic level, 100 feet: draws down 40 fect.

Location 31, sample 5817. Bear Mountain Oranpge Co. north well; 1,000
feet west of NI corner sce. 24, T. 31 8,, R. 20 B, Collected by H. G. Clardy.

Location 32, sample 1386, Bear Mountain Orange Co., NE corner SBH
scc. 24, T. 31 8., R. 28 E.

Location 33, sample 5823, M. G. Clardy well. Bear Mountain subdivision,
837 feet west of NE corner of SUSWY see. 24, T. 81 8., R. 2¢ E. Depth, 519
feet; casing perforated from 300 to 500 fcet; principal pravel stratum, 450 fo
BOG feet; discharge, 2 cubic feeb per second. Collected by H. G. Clardy.

Location 34, sample 135. IEari Fruit Co. NW corner NEY sce. 36, T. 31 8,
R. 29 B, Depth, 525 feet; static level, 60 fech; elevation of water table, approxi-
inately 360 feet; discharge, 0.7 cubic foot per second.

Location 85, sample 936. Earl Fruit Co. NI corner see. 36, T. 31 S., R.
20 B. Depth, 400 feet; séatic Jovel, 60 feel; discharge, 0.7 cubic foob per seeond.

Location 36, sminple 937, Earl Fruit Co. S18 corner NEY see. 36, T. 81 S.,
R. 20 1. Depth, 385 feet; statie level, 40 feot; approximate clevation of water
table, 875 fect; discharge, 3.6 cubic feat per socond.

Location 37, sminple 947. Tarl Fruit Co. NI corner SWH sec. §, T. 51 8.,
fR‘ L30 E.  Btatic level, 190 fect; elevation of water table, approximately 375
eeb.

Location 38, sample 950, Abandoned well. NW corver sce. 4, T. 31 8.,
R. 30 B. Static lovel, 255 fech: elevation of water table, as mansured in casing
when bailed, was 360 feet, bul sound in the woll indicated that water from a
higher water {able was running inlo casing through s ernck or through higher
perforations. Sample too sinal for complete analysis. It is probable that the
bailed sample represented an upper stratum.
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Location 39, sample 811. Tejon Spring, El Tejon Rancho. SWi§ sec. 3,
T, 81 8, R. 30 B, ischarge, 0.04 cubic foot per second; temperature, 100° I,
Elevation approximately 600 feet. Sample collected by ¢, 8. Scofield. Sample
812. Reservoir supplied by Teion Bpring. Colleeic-i by C. 5. Scofield.

Location 40, sample 833. Earl Fruit Co. NE corner NWY see, 7, T. 31 8,
R. 30 E, Elevation of water tabie, 360 fect; discharge, 4 cubie feet per second,

Location 41, sample 814. Earl Fruit Co, NE¥ see. 7, T. 31 8, R, 30 E,,
1,800 feet west of NE corner. Depth, 430 feet; static level, 184 feot; clevation
of weter table, 366 fcet. Collected by C. 8. Scofield.

Lneation 41, sareples 804 and 3278. Lewis well. NE corner sec. 7, T. 31 8.,
R. 30 E. Discharge, 8.6 cubic feet per second. Collected by €. 8. Scofield.

Location 42, sample 942, Valley Farms Co. abandoned well. NIE corner
SE# sec. 8, T. 31 5., R. 30 E. Static level, aboui 170 feet; clevation of water
table, about 380 feet.

Location 43, sample 808. Bmall well, Near conter north line sec. 18, T.
31 8., R. 30 E. Depth, 385 fect; stutic lovel, 135 fee$; elevation of water table,
365 feet; discharge, 2.0 cubie feel per second.  Collected by C. 8, Scofield.

L;&:%ion 44, sample 1393. Irrigation well. SW corner NEY sce. 18, T. 831 S.,

Loeation 45, samples 936 and 1392, Dan Moore well, Near NW corner
NEYSBEY see. I8, T. 31 5, R. 30 E. Deplh, 400 fect; static level, 145 fect;
elevation of water table, 355 fect; discharge, 2 cubic feef per sccond.

Loeation 46, sample 934. Giffen well, abandoned. NW corper sec. 17,
T.318, R.30 5. Drilled in 1920; depth, 460 feet; static level, 178 feetl; approxi-
mate elevation of water table, 337 feet; discharge, 1.8 cubic fect per second.

Location 47, sampile 807. McCowan irripation well. Near center sce. 17,
T. 81 8, R. 30 B, Static level, 140 feet; approximate clevetion of waoter {able,
360 feet; discharge, 3.8 cubic feet per second; temperature, 82° ¥, Collected
by C. 8, Scofield.

Location 48, sample 1381, Aavon Neff well. North of center NE¥ sge, 19,
T. 81 8., R. 30 E. Depth, 383 feel; siatic level, 127 fost; draws down 23 feet;
elevation of wealer table, about 350 feet,

Logation 49, sample 3914. Irrigation well, drilled in 1930, North of center
sec, 30, T. 31 8., BR. 30 E. Depth, 800 fect. Collested hy C. S, Scofiald.

Location 50, sample 1387, Xern Qil Co. stock well. orth of cenier NEY
sec, 29, T. 31 8., R. 30 B. Depth, 350 fect; sintic level, 125 feeb; approximate
elevation of water table, 355 feetf.

Location 51, sample 2007. Mary Dickas well. See. 32, T. 32 8, R. 28 E.
Small domestic pump ettached to well drilled to depth of 815 feet; casing per-
forated below 182 feel; static level, 22 feef.

Logation 52, sample 1390, B, W. Smith wcll, S8SE corner NWH see. 1%,
'T. 32 8., BR. 29 B. Depth, 500 feet; static level, 02 fect; clevation of waler
table, about 418 feet.

Location 53, sampie 1386, J. H. Alward well. Near center south ling NEY
sec. 12, T. 82 5., R. 26 T. Depth, 700 feet; static level, 80 feet; clevation of
waier table, about 418 feet.

Location 54, sample 1388, Spring in Little Sycamore Canyon. NWI4sec. 8,
T. 32 8., R. 30 E. Sampled froin pipe outlet at Tejon Rancho stock reservoir.

Location 55, sample 5808. Union Oil Co., irrigation -well, Qildale. SE}
sec. 6, T. 29 8., B. 28 B. Depth, 450 feet; 12-inch casing; operated by com-
ﬁrezsed air; static level, 107 feet; operating level, 117 feet. Collected by N. D.

udsonn.

Miscellaneous sample 028. Caliente Creek. Sample teken from siream
1 mile cast of Caliente Station. Discharge, 0.8 cubic foot per second,

Miseellancous sample 926. Tchachapi Creek. Sample taken near SIS corner
see. 17, T. 31 8, R. 32 L., approximately one-half mile nortk of Keene post
office. - Discharge, 2 cubie feet per second.

Miscellaneons sample 3915. Ranch well, operated by windmill. Fast of
gravel pit on south side of Teliachapi-Mojave highway, sbout 234 nilles cast of
Monolith, See. 28, T. 32 3., R. 34 I&. Collected by G. 8. Beofield,

Miscellnneous sample 6827. E, 0. Mitchell well no, 1. Middie of north
line, sec, 22, T. 3] B, R. 20 E. Pumped with 50-hp. motor; 10-inch discharge
pipe, half full, Coliected hy N. D. Hudson.

Miscellaneous sample 6828, E. O. Mitchell well no, 2. NI corner SW 80

aeres sec. 22, T. 31 8, R. 29 E.  Pumped with 50-hp. motor;Di -inch discharge

pipe; discharge, 2.4 cubic feel per second. Collected by N. Hudson.
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TasrLe 41.—Queality of water in quadrengle 33, Tpe. 11, 10, 9, and § N., Rs. 2Y,
85, and 24 W,

: E Millipram equivalents
Snm- ;le{il B
Log::,tlun o Dt aLCEE° Boron ot i Alkali “Pert:
' na, . ¥ y iRl pen
HCO; Cl | 8¢} Ca | Me ['ynaee| sodic
cra*
|
| ok N
Loveeaeenas| 2739R) Moy 11,1930 ‘E‘, 070 18, 8¢ 64,85 166,00 | .20 | 432 | 9.¥G 210, 63 o4
|- e iiu] [« |« R 184 L2 3,30 LA5IT.EL [ 221 | 7.8L 1.94 f
Miscol- :
Ianeousl | 2737|-.... [{]: SO— 40, 8 L2 320 v : L03, 233 L3 1.17 20

! Qulsido of quadepnply; ineluded for convenience.

DESCRIPTION OF SAMPLES OF QUADRANCLE 33 (TABLE 41)
(GQundrnngle magp not shownd

Location 1, sample 2738. Northern 0il Co. Water brought up with oil
from 12 wells drilled to 1,000 feet. NWl sec. 1, T. 11 N, R. 24 W.

Loeation 2, sample 2736. Cuyama Ranch. Cuyama no. 2 prant. Location
corresponds to see. 2, T, 10 N, R, 20 W. Reservoir composite of water from
streamn bed sand and 14 springs. Somce springs reported as warm and with
sulphur odor.

Miscellaneous semple 2737. Springs at Ozena. Sec. 19, T. 7N, R. 23 W,
Ban Dernardino base and meridian,  Sample (rom water piped to Maricapa.
Qzena is nenr head of Cuynma River.

TaBLE 42.—@Quality of twaler in guadrangle 34, Tps. 11, 10, 9, and § N., Rs. 25,
22, end 21 W. (fig. 31)

Nilligrom equivalonis

Sum- Pre ol
L“i‘:)ﬂcn nle Data mga“ Horon “Per-
bnses | sodli-
uml!

!
i
{
ne. y e CO+RCO;| O | 50| o | g |Alkali] cont

Ppm
w2 | .03 4.95 | 1.50 1573 jtn o0 | 792 3.2 15
198 .02 4.10 | 165 [IG.67 | 0.45 | 8.37 | 4.5 20
110 ap 520 | L35 [10.20 | 0.02 | 7,66 | 548 2
1687 17 4.05 | L30 |16.25 { 0.34 | 7.35 | 4.79 22
103 5.25| .35 | 732 | 485542 208 2L

DESCRIPTION OF BAMTLES OF QUADRANGLE 34 (TABLE 42 AND FIG. 31)

Looation 1-8, sample 2710, San Emigdio Creek as diverted at San Emigdio
Ranch, SW3¥ sec. 36, T. 11 N., R. 22 W, San Bernardino base and meridian.
Discharge, 0.3 cubic foot per second. Colleeted by V. G. Ryland.

Locetion 2, sample 2706. Adcbe Spring, Ban Emigdio Creek. In unsurveyed
ares; position corresponds to §W corner sec. 1, T. 10 N, R. 22 W. Discharge,
0.15 cubic foot per second. Collected by V. G. Ryland.

Location 3-8, sample 2707. San Emigdio Creek. Corresponde to EY corner
sec. 12, T. 1¢ N., B. 22 W. Discharge, 0.4 cubic foot per second. Collected
by V. . Byland.

Location 4-8, sample 2708, San Emigdio Creek, Be~ley Flats. Corresponds
to 8W corner gec, 13, T. 10 N, R, 22 ' W. TMscharge, 0.5 cubic foot per second.
Collected by V. G. Ryland.

Location 5-5, sample 2708, San Emigdio Creek, Douglas Place. SEY see.
5 T. 9 N, R. 21 W. Discharge, 0.36 cubic foot per second. Collected by
V. G. Ryland.
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TaBLE_43.—Quality of waler in guadrangle 85, Tps. 11, 10, 8, and 8§ N, Rs. 20,
19, and 18 . {fig. 32}
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DESCRIPTION OF SAMPLES OF QUADRANGLE 35 (TABLE 43 ANWD FIG. 32)

Loeation 1-3, sample 5005. B viso Creek, near Bl Tejon Ranch headquarters.
Location corresponds to N'W{ sec. 25, T. 11 N, R. 18 W., San Bernardino
base and meridian, Discharge, 0.2 cubic foul per second.

Location 2, sample 1837. Well at foot of Grapevine grade. T. 1§ N, R.
19 W. Depth, 780 feet; formerly flowing. On this date, water stands 2 feet
below ground surface. Section location of well not know definifely. Sampled
from highway tank. Information supplied by George Brunk, highway foreman,

Location 3-5, sample 1944, Gropevine Creek. Sampled at foot of grade.
See. 28, T. 10 N, R. 10 W. Discharge, 15 cubic feet per sceond.

Location 4, sample 2618, Mud Spring, Cestaic Lake. Toeation corresponds
tosee. 25, T. 8 N, R, 10 W, One of numerous small springs in the bed of Caslaie
Lake.

Location 3, sample 1943, TLebee village wells, see. 35, T. 0 N,, R, 19 W.
Depth, 180 to 175 feet.

Location G, sample 2085, John J. Peters, Lobee, well no. 2. NEX4 see. 35,
T. 9N, R. 19 W. Depth, 139 {eet; casing perforafed at all strata.

Locatlion 7, sample 2006. John J. Peters, Lebee, well no. 3 (B00 fect south of
no. 2), NIil{ sce. 35, T. 9 N,, R. 19 W. Depth, 250 feel; casing perforated
below 118 feet.

Location 8-8, sample 2619, Castaic Lake. Loeation corresponds to center
see. 25, T. 9 N, R, 190 W. Lake receding rapidly and was dry laler in the
SUIMECT.

Loeation §-3, sample 383. Cuddy Creek, bolow Cuddy Ranch. SEI sce.
33, T. 9 N, R. 20 W. Discharge, 0.2 cubic foob por second. Small sample
eolleeted by C. 3. Seofield. The boron defennination is by the semiguanti-
tative tumerie wnethod.

Locotion 10-3, sample 380, Seymour Creck, one-fourth imile north of old
Criffen post office. Bee. 31, T. 8 ¥, R, 20 W. Discharge, 1 cubic {oot per
second. Small sample colleeted Ly C. 8. Scofield.  This sample and the sample
{381) from Lockwood Creck are of water fributary to Pirn Creck and the Santa
Clara River. Doron defermination is by the semiquantilative tumeric method.

