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INTRODUCTION 

NA1'UHAL OCCUlumNCI, 

Boron, the clement tllfl.t cllfl.racterizrs sll('h fnmiliar compounds as 
buri(' ncid (H3B03) and bomx (Na2B40j.l0HzO), is of ngrieultuml 
importanee for two reasons, namely: (1) Some of it is essrntial to the 
growth of many if not uLL plunts; (2) it is extremely toxic. to n lnrge 
number of plants if pre:;cmt in the soil solution in concentrations nbove 
a few PUTts per million. 

In nature, boron is never found in the lI11combin('d 01' elmnentul 
state, but occurs in the form of boric acid or more commonly ItR 

borates, especially in regions that are 01' hn,ve heen volcfl,nic. It is 
not n rare element, ItS it is widely distributed in small nmounts; but 

I Throughout the In\"estlgnlion much val.lllJle asslstunce Ilnd cordllli support were rendered both by
Individuals and organizations cngllged in the dC\'elopment Iwd utillzlltion of irrlglltion water. There is 
also to be especially acknowledged the cooperation of thl! University of Callfornl:> nnd members oC the 
extension service. 'rhe cooper8tion olTered by nnls sincerely tlppreclutc<l. The writer Is further Indebted 
to his associates In th/) boron lu\"estigntions not only for their couns"1 but for mllny direct eontrll.llltions to 
ti>lIlnvestlglltlons reported. 

70532-35--1 
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workable deposits of boron mi,nerals are uncommon. According to 
Clarke and Washington (10),2 the igneous rocks that constitute 95 
percent of the 10-mile crust of the earth contain possibly 0.001 pe:l'cent, 
or 10 parts per million, of boron. The present known boron deposits 
in '(,he United States are located principally in the semiarid regions of 
the West. Schaller (31) has provided a list of It all the known boron 
minerals" (1929), which includes 56 names with corresponding chemi­
cal formulas. :Many of these mineruls arc soluble in water, but the 
list includes 20 borosiJ.icates, some of which ure known to be practi­
cally insoluble, and the others, if soluble in the ordinary sense, are 
only slightly.so. 

In connection with the agricultural significance of this element, 
Kellerman (21) in 1920 made the suggestion that toxic concentrations 
of boron were likely to be found here und th~re in soils and iITigation 
waters of the southwestern United Stn.tes. He pointed out that large 
deposits of boru.x and other boron minemls OCClll' not only in seycral 
places in California and Nevada but that anlll~Ts(·s hnd shown smull 
amounts of boron in various 1l1kes and streams. 

UORON IN SOUTH BUN CALIFOR~U 

In 1926 nncl1927 Kelley and Brown (22) estn.blished the fact that 
boron occul'ring as a na.tural constituent of irrigntion water wa.s re­
sponsible for the poor condition of certnin citrlls nnd wn.lnut gro\-es in 
southern Californiu. The peculiar symptoms exhibited by the foliage 
of affected trees in Ventura County had been an object of inquiry for 
a number of years, and the nature of the cause wns determined when 
citrus trees elsewhere developed similur symptoms after hu.ving been 
irrigated with water accidentnlly 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 boron than the 
leaves of healthy trees. Boron occurring as a soil constituent was 
suspected in the Ventura County injury, Ilnd it wus found that the 
soils of the affected groves were high in boron; but further inyesti­
gatiDn showed that in euch of the seveml larger arcus examined the 
boron wus truceublc to the irrigation wn.ter. 

Investigations by the Bureau of Plant Industry following t.hose of 
Kelley a.nd Brown luwe confirmed their observations flnd have shown 
that boron injury Was more widespread than was at first suspect.ed. 
Scofield and \Vilcox (33) haye reported on the boron situation in 
southern CalifoJ'llin., and in addition to discussing general aspects of 
the problem t.hey furt.her described thc efi'ects of boron on citrus and 
walnuts. .As reiJOrted by them, instances of injurious effects resultillg 
from toxic concentrntions of boron in irrigation waters occur in the 
following southern California localities: (1) The yalley of the Santa 
Clara River; in Ventura County, where boron is brought in chiefly 
by Pint and Sespe Creeks; (2) the Simi Valley, also in Ventura 
County, where the boron occurs in ulldp.l·~round- waters that are 
pumped for irrigation; (3) the San Fernando Vall£'y, in Los Angeles 
County, where boron occurs in the waters brought in tbl'ough the Los 
Angeles Aqueduct from Owens River; (4) the vicinity of San Bernar­
dino, where boron occurs in the waters of Arrowhead Hot Springs and 
in a few wells; and (5) the coasta.l plain in southern Orange County, 

, Italic numbers lu pareutheses refer to Llteraturo Oltod, p. 120. 

http:suspect.ed
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where boron occurs in some of the undcrground wnters pumped for 
irrigation. Boron is like,~se now known to occur in injurious con­
centrations in wells in a number of other locations in the aren. south 
of the Tehachapi Mountains. 

DORON ELSEWHEIIE IN THE WEST 

Significn.nt concentrations of boron. are quite commonly found in the 
uudergrolmd and surface waters of thn.t portion of the San Joaquin 
Valley lying west of the valley axis, and in a number of small areflS 
near Bakersfield. Injurious concentrations are likewise found in 
some of the wells and streams draining to the westward in the coastal 
mountnins and valleys, and these mountains presunutbly have been, 
in part at least, the source of the .boron found along the western side 
of the San Jon.quin Valley. The principal instance of injury to the 
west of the San. Joaquin Valley is in the vicinity of Hollister, where 
high concentrations of boro'n are sometimes found in well \mters. 
Boron hiLs been fuund in irrigation waters in the ,,-estern Sacramento 
Valley in an uren. about and below Cache Creek. It oecms nlso in 
wn.ter supplies in and about the Death Yalley nrea flnd occnsionnlly 
southward in the :Mojave Desert. It is also found in many domestic 
wells in the N ewlancls Reclallln.tion Project of 1,encIn. Other isola ted 
instances of boron injury hn.ve been fOlWd, n.nd it may be suspedcc] 
wherever irrigation wn.te!' is used if symptoms of the boron type 
develop. 

All irrigation waters exn.mined during the course of the inyesOgn­
tions by the Buren,u of Pbnt Industl'.\- lwYe eontnined n t lenst a trHep 
of boron. Higher concentrations of boron cn.ll normally be expc('ted 
i;l both surface n.nd underground waters, as well ns in the soil solutions, 
in the western arid portions of the 'Gnitec1 Stntes than in eastern more 
humid regions, by l'eHf;On of the higher precipitation in the eastern 
regions. 

NATURE OF THE BOHON I'HORLEM 

The fact that boron is now looked upon as essential to the growth 
of many plants furnishes fairly conclusive evidence of its widesprcad 
distribution in agricultural soils. Wbile it is with boron as a toxic 
element that tlus bulletin is principally concerned, the boron require­
ments of crop plants constitutes nn important nspect of the relntioll of 
the 'element to n.gricultul'e. Some plant.s lire known to be benefited 
by concentl'l1tions of boron sufficiently lugh to injure others. The 
spread between beneficial and toxic concentrat.ions is for SOllle plants 
narrow; in fact, concentmtions thnt stimulate vegetative deYelopment 
mny nt the sam.'3 time be sufficient to produce mild evidenc/; of injury 
J1S the older leaves mnture. .J.'he Vflriation in boron rcquirelnt.JIlts flnd 
the difi'erential toxicity of this element eyen to closely related plants 
cnuses the two phases of its effects on plant life to be closely nilied. 
It is lughly probable that numerous plants are found at their best 
only on particular soils OJ: in particular localities because of the narrow 
range of boron concentrations to which they m'e adapted. In some 
locnlities only plants relatively tolerant to boron nre successfully 
produced, tlwugh their selection hus been by n. process of trial and 
error without knowledge of the reason for their nda,ptability. As 
knowledge of the fi.lllction in gJ,'owth nnd mode of injury of boron is 
amplified by additional informntion find mot'e u{'('omes known of its 

http:Significn.nt
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distribution in nature, changes in the choice of economic plants for 
certain arens are nlmost certnin to follow. The concentration of 
boron required for normalphmt growth nnd the concentrntions thnt 
cause injury are of n distinetiy lower order thnn are those of mnny 
nutritive elements and the common toxic snlts. 

If soils are high in uaturnlly occurring boron find for that reason are 
unsuitable fOl' ezrtain types of agriculture, it recognition of the fact 
should become possible before extensive development of such lands 
has taken 1 lace. The concentrntions of boron in the irrigation 
waters in the area under consideration in the SitU Jonquin Vnlley are 
for the most part not sufficiently high to be directly toxic to many 
plant:;, but their continued use hns frequently resulted in depressed 
yields ltnd in the iLppenl'!tnce of leaf symptoms characteristic of the 
injlll'Y. This development of toxic effects results from the concentrn­
tion of boron in the soil solution by trnuspimtion and evaporntion. 

Boron applied in irrigation wn,ter tends to accumulate in the soil, 
and ill effects may appear only after n number of sensons and after 
im-estments ltnve been mnde in permnnent plnntings or in the instal­
In,tion of expensive pumping equipment and irrigntion systems. In 
one instance nn investment reported to hnve been in excess of 
$5,000,000 was mnde in the development of a fnit ranch which 
during its first years giLye promise of success. These fruit L.llantings 
were ln,ter nbandoned, and the present known fncts indicate that the 
fll.ilure is nttributable to ullsn.tisfactory irrigtLtioIl water, high in boron 
and with sodium as the pl'edominn,ting bnse. Other exnIllples of this' 
sort al'C also to be found in which fnilure might haye been nvoided if 
lnformi'.tion concerning the distribution nIld. toxicity of boron had 
been available. The boron content of irrigation water hus come to 
be regarded as having greater economic significance than the initial 
boron content of soils. OYer much of the area considered, water of 
suitable quality is far mOl'e limited than :We nrnble soils. 

EFFECTS OI~ BORON ON PJ,ANT GROWTH 

OIARACTEJUSTICS 01" HonON DJ~t'ICIENCY 

The evidence iwailltble us to the role of boron in plant nutritioll hns 
shown that this element, at least in very low concentrations, is as 
essential to the development of llliLlly plnnts as nrc calcium, mngne­
shun, potassium, 11 itrogen , phosphorus, sulphur, or iron. The re­
quirement of plants for boron is in some instances so smull that 
enough or nearly enough is supplied in the form of impurities in the 
so-called chemically pure snits used in making up culture solutions. 
Work by the writer and his associn,tes now in progress nt the Rubidoux 
Labomtory, Riverside, OaliL, is showing"that the growth and produc­
tion of a number of common plants is increased by boron concentra­
tions sufliciently higb to injure other spDcies of plnnts that nrc 
pnrticularly sensitive !;o it. 