Location 11-5, sample 381, Lockwood Creek, above junction of Seymour
Creek., Discharge, 2 cubic [eet per scccnd., Small sampie colleeted by C. S
Scofield. The boron determinafion is by the semiquaniitative tumeric method.

Miscellaucous sample 5086, Tejon Creek; sampled near location correspond-
ing to BE corner sec. 14, T. 11 N, R. 17 W. Discharge, 0.3 cubic foot per

second.
DISCUSSION OF SAN JCAQUIN VALLEY WATERS
QUADRANGLES ! TO 4

The aren embraced by quadrangles numbered 1 to 4 includes the
drainage contiguous to Suisun Bay and that of the lower portions of
both the San Joaquin and Sacramento Rivers,
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The ground waters of this area, insofar as these may be represented
by the samples collected, were found for the most part to be higher
in isicarbonate than in echloride, and higher in chloride than in sulphate.
The calcium and magnesium concentrations were usu ally about
equal. Except for waters from a number of relatively deep wells,
sodium conztituted less than 50 percens of the bases.
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Fieure 32.—Quadrangle 33, showing locations of sainples reported in table 43,

In quadrangles 1 and 2 the greater number of the waters sampled
were moderately saline. Conductances of about 80 were found for 7
of the 10 samples from quadrangle 1, and conductances usually above
100, sometimes above 200, were [ound for the samples from quadrangle
2. The greater number of the samples [rom quadrangle 3 were col-
lected near Stockton, and most of these had conductances lower than
50. None of the 5 widely scattered samples collected in quadrangle
4 were saline,
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The boron concentrations were found to be highly variable in each
of these quadrangles; 3 of the 10 samples from quadrangle 1 had less
than 0.5 p.p.m., and 5 had more than 1.0 p.p.m.; 4 of the 20 samples
from quadrangle 2 had less than 0.5 p.p.m., and 14 had more than 1.0
p.p.m.; 12 of the 19 samples from quadrangle 3 had less than 0.5
p.p-m., and 4 had in excess of 1.0 p.p.m. No sample from quadrangle
4 had more than 0.1 p.p.m. of boron.

Water from the municipal well at Rio Viste coniained 1.50 p.p.m.
of boron; 3 samples from Isleton contained 0.24, 1.44,and 1.24 p.p.m.;
a sample from Walnut Grove (quadrangle 3, miscellaneous) contained
0.06 p.p.m., and a smmnple from Thornton contained 1.06 p.p.m.
These samples, representing as they do ground waters in part north
of the San Joaqguin River drainage, provide evidence that appreciable
concentraticns of boron may oceur as a normal constituent in many
of the ground waters of the lower Sacramento River Valley.

QUADBRANGLE 1
(Tps, 1, 2,0, und 4 N, Hs. 1, 2, 060 3 W)

The well sample from the Haag ranch south of Martinez, location
1, must be looked upon as distinetly nontypical. It was sent o the
laboratory for analysis because of the adverse effects that followed
immediately its use on a garden. This water, derived from = shallow
well, had a conductance of 818 and contained 53.3 p.p.m. of boron.
It 1s not possible to conclude whether the stratum tapped was once a
part of a saline lagoon or whether boron ard chioride had been
deposited here by & once active fumarole. The magmatic gases
gmanntmg from fumaroles are commonly high in both chlorides and

OorgIn.

Like many warm springs, the water of Suiphur 3pring at location 6,
north of Swisun Bay, carries several parts per million of boron. Ap-
preciable concentrations of boron are not always found in natural hot
waters, but such is commonly the case. ot springs frequently
oceur along fault lines, which may provide eithor outlets for deep-
seated waters or access for subsurface waters to underlying magma
or the hot gascous emissions from them.

Samples from & few irrigation wells immediately north of this
quadrangle have been found o carry several parts per million of boron.
Sample 6232 at location § is from an old oil well, and, like many deep
wells in_the San Jonquin Valley, its boron content is significansly
high and sodium is the principal base.

QUADRANGLE 2

(Tps. 1, 2, 8, and 1N, W5, 1, 2, und 3 B

The three Isleton samples were from wells ndjacent to the Sacra-
mento River. The first o these, from a 130-foot well, had low salinity,
conductahce 40,0, and little boron, 0.24 p.p.m.; that from the 211-
foot well was saline, conductance 297, 23.40 milligram oquivalenis of
chloride, and 1.44 p.p.m. of boron; it would not be suitable for most
agricultural purposes, The water from the ¢15-foot well was of
somewhat better quality (conductance 160 and horon 1.24), and it is
this water that is used principally for municipal purposes. Beron
symptems on plants were pronounced in Isleton, and the cffects of
high percentage of sodium on the permeability of the soil were ovident.

TO5IE—2—7
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The Pittsburg municipal water, location 3, had sufficient boron,
0.81 pp.m., to produce mild but characteristic leaf injury. Two
wells at locations 4 and 5 southeast of Pittsburg produced water with
less than 0.50 p.p.m. of boren.

Boron sympioms are in evidence in and around Brentwood, and the
well samples obtained in the aren conteined, with one exception, in
excess of 1 p.p.m. of boron, Where continued use is made of certain
of these well waters boron injury can be expected. The irrigation
wator used in this area is for the most part that diverted from the
San Joaquin River, and this water has not been found to carry in-
jurious boron concentrations. (See sample at location 16, collected
m April, and the series of samples from the river below the mouth of
the Tuelumne at location 5 of quadrangle 7.) The water from drain-
sge wolls installed to lower the water table has been found to be
Injuriousiy high in boron, and except as this water ean be judiciously
combined with Iarge volumes of water low in boron, its reuse should
be avoided. Boron injury is and hos been experenced when the
water table has been allowed to rise into the root zone.

Notwithstanding some variation in the depths of the different wells
in the Brentwood area, the waters produced are all of the same general
type; calcium and megnestum concentrations are I excess of sodiurm,
biearbonate exceeds chleride, and the chloride excesds the sulphate.

QUADRANCGLE 3
(Tps. 1,2, 3, nnd § V., Rs. 4, 5, and 6 E.)

Several types of water are represented by the samples collected in
Stockton. The waters produced by the deep wells, locations 8 and
10, are warm, very saline, carry a great denl of chloride and some
boron, and, as in the Lodi well, sulphates are low, The absence of
sulphate and the presence of gas suggest sulphate reduction by
annerobic bacteria (p. 122). The 1,040-foot well at the fiberboard
plant, lecation 11, 1s relatively high in both sodium and echloride,
conductance wes 140, and the 1.18 p.p.m. of boron had been sufficient
to preduce characteristic symptoms on ornamentsal plantings. Boren
symptoms are in evidence on many of the street and dooryard plant-
ings in Stockion, but in penersal they are not of severe intensity. The
water from the wells at ISast Sonora Street snd Wilson Way, location
12, with depths from 670 to 1,070 feet, hiad & conduetance of 62 and
0.83 p.p.m. of boron, which are both greater than found in the water
from thie fwo pump stations to the north at loeations 5 and 7, The
conductances of these, the Kilis Strest 533-foof well and the three
700-foot wells on Monroe Street, were 32.2 and 35.5 and the boron
concentrations were 0.10 and 0.66. The water [rom a shallow do-
mestic well a$ Jocation 6 had a conductance of 39.4 and 0.16 p.p.m.
of boron. The State Hospital wells, location 9, with depths of about
600 feet, are both relatively low in solutes of ali kinds. Thé samples
collected in Stockton indicate that water of low salinity and low boron
content is generally available to a depth of about 700 feet. The
percentage of sodivm tends to increase with depth,

QUADRANGLE 4
{Tps. 1,2, 3, and 4 N, Hs. 7, B, e O .3

The § scattered samples collected 1n quadrangle 4, including sample
4560 repeated from quadrangle 3, are significant in the fact that in no
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instance did boron oceur in excess of 0.10 p.p.m. The conductances
of the samples and the percentages of sodium (alkali bases) were low
in each instance, and in all samples the sums of chloride and sulphate
were less than the bicarbonste.

QUADRANGLES 5 TO 13

The San Joaquin Valley waters grouped for consideration in quad-
rangles 5 to 13 include those along the valley axis and those to the
east and to the west of the valley axis northwestward from Hernden
and Firebaugh to the Mount Diablo base line.

Samples, either from streams o wells, collected east of the lowlands
adjacent to the San Joaquin River carried little mineru] matter,
Poyner Spring, which is 7 miles northeast of Mantecs, had a con-
dugctance of 63.5, and the conductances of all others were less than 45.
Evidences of boron injury woere nowhere observed in this ares east
of the valley axis, and with the exception of Poyner Spring, which
had 0.40 p.p.m. of boron, none of the waters sampled contained
more than 0.15 p.p.m. Bicarbonate concentrations in all samples
exceeded chloride concentrations and were usually 3 to 4 times as
high. Chloride concentrations in all samples exceeded sulphate con-
centrations and were ususally much higher than the sulphate. Cal-
clum concentrations in all instances exceeded magnresium concentra-
tions. Sodium constituted less than 50 percent of the bases in all
except Poyner Spring and one other source with a very low
conductance,

The ground waters west of the Sen Joaquin River are highly varia-
ble in quality but as a class are clearly diffeventinted from tho ground
waters cast of the river. Few ground waters west of the 1iver, as
represented by 53 samples, had conductances less than 50, and many
had conductances greater than 100. Conductances less than 50 were
obtained only in the instances of two drainage wells near Dos Palos
and 2 well in Los Banos. A consitderable number of these ground-
water samples contained less than 0.5 p.p.n. of boron, but only in
four drainage wolls, a shallow domestic well, and the flowing well on
the Durham farm, all near Dos Palos, did any of the samples contain
less than 0.25 p.p.m. of boron. Numerous samples contained in
excess of 2 p.pam. of boron.

Sulphate was present in appreciable concentrations in nearly all
of the wells sampled west of the river, but only a few more thaw hall
of the samples contained higher concentrations of sulphate than of
chloride. Bicarbonate concentrations cemmonly exceceded the chio-
ride and sulphate concentrations.

In this portion of the west side of the vallgy the concentration of
sodium was in most instances less than the sum of the caleium and
magnesium concentralions, but there were a number of marled axcep-
tions. In approximately one-third of the samples the magnesiurm
concentrations exceeded the ealcium concentrations.

Something of the character of the ground waters nlong the axis of
the valley to the east of the San Joaquin River but cloger to the river
than those discussed is illustrated in part by samples at locations 1
and 5 of quadrangle 6, location 14 of quadrangle 7, and locations
3, 8, 9, 10, and 12 of quadrangle 9. None of the wells west of the
river are included as axial waters, but some of them might properly
be considered as such. In this central area there were nt one time
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many Howing wells, and some of those here represented still flow.
The samples sre too few In number to permit of generalizations, but
it is indicated that boron may oceur to the extent of 2 or more p.p.am.
in waters at depths of several hundred feet, and that such waters
may be saline; but one sample from a flowing well 265 feot deep
carried only 0.07 p.p.m. of boron and had a conductance below 50.

Txﬁg shallow wells near Stevinson had little boron and were not
54 a.

QUADRANGLE 5
{Tps, 1, 2,3, and 4 8., Rs. 1, 3, and 3 B.)

The upper ground water in the vicinity of Byron, lecation 1,
insofar as 1t may be represented by the shallow well at the depot, is
like that from the wells in the vicinity of Brentwood, gquadrangle 2.

At Byron Hot Springs only one of the several springs was sampled.
Analyses from other sources have shown the water from certain of
these springs to possess distinctly different characteristics. The
“white sulphur spring” is characterized by free hydrogen sulphide
gus, o temperature of 90° F., and high concentrations of boron,
bicarbonate, chloride, and alkalt bases.

Two samples, locations 3 and 4, were obfnined near Altamont.
The first of these is from the Southern Pacific Railroad well in the
creck bottom about one-hall mile southwest of the depot. It carries
sufficient boron, 1.9 p.p.m., to produce marked symptoms on all the
plantings in the station park. These plants receive excellent care
and many of them make a good showing notwithstanding boron
injury. The scrond sample from Altamont, location 4, is of water
produced by an abandoned oil well. This water, which is unsuited
for gardens or other agricultural use, had 20.1 p.p.an. of borea and
only a trace of sulphate.

The samples from Pleasanton, Livermore, and Alameda C:cek,
locations 5, 6, and 7, are not related to the San Joaguin Valley except
as they are derived from the coastal mountains, All are low in
conductance, boron, chloride, and allali bases.

QUADRANGLE §
(Tps. 1,2, % 00d 4 S, BBs. 4, 5, ancl 6 B.)

The Lathrop sample, location 1, had the lowest conductance, boron,
and sulphate content of the wells sampled in quadrangle 6, and this
relatively shallow well is east of the San Joaquin River. The waler
was much like those sampled in guadrangle 7 to the east. The
California Irrigated Farms well at location 5, also east of the river,
drilled to 654 feet and perforated only below 618 feet, had a con-
ductance of 89.8, carried 0.82 p.p.m. of boren, and sodium constituted
64 percent of the hases.