When boron is highly defLCient, the younger leaves and growing 
points of plants are usually affected first. 'l'he apices may clie hack, 
or the terminal buds, if not killed, may become dormant. This may 
be followed by the development of numerous brnllches \\llich in turn 
may mnke only limited growth, As is illustrated in plate 1, the leayefl 
of boron-deficient gmpes ILre reduced in size and become irregularly 
chlorotic, with the s~lbsequent development of smull areas of cleud 
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tissue 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 nnd in irregull1rities in the sbape of the leaves. 
In citrus plants, ns WitS first shown by Haas (16). the leaf veins become 
conspicuous and split open IUld there is a subsequent protrusion of 
corky tissue. In the writer's experiments, the apical portions of the 
roots are often enlarged ancl stubby aud fail to elongnte normall)·. 
Sommer nnd Sorokin (31) have shown thn t boron deficiency in o~her 
plants r.esults in a deforme<i or lacking root cap and in a marked 
hy~erplasi~ of the st~rome and It hypertrophy of the surrouI1din~ 
penblem tIssue. Warmgton (40) found the cells of the cambinm to be 
adversely affected, this condition being followed by degeneration and 
disintegration of surrounding tissue. A nmnber of investigators (7, 
20, 25, 26, 36, 39), have demonstrated tlu1t variolls plants require 
boron and have described the plant read.ions when the supplY WflS 
deficient. -

The symptoms of boron deficiency n(>n.r!y n.lways mnke their appear­
ance only when the n.vailnble boron is ('onsiciel'nbly b(>low the concen­
tration required for the best growth of tIl(' plants. ]n other words, 
the Itbsence of deficiency symptoms dol'S not proyide evidenc(> thnt 
the plant is obtaining as much boron us might lw. used benefic.iallv. 
Some pln.ntsdevelop deficiency symptoms only when specinl precnll­
tions have been tnken to reduce the boron supply to f~ minimum by 
the use of boron-free culture vessels nnd repnrified chemicnls. 

:~t mny be recn.llccl thnt during and following the 'World Will' boron 
toxicity became It problem of economic eOllecrn in certnin EnstNn and 
Southern States u.s fi. result of the usc of fertilizers contnining borax us 
fLn impurity. Investigations of bornx injury resulting from fertilizers, 
by the United States Department of Agriculture and a number of 
State experiment stations (8, 28, 34), showed that injurious effects 
sometimes followed field nppliclltions of the equivnlent of 10 pounds 
or less of anhydrous bornx per Ilcre. Smaller n.pp1i(,Il.tions did not 
generally result in notH hIe 01' clem'-cut increases in yield. The lack 
of evidence of beneficinl resuHs from smaJ]el' npplicutions does not, 
however, warrant the conelusion thnt the Uf;C of born x as a· fertilizer, 
on particular soils or for pnrticulnr crops, might not be profitnhle. 
In the experiments just mentioned the borax wns n.pplied in or broad­
cast iI.bove the drill rows lit or nenr the time of planting, and borax 
thus concentrated in restricted portions of the root zone would be 
expected to produce injurious ratlll'r thnn beneficinl results unt.il it 
had become morc uniformly distributed through the soil. C(>rtn.in 
crops, such ns figs, cotton, grapes, ulfnHa, beets, and asparagos in Ute 
experiments at Riverside, Cali!., by the BUl'enl.l of Plant Industry, 
have shown definite requirements for boron in excess of conccntrntions 
ordinarily designnted ns trnces. 

CHAItACTEIUSTlCS ot' HOltON INJURY 

The toxic effect of boron on plants wns obsen-ed and recorded flS 

early us 1876 by Peligot (29), who mentions that the lcnyes of beaDS 
yellowed Imd fell from plants prematurely. HoUer (19), in 1890, 
called nttention to the spott.ing nnd yellowing of leaves caused by 
boron. Subsequant investigations by AguIllon (1), Brenchley (6), 
Haselhoff (17), "\Y nrington (39) J Collings' (11), lind others have lin 

http:C(>rtn.in
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demonstrated the highly toxic etW.ructer of the element to many species 
of plants au.d have added to the fund of knowledge on the subject. 

. The injury produced by boron, as contrasted with the injury pro­
duced by otheL' substn,nccs, is distinctive in ii's effects upon plant 
folin,ge. The typicl1l boron symptoms are at once striking ana in 
many cases clearly distinguishable from those nor111nl to maturation 
processes or resulting from exc~~sses of other elements of the soil solu­
tion. The ffl.Ct that an excessive nmount of ooron in the soil solution 
is indicated by leaf c1u1.racteristics of numerous plt1nts, particularly 
during the late summer and autumn, makes it possible to Hrrive at 
fairly accurate conclusions concerning such occurrence in advance of 
chemical aanlyses of the soil; the il'l'igation water, or plaut foliage. 
Wherever doorynrd pli1nts nre grown, the indications afforded by their 
foliage are 11. gren t nid in the locntion of the geneml boundaries of 
boron-contaminated ureas i and if the boron originates in water from 
wells, plant symptoms are fm nid in the selection of samples for the 
determination of the water sources or stmtl1. most hCiwily imprcgnated. 
Th.e presence of boron in toxic conccntmtions in certain areas of the 
San Joaquin Vnllcy WilS originnUy discovered by n0ting plant symp­
tOI'ns. The fact tlUtt these symptoms are absent in extensive areas of 
the Snn Joaquin Valley has made Ullnecessn,ry the collection, in such 
sections, of other than occasional snmples of waters which hnve veri­
fied the plant evidence. 

There is a tendency for plants to concBntrnte boron ia their leaves, 
and these organs are typically the Jirst to exhibit its injurious effects. 
Some variability is shown by different plants, in the chn.racter of both 
the initinl and the lt1.ter symptoms; but usunlly the apical mu,.!'gins of 
the leaves Jirst tl11'n yellow, and the yellowing then extends between 
the lateral veins tOWILl'll the midveins. The chlorophyll of tissue 
towards the center and base of the leaveG and adjncent to the veins is 
usually retained until the-leaves hnve dropped from the plants. Areas 
of de!ld tissue develop as yellowing progresses. In some plants the 
dend tissue is cOllJined to the margins of the leaves, while in others, 
such as wnlnut, sycalnore, cotton, and bean, dead spots develop be­
tween the lateral veins either with 01' without notable yellowing in 
advance. 'l'hese dead arMs are lnrgest ~1.nd may coalesce near the 
periphery of the lOiLf (pIs. 1 nnd 2). 

In citrus and SOllle other plfluts the injurious efl'ects of boron do not 
lIUl,ke their appeamllce until the lC!wes IULve approached. or attained 
full size, and the configuration of snch leaves is therefore not changed. 
The injury to some other plants, such as grapes, tomntoes, beets, per­
simmons, and beans, may become flppn,rellt while the leaves are young. 
Such leaves do not n,ttaln a normn,l size, and, either with or without 
marked yellowing and drying, they sometimes become cupped owing 
to a cessation of lllarginal growth in n,dvance of thnt of the more cen­
trn,l portions. The older leaves aro llsunlly the first to show injury, 
and they abscise sooner than leaves of similar age on uninjured plants. 
Some of the vitriations of the form of injury to gmpes are shown in 
group 0 of plate 1. 'rho leaf on the left shows the COlllmon marginal 
injury with dark, discolored lLreas between the len.f veins. The young 
leaf in the center, which was s}Jread out for the photogmph, was 
deeply cupped, whereas the leiLf n t the right showed both cupping and 
marginnl injury. .All these leaves were taken from the same plant 
011 the Slime dtly. 



Tech. Bul. No. 448. U.s. Dept. of Agriculture PLATE: 1 

t,tho A. H:CtI & Co .. toe 

LEAVES OF SULTANINA (THOMPSON SEE:DLESS) GRAPES FROM RUBIDOUX 
EXPERIMENT 11 (19301. GROWN IN SAND SUFPLIED WIl"H NUTRIENT 
SOLUTION. 

A, Tl\)ron-{\(·n~I"Il~Y g~'lnptolllg In k:w~' (rom Ilbll15 ,nllll1i~'1 with ,olnlion h!\\'in~ O.051'.]l.m. of 
horon derlwd [rom HIlf)lIrilil·.; Ii, lIorrn"III'u\'r~ [mill phul~ hlll'PII\'u wtlh 'Ohltllll1l'olllnlnlu): 
I P.p.lII. o[ horol1; G, in!lIrl'c11NI\'r, {rom n "I[llll sU"pJI(·,1 111111 .<VlllllOIl rUllI'lillltll; it p.P.tn. of 
boron. 



Tech. Bul. 448. U.S. Dept. of Ag,icultll'. PLATE 2 


LEAVES OF PERSIAN iENGl.,.lSHI WALNUT SHOWING Type; OF' BORON INJURY 

TYPICAL OF THIS PLANT AND MANY OTHEI1S. 




Tech. Bul. 448. U.S. Dept. or Agriculture PLATE 3 


BRANCH OF AN APRICOT Tr~EE SEVERELY INJlJRLD BY BORON 

:\:olt1 {llllan!t'd WItJ£' .... 'w.] t:IUHIIIlU~ 



T.el.. 13ul, 448, U.S. Dept. of A~ricullurc PLATE 4 

TWIGS FROM A PHUNE T HEE lNJLJf~ED BY BOHON. 

The ~lltumilt~ ;.tnd (.'I1tHl'I:.t\·d I1nth,s or thl l t\l.i}! uJI tlw Il~ht .n"\' III hi' IlOtt'd, Tllt\ hurk h,l'- hpt"ln fP1I10y\.tl 
r,.olll I fir. ofllf'l' I\,·IU" til ""tum rlil' 1'\I'j''''1\ P J,.'J'I!\\ J It of" 111111 n' Ihi' "iIIll\~. 
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Cerenls and othol' monocotyledonous plants show pronounced 
abp.~":.'malities when supplied with toxic concentrations of boron, but 
the symptoms, unless they are severe, cannot be differentiated with 
cCl'tamty from ~ffects attri~utable to other causes, such as salt and 
normal 1ttatUi'lLtlOn. The tIPS of these leaves turn yellow or brown 
and die back, and ill corn the older 1ear blades mtLy develop yellow 
stripes. Barley leaves not uncommonly develop yellow and dead 
spots back of t·he burned areas. The tips of onions likewise burn, as 
do those of some other plants grown from bulbs. Gladiolus and 
palms show similar symptoms. 

The stone fruits, as well as apples and pears, n.re sensitive to boron, 
but these plants do not develop in other than exceptional cases the 
trpe of symptoms that in many plants is so nearly specific. Not only 
I1I'e the charactel'istic leaf marldngs commonly absent, but repeated 
analyses have consistently sbown the boron content of the leaves to 
be much lower than the concentrations that are buiJ t up in the leaves 
of such piants as walnuts and lemons. 

Prunes and apricots under high-bomn conditions sometimes develop 
growth abnormalities which, while not, as specific as is the typical 
boron leaf injury, are nevertheless highly indicative and when taken 
together provide a faidy reliable basis for field diagnosis. The most 
outstanding of these characteristics is a peculiar enlargement of the 
bark of the smaller branches just below the nodes (pI. 3). The wood 
fit the nodes is likewiRe found to be enla1'ged when the bark is scraped 
away (pI. 4). Accompanying this hypertrophy at the nodes there is 
commonly an extrusion of gum above the axes of the twigs and leaves. 
Both with and without these symptoms the tips of ~wigs often die 
back, and not infrequent.1y the termInal leaves, instead of attltining 
normal size, remain smaH and often cupped, and some of them may 
abscise leaving v.want nodes. Another effect of boron, which has 
bl'cl1 soon in young prunes, is u. tendency for the tips of the main stem 
find important branches to becomo enlargod by t·he formation of many 
closely set and poorly developed scale-bearing nodes. Late in the 
season short and similarly multiple-budded branches lllay be pushed 
out i'rom these. Boron-affected apricot, and to a lesser extent prune, 
orchards present the general aspect of being wilted, owing to a ten­
dency for the leo.ves to droop. The leaves of these trees thicken con­
~iderably when injUl'ed and, if folded and pressed lightly between the 
thumb n.nd forefinger, tend to crack open at the fold. 

S.vmptoms adequate for the field din,gnosis of boron injury of 
peaches have not as yet been found, but in experimental cultures and 
in a few cases of advanced field injury a tUdency 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 the bark 
injury encircles the twig and causes deat.h of the growth above. 
When injury is sufIiciontly se\rere in peaches 'he leaves may die irreg­
ularly along a narrow margin with an acc( .npanying or preceding 
cupping of the leaf. The ~realdng of the restrict.ed margins gives 
such leaves a ragged appearance. 

S.mIptoms on pear and apple adequate for field diagnosis are not 
known. 

In all of the stone fruits gro,\...-th is depressed by boron concentra­
tions below those required for the development of clearly defined 
sympt()ms. 

http:restrict.ed
http:infrequent.1y


8 'rECHNICAL BULLETIN 448, U. S. DEPT. OF AGRICULTURE 

Smith and Thomas (35) designate ns exnnthemn a growth abnor­
mality of pruncsncn£ Santn Cruz, which was remedied by applications 
of COppet· sulphntc. Enlal'ged nodes not wholly unlike those here 
illustl'l1ted were among the symptoms, but the genernl nspect. of the 
affected trees wus ,-ery differen t from thn t produced by boron. 

RELATIVE TOLERANCE 0.' CROPS 

A wide vm1nbility exists in respect to the amount of boron that 
different crop plants llre able to withstand, and, as was previously 
noted, some are bonefited by boron concentl'fl.tions high enough to 
injure the moro sensitive plnnts, A lru'ge body of information on 
compal'fltive plant tolerance is now at hand at the Rubidoux Labor­
atory, A detailed presentation of these datil, cannot be Ilttempted in 
this bullctin, but it is nevertheless desirable that the subject should 
be dealt with briefly, An il'l'igation water relatively high in boron 
may sometimes be used profitably for tolerant crops and be entirely 
unsuited for crops that nre sensitive. In fllCt, farmers using wutel' 
high in boron hllye in some instn.nces found, by trin.! Ilnd errol' nJld 
without knowledge of the cnus!', that em'tuin crops werl' more suitnble 
to their pnrticulnr conditions t.han others, 

In undertaking to determine ill n. cllreful \Vn,), the boron req1lire­
ment.s and the rela,tive boron tolernnces of sOl\1e of the morc common 
field, garden, lind dooryard pll1.nts, it wus considered essential thut 
the methods employed should nssme the greatest compttrnbility ill 
the conditions under which the t()st plants were grown. Soils n.rc Bot 
onl.r capable of n bsorbillg bOl'on saIts or rendering them pn.rtinlly 
insoluble, but under field conditions soils nrc notn,bly YUl'inule, not. 
only from pluco to plnee but in their different horizons. :For these 
reasons pure qnnrtz snnd was used in place of soil in this expcl'imentlll 
work. The sund wus plnced in Inrge metal beds (13) so urrunged that 
it could be flooded nnd dJ'uined daily with solutions containing nIl 
essentinl plunt-food elements, and for the several beds different ('on­
centrations of boro11. The used solutions wcre replaced by new solu­
tions at frequent inh'l'Ynls, und a portion of the transpil'ution loss 
was mnde up dnily by adding watel' to the nutrient solution to muin­
tain the initial bOI'on concont.mtions, These procedures insured thnt 
nU plant varieties grown toget.hm' in any bed wcro subjeeted to like 
conditions with respect to the boron content of the nutrient solution 
wit.h whieh they were supplied and thn t the desired boron C011('('n­
trltt.ions wero mnintnined in the diffel'ent beds, 'J'he nutrient solution 
employed is one thnt supports It yigorous yegetntive ~l'owth wlwn 
boron is applied in suHicicn t bu t low con con tl'n tions, TIllS expPl'im(\11 t 
will bo subseql1pnt.l~T J'efe1'J'ed t.o ns "experiment 11." 

Certuin plnnt.s 1111\'(\ been found. to be pnl'ticulnl'ly sensitiY(' to 
boron, some to be semitolcrnut" n.nd others to be highly tolerant (table 
I), The plants that withstnud only relatively low boron concentra­
tions hnve bccn designnted in this table as sensitive, those that show 
only n small or moderate decrease in growth nt reln.th·ely high C011­

centrn.tionR flS tolerllnt, lind intCl'luedillte plants ns semitolerunt, 
This division of plants into three groups serves the purpose of eon­
yenience in cln.ssifying plant.s l but between t.he groups there is no 
shnrp line of dC1l111 rc!\,tion , and frequently uncertninty exists as to 
whether !\ plant ShOlJld be plnced nen1' t,lw bottom of one gl'oup OJ' 

http:plant.sl
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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, whGreas in other 
Oi!1'Ies the differences were too small or the data insufficient for final 
conclusions. The continuation of this work will add new plants to 
the list and will undQubtedly result in certain rearrangements in the 
order. 

TABLE 1.-1'oleralICe oj uar-iolls cultivated plants to bora/I, Rubidoux Laboratory, 
experiment 11 

[fn elleh group tho plnnts first lllllncd nrc considered ns being lIlore sClIsitil'e and the Inst lllllllcdmore 
tolemn!) 

Sensiti,'C Semitolerflnt TolerlUlt 

--- ~- ~~··-,-----~-l--------I-----------

Lelllr)!!. ..•••.. """""'~""'" LilllllllClIlI................ Carrot. 
Grnne(rtJiL ...... ~~ _~~ ..... ~•• "' •• ~ ................. Sweelpotnto ... __ ..... ~ ... __ ..... LeUuce. 

llYOelltln ............................ Tlell peppeL .............. ('nhbn~l·.

Ortlnge..............., ....... ' ..... Tomllto..... , ............. 'l'urllip.

'1hornlcss blllrkhcrrl·...............1l'Uh.jJkill.... ............ Onion. 

Apricot. .. ~ .. _~_~_ ... ~ .. ~_~._" _... _~ __ .. ' ~illuja_ ... ____ ~.~_~M_~~ ......... f Bron~J hOlLU. 

P08ch.......................... .j Oat....................... r OllldlOlus. 

Cherry......... , .................... :\liln ....................... \ Altllllll. 

Pers!tullll)1l ........................ Corn ..................... OllnlcII heel. 

KBdo11l tl/:......... .......... ..... \\"Iwllt ...................1Mllm:c\. 

Omp0 (Sultllulllll II"\(I :\I!llll~u)..... Bnrlc), .................... i'uJ(lIr lmot. 

•\ppla...................... ~....... Olil·c...................... J'nhn (Phomir canarien.i.).

Pellr............................... HlIg~ell I{ohln rog~........ , Dllte pllim (J'hDtlIix dactvli!tTa). 

Plum.............................. Field/,en .................1.\S!'Ura~lls . 

• ,\medclln 111m ...................... Hadls I... .. .... "'''1 .\llcl (Talllarix IlJ>hVlff/) • 

.Nll\·yhenn~.~ .. ~_ ... ___ .~_ .. ~ ________ , SwelJt pen .... ~_*.~ .. _~ ___ ! 
Jerus.llem IIrU"hOKIl ................ , 1'1""1('11(1011.... ... \ 

Persillo (~;"gllsh) wulnut.......... 1 Amlll t·nItIllL ............1 

Rinck "'"luut................... .~ I'ollllo.. . .. ...1 

Perllll... .. ....................... : :>Ulltlowl'r (1IIItil·C) ........l 


Climatic conditions have nn 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 gnrden vegetables 
and cover-erop 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 are also differences in the reactions of plants to toxic con­
centrations of boron. Walnuts, for example, show mild late-season 
leaf injury at boron concentrations so low that a question may prop­
erly exist as to whether there is actually a.1 aSSOCIated injury to the 
plant as a whole, and yet walnuts survive in higher eOllcentrations 
than the stone fruits. 

The only fig tested as yet has been the Kadota. :Mission figs have 
been observcQ to grow WIder field conditions in situations where 
some of the semitolerant plnnts showed severe injury. It now seems 
probable that some of the other varieties of figs arc considerably more 
tolerant than the Kadota. 

OCCUltRENCE OF BORON IN PLANTS 

AgulllOn's review (1) of the early literature on the occurrence of 
boron in plants records an identification of this element as early as 
1857 in the seeds of a Primula. The next reference to similar work is 
recorded for t.he 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 jn the ash of 27 plant species distributed through 15 
families, including annual and perennial Angiosperms, Gymnosperms, 
Cryptogams, and marine a.lgae. His vaIues, when exprl'ssed as boron 
in the dry plant material, show a range of from i to 14 p.p.m. of 
boron, respectively, in the stems and leaves of fir trees to 79 p.p.m. 
in the leaves of figs. Fucus from the English Channel contained 168 
p.p.m. of boron. Agulhon conducted a number of plant experiments 
both with nutrient solutions and in the field, but in only one instance 
did he report the effects of the ~reatments 011 the boron content of 
plants grown experimentally. As reported by Scofield and Wilcox 
(33), the boron content of lea.fsamples of citrus plants collected in 
Florida ranged from 31 to 161 p.p.m. and at Silver Hill, Ala.., from 
55 to 132. Lea,yes of post oak, sassaJras, and wild grape from Maryland 
contained 35,59, and 51 p.p.Ill. of boron, respectiwly. A range from 
61 to 177 p.p.m. was found in the boron content of 6 samples of citrus 
leaves from the vaUey of the lower Rio Grande at Weslaco, Tex. 
The results taken collectively constitute evidence that boron at leust 
in small amounts is widely distributed and is probably a constitul'nt 
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 conten'~ of the mature leaycs 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 i concentrations 
between 300 and 500 p.p.m. are of uncm·tain 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 en COUl1­
tered a number of times. Notwithstanding the lack of outstanding 
difference in the extent of. boron accumulation in t,he different 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 CuIifornia have bel'n 
associated with irrigation waters also relatively high in boron. 