Two relatively noor waters are represented by the samples from
foothill wells at [ocations 2 and 9.  The first was from the now aban-
doned Fabian fiowing well, which was drilled to a depth of about
2,000 fest, presumably in search of oil. This warm and highly
minerelized water had 5.52 p.p.mn. of boron and a conductance of 380.
The second sample mentioned was from a brick-cased well with a
static level at about 12 feet beside Mountsainhouse Creek; this water,
which is used at an automobile service station, doubtless represents
creek underflow. It had a conductance of 206 and a boron concen-
tration of 3.02 p.p.m.
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The five wells sampled between the foothills and the San Joaquin
River, locations 3, 4, 6, 7, and 8, all produced water higher in sul-
phates than in chlorides, with the concentration of alkali bases less
than the sum of celeium and magresium. In four of the wells the
balzoron concentrations were sufficiently high to affect boron-sensitive

ants.

p QUADRANGLE 7

(Tps. 1, 2,3, and 4 5, Bs. 4,5, ond 8 &)

Of the 7 scattered samples collected east of the San Joaquin River,
those at locations 1, 2, 3, 4, and 7 all had conductances less than 45,
buron concentrations below 0.15 p.p.m., and sulphate concentrations
of 0.35 milligram equivalents or less. The percentages of sodium
{alkeli bases) were loss than 40. The well nt location 14 in Comparsa-
fively low land near the river had a conductance of 88.1, 0.27 p.pIn.
of boron, and 66 percent of alkali bases. The Poyner Spring, loca-
tion 15, long used as o watering place for stock, had mere boron
{040 p.p.m.) than has been found elsewhere in the lower portion
of the valley so far eas$ of the valley axis. In all of these samplos the
salinity was low, and in cach bicarbonates exceeded chlorides and
chiorides exceeded sulphates,

Six wells were snmpled west of the Sar Joaquin River. In two of
these, locations 9 and 11, the boron concentrations exceeded 3.00
p.p.m., and both were relatively saline.  The other four, loeations 6, 8,
10, and 13, did not carry injurious concentrations of salt, and the
boron concentrations ranged from 0.53 to 1.25 p.p.m. In all of the
6 wells the sum of caleium and magnesium exceeded sodium, and
suiphates exceeded ehlorides.

In a portion of this quadrangle west of the river there are a number
of small areas of unpreductive land such as is illustrated in figure 1
{p. 22). Soils from these places have shown abnormally high con-
centrations of boron, and orchard plantings made in them have
either died or remained unthrifty, with the development of marked
boron symptoms. It had been concluded that the boron in these
spots was of local origin, since the land was irrigated with San Joaquin
River water. In a healthy vineyard where no evidence of boron
injury had previously been observed, a few groups of vines made
little new growth in the spring of 1932 and Ecveloped outstanding
evidence of boron injury. The upper ground-water table in the ares
lies at depths of from 5 to 12 feet and in the winter of 1932 showed &
tendency to rise. A sample was talen from the water table imme-
diately below onz of these injured vines in June and was found to
contain 25.6 p.p.m. of boron, whereas 2 yenrs previously s similar
sample from & healthy vineyard asross the roadway had conteined
but 0.5 p.p.m. of boron. It is assumed that underlying water had
been in contact either with soils very high in boren or with soluble
boron minerals, and that this underlying water had been forced
upward into the root zone of the grapes as & result of an increase in
its hydrostatic pressure. This interpretation may also provide an
explanation for the occurrenece of boron in the older spots discussed.

Under location § (table 15) there are given a series of analyses of
samples collected from the San Jozquin River at the El Solyo Ranch
diversion below the mouth of the Tuolumne. In the table feotnote
the corresponding river discharges are roported. As represented by
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these determinations the quality of the San Joaquin River at this
point is different from its quality at Mendota, quadrangle 15, location
5. During parts of the year most of the river flow is from the Tuo-
lumne and the remainder represents return flow to the San Josquin
from drainage. On August 1, 1931, the river discharge at the El
Solyo diversion was 135 cubic fect per second and above the mouth
of the Tuolumne, location 12, the discharge was 35 cubie feet per
second. The latter water, from Lairds Slough, was twice as saline
as that at the El Solyo diversion and 25 times as saline as that of the
river at Mendota. It is to be observed that none of the 16 samples
from the San Joaquin River at the Kl Solyo diversion, location 5,
had conductances above 80, and that the concentrations of boron,
chloride, and sulphate and the percentages of sodium were well within
the limits of safoty.

Samples of grape leaves collected west of the river in this quad-
rengle varied {rom 45 to 754 p.p.m. in their boron content. Those
showing injury either were irrigated by well waters high in boron or
were collected {rom the areas of boron-contaminated soils, Other
thon in localized areas such as have been mentioned, plantings
irrigated by San Joaquin River water have not shown evidence of
boron injury.

QUADRANGLE R

(Tps. 5 6,7, 0nd 858, R5. 7, 8, and D E)

The greater part of quadrangle 8 lies west of the San Joaquin River,
and nearly all of the wells sampled were moderately saline but with
a few exceptions not injuriously so. The boron concentrations in the
wells ranged from 0.26 to 1.08 p.p.m.; in 6 of the 12 samples chlorides

exceeded sulphates, and in 3 the concentration of sodium exceeded
the sum of caleium and magnesium,.

Boron symptoms were evident here and there in this area, and in
the southeast portion these symptoms appeared to be related, in part
at least, to the quality of the subsoil water, which in some places is
high. Particularly were boron symptoms outstanding in Gustine,
where the new municipal well lind only 0.46 p.p.m. of boron; but this
well had recently replaced an older well, a sample of which could not
be obtained. The water table in Gustine is normally high, and at
the time of the sample it was reported as being about 4 feet below the
soil surface.

Three samples of walnut leaves showing evidence of moderate boron
injury were collected in the vicinity of Gustine on October 8, 1929.
One of them (no. 307) was from an old grove in the southeast corner
of sec. 36, T. S, R. 0. These leaves contaimed 628 p.p.m. of boron.
The trees were large and previous to 1928 had been nrigated with
water diverted from the San Joaquin River. Subsequently the grove
wns unitrigated. The ground water was reported as being at about
5 feet.  The second sample of walnut leaves (no. 308) was taken from
the grove Irrigated by the well at location 9; this sample contained
400 p.p.m. of boron; the trees were from 4 te 6 years old. The third
sample (no. 310) was from trees in & grove of the same age immediately
to the south but irrigated from the Qutside Canal. This leaf sample
contrined 379 p.p.m. of boron, and the water table was reported as
varying between 7 and 14 feet. An adjacent canal-irrigated old
grove, likewise showing some evidence of mild boron injury, was
reported as produeing about 1 ton of walnuts per acro per year.
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Canals diverting water from the San Joaquin River at nnd below
Mendota supply irrigation water as far north as Crows Lauding, but
in the upper portion of the area served, ample supplies of water are
not always available.

The Sen Joaquin River ot Mendota carries remarkably pure water;
it is very low in total salinity cven as latc as October, and the con-
centration of boron is negligible.  (See analyses under locations 5 and
6, quadrangle 15, table 23.) The greator part and at times all of the
river water is diverted at Mendota to canals supplying lands west of
the river, During the late summer the water earried by the San
Joaquin ahove the mouth of the Tuolumne is largely il not ontirely
return flow from irrigated lands. A comparison of the difference in
the return flow water anl the river water at Mendota is afforded by
the samples at Mendota of October 1929, which hiad conductances of
less than 6, and by the sample of October 1930 of the river as diverted
2t Patterson, location 12, which had a conductance of 84.8.

QUADRANGLE 9
(Tps. §, 0, 7, and 8 B,, Ra. 10, 11, owd 12 1.}

Two classes of water arc represented by the samples in quadrangle
9. The four flowing, or formerly flowing, deep wells ot loeations 2, 3,
and &, near the Merced River north of Stevinson, had conductances of
273, 234, 270, and 444, relatively high coneentrations of chlorides, and
in two at least high concentrations of boron. Im each sodium was the
predominating base. In the first two of these wells sulphates were
abundant, while in the latter, which had 35 milligram equivalents of
chloride, there was little sulphate. The sample from the old flowing
well at the Charles Liyon Gun Club, location 10, had a high percentage
of sodium, but the conductance of this water was but47.6, and boron
was present only to the cxtent of 0.07 p.p.m., ecleatly indicating an
origin quite distinet {rom the other deop waters.

The examples of the water from shallower wells (locations 1, 4, 7,
9, and 11) and the surface waters from the Merced River (location 6)
and from tho canal at Delhi (loeation 5) are all of excellent quality,
trpical of the drainage from the Sierra Nevada,

Leaf samples of walnut and peach, collected June 22, 1929, in the
Delhi settlement adiacent to location 4, had respectively 47 and 32
p.n.m, of boron.

QUADRANGLE 10
(T'ps. B, 10, 11, and 12 8, 05 7, 8, nnd § 3.}

The deeper water undetlying that portion of quadrangle 10 within
the valley 18 represented by samples {rom flowing wells at loertions 1
and 3 about 6 miles respectively southwest and southeast of Gustine.
These stnples had conduetaneces of 515 and 202 and boron ceticen-
trations of 2.74 and 1.99 p.p.m., respectively. Tho first, the Allen
Raneb stoek well, located near the mouth of an arvoye, is remarkably
higl in magnesium and sodium sulphates, whereas water {rom the new
well of the Salinas Gun Club, 7 miles east in the valley {loor, carried
maore chioride but less than ene-cighth as much sulphate. The water
of a third deep flowing well between J.os Banos and Dos Palos,
quadrangle 11, location 7, did not resemble cither of these.

San Luis Creek, sampled at location 5, presumably lins made o
material eontribution to the subsurface waters of its delta, and the
proportion of ions in the well at Santa Nelln, location 6, is similar,
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though the concentrationsof all ions excepting calcium and bicar-
bonate are materially higher. The samples collected at locations
2 and 4 to the north did not resemble that collocted at 6 and were
different one [rom the other.

QUADRANQLE {1
(Tps. 9,10, 11, and 12 8,, Ry, 10, 1, und 12 B.)

Samples from locations 1 and 2 are of shallow domestic wells in and
near Los Banos. Under both wells, as is tho case elsewhere here and
there in the vicinity of Los Banos, typical horon symptoms were in
evidence; these waters carried 1.13 and 0.65 p.p.m. of boron respec-
tively. Sample 2774 at location 12 is from a shallow well in the
visinity of Dos Palos; the boron concentration was 0,18 p.p.m., and
there was no evidenco of boron injury.

The drainage wells at locations 6, 7, 10, 11, and 13 arc all adjacent
to irrigation canals and most of them had been operated [or a suflicient
time to lower the water table in their vicinity. The water produced
by these wells is markedly variable in total concentration and in the
proportions of the different ions; in all, the concentration of boron was
insullicient to be considered agriculturally significant.

Samples at 8, 14, 15, and 16 are ground waters from wells on land
adjacent to the foothills above irrization eanals south of Los Banos
and Dos Palos.  Independent of other characteristics, the boron con-
centrations were too high for use in the preduetion of other than boron-
tolerant crops. In each the concentrations of chloride or sulphate or
both were high, and the percentage of sodium in exch was sufficiontly
high to raise a question as to the effect of prolonged use of these
waters on the physieal character of the soil.

Sample 2871, location 9, was bailed from a 500-foot hole drifled to
supply irrigation water. A pump was never instalied in this well, and
the concenirations of boron, chiorides, and sulphates were the highest
encountercd in well waters during the investigations. The chloride
concentration was 63 percent as high as sea water and the sodium
(nlka)i bases) concentration exceeded that of sen water by 1.9 times.

QUADRANGLE 12
(Tps. 0, 10, 11, and 12 8., Rs. 13, 4, nand 15 B,  Quadraugia innp not shawn,)

The flat aren cast of the San Joaquin River embraced by quadrangle
12 is not cultivated extensively. Some water {from the river is used
for irrigation both east and west of Fivebaugh, but & large part of the
bottom lands east of the river are grazed.

The concentrations ol chlorides and sulphates in the deep well
sampled west of the river, location 2, in common with many of the
wells in quadrangle 15 to the south, arc relatively high, and as in
many of those wells, sodium is the predominant base, but as com-
pared with the quadrangle 15 wells the boron content of this well, 0:47
p.p.m., is relatively fow. The relatively good water represented by
tho sample from location 1 is from the old {ffowing well ont the Durham
farm east of Dos Palos.

QUADIANGLE 13

(Tps. 9, i0, 11, and 12 5., Rs. 16, 17, and 18 E. Quadrapgle map not shown,)

The 3 samples in quadrangle 13 together with the 1 from Merced
and 2 from sec, 6, T. 8 8., R. 16 E., are beiieved to be typical of the
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ground waters in this east-side area. All are of low salinity, have little
boron, the chlorides exceed the sulphates, and the alkaline es-th
bases excesd the alkali bases.

QUADRANGLES 14 TO 26

The area embraced by the group of quadrangles numbered from
14 to 26 includes that portion of the San Joaquin Valley southward
from Herndon and Firebaugh to the northern boundary of Kern
County. The bed of Tulare Lake is situated in the center of the
southern portion of this area and has in the past overflowed through
Kings River Slough to the San Joaquin River near Mendota. The

ings River water which reaches the axis of the valley normally dis-
charges into the slough, which likkewise reccives some wator backed
UF by the dam across the San Joaquin River at Mendota. At times
of excessive run-off the Kings River discharges into Tulare Lake
through canals constructed to carry the water to a portion of the lake
bed surrounded by levees. These levees and canals were constructed
to protect the farm lands of the lake bed from flood waters,

The ground waters east of the broad low-lying aren adjacent to
KmFs River Slough and Tulare Lake are for the most part of excellent
quehty end similar in general character to those encountered cast

and north of the San Joaquin River. Only one of the few scattered
somples collected in quadrangles 17, 21, and 26 was saline, and simi-
larly good waters are represented by some of the samples in guad-
rangles 16, 20, and 25. 'The concentration of boron in certain of these
samples was remarkably low. Asin the area east of the San Joaquin
River to the north, the bicarbonate concentrations tended to be

meaterially higher than the chloride concentrations and the chloride
concentrations higher than sulphate. In some samples sodium con-
stituted in excess of 50 percent of the bases, but where the conduct-
ances were in the order of 25 or less the percentage of sodium is of
only secondary significance.

The surface and ground waters in the area west of the central or
axial portion of thia scetion of the valley tend to be saline and to
contain sufficient boron to constitute a factor of agricultural conse-
quence. The conductances of the samples obtained were in nearly
all instances in excess of 100, with conductances above 250 quite
common. The boron concentration in one of the water samples was
28 low ns 0.20 p.p.m., but coneentrations of 1 part per million or more
were common to the greater number of the samples; though in quad-
rengle 23, whicl) includes Kettleman Hills and drainage from moun-
tains and foothills to the west, only 1 of 10 samples contained as
much as 1 p.p.m.