A marked diversity exists in the extent to which different plants 
grown under comparable conditions accumulnte boron in their 
foliage. A few plnnts are known that nccumulate more boron than 
the lemon and the walnut, but there nre many thnt accumulate less. 
As an illustration of this diversity, reference is made to table 2, in 
which are listed the boron contents of u, series of leaves collected 
from a 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, having a 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 
Dot presented for the purpose of drawing conclusions as to the relative 
tolerance of the different trees, since factors in addition to boron in 
~ll 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; nlso certain of them 
muy have been younger than others us a result of rcplanting. 
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TABLE 2.-Boron content of leaves in a. mixed orchard planting in western Fresno 
Count,y, Calif. 

[Sampl~s collected Sept. I, 1931. Doran expres~ed in parts p"r million on dry-weight bOl'is] 

---.-.----~--.---------.-----
Sample Bor.HI 'SAmple Boron 

DU. . ('ontl.'nt flo. ('ontent 

~ Purlt ptr P",/8 pcrI' 

million lilli/ion 
10511 : Lemon. nn!! Ion•. Loquat 60 
1000 I Peoch_" 1:12 lOHS Plum, _ .. 
1001 I Persimmon. (II!! 100!! ' ~ectnl'inc. 143 
1062 I Cherry,. 119 lOiO ~ "I,ple•.• 86 
10031 Quince. ,_ 10.1 . A mon<i _ . 82 
1004 Grupe _ 10;2 ~ Pomegrnnnt(1 33.. !
1005 Fig••• ,_ Wi!!; 011\'(" ;7 
1006 Cottollwood 

The fact thtlt plants growing in or adjacent to the same plot of 
ground may yary to such a remarknble degl'ee in tilr rxtent to which 
they accumuln.te boron in their lenf tissues clearly indicates outstand­
ing physiological dift'erenecls which parallel in interest the outstanding 
differences in the tolerances that difl'rrellt plnnts show to high boron 
concentrn.tions. Lrmon trees grown in nutrient solutions containing 
G p.p.m. of boron hnye died, wlwreas alfalfn, nspflrng-us, and tamarix 
haye been grown in solutions with] 00 p.p.111. und certnin native pla,nts 
~lave been obsel'Ycd to grow in n soil WtltNed by a flowing well contn.in­
mg 161 p.p.Ill. of boron. 

Among the plant characteristics thn t might be ('xprcted to fall in 
the front rank of importance in the determination of tolerHnce are tbose 
g-oyerning either boron nbsorption by th(' plant flS n. whole or the 
nccumuln,tion of boron in particular organs. Evid(,J1cC is at hnnd 
which suffices to show that thr relationships in this l'('gard nre not 
simple, and no grneml criteria are known upon wllich t,o judge the 
toleranc~ of n plant yariety other than by experimentnl t('sts and field 
observatIOns. 

In table 1 there \\'n5 prrsented n list of plnnts alT:mged in what is 
believed tt) represent the order of their r(,ln,tive tolrnmc('s. :Many of 
t11ese plants hnv(' been grown in the sand beds for more than one 
senson. During differ('nt sensons the rellLtiYe tol(,l'flnces linn bren 
found to be essentially the same whell reasonable allowances are mnde 
for the variability that must necessarily nccompnny small populations 
and differences in season. Boron determina.tions have been mnde on 
all these plants, sometimes on composite samples of entire plants, 
sometimes on the roots, stems, lea yes, and grain, and sometimes on 
the leavrs only. Owing to climatic fnctors, the time of harvest, or 
the stnge of growth at which the plants were harvested, the boron 
content of each variety has been found to vary to a modernte extent 
in the different plnntings. Leaving the detailed discussion of t.hese 
eft'ects to another time, it is of interest to examine, among diO'erent 
plants, the extent of the relationship between boron tolerances and 
the boron concentrations built up by plants in their tissues. For the 
purpose of illustrating what hns been fonnd, a list of represen tati \'e 
plants selected from experiment 11 are presented in titblc 3 in the order 
of their tolerance of boron. The plants in this rxperiment were all 
planted in a series of culture solution concentrntions rnnging from "0 
boron" 3 to 25 p.p.m., but only tIle boron concentrntiOlls found in the 
pln,nts of the 5 p.p.1l1. cultures are shown here. 

http:contn.in
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T.-I.BLE 3.-Boron content of pl(l.nl.~ grown in s(Jnd culture supplied with nutrient 
solution containing 5 71./1,111. of boron, Rubidoux Laboratory, eX7JI~rime/lt 11 

[Borou In plants cxpressedln parIs pcr million 011 dry·weight bWlIs] 

SF.XSITIyg l'T,.\)l''l'S

:i 1" ~··-·---~-----~~i~8~J-----"-;:~~'--
'~~rg.n Ii sgr.;' \_. __._ I'lo.l~ .. , __ ._.._:~~~n 

pIe 1--··--_······ 
no, I VllrieL\' , l'orll,m lent :1 no.. \·nriet~· l'ortlou I tent

! • ! 1
--!---'_.-- ... .-'" -_.. -- -------~'I'.fl."I.

/' ".111. :: , " 
13381 LCIllOIl•••••••••.• ,r.en\·c~ ... ", .,. 1.T.I~ I, 974 Sultnnirla ~nlJ1c •• 1.c:I\·"$ .••••• ,••• ' 1.046 

J~~ 'I'XYo~~cio:::::: . t~~~~!~,tl~I~~~I~: .i~~ It j~~ ~J::;I:'.. :.::::':::::::j~::::::::::i l~ 
II2\) mnckb~rry...........tlll.......... ,1';" ~17 1'11111) ..............110 .••• __ ._ • .: 92 

487 Apricot............. .<11.1 •.••.•• .1 !III, 11117 Amerkan elllJ •.•• , __•••(!rl ••.••••••• , 94:1 

820 I (,hc~ry __ ............. 1111. •••••. \ll~~· ~~: .....doi'·"'''''· Slem. __ . • .... ur~ 

484 ll'crs 111111011..........tlo.. ..... • 722 XII\'Y )C'UJ • "mIre•..••••• , 

805 1Kudotn 01(...........do, •.•• ,.... ' .._.. _~. 


rJ.]).m. ~P.P*Tn. 
7;'5 I",iuu\ bl'nn. ~ ... ~ I~IlLirc .•. a .. ,iff, 9lfi l!ng~l'd H 0 IJ i 1I 'Lt't\\·es ... ., ... _____ , 220 
3;\1 : 1'01111110... • ..•• __ 110 •• lfi!l ros('. 
2f>8 : PUlllpkin •.• • ...•<10..... • !.'HI u~'O '....110. __ ••.•.•• 
36{1 . SweelpOlllt(l ...... 'J'(lp~......... .. ~IS fiZH: Fil!ld IH.'a .... ~ ~_._ ~~l~~ii~·.-:::::::=:~ !.& 
:115 ' j\llIo.. ..... 'l'oP~ IUIlI roots. 1II~ Lrll\'~IL.... _•••••1 520 
3~'O ,....do.... H"nd;........ .. :!2 .~I~:.:.~~\·~~lt~/J~~\:_ .w._ ~;lItire..........: 210I 

325: COrtL. _**.. .. ~_ '1;01).5 I\nti rl)()L~~ 1\11 H5ti Al'ala ('OaHU _ "_ I.m\\'cs.......... :11*\
j 

3:10 ,....do.... . . ('mill .......... . Hi (102 ' ••• do..... ' •.• ~le1Jls (lUU roots 32 

3S1/ Whelll.••.••. __ EnUru. ,15a I .i2<J ' ••• _.dll !·:ntire.......... JI~/);' 


~41-5/ ::405 ' l!llrl~)'................do. IhlS ' 1'0t"lo . [ops............ • 
U77 Olivt! •• LCIl\'cs - ~ : 

TOLgltAXT I'T,AN1'f; 

I 
P"Il.m. : jP.p.rn.

rl80 r CllrrllL. Entire, ..... ". 6\1 a74 , O"J(linl\J~." ..... ' Tops.......... ,[ 253 
12:{3 ' .. ~_ ... d(L .. .,~~*.~ .... J....eJ\vc-:- .. __ ~_~. 12·1 :15.1 I AIrIlIrIl· .... ······ll~lItirc........._' 139 

6lB I 1."lluce......... Enlire .. __.... . !.!f1I n!;O ; (l,mlen heot......' __ •• _do••__ ...... , IH 

350 I (·"hl/ll~l'•••.••••:•••••tlo ......... , 112 jn, Sug"rl)l'eL~. ___ . l ..(·n\·c~.~_~ ...... ~. 177 

f>(i4 'I·urnip................dn... . .. 2·15 76:1 .....do ..........: Hoots •••••..•.•• ' 2S 


HOS Onlon ........ __ • '[·ops...... . 242 " :J1j4 : .\slmrnI!U~'''_4.''.~' "~ntire_ ..... ,.~~ ... t 120 
120~ " ••• \10 ........ ' l\uI1>5,. _ l\l5 ~};·)H t Pnlm.. . .. ., . .,.. Pinnae. :!i9 
524 IIr0811 !Jclln ••••• l'nlirr! ...... ~H 

It is clIstomnry iII the field to selcet for boron detcrllliuutions only 
lllature Jell-Yes, wht'I'l'lIs in tnhle :~ whel'l~ the boron rOll tent of leaves 
is given tile sflmplt, rcp"PS(,Ilts 1111 IeUYCS, both young und old, on the 
plunts nt the timt' of h:11'Y('St. Boron \'olH'cntI'lltions 11SlHllly in­
('rcuse in lellves :IS tiH'Y gl'Ow oldcr, bll t. the boron COl1ecntrn tions in 
entire plants tnk('Il frolll tilt' SHll\\' ('rops fit diffcrent stngcs of maturity 
nmy cith('r il1cJ'(,us(' OJ' dN'I"l'IIS(' liS tIl(' plant becomes older. This 
is so since ti\(' woody parts of til(' plunt ns well ns the roots, seed, und 
fruit, \\'hieh conblin lIluch It';;;; hOl'on thlln th(' le/LyeS, constitute 
larger proportions of th(' w('i~h t of old plllnts than of young Olles. 

Tnbl(' 3 indientes 11 strong t('ndCIHT for the boron-sPllsitiv(' plants 
tl) nceull1ulnh' more horoll iII their Jetl\"cs thnn those of either the 
sl'nlitoleJ'llut or the tolemll t group. 'I'll(' StUlle tendency applies 
in comparisons betwc('u the boron content of entire plnnts in the two 
latter groups. The ('x('('ptiOIlS to this tcndconcy, howeyer, Ill'c. too 
llUlllt'I'OUS und some lire of too gl'(':tt mngllitlldc to proyid(' 011 this 
single bnsis It p'l'Jll"'1I1 01' ndequllt(' t'xpifulILtioIl for tolerance. Some 
of thc' notuble' ('xcep(ions to th(' t('ndency Ill'(, among tIll' sensitive 
plnnts, Apples, jH'flJ'S, fllld tlH' ;:;tone fruits 11I'(' found to hn\"(~ 
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relatively little boron in their leaves, whereas leaves of the lemon, 
blackber,y, fig, grape, und elm are high in boron. In the semi­
tolerant group the liml1 bean has more than twice as much boron as 
the sweetpotato, and yet their tolerances are considered us being 
approA1.mately the Sl1me. 0; the cereals, milo und corn have much 
less boron than wheut and barley, but t.hey withstand I1pproximately 
the same boron concentrat.ions. The leaves of cotton lutve about 40 
percent more boron at this concentration than do leaves of either 
the olive or the Ragged Robin rose, 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 previously mentioned, 
that boron is not uniformly 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 IClwes, which varied 
in nge from young to those ready to abscise, I1nd only 5.4 p.p.m. 
in the trunk, stems, I1nd roots. Similarly, young elms had 943 
p.p.m. in the leaves, 22 p.p.1U. in the main stem l1ud bmnches, and 18 
p.p.m. in the roots. Sugar beets hl1d Iii p.p.Ill. in the leaves nnd 28 
p.p.m. in the fleshy roots. 

The uneven distribution of boron throughout tile plant does not 
stop with particular parts or organs, but is carried to the different 
portions of the same organ. In describing boron symptoms it was 
observed for some plants 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 buse 
of the leaf and inward toward the midvein, the veins and the tissue 
adjacent to them remaining green for a longer time. As injury 
becomes pronounced, some of the tissue first yellowed commonly 
dies, the dead tissue remaining in place as 11 pl1rt of the leaf. 

For the purpose of determining whether this pattern of inj ury 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 a boron-trel1ted Eurekn lemon tree nt the 
Rubidoux Laboratory. The different portions of the lel1ves cnumer­
nted were carefully separated with it scnlpel nnd dried for boron 
determinations. The boundary between the yel10w nnd green areas 
is infrequently sharp, and there was, the.refore, a little admixture of 
hoth in the yellow nnd green samples, but the whole of each leaf wus 
included in one or another of ellch of fOllr samples reported in table 4. 

TAlll,}] 4.-Boron content of several, 1)Orli(I1I.~ of .150 boron-injured Eureka lemon 
leaves 

:r.fI,l\'eins find petiules .••• ., •.•..••••.••_ ._........ . 

Green portions r_ ..... ~_ .... _ .. "' __ ;& .. ~ ..... ~~ '"~ .. ~_.~ __ .... _~ .. 
Yellowed jlortlouS .••.•.•.••• __ ... .. ..... 
J)~1U1 J)ortions oC npi(>('s awl IIlflr~ins•• 

~ "_~~_ 
. 

Wei~h(e'l meJ1U OCNtlir<' 1~llws •.•..••.•.••• n:m 
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,... The differences found in the boron content of the different leaf 
fractions are definite and of outstanding mfl,gnitude. They indicate 
an intimate relationship between the injury that had taken place and 
the boron concentrations in the corresponding tissues. 

The form in which boron occurs in the plant bas not been estab­
lished, and it is not known t,hat all of it is in solution. Presumably, 
however, it e~:ists in one or more of several reasonably soluble forms. 
Assuming that all the wn.ter ~ of these lea.ves acted as a solvent, (a 
significant; percentage of it does not) and that the boron was fLlJ in 
solution, the concentration of boron in the SfLl) of the yellow tissues 
where the chlorophyll had IfLrgely disappeared WitS about 800 p.p.Ill., 
and the concentration in the sap of the der.d tissue before death must 
have been about, 1,300 p.p.Ill. The latter corresponds to the concen­
tration of boron in a boric-acid solution 17.~ pcrcent sat.urated at 
20° C. 

The distribution of boron in the leaves of lemon shown ill table 4, 
conforming as it does with the pattern of injury, supports the view 
that boron is carried by the transpiration stream into the leaves, and 
that the movement of water tlu'ough the cells of the leaves with the 
trn.Rspiration stream tends to carry it to len.f tissues farthest removed 
from the water vessels of the len.f veins. The distribution of boron 
in the various pfLrts of the plfLnt, as shown by the boron content of 
seeds, fruit, and roots (note especially 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 products in plants of 
this class, but tends to remn.in and accumulate in. the leaf cells. The 
fact that tbe greatest injmy occurs to tissue at points of higbest boron 
concentration does not point to the formation 01' occurrence of appre­
ciable concentrations of nontoxic or insoluble forms of boron in the 
plant. Boron has nn affinity for certain sugars nnd polyhydric 
alcohols, and fL 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 the carbohydrates are known to combine to form esters, 
it is quite probable that similar compounds may form in the plant, 
but if such is the case they aTe not as extensively translocated as are 
the uncombined photosynthetic products. 

The distribution of boron in the stone fruits is quite different from 
that in the lemon, and the manner of injmy is likewise different. 
Boron does not fLCCllI11ulate in the leaves of these to the extent that 
it does in Hmny boron-scnsitiye plnnts, and, as has been stated, stone 
fruits rlu'cly deyclop leaf symptoms c.harn,ctcristic of boron injUl'Y. 
The stone fruits may, how eyer, develop growth abnormalities at 
their nodes (pIs. a and 4) in the form of hypertrophy of both 
the bark and the wood, or, us in peuches, the cortex lllfL.)' brenk down. 
For the purpose of determining 'whether this overgrowth of the cortex 
and of the wood at the nodes wns in any way associated with an 
uccul11ulntion of boron l1.t these points, the sepnratiolls of tissue shown 
in table 5 ,yere made for boron determinations. 

• According to rC5ulls privately comUlunic'ltcdby To'. 1'. Unlmn, of tho ClIlifornia .~griclllturul Experl· 
ment Stlltlon, lomon Icu\'os normally contain fli percent of molstnre In Docember. 
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TABLE 5.-DistribuNon of boron in prune and apricot twig.s collected near Hollister. 
Calif., October 16, 19a2, and, for comparison, boron in lemon twigs collec/cd/roln 
boron-trellteel trees at Riverside, CaUf., January 22, 1938 

[Ooron expressed in purts pcr mill,on on dry·weight busis] 

Doron content 

"ample 
 StH!cies tlud condit ionno. 

LeUI'cS I Ijark , Wood 

1'.1'.111. 1·-~I~p.Jl.IIl.
1119-1121.. Prune,lniurl',L ......................................... liG I -112 J;1 
1125-1127•• Prune, uninJure<l ....................................... :13: 30: "11 
1122-112·1 .. Apricot, injured ........................................ ~2 . 200 I 82~t ,., "3 
1533-1.';:15.. Loman, slightl;- inlured ............................... . 4W, ~ 9 
10i6-lOi8•• Aprioot,lIl1iniured ................................... .. 0- I 3" -. 


Table 5 shows boron to have accumuln.ted in the bark I),lld to a lesser 
extent in the wood of inj med prune and apricot twigs and to be rela­
tiyely low in the same tissues of unaffected twigs. Boron did not 
accumulate in the twigs and cortex of inj ured lemon trees. Twigs col:" 
lected from other boron-injured prune trees in the same orchard in 
January had 388 p.p.m. of boron in the buds, 244 p.p.m. in the bark 
adjacent to the buds, 136 and 133 p.p.m., respectively, in the outer 
and inner bark of the internodes, and 46 p.p.m. in the wood. The 
buds from twigs of injured pears contained 183 p.p.m. of boron, the 
adjacent bark 1-13 p.p.m., the internode cortex 139 p.p.m., and the 
wood 122 p.p.m. The results provide a means of accouuting for the 
high tOA-icity of boron to stone fruits in the absence of abnormal leaf 
characteristics. Studies of the nature of associated anatomical 
abnormalides are now in progl·ess. The overgrowth at the nodes has 
clearly indictl.ted their existence, ttS does the large ttmount of gum 
extruded. An examination of the extruded gum for boron showed very 
low concentrations. 

'fhe 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, ttnd one section of the 
orchard httd been pulled out. Prior to 1931 the orchard was irrigated 
principally from a well, and 0. bailed sample from it contained, in 
September 1931,3.98 p.p.Ill. of boron. During 1931 fl, new well carry­
ing in excess of 15 p.p.m. was used. The conclusion that boron might 
be the cause of the disorder was 11rl'iYed at by W. R Schoonover, of 
the Califomia station, on the basis of the appettrance of adjacent 
walnuts. Leaves of these walnuts collected by him in August 1931 
contained 1,033 p.p.m. of boron, some of the walnut tl'ees were dying, 
and the others were in poor condition. 

TOXICITY 0.' BORON 

In the preceding sections it has not been directly shown that as the 
boron 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 f?rowth of the plant. 
Both of these effects are illustrated in table G WIth data taken from 
experiment 11, previously described: 

http:1931,3.98
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TABLE 6.-Growth and boron content ()J plants in sand beds supplied wilh nutrient 

solutions, experiment 11 

DRY WEra'a'!' OF ENTlR1<~ PL.Ul'1'S 
-----:------------.-----------.~-.---

Grown with n: 'trient solution contuinlng boronI of indicnted concentration (p.p.m.) 

__PI_an_t__II-=d~l_g~:' ~r part of plant ~O" I_I_I! _5J_JO_l_~_I_~_ 
Orama Gram., Ora mit Gram" (JrafTI~ GraTfJ~ 

.dnl&;;~ ~rnpe 1_ Apr. 19 to Nov. 14,1930_____________ 140 3i9 i4 18 15 ______ __
Kadotal1g : ____ Apr. 2 to Nov. 12, 1930 ___ ••_________ lOY 456 138 10 _____________ • __ 
Dwad lilIJO. ____ May 22 to sept. 19, 1920 ____________ • 678 ________1 61i 419 394 204 
Acala cotton___ • June 5 to Dec. 9,1920____ • ______ .____ 114 _.______ 149 Iii 153 S3 
Sugat heeL. ___ .~pr. 22 to Sopt. 8, :,930._••_____ •• ___ i5 390 444 aiS 434 37U 
Palm , ____ .__ __ May 1920 to Nov. lD:!O__.____________ l~O ________ 382 42() 402 401 

BOROK CONTEN'r 0.],' INDICA'n:D PAH'r OF PI,AN'!' (ON DRY-WmOnT lIASI::;) 

---.-j--.----........ '---1;;"" p.p~;n.ip.I'~:.::;,.'"~·~;;::~ P.r·"', 

Malaga grnllC... Len\-cs.. __ •__________•••• ___________ 38 250 I 926 1,774 _______________ _ 
Kadota IIg___________6" .. _ ••••______________________ . 15 404 I 722 1.29fi • _____ ....____ __ 
Dwarf mllo_____ Less iuiads__________________________ Ii .. ______ 102 208 292 42ij
Acala cottOIl_... 1.05s seed cotton.......______ ...__ •.! 12 .._.____ 123 :112 31ll 53~ 
Sugar beet______ 'rops_...._••__ ••• __...._..____ ....._ 20 89 177 2fi2 304 ~U2 

Date palm __.... Plnna~ •• --..-- ...----.-.-..--~ •.~:.L_~:-~~~_~_~~_._ 959 1, U80 

'Froll! I-year-old rooted cuttln(:s pruned back. 
" I PhoenIX canarfeTl,i., 1928 seedlings. 