The bicarhonate concentrations in these waters west of the valley
axis were mostly higher than in the waters east of the valley axis but
were usually exceeded by either chloride or sulphate. In this area
as n whole nearly 80 percent of the waters carricd more sulphate than
chloride. Nearly all of them carried substantial quantities of caleivm
and magnesium, but in considerably over half of the samples the sum
of caleium and magnesium was exceeded by sodium.

The ground waters of the central or axial portion of the valley are
of such character and variability that the analyses lend themselves
better to detailed study than to generalization. These waters never-
theless tended to have higlier conductances and higher boron concen-
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trations than were found in representative samples east of the valley
axis, In some of the axial waters the sulphate concentrations were
particularly low, and in these there was marked tendency toward
high sodium percentages.

QUADRANALE 14
{Tps. 13, 14, 15, and 16 §,, Rs. 10, 13, and 12 B}

Sample 2770, location 1, was taken from one of a number of almost
stagnant pools along the then mostly dry bed of Little Panoche Creek
below Mercy School. It contsined 18.60 p.p.m. of boron, and the
conductance and sodium concentrations were both high, TUnlike the
Mercy Springs water, location 3, with 13.0 p.p.m. of boron and little
else then sodium chloride, the creek sample was high in sulphate,
caleium, and magnesium. Plantings watered from g farm well above
Mercy School showed marked boron symptoms,

The irrigation well at location 2, 6 miles east and a little north of
where Little Panoche Creek wash leaves the foothills, produces water
very unlike the creek sample; but wells at locations 14 and 15 of

uedrangle 11, 6 miles north and 1 and 3 miles cast of the wash, pro-
guce water less saline but having a proportion of ions and & salinity
wkich suggest that Little Panoche Creek run-off has there contributed
to the ground water. The salinity of Little Panoche Creek as sampled
is unquestionably higher than would be the case during run-off after
rains,

Panoche Creek and Silver Creck, its tributary, were sampled in
May 1930 and again in September 1931, The Panoche Creek samples,
location §, were talken about 5 miles above the junction with Silver
Creck. The Panoche Creek samples had conductances of 279 and
280, whereas those of Silver Creek were 806 and 927. The beron
concentrations in each were high, but Panoche Creek with 4.89 and
6.52 p.p.m. had only about hal{ as much as Silver Creel with 8.78 and
12.7 p.pm. In cach the alkali base content was approximately
eguivalent to the sum of calelum and magnesium.

Panoche Creek underflow above Griswold Creelk may be represented
by the well sample at location 4, and Griswold Creek underflow Is
probably represented by the sample from & well at location 7, If
this is the case, & major portion of the beron and o major portien of
the salinity represented in IPanoche Crecl is dervived respectively
from Silver and Griswold Creeks. The conductance of the water at
location 4 was 129, and that from location 7 was 618. The corre-
sponding boron concentrations were 1.54 and 7.44,

QUADTANGLE 15
{Tps. 13, 14, 15, and 16 8., s, 13, i1, ond 15 E.)

High prices for cereals and cotton were immediately responsible
for the deep-well agricultural develeopment in the Panoeche Creelc
delta area southwest of Mendota, though seme of the acreage is
devoted to other crops such as grapes, figs, and asparagus. Wells
with discharges up to 3 cubic feet per second were drilled to depths
of 1,400 feet to tap water-bearing sands interspersed with blue clay
below 600 feet. Water-bearing sands occur at high levels, but the
cesings were not ordinarily perforated for them, as the upper water
wes known to be more saline. Under certain cropping sysiems
individual wells in this aren serve a section of land.
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The irrigation waters used in this quadrangle are in many instances
saline. The conductances of the well samples collected ranged from
127 to 580, corresponding with total solids of from 900 to 3,800 p.p.an.
The boron concentrations in the same samples varied from 0.91 to
2.99 p.p.m., the average being 1.55; sodium (alkali bases) constituted
from 42 fo 93 percent of the total bases; chlorides varied from 1.30
to 44.50 m.e.; and sulphates, which tended to be of more uniform
concentration, varied from 7.69 to an outstanding concentration in
the Chaney Ranch well of 30.40 m.e. Chlorides exceeded sulphates
in 6 of the 18 samples, but in no instances were sulphates low.

(General indications of a directional trend in the charscteristies of
the water preduced by the wells in the Panoche Creek delta are lack-
ing. Wells at locations 1, 8, 8, and 9 were all high in ehlorides, and
these wells are in the northwest portion of the area sampled; but the
well at location 4, whick Is adjacent to those at 8 and 9, was low in
chlorides. The well at location 12 was highest of all in chlorides, and
it is adjaceut to wells at 11 and 15, which were Jow in chlorides.

The water from the Chaney Ranch well, location 18, had a higher
proportion of caleium and magnesium and higher concentration of
sulphate than the wells farther out on the delta, and in these respects
it is not unlike that of Panoche Creek with the contribution made by
Silver Creek talten into account. As judged by the quality of water,
1% seems improbable that Panoche Creek has made s material contri-
bution, however, to the deeper water-bearing strate underlying the
lower part of the delta fan. The surface elevation at the Chaney
Ranch is 140 feet higher than that at the nearest of the wells of the
lower group, and the Chaney Ranch well was drilled to but 1,000 feet,
whereas the wells farther out on the delta were drilled to 1,400 feet
and the easings perforated only below 800 feet.

The upiform depths of wells and depths of perforation and the
evenness of the delta-plain topography cause the variability shown in
the quality of water obtained from these deep wells to become note-
worthy.  With fhe lower 800 feet of the well casings perforated,
waters from many strata must confaibute to the discharge of each.
It is to be assumed that the water-bearing strate topped are in the
form of lenses, or uneven and limited layers of successively deposited
permeable material.  To explain the variation in the quality of water
of neighboring wells it appears necessary to assume that there is now
little movement in this ground water, and that the water of different
strate hias come in during different periods, with associated though
unknown variations in source,

The waters from many of these wells are not suited to permanent
agriculture, snd the agricultursl experience of the ares bears out
experience with such waters elsewherc. A number of the operators
have recognized that the fertiity of this initially productive land is of
short duration when the waters from certain wells ave used, and that
such profit as was fo be obtained must be derived during the first few
years of cultivation, The profitable utilization of waters from such
wells as those at locations 4, 9, 10, and possibly 15 and 19, however,
might extend over many years, particularly if gypsum or sulphur is
used to offset the effects of the high percentages of sodium.

The analyses reported under locations 5, 6, and 17 are of samples
from the San Josquin River, which, in contrast with the well waters
of this quadrangle, is remarkebly pure. The location 5 sample, with a
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conduectance of 5.55, was from the river below the Mendota Dam; the
location & sample, with a conductance of 5.29, was from Columbia
Canal as diverted several miles up stream; and the location 17
sample, with & conductance of 9.93, was from Fresno Slough at
White's Bridge. These same samples contained respectively 0.07,
0.11, and 0.02 p.p.m. of boron. '

QUADRANGLE 10
{T'ps. 19, 14, 15 aod 16 5., Rs, 16, 17, nud I8 E.)

The eight samples collected along the axis of the valley in the
southwest portion of quadrangle 16, locations 4, 5, 6, 8, 9, and 10,
were from wells that were relatively deep; the well in San Joaquin,
believed to be the deepest, was reported 2s having been drilled to
1,700 feet. The waters produced by these wells had, with one
exception, about 1 p.p.m. of boron. None of them contained injurious
concentrations of either chloride or sulphate, but all were sufficiently
high in percentage of sodium to render them unsatisfactory for pro-
longed agricultural use. The conductances of these wells varied
between 58.5 and 125.

Water of very different character is produced by & series of some 21
wells discharging into a James Irrigation District canal extending to
the northeast at a right angle with the valley axis. This canal and
the series of wells, spaced about three to a mile, extends diagonally
across T.158., R. 18 B. These wells have depths of 214 to 300 feet.
The water produced by them, as represented by s composite sample
taken from the canal atlocation 7 at & time when most of the wells were
operating, had a conductance of ouly 28.9, contained but 0.03 p.p.m.
of boron, and sodium constituted but 27 percent of the bases.

Two wells were sampled at Jameson. The shallow well at the
Southern Pacific Ratiroad section house, location 1, produced water
low in mineral matter and boron, whereas two samples from the
600-foot well supplying water for the boilers of the Associated Pipe
Line Co., location 2, bad conductances of 376 and 281 znd were
unusuelly high in sodium chloride. Sodium constituted 90 percent

of the bases, and there was in excess of I p:p.m. of horon,

' The water from the 70-foot well at location 3, east of Jameson, was
very similar to that produced by the series of wells along the canal.

QUADRANGLE 17
¢I'ps. 13, 14, 15, and 16 5, K5 19, 20, and 20 B}

Thewell waters sampled in quadrangle 17 are believed to be generally
representative of the area, and they are noteworthy for their low
concentrations of salt; none of the wells had conductances above 50,
and in none did the beron concentration exceed 0.10 p.p.m. In most
of the well samples calcium was the predominating base, and in all the
percentage of sodium was less than 50. The San Joaquin River near
Herndon carried sodium to the extent of 58 percent of its bases, but
this has little or no significance, since the water had & conductance
of but 5.9.

Ground waters with as little boron as is represented in these wells
at least suggest that the boron concentrations in the soil solutions may
likewise be Jow. It is not improbable that boron might be beneficially
applied here and there in the area as o fertilizer for crops having high-
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boron requirements. Such crops as beets, cotton, grapes, and
asparagus would be most apt to show response.

QUADRANGLE 18
{T'ps. 17, 18, 10, and 20 §,, Rs. 13, 14, and 15 E.}

The sample at location 2 from the Fresno Hot Springs, 10 miles
west of Coalinga, was ngt highly mineralized. It had a conductance
of G4.2, the principal salt being sodium bicarbonate, and relative to
numerous well snmples the concentration of this was low, The con-
centration of boron, 7.76 p.p.m., was refatively high, as is the case in
many hot springs.

Sample 27506, location 1, at the Halfway Station of the Associated
Pipe Line north of Cantun Creck, may or may not reilect Cantus
Creck run-off or underflow. The well 15 drilled to 700 feet, and the
staticJevel was 205 feet below the surface.  The conduetanee was 178
the boron concenfration (60 p.p.nm.) was not as high as in wells in
the gquadrangle to the east, and the percentage of sodium is much
lower.  This water, which is fairly high in magnesium sulphate, is not
used for drinking. The shallow well at location 3, with a conductance
of 208 and 1.88 p.pan. of boron, probably represents Los Gatos Creek
underfiow,

The two deep wells in Coalinga, localion 4, were batl drilled to
1,400 feet; the casing of the ficst (sample 2752} is perforated below
250 fect, whereas the casing of the second (sample 2753) is not per-
forated. If it is assumed that the deeper waters tapped by each are
alile, then the upper strata waters must be low in bicarbonate and
magnesium and high in ehioride and sodium,with the boron, sulphate,
and ealeium cencentrations substantially the same 1 both the upper
and lower strata. Coalingn drinking water is brought in {rom
elsewhere,

QUADRAXGLE 10
(T'ps, 17, 315, 19, and 20 8, Ks. 14, 17, and 15 E.)

The major portion of the irrigation water utilized in quadrangle
19 1s obtained froin relatively deep wells, Nine wells with depths
of 800 feet or more were snmpled, and these waters, with some excep-
tions, had conductances ol about 100, boron concentrations of about
1 p.p.m., and sodium percentages between 70 and 90. The ranges
for all nine of these weils were: Conduelances from 87 to 182, horon
coneenfrations from 0.39 to 1.74 p.p.m., and sodium percentages
between 54 and 90. The waters from wells with depths of less than
800 feet were more diverse, Those sampled had conductances be-
tween 58 and 433, boron concentrations between 0.08 and 1.63 p.p.m.,
and sodium percentages between 34 and 91.

In seme instances boron was helieved to be present in significant
concentrations as a natural constituent of the soil, and nnder certain
of the wells evidence of injury to the more sensitive plants was marked.
Under the well at location 13, boron symptoms were pronounced, and
grape leaves collected in September 1929 countained 1,019 p.p.m. of
lzoron.

The general tundency toward high percentages of sodium in the
deeper waters of this quadrungle deserves perhaps more serious
consideration in the culture of semitolerant or tolerant crops than
the boron concentrations. As an illustration of the importance of
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the sodium percentage, the shallow well at location 7 produces water
with a conductance of 330, and yet it has been used for 15 years
without indications of declining yields or tightening of the soil. ~ The
sulphate concentration of this water was 81.23 m.e., but the concentra-~
tion of calcium and magnesium together was approximately twice as
great as the sodium concentration. Nearby soils irrigated with water
with a similar concentration of sodium but with very little caleium
and magnesium have become hard, and alfalia has been abandoned
after 9 years. Where upper-strata waters are high in calcium and
wmagnesium and low in sodium in this area, owners should give con-
sideration to the possibility of decreasing the percentage of sodium
by perforating deep-well casings to admit water from the upper strata.
The water from the location 7 well carried caleium and magnesium
in excess of sodium equivalent to 3,238 pounds of gypsum per acre-
foot of water.

At location 10, sample 4841, water from a stratum at 70 feet, while
high in caleium and magnesium (12.37 and 16.71 milligram equiva-
lents respectively), was also proportionately high in sodium (27.39
milligram equivalents). At this locatien n 650-feot well perforated
below 170 feet produced water (sample 4844) with a conductance of
247 and a sodium percentage of 43. Such water, while not highly
satisfactory, would nevertheless be preferred over a long period to a
water such ns that from location 11, or possibly from 3 or 8; and cer-
tainly it would give better results than the water from the well at
location @, the casings of which are perforated only below 900 fect.

QUADRANGLE 20
{(Tps, 17, 15, 18, nnd 20 8., 15,19, 20, aud 21 183

Sodinm was the predominating base in all samples from wells in
quadrangle 20 that had depths of 195 feet: or more (locations 1, 2, 3,
6,7, 8 9, 10, 11, and 12). The boron cencentrations in the same
wells were variable; three of them had more than 1 p.p.m. of boron,
and three located in Hanford had less than 0.5 p.p.m.

The water from the three deep wells near Stratford (locations 10,
11, and 12) differed from the other waters sampled in this quadrangle
in that the conductances exceeded 100 and the sulphate materially
exceeded the chiloride.

The Kings River water, as sampled from & canal near Lemoore
(location 4), earried very little salt, and similar water was obtained
from the 120-foot well on the Lucern Vineyard property 4 miles
northwest of Hanford at location 5.

QUADIRANGLE 21
{'I'ps, 17, 18, 19, aoil M 5., s 22, 23, and 21 B

A number of the ground waters sampled in quadrangle 21 had high
percentages of sodium, but only one was saline. Tlhe saline water
was from a 100-foot well 6 miles north of Corcoran at location 6. A
second well on the same property, location 4, drilled to 2,100 feet,
produced water with & conductance of 35.1. ‘The latter water is not
unlike the Hanford waters, one of which is represented by the sample
at loeation 2.

Kings River, here represented by two samples at location 1 and in
quadrangle 20 by a canal sample at location 4, was found to have a
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conductance below 15 and very little boron on each of the three
sampling dates.
QUADRANGLE 22
(Tps. 3t, 22, 23, and 24 &, Rs. 13, 14, and 15 E, Quadrangle map not shiown.)

The two samples collected in quadrangle 22, locations 1 and 2,
are from shallow wells adjacent respectively to Waltham and Jacelitos
Creeks. The conductances were 506 and 278 and the boron concen-
trations 4.20 and .80 respectively. Both were sulphate waters;
the first, with 41.36 m.e. of sulphate, had 41.18 m.e. of alkaline bases.

QUADRANGLE 23
{Tps 21,22, 23, and 24 5., Its. 19, 20, and Pt E.}

A sample from the Dudley pump-station well west of Kettleman
Hills in the southeastern portion of the quadrangle, location 10, had
1.28 p.p.m. of boron. None of the other 9 well samples contained
more than 0.66 p.p.m. of boron. The conductances of all the sam-
ples west of Kettleman Hills were relatively high, but in none did
sodium constitute more than 47 percent of the bases. In ecach of
these waters the sulphate concentration exceeded that of any other ion.

The group of three irrigation wells northeast of IKettleruan Hills,
locations 3, 4, and 5, produced water of much lower salinity than the
waters more closely associated with coast range drainage as sampled
to the west and south of these hills, but the percentages of sodium
were 72, 58, and 64, respectively. A tendency for the soils irrigated
to become biard was in evidence. Grapes, plums, walnuts, pears,
apricots, melons, and cottonwoods all showed typical boron injury
under the location 3 well. Walnut and orange leaves collected
September 25, 1929, under a well on the corner west of the location 5
well, carried, respectively, 597 and 431 p.p.m. of boron, and fig leaves
under the Jocation 5 well contained 767 p.p.m. of boron. Though
these concentrations are not particularly high, they afford indications
of apprecirble concentrations of boron in the soils upon which the
trees were grown. 1t is probable that at least some of this boron
is present as a natural constituent of the soil, since none of the three
waters contained more than 0.40 p.p.m.

QUADRANGLE 2 .
{Tps. 21, 22, 74, nod 34 5, Iis, 10, 30, aml 21 B}

The Tulwre Lake bed is now dry and farmed extensively, but lake
waters at one time or another in the past not only occupied a consider-
able part of this quadrangle but extended into portions of quadrangles
20, 21, 25, 27, and 28. The lake bottom has an clevation of 180 feet
above sen level, and it was only at an elevation of approximately 220
{eet that an outlet became available through Kings River Slough to
the San Joaguin River. The margin shown, as of 1884, corresponds
to an clevation of about 194 feet. The available records on lake
levels have been summarized by Dole (27), and according to his
summary the lake previous to 1884 had not been recorded as being
below 192 feet as far back as 1853; but the general impression exists
that the lake has probably been recurrently filled and dried out in the
past; this view, the writer is informed, is supported by Indian legends.

The irrigation wells known to the writer in the old Tulare Lake bed
within the 1884 muargin are deep. The depths of the wells sampled
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ranged from 1,400 to 2,100 feet. One shallow well, location 18, not
used for irrigation, was also sampled. In drilling these deep wells
many successive strata of heavy clay are reported to have been en-
countered, the ocenrrence of which permits a question as to whether
these deep waters, in some instances not highly mineralized, have been
derived or replenished from the lake during periods when the lake
has been filled, or whether the source has been more remote in time or
place. This question naturally is not peculiar to the deep-well waters
underlying the lake bed, since the time and place of origin of the decper
waters of the wvalley floor as a whole are uncertain. The waters
underlying the lake bed are nevertheless subject to special considera-
tion for the reason that they have been found to be uniformly low in
their sulphate content for fresh water of such salinity. Of the 17
deep wells sampled, only 2 contained as much as 0.40 m.e. per liter of
sulphate, and ¢ contained less than 0.01 m.e. Other deep-well
waters to the north, south, and east were nlse examined and likewise
found to contain very little sulphate and yet their total salinity was
well above that of the fresh waters derived from Lhe Sierra.  As is
discussed later in this bulletin, it is the writer’'s belief (hat the low
sulphate concentrations of waters underiying this arca refieet anaerobic
bacterial reduction of sulphste,

Normal carbonates were not found in any of these waters: bicar-
bonate and chloride tended to be present in somewhat similar con-
centrations; and in all but one of the saples alkeali bases execeded
caleium and magnesivm. In these deep-well waters no boron con-
cenfration exceeded 1 popan, and in one the concentration was as
low as 0.20 p.pan.

It is not helieved that the boron coneentrations occurring in most
of these irrigation waters are sufliciently high to affeet materially the
cercals and cotton grown in the lake bed.  Boron may occur naturally
in a part of the lake bottom, and theve is evidence in some seciians
that with continued irrigation and utilization of the land, vields have
deereased, but this is not necessarily general.  Where reduced yields
oceur in successive erops consideration should be given to the abun-
dance with which the irrigation water is used.

Boron determinations scem never to have been s part of the early
Tulare Lake waicr analyses, but it is nevertheless not improbable
that it may have heen an important constituent, particularly at low
stages. The subseil at variable depihs is probably impregnated with
the salts residual 1o the evaporated lake waters.  Various plants under
the well at Iocation 14, which had 0.49 p.p.n. of boron, showed symp-
toms of mild horon injury; leaves of string hean (sample na. 298)
centained 247 p.p.m. of horon, and leaves of cottonwood 657 p.p.nu.
when sampled September 23, 1929, Three samples of milo leaves
{nos. 739, v40, and 741} colleeted August 290, 1030, {from different
seclions contained respectively 578, 1,040, and 144 p.p.m. of boron.
The water used Lo irrigate the mila represented by samples 739 and
740 had slightly less than 0.5 p.p.m. of boron, and that used on sample
741 had 0.65 p.p.m.  Samples 739 and 740 were from different sections
of land cultivated respectively for 2 and 5 years.

Watcr from the shallow well at loeation 18 was unsuitable for agri-
cultural use, and the upper waters in this region are genecrally recog-
nized as being saline,
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QUADRANGLE 25
(Tps. 21, 22, 23, ondd 24 5., Rs. 22, 23, ond 24 E.)

The wells west of Angicla at locations 5 and 7 in quadrangle 25,
with depths of 1,900 feet or more, arce like the deep-well waters of the
Tulare Lake bed in that they contain little sulphate and the pre-
dominating base is sodium. The wells at locations 6 and 8, also west
of Angiola, arc 470 and 460 feet deep; the former has 4.10 m.c, of
sulphate and a higher conductance than any of the decp lake-bed wells.

Waters of low salinity and similar characteristics are obtained from
the 400- and 460-foot C'orcoran municipal wells (Ioeation 2) and the
350-foot Bryson Ranch irrigation well ot Angiola (location 0)., A
shallow well just west of Corcoran (location 3) was saline and had
1.98 p.p.m. of boron, whereas a shallow well on the Bryson Ranch
produced water of good quality. The canal sample at location 10,
dertved from wells near Sruyrna, and the Alpangh municipal water
from 1,000-foot wells at loeation 11 are muel like the Corcoran
municipal and Bryson Ranch irrigation-well samples.  All had low
conductances, 35 or less; low horon concentration, 0.15 p-pIm, or
less; low chlorides, and Iow sulphaie concentrations. The alkali
bases wore twice as coneentrated as the nlkaline earth bases. Other
than for the sodiun percentages, all of these waters resemble those
charac{eriztic of the east side of the valley.

The wells at locations 12, 13, and 14 in T. 24 8, R. 22 E., about
14 miles north of Lost Hills, are, respectively, 825, 830, and 990 leet
in depth; they are within a 2-nile radius, and the upper ground
waters are excluded. Al are very low in sulphate. The first-
mentioned well js exiremely saline, laving & conductance of 1053,
85 nmue. of clidoride, and 5.97 p.p.m. of boron. The other two wells
each have less than 1 p.p.m. of horon and eonductances below 100.
The latter waters, like those from loeations 5 and 7, are in the ¢lass of
the deep Tulare Lake wells.

CGURADRANGLE 36
e B, 3288 and M S, [ 25, 26, and 27 )

The two saniples collected in quadrangie 26 had 0.09 and 0.05 p.p.m.
of boren, and horon symptoms have not been observed in the area,
The well at Pixley, Ioeation 1, which formerly flowed, was drilled to
a depth of 1,180 {ect. The water hind u conductance of 20.1 and
contained little else than sodium bicarbonate. Tf sulphate was at
one time present in the water tapped by this well it has now largely
disappeared, as the sulphate cofteentrntion was 0.67 m.e.

The well at location 2, 2 miles north of Delano, serves a vineyard of
Sultanina grapes on a Hght soll.  Leaves collected from these arapes
on September 20, 1929, conlained 245 p.p.m. of horon. This con-
centration in grape leaves is greater than has resulted in culturcg of
Sultanina without added horon at the Rubidoux Laboratory, but less
than the concentrations produced when solutions with 1 p.p.an. of
boron have been applied.

QUADRANGLES %5 TO %

The group of quadrangles numbered {from 27 to 35 constitutes the
southern portion of thoe San Joaquin Valley in Kern County. The
greater part of the water available for irrigation is derived either

0632 —~35—8
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directly or indirectly from the Kern River. Caliente Creek makes a
material contribution to the ground waters in the vicinity of Arvin,
and some additional water is likewise confributed by small creeks
and washes from the mountains enclosing the southern end of the
vallay on three sides; but in proportion to the supply afforded by the
Kern River, ail of these are of secondary importance. Kern River
water is widely distributed by carals and some i5 stored in Buena
Vista Lake Reservoir, from which lower-lying lands north of the lake
are irrigated.

During cyrles of wet years previous to the present extensive develop-
ment of Irrigation agriculture there has been at tinies a water connec-
tion between the Kern River and Tulare Lake; but water movement,
either surface or underground, out of the southern portion of the valley
is now ULclieved to be negligible. Though Kern River water is
relatively pure, it carries and has brought to the floor of the valley in
the past an appreciable quantity of salt, and some is also brought mto
the vailey by the crecks and washes referred to. The surface slope
between Buena Vista and Tulare Lake botioms averages less than
2 feet to the mile. Between Bakersficld and the depression marked by
Kern Lale, Buena Viste Lake Reservoir, and Buena Vista Slough at
the outer margin of the Iern River delta the slope is less than 5 feet
per mile, There & a difference in elevation of only 13 feet between
the Kern Lake depression, 15 miles south of Bakersfield, and Button-
willow, 30 miles west of Bakersfield. In this low flat area and its
northera extension there ave fertile lands, but also there are many
acres of nonpreductive, unreclaimed, salt-iinpregnated waste land.
In much of this land the water table ig relatively near the surface.

Kern River water carries very little boron and little other mineral
matter, and the wells sampled in the Kern River delta generally have
been found to be of good quality. In the northern pars of Kern
County, wells snmplerf west of Buena Vista Slough were saline and
hizh in boron. None of the wells sampled in the central part of the
valley had more than 8.50 p.p.m. of boron and the deep wells relatively
little mineral matter, but the percentages of sodium were high. Wells
sampled in the castern part of the arvea in or near Delano, Wasco,
Shafter, and Famosa produced good agricultural water. The under-
ground water situation near Lerdo is complex; certain of the deeper
wells carry very little boron or other mineral matter, but the wells
less than 500 feet in depth avre sometimes both saline and high in
boron. The waters below Galiente Creck in the Arvin section are
mostly good, but there is an important area of boron contamination
near the Rock Pile School. High concentrations of boron were found
I a perched water table east of Caliente Wash, The water of Grape-
vine and San Emigdio COreeks had in the order of 1 p.p.m. of boron.

QUADRANGLE 7
{'ps. 25, 20, 22, and 28 5., Rs, 19, 20, and 21 1.}

There is almost no sagriculture snd there are very fow wells in
quadrangle 27, which lies to the west of Lost Hills. The static water
levels in the four wells sampled, loeations 1, 2, 3, and 4, were at depths
of approximately 120, 357, 260, and 300 feect, respectively. Each of
the four waters was highly saline, the conductances ranging from 363
to 610; each carried appreciable concentrations of boron, 1.15 to 5.23
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p}.]]l).rr_m.; in each the sulphates exceeded the chlorides, but in all the
chloride concentrations were high; each of the waters was hard, being
high both in caleium and magnesium, bub in each the sodium (alkalt
base) concentration was equal to or higher than the sum of calelum
and magnesium, None of these waters would be suitable {for agricul-
ture.
QUADRANULE 28
{''ps. 25, %, 27, and 28 S, Ws. 22, 23, and 24 E.}

Samples were colleeted along the axis of the valley between Buena
Vista and Tulare Lakes from wells at Smyrna, a well 6 miles southwest
and one sbout the same distance northwest of Smyrna, which were
relatively deep and at one time flowing. These wells, togather with
the wells at Semitropic, location 5, progu ced waver with conductances
between 19.7 and 49.8 and with 0.32 p.p.m. or less of boron; in each
the percentage of sodium was relatively high.