The culture solution designated as II 0 boron" 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 the apparatus and the qUIl,rtz sand, or that resulting from 
Iree exposure out of doors. Repeated analyses of the "0" culture 
solutions both before and after use showed that for the most part these 
solutions contained ttpproAimately 0.05 p.p.m. of boron. The con­
centration of boron in the solution supplying the other beds was 
maintained at or nellr the designated initial concentration by the 
daily addition of npproprinte quantities of wllter to the culture solu­
tion to offset the concentrating effects of trnnspiration ttnd evaporn­
tion. The l-p.p.m. <'one('ntmtion wns not included in the 1920 
experimen ts. 

All plants tested haye shown higher boron concentrntions in their 
tissues when the boron concentrlttion of the nutrient solution wus 
higher. The examples of table 6 nre taken to illustrate plants of con­
trasting boron requirements and boron tolerttnces. The optimum 
range for the Mnlngn. grape and the Kadota fig is narrow. Both 
respond to boroIl und both arc sensitive. Dwarf milo has not shown 
definite benefits from added boron, but t.he plant.s in the It 0" bed have 
tendecl to procluce a greater number of t.iIlers lute in the senson ancl to 
remllin green fi.fter the plants supplied with boron mntured. Acaln. 
cotton, both in the total weight of the plants ancl in the number of 
bolls produccd, hnd u. higher boron requirement for maximum growth 
thaIl any othcr plant as yet studied, but cotton plants werc injured by 
the 15- ancl25-p.p.m. concentrn.tions. Sugttr beets in the" 0" solution 
produccd undersized roots with zones of disintegmtNi tissue j the 
leaves were reduced in sizc, with.ln.rge arcns of the tissues broken clown, 
and judgcd by tnste there was little slIgn.!' present in the pulp. Thc.· 
leuves of sugar bects itL the highcr roncrntl'ntions ShOWN1 some 
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cupping and burning, but the yield WI1S not significfl,ntly reducerl. 
Like the sugar beet, alfalfa is benefited when some boron is added to 
the culture solution, and the growth is only moderately reduced at 
higher concentrations. The palm (Phoenix canariensis) was appar­
ently benefited by 5 p.p.m. of boron. The plant in the 2,5-p.p.Jl1. 
culture wa.s more compact and the pinnue were burned buck about 
2 inches, but no reduction in weight occurred. 

Nearly all of the annual crops hr.ve shown 11 retarded germination 
rate and reduced seedling vigor in the higher ('ollcentmtions of bor0n. 

BORON IN SOILS 

The relatively small number of boron determinations thn.t have 
been made on soils, whether irrigated or not, hl1vo in el1ch instl1nce 
shown boron to be present. In 11 few CRses in the San Joaquin Valley 
the analyses show thl1t the boron contuined in unirrigated soils has 
been sufficient to lutve an adverse effect upon crop growth or so high 
as to hasten the inju!'ious effects following irrigation with water high 
in boron. Notwithstanding evidence of the occasional OCClUTence of 
unirrigl1ted soils containing appreciable concentrations of soluble 
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 stich depression in yield 01' growth ns may be caused 
by boron i~ attributable for the most part t.o boron ellI'ried by the 
wilter I1pphed. 

Boron as found in soils does not Ilppelll' to be very soluble, find for 
that reason boron that hilS accumulated in the root zone is not us 
easily removed by leaching as are chlorides and soluble sulphates. 
Several lemon trees growing at the Uubidoux Laboratory at Uiverside
Calif., on a soil with a moisture equivalent of about 10 percent have 

t 

been irrigltted by the University of California in basins since March 
1926. During the period from Murch 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.m. in the water used (22). 
In 1934 these trees still show snme adverse effects of the treatment~ 
this notwithstanding continued irrigation in the baslli;;, subsequent 
to May 1927) with water containing less than 0.15 p.p.m. of boron. 

l'he behavior of boron, or more correctly of boron compounds, in 
soils constitutes an important problem. It is no longer difficult to 
determine accurately very small quantities of boron in aqueous solu­
tion, but each method of extmcting a series of test soils for such 
determinations has yielde,l different values which bear little relation 
one to another. Extrnctions wHh water at high temperatures yield 
several times as much boron as extractions at low temperntures, and 
variations of the water-soil ratio used for extraction give different 
results j ilIso, digestions with acid materially incrense the boron 
obtained. Almost from the beginning of the boron investign.tions it 
has been recognized thn.t an equilibrium exists between the undissolved 
boron in the soil nnd the boron ill the soil solution, and the need of 
suitable methods for the determination of potentially soluble boron 
in soils has been appreciated as essentiaI for !1 full understanding of 
the effects of boron ill irrigation waters. Irrigation waters of similar 
quality, for example, have been obsel'ved to produce varying degrees 
of injury on different soils, find the time eln,psing between the first 
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use of u. contaminated water and the first appearance of crop inj ury 
likewise varies with different soils. With heavy soils the onset of 
crop injury is apt to be retarded as compared with light soils. ~ot 
only do adverse effects usually become apparent sooner on light soils 
than on heavy soils, but when good water is substituted improvement 
is more rapid in the light soil. 

The relationship between the boron-fixing power of soils and their 
texture is only a general one. It is believed that the colloidal matter 
of soils is tho most active constituent, and heavy soils are usually 
hi~her in colloidal matter than light soils. The boroll-fixing power of 
4 ban Fernando Valley soils has recently been examined 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 percenta~e of moisture 
and set aside for 30 dllYS. Two of these Boils, with mOisture equiVtl­
lents of 5.3 and 15.1 percent, removed approximately 25 percent of 
the udded boron from solution and 2 of them, with moisture equiva­
lents of 13.5 and 24.6, removed approximately 50 percent of the udded 
boron. 

The factors that· determine the equilibt'ium between the undissolved 
boron in the soil and the cOllcentrationof boron in the soil solution 
are not known, but it is reco~nized on limited evidence that they 
may bc diverse. There is eVidence to supporli t.he 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 those n.ctive in base exchange, take up and render 
unavaibble indefinite quantities of boron. Som() boron minerals are 
highly insoluble. For example, plants grown by the writer in a 
tourmaline minerul (AI, Cr, Fe, B2SiOs) powdered to pass a 100-mesh 
screen developed no symptoms of boron injury. 

Some soils near Hollister, Calif., show remarkable boron-fixing 
powers. The crops on a few have not shown conspicuous injury 
even when irrigated with waters contuining up to 10 p.p.m. of boron 
for a number of years. Omund Lilleland, of the University of 
Ctllifornin., has applied as much as 60 pounds of boric acid to a heavy 
soil Ilt 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. 
Four ounces of boric acid, if absorbed by one of these large trees, 
would undoubtedly have produced serious injury. As a further 
illustration of the marked variability 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. MeNamara no ad verse 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 tn,ble 7. The 10 soils there 
represented were chosen on the busis of soil types and field conditions. 
The crops grown on some showed tnn.rk('d bOl'on injury, and on others 
evidence of boron injury wus entil'ely Ub:-;(\Ht. The diversity of soil 
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character is represented in part by the reporte,d moist.ure equi\Talellts. 
It may be noted from the boron content of the fil'St three percoln,tes 
in this table that there are marked differences in the rate at which 
boron is liberated from different soils to the percolating solution. 
Significant amolluts of boron were in all cases found in the third 
percolates, whereas nearly all of the chlorides and sulphates were 
removed by the fi.rst two percolntes. Sulphates persisted in the 
percohLtes of soils 9 and 10, since gypsum in excess of its solubility 
in the wator lIsed fur leaching lind been added to each: Some boron 
was obtnined in the twentieth pOI'collLte fro111 each soil. 
~l'ARr,E 7.-GoII!parisUIL 0)' retcntion of boron and of chlorides and .:Iulphates in 10 

80il,~ when;3 kilograms of each -was placed in dUplicate pel'colaiol' tubes and leached 
.J .~('Cce88iv() times with the Sltturation IJ8rcelltage of tcaier 

"·ulUJJIt\ Cou:,titJltwt~ 
;~r()i<;tul"t.' ~utunl'" Icuc·h.n~ ____._~__. 

\~ql1i\"u· 11011 per· solution 
lent. CeuLUg(' per kilo B CI SO,urso!1 

L.) .;::; cxtrncl. f ..... .~'O • Ii,; , ,Ill 
~:;;:.:.. ,.-~:::'-:-....::=.: ~- . ....;:----== ---- ­

2.0t L u~ , 1.3i 
, SI .0:1 . 1" 
.Ji' .OJ '}' 
.Illi 

,~ --- ....,... .~-.--:..-

1:.j,.,:l ~Xtr;lcts 4. ;"~-.~.'''~.~ ...... ~~ ...... -~ .......... ~1- .. "..... ~ .... . 1.10 1.55 


Soila•. , ................................i 14.11 :10.2 

PerCOltlL(' ; 

First .............................. ' .............. .:!:'! .31i I 1••1:! 
.~\l .0:11 .Oi~~~&\yl:.:: ::: :::::::::::::::::: ::.. .::::.:::':::: { .17 .lIj , 

'J'II"I·util'th.. ..... .•.•. •........... , ........+......... . ~ O:! ' ........ _. _ ~..... .. .......
1--- -t--·~:-···-
Totalof20.. ....................... •. • .•.•••••••.. '.......... ~_1_:=.:..:.:::: ==.O~ 


!:.;·i{extrnrts I... ...... • .....\. ...........' .5;1 i .30 j 1.53 


liOI!c;c()latu;' . .... ..... .. ... 01.5 'I 2-;. a :!sa r :~"..'.=~...·1..... '" 
Flrst...... .... ............1........1 .~O i .1,1 .94 

SN'oncl....... . ........ •............. -.. •....,.... I .10. l);l .07 

'rhlrcl............................................. " ••.•. :!l' • Of) .01 


T~..:r:::c:~~~..-:: ......:::.:..:":~: ..:::::-;..:::'::t:::::::::. 2: ~~ 1·: ~:::::::: :::::::::: 
l:iHlcxtracls'. •.••• __ ................... ..I ........ ~ ........I~I--:il~ 

g," ; ., , " • ' n. I~'~I''l;e~~~Jt'~~::: ::::::: .::..::::::::::::::i.."..:.~.. ......~..!....... r" "~~"l' ....~~~.. ....~~;~ 
S;COl)cL ..............................;. ...................1......... 1 .1I3. • Of) " .;0