The waters from & 170-foot well 7 miles west of Semitropic, loca-
tion 4, and from a 112-foot well in the southeast corner of the quad-
rangle, location 6, had conductances of 133 and 155 respectively,
boron concentrations of 0.40 and 0.34 p.p.an., and sodium percentages
of 83 and 51.

QUADRANGLE 20
{'Fps. 25, 28, 97, and 28 5., Hs. 25, 20, andd 27 B}

The four samples collected at locations 1, 2, 3, and 4 respectively
at Delano, Wasco, Shafter (U.S. Cotton Field Station), and Famosa
from wells of depths of 1,100, 600, 165, and 140 feet are typical of
the good irrigation waters slong the east side of the valley; the con-
ductances were ail less than 50, and the boron concenirations were
0.14 p.p.n. or less. A sample of Kern River water taken from
Beardsley Canal is shown under location 5.

The other samples taken in the quadrangle are from wells in T.
28 8., Rs. 26 and 27 E. Some of the ground waters in this area are
of inlerior quality, and the group of samples as a whole affords an
outstanding example of the variability that may be encountered in
the quality ci ground waters in a relatively small area. The con-
ductances ranged from 32.3 to 444, the boron concentrations from
0.02 to 2.02 p.p.m., and the alkali base percentages varied from 4
to 86. The poorest of the waters, location 17, was from a well {now
abandoned) drilled to 138 feet. The best of these waters, miscel-
laneous sample 63486, is from a new 765-foot well the casing of which
was not perforated shove 500 feet. This is the deepest well of the
group, and its water now replaces for irrigation that from thie loca-
fion 17 well. Bvidence afforded by .the analyses of the samples first
collected in the area pointed to the possibility of obtaining better
water from deeper strata and also indicated the desirability of leaving
casings unperforated at the higher strata. _

The response of vineyards on rather light soil to the water repre-
sented by sample 6346 when it was substituted for water from the
well at location 17 and a similar water was noteworthy in the rapidity
with which improvement took place. After instelling the pump on
the now well, one half of a vineyard was given an irrigation in August
1931, and at the same time the other half was Irrigated {rom the old
wells. A month later & marked and unmistakuble difference in
growth was in evidence.
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A well-cared-for vineyard irrignted from the well at location 16 is
located ncross a roadway from a vineyard irrdgated until September
1931 from the location 17 well. Both were in poor condition in 1931,
but the latter was poorer. One year’s irrigation with the no. 6346
water doubled the new growth on the later vineyard, whereas no
evidence of improvement was shown in the location 18 vineyard.
The loeation 16 water is much better than the location 17 water, but
poorer than the new well water, both in total salinity and in the con-
cenfration of horon.

Sultanina grapes irrigated with water from the well at location 17
were observed in 1931 to have ripencd properly, but the fruit was
small and too round. Some of these vines were heavily fruited and
others practically barren. Duplicate leal samples collected Septem-
ber 16, 1930, from heavily fruited vines contained 1,048 and 1,003
p.p.m. of boren, and duplieate samples {from immediately adjacent
Hehtly fruited vines contained 1,231 and 1,230 p.p.m. The lightly
fruited vines exhibited typieal boron leaf injury. An inch or more
of the leal margins of the heavily fruived vines were dead, but the
condition was not one that could be attributed directly to boron,
sinee the same effect has heen observed in heavily fruited vinevards
irngated with nonhoren waters,

Ten ounces of anhydrous horax was applied by F. W, ITerbert to
a basin-irrigated Satwey peach tree on a light soil in a border row
adjncent to cotton at the United States Cotton INield Station at
Shalter, location 3, in May 1830, A leaf sample collected from the
tree on October 30 of the same year contained 87 p.pan, of boren,
wherens the leaves of an untreated Muir peach contrined 46 p.p.m.
A year later pronounced haron symptoms were shown by the treated
tree, and these were more marked on the side next to o readway than
on the side next to the irigated cotton, into the soil of which roots
of the tree undoubtedly extended. Leaves from the roadway side of
the trec contained 165 p.p.m. of boron, and many leaves had been
shed. Leaves from the cotton side contained 101 p.p.m. of boron.
The leaves of the untreated Muir peach at the same time contained
47 p.p.m. of horon. The boron applied was equivalent to that which
would have heen applied by 48 acre<inches of water containing 1.9
p.p-m. of boron.

QUALDRANGLE 30
{Tps. 20, 30, 31, and 32 8, Rx 22,23, and 24 B}

Sample 2743 under location 2 in ruadrangle 30 represents Nern
River water as diverted through Buena Vista Lake Reservoir by
canal. Qtler analvses of Kern River watler are shown under Iocation
1 of quadrangle 32.

Woells ot locations 1 and 3, near and in Buttonwillow, were drilled
to 230 and 220 lect, and the static levels were 10 and 14 fest, The
two waters were essentially alike, having conductances of 91.6 and
91.4, boron concentrations of 0.47 and 0.38, and sodium percentages
of 45.and 55. The c¢hloride concentrations ol cach of these waters
was much less than either bicarbonate or sulphate,

The water from the 730-foot Southern Culifornin Gas Co. well in
T. 32 8., R. 24 E, with o conductance of 483 and & boron content
of 4.14 p.p.m., is comparable in quality and in the proportions of
jons to the poor waters found in quadrangle 27 to the narthwest.
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QUADRANGLE 31
{Tps. 29, 35, 31, ond 32 8., Rs, 25, 20, and 57 £.)

The samples from locations 1 and 2 in quadrangle 31 represent
waters which geographically and in quality are associated with those
of T. 28 8., Rs. 26 and 27 I&,, of quadrangle 29.

The wells &t location 3 near the Kern River north of Buena Viste
Lake supply Taft with domestic water. Though this water had &
conductance n little higher than any of the Kern River samples, its
source 1s cvident.

In a study of oil-field waters Rogers (30) has reported analyses of
some samples in this quadrangle and many in quadrangle 30 to the
west. e provides nn extensive discussion of the ground-\mtu sity-
ation in the Iatter ares, but determinations of the boron eoncentra-
tions were not made, Accordmf* to Regers’ report the composition
of a composite sample from shallow wells of the Western Water Co.
in see. 5, T. 31 8., K. 25 E., was as follows:

Afiifigram epnivalent
qier Hiker

CO 4+ HCO: . o e
Cl

The Bfllhnch well, location 4, lies below San Emigdio Crcek, of
which samples are mpm ted under quadrangle 34, “San LEmigdio
Creck 1s the probable source of this water, and the sulphate concen-
tration, 15.33 m.c. is comparable with San Dmln'dxo water as sampled
Apri "r, 1930, but the concentrations of sever ol other constituents
are quife differ ant magnesium, for examplo, being present in the well
to the cxtent of 33.4 m.e. and in the stream as diverted to the cxtent
of 7.92 m.c.

Samples were obtained from {our wetls in section 7, 3 {o 4 miles
north of the focation 4 well.  One of these wells, sample 6811, was 237
feel deep, and the water, with o conductance of 193, had a composi-
tion not unlike San Emigdio Creek and that from tho Balbach well.
The other three wells, s-zmplcs 6810, 6812, and 6820, were respee-
tively 800, 600, and 800 feet in dcpth two bcmﬂ repor fed as flowi ing,
These wdh, with conductances of 56.4, 68.7, mld 54.0, woro distinet
in eomposition {from the shallow well. The shallow well had & sodium
percentage of 26, whereas the sodium percentages in the deep wells
were 64, 50, and 69,

QUADRANGLE 32
£Fps, 26, 30, 21, tnd 32 8, Be 28, 26, and 30 15.)

Boron occurs in relatively high concentralions in the waters from a
number of wells inn the Caliente Creek delta near the Rock Pile School,
The wells, at locations 22, 23, 24, 25, 26, 38, 42, 43, 44, 46, and 47
had upward from 0.96 to 7.24 p.p.ni. of boron, and all were located
in sections 12 and 13, T. 31 8., R. 29 E,, and sees. 17 and 18, T. 31 8.,
R.30 1. The conductances of these waters ranged {rom $1.3 to 138,
Other wells nearby, locations 4, 14, 16, 18, 20, "7 29, 41, 45, 52, and
53, some of which were in the sections enumer ntcd pzoduccd water
contamlng boron in concentrations botween 0.31 and 0.61 p.p.m.
Other wells among those bordering the center of contanination and




118 TECHNICAL BULLETIN 448, U. 8. DEPT. OF AGRICULTURE

wells farther removed therefrom (loeations 11, 12, 13, 15, 19, 21, 28,
30, 31, 32, 33, 34, 35, 36, 37, 48, 49, and 50) produced water with 0.40
.p.ma. of boron or less, and o number contained less than 0.10 p.p.m.
he conductarices of the latter series of samples varied from 30.9
to 104.

The preponderant number of the foregoing wells varied in depth
from 400 to 600 feet, and the elovation of the water table a6 the time
of t-%xe \-irork was for the most part hetween 350 and 375 feet above
sea level,

Immediately east and north of the center of boron contamination
near the Rocel File School there is a second body of ground water at
an appreciably higher elevation. This perched water table is sep-
arated from that of the lower plain by some underground barrier,
marked possibly by the rocky outerop known as the Rock Pile. The
water of this upper table, as sampled from a 387-foot well on the
Newmarkel Ranch (location 8), a shallow well known as Decmer
Spring {location 9), and Tejon Spring (location 39), had an elevation
betweon 600 and 710 {eet above sea level. ‘The boren concentrations
in samples from cach of the three locations were in the order of 7
p.p.m. The location § water had a somewhast higher conductance
and more sulphate than the water at 9, but otherwise the proportion
of ions was such as to suggest that these three snmples roprosented
substantially the same water. In one respect otier than horen this
perched water is elearly different from that of the lower plane,
namely, sodium is the predominant base, the percentages being 93,
92, and 96, respectively. The percentages of sodium in the samples
of the delta water table varied [rom 22 to 87 percent, the average
being 50 percent.

Farniers recognized in the early years of the agricultural develop-
ment of this section, in which many of the soils are highly productive,
that deciduous fruits could not be successfully grown with the waters
from certain wells. It was also recognized that while some of the
annual crops were injured, they withstood these waters botter than
grapes and deciduous trecs. In one instance peach trees were ob-
sorved to have shown marked improvement following a few irviga-
tions with water from a new weil. Prior to the investigations here
reported boron delerminations had been made on none of these well
waters.

With the establishment of the fact that boron oecwrred in appre-
clable concentrations in certain of the well waters that hed caused
difficulty and that the concentrations were relatively low in other
wells that were heing used successfully, there were numerous solieita-
tions by owners to have their well waters analyzed, The Kern Rivor |
Water Storage District by weil measurements had shown increesing
elavations in the water levels from beyond the portion of the lower
plane in which boron contamination was found toward the mouth of
Caliente Creek. This fact indicated that at least during recent years
and possibly over & long period Caliente Creek has made the principal
contribution to ground waters of the area. Numerous well samples
were collected and analyzed for tho purpose of determining the extent
of boron contamination, to enable the growers to adjust their water
sources and choice of crops to the ecxisting conditions. Some
additional samples were collected and analyzed to throw light if
possible on the source of the boron in the underground waters or the
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source of the waters found to be high in this element. The evidence
that it was possible to obtain for the latter purpose proved ingsuflicient
for general conclusions, but some of 1t is nevertheless worthy of brief
discussion.

In one of the eastern lower-plane wells, location 42, the boron con-
contration was as high as in the perched water table. and in this well
sodium constituted 87 percent of the bases. No other lower-plane
water contained more than 77 percent of sodium, and most of them,
though variable, were much lower. This well is the closest of any,
the well at loeation 38 excepted, to a perched-water sample, and the
concentrations of bicarbonate, chioride, and sulphate are essentielly
the same as in the location 39 sample from Tejon Spring of the perched
table group. By these observations it seems to be indicated that
water from the upper plane has to a limited extent found its way into
a portion of the lower plane, possibly overflowing ov passing through
o fissure in the barrier.

A sample was bailed from an abandened well at location 33, which
is about 1% miles northwest of Tejon Spring. 'The water clevation in
this well corresponded with that of the lowaer plane, but sound in the
well indicated that water was entoring thie casing in appreciable
volumo from a higher clevation. The sample obtained is believed to
have ropresented the water entering the casing from above, but it
was too small for othor than conductance and boron determinations.
The boron content, 6.90 p.p.m., corresponded with the concentrations
found in the upper plane waters, but the conductance was far ligher
than that found elsewhere in cither body. The observations afforded
by this well are believed to indieato that at this point the perched
water table overlies that of the lower plane, but that hiere the perched
water is lecally more saline.

An abandoned well in Caliente Wash, location 7, had a water eleva-
tion of 636 fect (134 feet below the surface of the wash), corresponding
roughly with that of the perched table, but the boron concentration
was less than 1 p.p.m. The stream-bed clevation and the elevation
of the water in this well suggest a source of water, at least during
freshets, for the perched table, but the low concentration of boron
in the Caliente Wash well shows that if the water of the perched table
is derived from Caliente Creek the Boren is otherwise derived. The
fact that the boron concentrations in the several samples from the
three upper table locations and from the associated waters at locations
42 and 38 were all so nearly the same (6.66, 6.58, 7.51, 6.90, 7.24, and
7.12 p.p.m.) may indieate that somewhere this water hes been in
contact with boron minerals whose solubility was suflicient to produce
an equilibrium concentration in the water of about 7 p.p.m.

The water-table elevations of the two wells north of Caliente Creek,
locations 5 and 6, are comparable with the perched table south of the
creek. These waters contained 0.21 and 0.28 p.p.m. of boron.