1hird ................................., ...........................". .30 .00 1
r- ..,.....Tw\\nlieth.......... .................... ........ .. ...............I "'1___.00 "___ 


TotuT 0(20..........................; • .. ········1....··..·.'\'..······..~ ::':':":::':::1'::':':':':":" 

l:fI-S extracts ,..........................1.............................., •('9 .84 2.34 


I . 1= ,!=== 
I Boron doterminations referenced to dry wei~ht or soil. 
1 MlUlgram oqul\'Ulents per kllogrnDi of dry soil. 
• T=trncc. 
, 1 part ot soli to 5 tiDies saturation pcrcentn~u of wnt('r. 
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TABI.E 7.-C01llparisoll of retention of boron and of chlorides awl slIlIJhalcs in 10 
~I soils when 2 kilograms (If each was II/aced in dUIJlicatc percolator tubes and lcached 

8 1l1lccc"sive times with the satllration percentage of water-Continlled 

! ' \'olullle I' Constituents 

IMOlsturc,1 Suturn· leaching I." 
Soli. lliJreolute. lind cxtruet e'lul\'I1' tion per· solution i 

lent I ccnlllgc \liJr kilo ' B n , ('1 soli I 

______________.1_,,__1.,"..___•__ 

I 11'.".111.', ('I
SOI16•••••••••_.................._••• _.___ 12.2 32.11' :12U '.... ' •.•••••.••••.• 


Pef¥~;t.~~_. ____..... , .._................! .........: ...... .L . ___._ n.24 1 .H U7 
~~g~l~ii;::::::::::::::::::::::::::J::::::=:t::::::::::::::~::::'___:Ml :~:.: .}~.=:::~~: 

'rotBI 012t>. •••••••••. "' ••••" ••••• ··1········· .I.......... \_......'. 1. 3°1.........;....".... 
l:l>-S extracts ' ................. , ..... ': .........! "'. -~. 74-;~'\lii
........ '1""" •56 
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1 Boron dotermlnations rQfere.lccJd I 0 t1r~' weight of soil. 

, MiIIi~ralll e'luivnlcnts Iwr kilogram of dr~' soil. 

, 1 part 01 soli to r. limes saturntion percentllge of Wilier. 

1'I'=trncc. 

, 50 ami 21iO milligram c'lui\'l1lt'nt.s of ('1If;0, lliJr kilo were mixed respecU..-cly with solis G IlIHI 10 hcfore 


tilling the percoilltioll luhcs lind lJeforo milking the 1 to 5-S cxtructs. 

If soils arc leflched with water to which boron has been added, the 
extrnct ohtained may be e.'ithel' higher or lower in boron than the leach­
ing solution. If a ronside.'J'flble pn,rt of the soluble boron has been 
removed from a soil hy leaching with boron-free. water, or if a soil 
is ini tinlly rellttiYcly fl'(~e of boron and It witter wi th se'lel'!ll parts per 
million of boron is then lIsed, mn,ny f;uccessive l~ltchings may be.' 
required before equilibrium results and the solutiOllS recovered Itttnin 



21 BORON IN SOILS AND IRRIGA'l'ION WA.'l'ERS 

substantially the concentration of boron used in the leaching solu" 
tion. In other words, the concentration of boron in a leaching water 
and in the soil, and the soil chara<)teristics that determine the equi" 
librium concentration, may cause boron to be either absorbed from 
or released to percolating water. When land is irrigated with boron" 
contaminated water the soil may remove boron from the water used 
and for a time maintain a soil solution with less boron than the irri" 
gation water. On the other hand, when toxic concentrations have 
been ~e~ched in the soil solution it may be necessary to pass large 
quantltieS of good water through the root zone to reduce substantially 
the soil-solution concentration. 

Two distinct measures of the boron in soils are 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 looked upon 
fi1? water soluble or potentially inj mious and (2) the concentmtion of 
boron in the soil solution. Some doubt is entertained as to whether 
it will be possible to work out an entirely satisfnctory method for 
determining the first of these values. The nature of this problem has 
already been made evident in the foregoing discusdon of the solu­
bilities of boron compounds and the effect of acids and temperature 
upon their solubilities. It is possible, however, to arrive at satisfac­
tory values for the concentration of boron in the soil solu tion, und 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 dettiils 
of the method must be varied to suit different soils, and not uncom­
monly retrials with variations in moisture content, degree of packing, 
etc., are necessary. For pmctical purposes recourse is now taken to 
what is designated as three-fourths satumtion percentage extmcts. 
This method is direct and involves little difficulty. Also much less 
soil is required. These extmcts are obtained by wetting 500 or 1,000 
g of soil with three-fourths of the satumtion percentage of water and 
then extrn.cting n. portion of this water with air pressure after the 
soils have been wetted for scveml days. The concentmtions found 
in the three-fourths saturation extracts arc ordinarily a little lower 
than in displaced soil solutions. The concentrations of boron found 
in three-fourths satumtion extracts of the 10 soils listed in table 7 
were on the average 88 percent as high as in corresponding displaced 
soil solutions. Good correlations have been found between these 
values and crop conditions. 

In undertaking the culture of plants in the experimental sand 
beds for the determination of boron tolerance, it was assumed that 
their reactions to the boron of the nutrient solutions held by the 
sand would be essentially the same as those of plants grown in soils 
with soil solutions of like concentrations. '1'0 the extent that it has 
yet been possible to 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 subgtantially verified. It is 
recognized nevertheless that some discrepancy must result from such 
factors as nitrate differences between culture and soil solutions and 
from soil variability. 

Unron occurring naturally in toxic concentrations in unirrigated 
soils is not uncommonly found in small areas sllrrounded by produc­
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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 cause, and yet 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 n,rea is 
shown by figure 1 in n, pen,ch orchard south of Truc:v, Calif. Soil 10 
of table 7 was taken in the foreground area, in which both the orig­
inal and the replanted peach trees either died or made little growth. 
Soil 9 of tn,ble 7 was taken from among healthy trees sho\m in the 
background. 

COUNTERACTION OF BORON AND 'rHE USE 01<' BORON-CONTAl\lI­
NATED WATER 

It has frequently been asked whether it is possible to remove 
boron from ilTigation water. For prn.cticnl purposes it is nec(>ssnl"Y 

FIGURE l.-A small aren 01 boron-Impregnated, unproductive soil surrounded by lertlle land. (Field 7. 
BE. U sec. 31, T. 3 B.. R. 7 E. July 9,1931.) 

to answer in the negative. Methods 11nve been proposed, nud in the 
laboratory it may be possible to render a pl1rt of the boron in a 
solution insoluble, but no feasible method n,pplicn,ble to irrigation 
water is known. To precipitl1tc the few parts per million of boron 
in irrigation water, excessive concentrn,tions of rea.ctiYe salts would 
be necessary and might in themselves prove toxic:.. The only rec­
ommendations thn,t cn,n now be made l11'e the substitution of another 
water, dilution by blending wilh bettet· wat.et', or the cultivation of 
less sensitive crops. 

It has likewise been asked whether something could not be applied 
to the soil to reduce t.he toxicity of boron. 'Yell-cfl.l'ed-for and we11­
fertilized orchards not uncommonly show less marked boron symptoms 
than do partly neglected gl'oyes irrigated with the same W!Lter. 
It has been fonnd that the severity of the boron injury shown by 
lemons and grapefruit in controlled experiments both in slul<l and in 
wn.ter cultures is mn.terinlly reduced when the concentration of the 
nitrogen supplied is increased. Field obsel'Yfl,tions haye likewise 
indicated that the libel'nl usc of nitro~enous fertilizers reduces the 
severity of boron injUl"y in citrus plantmgs. Potassium fl.ud sodium 
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supplied in relatively high concentrations have been found to modify 
the character but not the intensity of leaf injury ca;used by boron. 
TIle concentrations of chlorides, sulphates, and phosphates have not 
been found to affect materially the severity of boron symptoms. 

When a.n irrigation water is high in chloride or sulphate it ought to 
be used in sufficient abundance to displace the soil solution by leach­
ing a.s it becomes concentrated by transpiration and eva.pora.tion. 
The situa.tion with respect to boron, however, is not so simple; unlike 
chloride, a. pa.rt of the boron a.pplied with water, instead of remaining 
in. solution, may accumulate in the soil in an undissolved but poten­
tially ava.ila,ble form, and for this reason the same considemtions 
cannot be applied to the use of saline and high-boron waters. Un­
fortunately, many of the high-boron waters in the San Joaquin Yalley 
n.lso contain lligh concentrations of the more common salts. Con­
sidering boron independently, and assuming the soil to be initially 
relati\'ely free from this element, the abundant use of water high in 
boron to promote a systematic leaching of the root zone is not to be 
recommended until boron symptoms become pronounced. Such 
symptoms indicate unfavorn.ble root-zone concentrations. IYhen 
boron symptoms have become pronounced, the advantage will 
probably lie on the side of abundant use of water to prevent further 
increases in the soil and soil-solution concentrn.tions; in other words, 
the methods used should result in some leaching of the root zone. 

WA'I'lm SUPPLY OF THE SAN JOAQUIN YALLEY 

SOl'HCES AND GENEHAL CHAHACTEH 

.Agriculture in the southwestern part of the United States is COll­

trolled by the distribution of ruinfall, the character of the soils, nnd 
the possi1ility of supplementing precipitation by irrigation. In t.he 
San Joaquin Valley the rainfall increases gradlw.uy from less than 5 
inches in the vicinity of Bakersfield to 16 inches or more in the vicinity 
of Stockton. 

The intensive agricultura.l development of the valley has followed 
the utilization of water obtained from wells drilled in the valley floor 
or in the nlluvia.l fnns, and the diversion and 11se for power and in-ign­
tion of water derived from the streams that rise in the mountnins to 
the east. Streams originating in the Sierra N evadn" which rise to 
great heights above the enstern side of the valley, furnish either 
directly or indirectly by far the greatest propOl'tion of the water that 
enters the valley. The remarkably rapid growth of agricultural 
enterprise in the valley is to be attributecl not only to the fertility of 
the soil and the suitability of .climatic conditions for crops but fl.lso 
to the fiLet that the water furnlshed by the Sierra Nevada. watersl1ed 
is ullusually free from dissolved mineral matter. ~rhose areas alollg 
the eastern side of the valley Ll0st u,bundantly supplied with good 
water are the most intensively cultivated. The supply of water 
derived diret,tly from rivers of the Sierra or that e!m be pumped from 
their nlluvial fans is limited, however, and along the ens tern side of 
the yalley there has been recently little extension of the irriga,ted area; 
rn.ther it has been necessary to deepen existing wells and to insta.ll 
larger pumps in order to mn,intain the present area. 