In the lower plance the well at location 24, now abandoned, was
sampled four successive times in 1929 before it was capped. The
boron concentration was essentially the same in each of thé samples
(4.51, 4.43, 4.63, 4.63), but the conductances varied as follows: 78.5,
55.0, 53.5, 83.4. There was & marked downward and o subsequen
upward shift in the concentration of all ions except bicarbonate and
sodium during the period. The sodium percentages, on the contrary,
first increased and then dropped (50, 67, 70, and 46). These changes
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in the concentrations of all ions except boron would suggest either &
local releese of boron hy deep geseous emanations in t%e vieinity of
the well or deposits of boron minerals sufficiently soluble to produce
boron concentrations of about 4.5 p.p.m. in the ground water. The
characteristics of this water and the shifts in ionic concentrations
with boron remaining practically constant would seem to eliminate
the perched water table as a source of this local contamination,

Successive samples from wells at locations 22, 25, and 26 showed
veriations in boron concentrations which were not accompenied by
varistions of corresponding magnitude in conductances or ionic
soncenirations.

In Bakersfield a number of wells are pumped to supply municipal
water, and the three samples obteined there show only moderate
verintions in the characteristics of the water on three dates. The
total salinity of the samples was low, and the alkeline earth bases
tended to exceed the alkali bases. The boron concentration in each
of the samples was below 0.25 p.p.m. Mild boron symptoms are in
svidence late in the season in the leaves of horon-sensitive plants
slong the streets and in parkings in Bakersficld.

Miscellaneous sample 928 is from Caliente Creek above Caliente
Staticn, and sample 926 is from Tohachapt Creek above Keene.
Caliente Creek, with a dischirge of but 0.3 cubic feet per second on
the date sampled, carried 0.87 p.p.n. of boron, and the location 7
well in the bed of Caliente Wash below carried 0.82 p.p.m. The
conductance of the creek water as sampled in April was nearly three
times as great as that of the well.

Sample 3915 from a shallow well east of Monolith represents foot-
hill drainage on the Mojave Basin side of the Tehachapi Mountains.

The scatiered samples from loeations 3, 10, and 51 are sll low in
salinify and boron.

Leaf samples of various plants have been collected at one iime
and another in this quadrangle, and insofar as the boron-absorption
characteristies of the different plants are known, the boron concentra-
tions found have been indicative of the quality of water used for
irrigation. Sycamore leaves from trees 18 miles south of Bakersfield
elong the highway to the Grapevine grade, watered from a well at
location 2 of quadrangle 35 with'0.92 p.p.un. of boron, contained 1,843
p.p.m. of horon. Leaves of cottonwood from trees watered from the
well af location 22, with 1.51 and 1.81 p.p.m. of boron by two analyses,
contained 1,428 p.p.m. of boron. Under the well at location 24, with
4.63 p.p.m. of horon, grape leaves contained 1,155 p.p.m. of boron,
persimmon leaves 847 p.p.m., and dooryard alalfs (entire plants)
199 ppam.  Cotton leaves under the well af location 46, with 3.52
p.p.m. of boron, contained 1,229 p.p.m. of boron. Fig leaves under
the well at Jocation 8, with 6.66 p.p.m. of boron, contained 1,853
p.p.m. The foregoing samples were all collected on September 23,
1929. TUnder the lstter well other leaf samples wore collected in
June 1929, and the following was found: Tomatoes, 840 p.p.m.;
Swiss chard, 85 p.p.m.; grapes of wild type, 1,120 p.p.m.; grapes,
722 p.p.m.; figs, 1,294 p.p.n.; olives, 87 p.p.m.; cannas, 1,483 p.p.nu.
On the some date grape leaves under the well at location 46, unirri-
gated that spring, had 930 p.p.m. of boron, Leaves of fig and welnut
under the well at location 29 with 0.50 p.p.m. of boron contained
respectively 500 and 656 p.p.m. of boron in October 1932,
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Orsnge leaves from then unirrigated trees under the well at loca-
tion 16, with 0.60 p.p.m. of boron, had 558 p.p.m. of boron. Leaves
of eucalyptus trees nesr the well at location 43, with 4.64 p.p.m. of
boron, conteined 1,000 p.p.m.

QUADRANGLE 43
{Tps. 8,8, 10, and 11 N., Its. 24, 25, and 26 B. Quadrangle map not shewn,)

Water piped to Maricopa from Ozena, which is near the head of
Cuyama River, miscellaneous sample 2637, had 2 conductance of 49.6
and 0.23 p.p.m. of boron.

Numerous springs discharge near location 2 into Cuyama River,
and these springs, together with water obtained from the stream bed,
are diverfed into a reservoir for irrigation on the Cuyama Ranch.
Some of these springs are warm and produce sulphide gas. The con-
centration of horon in the reservoir sample was 0.23 p.p.m., which is
the same as found in the Ozena water; but the reservoir water was
very different in other respects and had a conductance of 184.

Sample 2738, at location 1, represents water brought to the surface
with oil by Northern Oil Co, wells at Maricopa, which are drilled to a
depth of about 1,000 feet. Like oil-well waters generally the chloride
In this sample was high, and likewise the sodium.” Subsequent
analyses of oil-well waters elsewhere have shown the boron concentra-
tions as well es chloride and sodium to be correspondingly high.

QUADRANGLE 34
{Tps. 8,9, 10, and 11 N, s, 2t, 22, sod 93 W)

San Emigdio Creek water is diverted at loeation 1 for irrigation on
the Sen Emigdio Ranch. This water when used on oranges had not
been satisfactory. Both the sulphate and boron concentrations were
undesirably high. The series of samples here reported were collected
to determine whether water of better quality could be obtained at
some higher point on the creels, The analyses show that & consid-
erable proportion of hoth the boron and sulphates are accumulated
below location 5, which is 7 miles above the present diversion.

QUADRANGLE 35
(T'ps. 8, 0, 10, and 11 N, Rs. 18, 10, and 20 W.)

El Paso Creek as sampled at location 1, where it is diverted for
domestic, garden and orchard use at the Kl Tejon Rench head-
anarters, had a conductivity of 47.5. This water, which is low in
sodium, contained 0.40 p.p.m. of horon, which was just sufficient
to produce mild but characteristic boron symptoms in lemons.
Tejon Creek, miscellaneous sample 5006, from sec. 14, T. 11 N,
R. 17 W, had a conductance of 85.2 and 0.15 p.p.m. of boron, and
sodium constituted 15 percent of the bases.

Grapevine Creek and e well near the foot of the grade locations
2 and 8, which supply water for highway trees have slightly less
than 1 p.p.m. of boron, and thi: concentration has been sufficient
to produce outstanding injury to many of the roadside plantings.
Sycamore leaves collected from highway trees 18 miles south of
Bakersfield in September 1929 contained 1,843 p.p.m. of boron.

A sample of water from Castac Leke, sample 2619, location 8,
taken at a time when the lake was low and the margins heavily
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encrusted with salt, had a conductance of 7,919 and contained 299
p.p-m. of boron. The salts contributing to this high conductance were
principally sodium chloride and sulphate. A spring in the mud flat
1mmediately east of the lake margin produced water with a conduct-
ance of 138 end & boron concentration of 6.92 p.p.m. This spring
water is different from Grapevine Creek water in its proportions of
both magnesium and alkali bases. Wells west of the lake at locations
5, 6, and 7 contained 0.60, 0.35, and 0.51 p.p.m. of boron. Mild
boron injury was noted on ornamental plantings sround the hotel
irrigated with the location 5 well and also on irrigated crops served
by the other two wells. The injury was most pronounced on the
field plantings grown on lower-lying portions of the fields closest
to the lake. Leaves collected September 11, 1931, from a large oak
tree at the end of the lane and outside of the cattle gate below Castae
Lake contained 148 p.p.m. of boron.

Seymour Creek and Lockwood Creek, locations 10 and 11, which
are in the vicinity of the Frazier borax mine, are tributary to Piru
Creek. At the time of sampling in 1928 these oreeks carried about
5 and 2 p.p.m. of boron, respectively, as determined by the semi-
quantitative turmeric method. The same method was used for
the determination of boron in the Cuddy Creek sample.

BACTERIAL REDUCTION OF SULPHATES

Attention has already been directed in the discussion of quad-
rangle 24 to the fact that the sulphate concentrations are remarkably
low in the waters from deep wells in the bed of old Tulare Lake.
These Tulere Lake bed irrigation wells are drilled to depths of 1,400
to 2,100 feet. One of them (location 13, quadrangle 24) had a con-
ductence of 348, and yet in this water there was only a trace of sul-
phate. Of the 17 deep-well waters collected in the quadrangle,
6 contained 0.01 m.e. or less of sulphate, and the remaining 11
contained 0.40 or Jess m.e, per liter. Along the valley axis, north and
south of the lake bed, and also to the east, there are other deep wells
of moderate to high salinity in which the sulphate concentrations
were likkewise particularly low. Sulphates are practically sbsent
in the werm and saline waters from the deep Siockton ges wells and
from the gas well at Lodi. Waters examined west of the lake uni-
formly contained sulphate in excess of 1 m.e. per liter, and most
of them contained much more than this amount. A group of three
wells approximately 1,000 feet deep near the mouth of Kings River
at the northern extremity of the lake margin of 1884 (locations
10, 11, and 12, quadrangle 20) contained about 6 m.e. of suiphate.

A demonstration thet these low-sulphate, deep waters could
not have been derived {rom the Sierra with as little sulphate as
some now contain is scarcely necessary, as & certain amount of run-off
from the coastal mountains at flood time reaches the valley axis and
this water characteristicelly contains muech sulphate. That
waters with less sulphate entered the valley at en earlier period seems
unlikely, since with the continued weathering of the softer mantle
formations of the Sierrs any changes in the quality of the run-off
from the watersheds should be in the direction of lower salinity.
The varied character of the waters underlying the area once occupied
to fluctuating depths by Tulare Lake clearly indicates that & common
source for all these waters cannot be assumed except as some of them
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may have been aitered by the formations with which they are or have
been in contact. Inasmuch as the lower hall of the well casings
are commonly perforated, the water from any well is a mixture of
that from many horizons. The composition of the lake waters during
Tecent times does not pronde information as to the source of these
deep waters, but it does furnish evidence that recently and probably
in the distant past waters accumulating along the valley axis were
much more concentrated with respect to sulphates than the deep
waters in question. Analyses made of the lake waters in 1880 and
1889 by the agricultural experiment station of the University of
California and recomputed in parts per million from hypothetical
combinations by Dole (27) show the compositions given in table 44,
when expressed in milligram equivelents per liter.

TasLE 44.—Chemical composition of the water of Tulare Lake!

Milligram oyuivelents per lee

Constitnent. : T T
{ Sample 1 7 Eninple 22 | Samplo 3+

I
Carbonate. ... . . A oo ] a
Bicarbopnte. ... . ! 120 1 1237 31,88
Clhileride ' B0 | 5. 28, 00
Suiphate. : LA 4.7 2525
Caleinm, em Lon, .85 .7
Mapnesium 166 1.72 1.07
Alkall bages 20, 55 | 20, 00 70, 59

Paris per million

I
Total solids . 1,4 1,4M g, LBS
Organie nad volatlle. o oooeeo .. . - 11 30 i LA

I Analyses here reported in milllgram equivalents were taken by Dole (27, pp, 95, 280} from the Cali-
formin Unlversity Apriculiural Experitnent Siation repert for 1800, appendix, and recormpuled by him
Irom hypothetical eombinntions Lo parts per millicon.

1 Collected in January 1580,

1 Collected In the spring of 1880, Lake elevotien of samiles 1 and 2 probakly abaut 200 fect shove sea

avel.
t Cnlleetedd in February 1588, For the period 1383-87 the lake level was reported os fluctuating and
goneraily low,

The evidence at hand strongly indicates that many of the deep
waters underlying this portion of the valley have lost sulphates. 1In
the presence of organic matter such loss Is p0551hle through the action
of anaerobic bacterm but insofar as the writer knows, sulphate
reduction in fresh water of deep wells has not been demonstrated.

Sulphate reduction in natural waters by anaerobic micro-organisms
has been demonstrated in the instance of the bottom waters of the
Black Sea, us the classic example, and in river muds, brackish canal
muds, sew age, soils, lake snnds, springs, and dune sands. The
presence of organic matter is essential to “this reaction, and ss a part
of the reaction carbonate and sulphide are formed. Three species of
sulphate-reducing bacteria kave been described (74}, and in one
instance the reaction is attributed also to algae. More recently
Rogers (30) attributed the low sulphate content of saline oil-associated
waters of the Midway-Sunset oil field of the San Joaquin Valley to
reactions with petroleum without the aid of living organisms. 1t was
Rogers’ belief that living bacteria could not exist in such situations.
Bastin and his collaborators (3) took issuc with Rogers' view and
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undertook to show that the sulphate-petroleum reaction could take
place only at very high temperatures. To determine if bacteria were
not responsible for Rogers’ Eheuomenon, these investigators first
examined waters of Illinois oil sands and subsequently waters from
the Sunset-Midway and Coalinga oil fields of Califorpia. Evidence
of sulphate-reducing bacteria was found in all but 2 of the 30 Illinois
oil-field waters examined, and the organism was isolated in pure
cultures. Sulphate-reducing bacteria were found at depths of 780
and 3,090 feet in many but not all of the California low-sulphate
oil-field waters. Bastin and Greer (4) Iater examined 8 {resh-water
well samples and 1 river sample in the neizhborhood of the Illinois oil
fields. Negative results were obtained from the well waters, but
sulphate-reducing bacteria were indicated as sparingly present in the
river sample, which had some drainage from oil fields.

The following cquations (4} arc of the type of those that have been
postulated to explain the results of these reactions:

1-n. Ca80,+CH,—CaS4 GOyt 2H,0
1-h, CaS+C0,+ H0-CuCO,+ H.S
2-a. N80, 1 CH—NaS -+ CO,-+-2H,0
2-b. Nu8+C0;+ H.0-Na, GOy HoS
3. CaSO+2C—CuS+2C0,

1. MgSO,L20-Mg842C0,

5, Nu.80,4-2C—-Nn.5-+2C0,

Should the presence of living sulphate-reducing bacteria in the
deep-well waters in and about Tulare Lake and in the Stockton and
Lodi gns wells be demonstrafed by the appropriate bacteriological
procedures, this would provide satisfactory evidence of the cause of
the low sulphate concentrations here reported; but negative results
from such tests would searcely seem io disprove bacteria as the enuse,
There is reason to believe that these deep waters, lying as they do far
below sen level, are practically stegnant and have been impounded
for many years. The changes that brought about their present
chemical make-up may have occurred nt a much earlier time, and it
is possible that the bacterin if once active might no longer be present.
The writer cannot recall that combustible gases were present in any
of the sulphate waters from wells west of the lake, but such gases
(possibly methane) are of comumon cccurrence in the lake waters. In
one instance (location 15, quadrangle 24) a well emitted suflicient gas
to support a flame several feet in height above a discharge pipe, and
on still days it is sometimes dangerous to light matches near certain
of these wells, The hydrocarbon requisite for the reaction is there-
fore present. The shallow well nt location 18 emits much gas, but
the water contained 2.18 me.e. of sulphate, which is less than that
shown in the jake-water analyses. In this weil active reduction may
be in process, and living bacteria should be found here if anywhere.

As indicated by the literature and the postulated equations, {ree
hydrogen sulphide is a common product of the reaction; but it does
not i oﬁow that it should always be found in waters where the reaction
has taken place. Should it not eseape from the water, its precipitation
as the sulphide of heavy metals is possible. The writer cannot recall
that any of these wells produced water with a notable sulphide odor.
Small amounts of the gas might, however, have escaped attention
both in the field and in the laboratory, particularly in the wells that
were producing other gas so {reely. That sulphntes could have been
otherwise removed from the waters, as by precipitation with naturally
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oceurring barium, seems improbable; barium was not present in
significant amounts, a&s ne sample showed cloudiness when the
bicarbonates were titrated with H,S50..

Dole (27} has reported analyses and field ‘““assays’’ of the ground
waters of the San Joaquin Valley, and on the basis of his data and their
interpretation he was led to conclude that the quality of these waters,
specifically their sulphate content, provided an index to the source of
the alluvium from which they were drawn. It was his contention
that ground waters Jow in sulphate were from alluvium derived from
the Sierra, wherens when considersble sulphate oceurved in other
than isolated instances that fact was believed to indicate that the
alluvium had heen derived from the coastal mountains. In its
broader scope this interpretation is one of great interest and conven-
ience in accounting for the varied character of theground waters along
the two sides of the valley, but its applicability to the axial waters
may be open to question. In the writer’s opinion the view becomes
necessary that some of the valley waters have been aliered by the
action of organisms to the extent that their origin and the origin of
the alluvium from which they are drawn is highly uncertain.

SUMBMARY

Boron, the element that characterizes in part some 50 named
minerals and such familiar compounds as borie aeid and borax, is of
agricultural importance by reason of its being essential to the growth
of many il not all plants and also becnuse it is highly toxic to many
plants wlhen present in the svil solution in concentrations of more
than a few parts per million. .

Boron has been found to he present in cach of some 4,000 surface
and underground waters so far examined in the western portion of the
United States. In some of these waters its concentration has been
sufliciently high to inbibit the growth of irrignted plants and in others
50 low ihat its presence was demonstrated only by special methods.
This bulietin deals with the natural occurrence and the eflects of boron
particularly in reference to the agriculture of thie San Joaquin Valley
of Caltfornia.

The spread between beneficizl and toxie boron concentrations for
some plants is narrow; in fact, concentrations that stimulate vegeta-
tive growth during the enrly development of the plant may be suffi-
cient to produce mild evidence of injury as the older leaves mature,
Boron concentrations found beneficial to some plants have pre-
vented the srowth of others. The diferences in boron requirements
and the differences in boron tolerance of even closely related plants
cause the two phases of its effecis on plant life to be closely allied.
In some localities only crop plants relatively tolerant to boron have
been found to grow successfully, though their sclection bhad been by
trial and error without knowledge of the cause of failures.

Boron applied in irrigetion water tends to accumulate in the soil,
and ill effects may appear only ufter & number of seasons and after
investments have been made in permanent plantings or in the installa~
tion of expensive pumping equipment and brrigation systems,

Boren deficiency symptoms may be of varied character, but usually
the younger leaves nnﬂP growing points of plants are affected first.
The apices may die back, or the terminal buds, if not killed, may
remain dormant. The leaves of boron-deficient plants may be re-
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duced in size, become irregularly chlorotic, dead aress may appear,
and they may abscise prematurely. In some planfs an arrested
development of the veins takes place, resulting in a buckling of the
mesophyll and irregularities in shape. The apical portions of the
roots are often enlarged and stubby and fail to elongate normally.
The symptoms of boron deficiency have been found to appear only
when the boron available was considerably below the concentration
required for the best growth of the plant.

Cotton, figs, grapes, alfalfa, beets, asparagus, and & number of
other crops have shown increased growth when supplied with boron
In concentrations above those that might be designated as traces.

Evidence of boron injury is manifested in the folinge of many
plants by the yellowing and subsequent death of the marginal tissue.
These effects normally appear first at the tips of the leaves and as
more of the margin is affected progress toward the midvein or leaf
base. Chlorophyll is retained longer in tissues near leaf weins.
Leaves become cupped when marginal injury occurs in advance of
full development. Affected leaves are abscised prematurely. The
injury produced by boron may often be clearly differentiated from
that produced by other causes.

The stone fruits, which rarely have leaf symptoms indicative of
boron injury, are otherwise affected. The bark immediately below
the nodes of prunes and apricots becomes thickened, and with the
overgrowth of underlying wood the structures ab the bases of leaves
and twigs become enlarged. The bark above the leanf and twig
insertions of peaches and prunes often breaks down and splits open.
Gumming frequently accompanies these abnormalities.  Death of
the terminal growth late in the summer or over winter is a common
effect. Some stone fruits may make little growth or die without the
development of marked symptoms. In pear and apple, symptoms
adequate for field diagnosis are not known, yet these plants are
sensifive to horon. i

The growth of lemons, grapelruit, and avocados 1s sharply reduced
in sand cultures supplied with nutrient solutions containing 3 p.p.m.
of boron: such plants as the stone (ruits and pears in eultures supplied
‘with 6 to 9 p.p.m.; cereals, olives, and cobten in cultures with 15
p.p.an.; carrots, onions, and beets with 25 or more p.p.m.; whereas
date palms, asparagus, and athel withstand up to 100 p.p.m. TFifty-
four plants are listed m the order of their relative tolerances,

All varieties of plants examined have heen found to contain boron
in their tissue, though marked differences exist in the concentrations
in the different wvaricties when grown uader similar conditions.
Marked differences likewise have been found in the concentrations
in different parts of plants and in different portions of tissues. The
fact that boron in some guantity has always been [ound in plants
irrespective of where they were collected provides evidence of the
widespread distribution of the element,

In sand cultures supplied with nuirient sohutions containing 5
p.p-m. of boron, the leaves of various plants contained boron in parts
per million on a dry-weight basis as follows: Lemen, 1,232; avecado,
569; apricot, 99; Kadota fig, 722; grape, 1,0406; apple, 143; elm, 943;
olive, 215; sweet pen, 520; cotfon, 306; carrot, 124; sugar beet, 177;
palm (pinnae), 279, These planis are listed in the order of their
relative tolerance. The stems and roots of planis confain less boron
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than the leaves. Thoss of lemon, elm, rose, and sugar beet con-
tained respectively 54, 22, 29, and 28 p.p.m. The boron concen-
trations in different parts of other plants are reported.

The midveins, green portions, yellow portions, and dead portions
of injured lemon leaves contained respectively 47, 438, 1,060, and
1,722 p.p.m. of horon.

Boron accumulates in the bark of certain of the stone-fruit trees,
particutarly at the nodes; and these plants, which develop wood and
bark abnormalities, do not accumulate as high concentrations of
boron in their leaves as do many other plants, Injured prunes con-
tained in their leaves, barlk, and wood respectivef}' 176, 412, and
171 p.p.m. of boron, whereas uninjured prunes contained in the same
parts 33, 36, and 11 p.p.m., and injureé) lemon twigs contained 410,
42, and 9 p.p.m.

Notwithstanding evidence of the occasional occurrance of appreci-
able concentrations of boron in unirrigated soils in the San Joaquin
Valley, the general inference to be drawn {rom the appearance of
crops is that the boron carried by irrigation water 15 for the most
part responsible for such depressions in yield and such crop injury
as have oceurred.

Much of the boron found in soils, whether irrigated or not, is not
very soluble. Snils are eapable, in varying dearees, of removing from
solution some of the boron applied by irrigation waters. A few or
maAany irrigations may be applied before the soil-solution coneentrations
equal or exceed the concenirations of boron in the water used.  Injury
to plants results sooner on light soils than on heavy soils, and sooner
on some heavy soils than on others, when boron-contaminated irriga-
tion waters are used.  The productivity of light soils may be restored
more rapidly than that of heavy soils when leached with good water,
hut remove! of boron from light soils 1s often slow.

The nature and quantily of soluble or slightly soluble boron com-
pounds in the soil determine soil-solution concentrations, and it is the
latter concentrations that affect plant growth.

Under the usual conditions in irrigated regivns, plants withdraw &
grealer proportion of the waler than of the salt from the soil solution
and the soil solution, as a result of transpiration, is left more concen-
trated. Iew irrigation waters of the San Joaquin Valley were found
to contam concentrations of boron or other salt constituents sufficient-
Iy high to he directly injurious to plants. Injury has resulted from
the continued use of many of these walers because transpiration and
evaporation increase (he concentralion of these clements in the soil
sohution. Mixed deciduous {ruils were grown in sand cultures with
nutrient solutions coniaining 1 and 6 p.p.an. of boron. The solutions
taken up by these trees were respectively 14 and 16 percent as concen-
trated in boron and 5 and 7 percent as concentrated in sulphatle as the
cultura solution supplied to the roots. In a cultwre supplied with
8 p.p.m. of boron in which the grape was the predominating plant the
solution taken up was 32 pereent as concentrated in boren and 21
percens as concentrated in sulphafe as was that supplied.

Practical methods of removing the boron from hrigalion water
have not been found, nor have practical methods been found for
counteracting the toxic effects of boron in soils. Citrus plants
withstand boron a litile better when nitrates ave applied in abundance.
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Where satisfactory waters cannot be had, the diversity in crop
tolerances provides recourse in the substitution of crops of suitable
tolerances to boron injury. A table of crop tolerances is presented.

The San Joaquin Valley, which is a great structural trough, has a
rainfall of about 5 inches toward the southern or upper end and about
15 inches at the northern end. The principal supplies of surface
water and the underground water of the east side of the valley are
derived from streams arising in the granitic, metamorphic, sedimen-
bary, and igneous formations of pre-Cretaceous age of the high Sierra
Nevada. The water of these streams carrics Iittle boron or other
mineral matter, Smaller streams enter the valley from the Tehachapi
and San Emigdioc Mountains, which form the southern boundary of
the valley, and from the coastal mountains that form the westein
boundary of the valley.  All of the latter streams ave short and excopt
after heavy rains bring little water to the valley. These waters, drain-
ing mountains practically free from granitic and similar rocks but with
sofl serpentines, shales, and sandstones of Cretaceous and Tertiary
age, are more highly mineralized than water from the Sierra and com-
monly contain appreciable concentralions of bovon. In their chemical
characteristics the ground waters in the diflerent portions of the valley
reflect their source or the source of the alluvial material from which
they nre drawn.

Boron concentrations as low as 0.5 p.p.m. in irrigation waters of the
more arid rortion of the valley have been found injurious te boron-
sensitive crops, but under favorable conditions the more tolerant of
the sensitive crops may be grown with only modernte reductions in
yield with as much &s 1 p.p.m. of bovon in the irrigation water. When
boron concentrations exceed 1.5 or 2 p.p.m. the best results have been
found to follow when tolerant crops were cultivated.

The cifcots of boron ir irrigation water are less sovere in those parts
of the valley with higher rainfall. Where water is supplied nearly
equally by rain and irrigation, only about hall the injury experienced
in the more arid portions of the valley has been found.” Soil character-
1stics, cultural practices, and length of use iniluence the rate at which
boron accumulates in the soil solution and the sccompanying effect
upen crops.

Though no general relationship has been found to exist between the
concentration of boron and the concentration of any other constituents
of irrigation water, there is & marked tendency 1n the San Joaquin
Valley toward higher boron concentrations in the more highly miner-
alized waters,

The ill effects of boron and of other salt constituents are in a
measure interrelated and additive. In these investigations the con-
centrations of carbonate, bigarbonate, chloride, sulphate, caleium,
magnesium, and alkali bases in the irrigation waters have been deter-
mined. A discussion of the significance of these other constituents of
irrigation water is included,

Some San Joaquin Valley irrigation waters contain more sodium
than calcium and magnesium. High percentages of sodium have an
ndverse effeet upon the physical condition of soils by causing them {o
become hard and relatively impervious to water.  Irrigation water
that penetrates beyond the root zone carries with it a portion of the
salts residual from transpiration and evaporation, Without adequate
leaching the concentration of the soil solution may become sufficiently
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high to depress plant growth even when relatively pure irrigation
water is used. Emvphasis is placed on the ynportance of the sodium
percentage as a useful criterion of water quality, and in reporting the
analyses of 450 San Joaquin Valley waters the percentage of sodium
in each sample is given.  The caleulation and inclusion of these per-
centages represent a new departure, which is recommended for general
adoption in reporting water analyses., Water with less than 50 percent
sodium should not eause trouble in hardening the soil. Trouble is
likely to resuit when the percenlage exceeds 60.
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