In addition to the riYers thnt fiow from the high Sierra on the enst, 
there are a, numbel' of creeks rising in the Tehachapi and San Emigdio 
nfonntains, which form the southem boundary, and from the constal 
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mountains, which form the western boundary of the valley. Principal 
among these creeks or IIwashes" are Caliente, Grapevine, San 
Emigdio, Los Gatos, Cantua, Big Panoche, Little Panoche, Los Banos, 
San Luis, and Orestimba. All of these are relatively short, and except 
at flood time tlu;ir waters are lost in alluvial cones before reaching the 
axis of the valley. These streams nevertheless are of considerable 
importance in the present connection, since they are genemlly con­
sidered to have been the source of the underground water supply 
tapped by wells over n portion of the southern end twd 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 likewise carries 1"1 much larger amount of dissolved minel'l11 
matter thnn wnter derived from the high Sierra. 

In some sections of the Southwest the contnmination of an irri­
gation water by boron can be traced to some pnrticulllr spl'ing or 
group of springs heavily charged with boron but contrihuting only 
a minol' portion 01' the stream flow, or to exposed boJ'flx 01' colemllnite 
deposits in a limited po.'tion of a watershed, In the Sun Joaquin 
Valley trucing out the SOUl'{'es of boron contamination is generally 
difficult. In those portions of the valley in which boron occurs in 
agriculturally significn,nt IlJllounts, the water supplies for the most 
part are derived from wells, many of which are of great depth and 
fill' removed from the strenIllS that now presumably supply or have 
in the past supplied wnter to the underground stmtll. In fact, over 
a considerable portion of the westl.'I'Il side of the vnlley some of the 
water now brought to the surfll{'e from the deeper wells mny be of an 
age compnrable with that of thl.' upper nlluvium depositions of the 
valley itself. 

As has been stated by Mcndenllttll, Dole, and Stabler (27): 
The belief that there is little movement in the subsurface waters of the lower 

San Joaquin is strengthencd by a consideration of their chemical characteristics, 
Some of the ground wuters of the upper deltas of the east sidc are among the 
purest waters of this type known, while those from the shaBo,,' (formerly) flowing 
wells of the bottom of Tulare Lake and from the deeper wells of the north end 
of the valley are so heayily charged with mineral matter as not to be potable or 
suitablc for irrigation purposes. Ground watcrs dissoh'c the soluble minerals 
from the rock fragments-the clay, sand or gravel particles with which they are 
in contact. The umount thus dissolved depends upon thc chemical combinations 
in which the minerals exist, some being much more soluble than others, and upon 
the length of time during which thc wnters are in contact with them. In gcneral, 
the alkalies in thc sands and gravels of the east side are in the most resistant form, 
the silicates of the granitic debris from the Sierra; thc alkalies of the sands and 
gravels of the west side are in less resistant form, the sulphates and carbonates 
of the Cretaceous and Tertiary shales and sandstones; hence the ground waters 
of the high parts of the east slopes and the yalley, which move with comparative 
rapidity,' are much purer than the waters from similar situations 011 the west 
side. Furthermore, the volume of water poured out upon the eust-side fans is 
lIlany times greater than that discharged upon the west side, so that the alkalies 
dissolved are greatly diluted. But down in the trough of the vaHey, cspccially 
near its north end, thc ground waters contain a much larger percentage of salts, 
even than those of the wcst side. If there were rapid circulatioll of ground waters 
here, this condition should not cxist, for the dissolved salts should be gradually 
carried out. Thc fact that the watcrs are highly mineralized is regnrded then 
as additiollal cvidencc of sluggish circulation, or perhaps practical stagnation. 

Gf;OGRAPHICAL ANI> GEOLOGICAL CHARACTERISTICS 0.' THE VALLE~' 

The. qua!it,y of the ground wfltel'S ItS well as thut of the streams 
entering the yalley is related to the topogmphy nnd geology of the 
''Valley and its slliTounding monntnins llnd foothills. The 1"111\1 dum 
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derived from the hurd grnnitie rocks of the Sierra Ilnd supplied by 
water from st,reams rising in t.hese mountfiins yields water distinct in 
composition from thnt derived from the alluvium of the west side, 
which has been brought down and duposited in the Yfilley from the 
more soluble, softer, find often f:.'ypsiferous sedimentllries of the Const 
Runge, The waters derh-ed from the two sides of the valley arc in 
genem! distinct one froll1 Imother, but ull nre highly voriuble in the 
cOllcentrntions nnd proportions of their constituents, Ilnd both of 
these wuters hnve contributed to the lnrg<', 1>od.\' of ground water 
which extends to greu,t depths benellth the ndl('y. Not only u/'e 
these underground waters dm'h'ed from variolls sotIJ'('es in unknown 
proportions; but some hu,v~ bC(,1l subject to concentration byevapol'l1-
Hon Ilnd to ehllnges resllHing from biologiclll processes. Sinc(' the 
movellH'nt of ground wllter in the vHIley floor is Ilt most Ycry slow, 
these wuters have long been in contnct. with the I1ll1n~T st.rntificutiolls 
of the IIUuviUlll of which the yalley floor is built, lind such contact. 
hfiS serY<'C! to modify further th('ir quulit.r. 

It is bl'l'lIuSP the geogmphi(,fll nnd geologicul charucteristics of the 
vulle.,- hllY(' such I'l pronounn'd hearing 011 ilL(' quulity of both the 
surfncl\ unci ground watpl'S tlmt it hus scellwd desirllble to ill('lud(' in 
this report It d('scriptive stntement of these fl'utml\s. .~\'fcndcnhllll, 
Dole, uuci Stubler (27, pp. 15-22) fI,,"niIN! themselns of Ull unpu blislli'd 
Innlluscript by H. R .•Johnson to supply It similnr J1l·pd, und the stnte­
ment thn t follows hus h(,CIl tnk(\n from their pu bli('u tion Il!most 
without ('hangc except for the omission of mlltter of olll~- slightl~' 
icssl'r intcn·st. TIl(' contribution b~· ;rohnson Iwgim; fit till' third 
pnrngmph bdow: 

The Great Vnlley of California exhibits little dh'ersity in its physical asp(·ct. 
Snch differences as exist between its nort.h and south ends Ilre climatic, or, if 
physical, arc directly due to climatic differences. Among local physical fentures 
based upon climatic differences Illay be mentioned the Tulare Bnsin at the 
south end of the San Joaquin Valle),. The basin is due to tile aridity of the 
region and thc conscquent cxtensh'e devclopment of alluvial fans. Two of 
these, extending from Kings River on lhe cast and Los Gatos Creek on the 
west side of the \'alley, have coalesced in a low ridge south of which lie the Tulare 
Lake Hud Kern Luke depressions * * *. The southern, more urid third of 
the depression, extending from Kiugs Rh'er delta to Tehachapi lIofouutllins, hilS no 
surface outlet under norlllul conditions, lind the surplus surface waters aceUlllulate 
in the Tulare I..ake depression and Bueut~ Vistll reservoir. Origiually Kern Lake 
receh'ed Il portion of the excess fro III Kern Hh'er, but through the protection 
afforded by n restraining dike water is kept out of it except when IIIlU::;IHlI floods 
break the rest.raining dalll. The original lake bottoms han' in part nO\\' hecome 
valuable Wheat III lids.

* * * the \'Idler floor htls been built up by the alltl\'ial lIlaterial eroded by 
the strellIHs frolll the mountains cast Ilnd west of the depressioll ami deposited 
in it. The larger and more active strealllS build flatter hut lIlor(' extensh'c 
alluvial flills-the type that makes up the east-side. slopes; the HlOre ('rrntic and 
torrential st.reams of SlIlaller volume build th(' steeper nnd less ('xtellsh'e fans 
that constitut.e the west-side slopes. 

III simplest outline the geology of thc enstem border of tilt' San Jonquin \'alley 
consists of the" Bedrock "cries" of granites lind lIletllmorphk sedimentary Ilnd 
igneous 1I11lSSCS of pre-Crlltl\ceous age, ovcrlain at t.ll\~ north lind south ends of the 
valley in 1111 interrupted balld occupying It ZO)i(' of loll' relipf betwl-l'n the Sierra 
prop~r Illld, the valley prop('r by It series of Tertiary sediments, cntirely unaltered 
and lIlc\Udlllg beds as old as the Eocene, although t.he grl'llt body of tile lIIaterial 
seelJls to be Miocene or Pliocene in age. * * * 

The geology of the western margin of t,h{~ valley contrl\Sts ill 1I'IIllly ways wit.h 
that of the eastern border. The oldest rocks of the MOllnt Diablo Range­
the enstCrJlmost of the coast ranges-comprise 11 series of alh-red igneous alld 
sedilJlcntnry rot'ks of JUTnssic (?) age kllol\'l! as tlle Fl'Ilneis(,1I11 formation, which 
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extends along the axis of the range from a point southwest of Coalinga to San 
Francisco Bay. Overlying them on the valley side, but not continuoul'ly, is a 
series of sandstones, shales, and conglomerates of Cretaceous and earliest Tertiary 
(Eocene) age. Succeeding these in turn is a \'ariable serics, locally of great 
thickness and usually but not always present in somc of its mcmbers, reprcs~ntillg 
the middle and uppcr Tertiary. * * * Toward the top of the series are 
beds that clearly represent fresh water 01' sllbaerial deposition, undoubtedly 
much like that whieh is now taking place in Tulare Lake and in the west-side 
alit1dul fans. * * * 

The valley as a whole is a great strncturnl trough and appears to haye been 
such a basin since well back in Tertiury time, Since it ussumed its general 
troughlike form, gradual subsidence, perhaps interrupted by periods of uplift, 
has continued and hus been accompanied by deposition alternating at least along 
what is now its western border with intervals of erosion. This interrupted but 
Oil the whole continuous deposition seems to have been Illarine during the early 
and middle Tertiary; but during the later Tertiary and Pleistocene, when pre­
sumubl.\' the valley .had been at least. roughly outlined by the growth of tbe 
Coast Ranges, fresh-water and terrestrial conditions became more and more 
predominant, until the relations of land and sea, of rivers and lakes, of coast line 
and interior, of mountain and yalley, as they now exist, were gradually evolved. 
As these conditions developed, the ancestors of the present rivers probably brought 
to the salt and fresh water bodies that occupied the present site of the valley and 
its borders, or, .in the latest phases of the development, to the land surface itself, 
the clays, sands, gravels, and alluvium that subsequently consolidated into the 
shales, sandstones, and conglomcrates of the late Tertiary and Pleistocene series, 
Just as the present rivers are supplying the alluvium that is even now accumu­
lating over the valley floor. 

The very latest of these accuJUulatiolls are the sand and silt and gra\'el beds 
penetrated by the driller in his explorations for water throU8hout the \'alley. 
They are like the carly 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 all of them, uccumu­
lated as stream wash on the valle\' surface or in interior lakes like the former 
Tulare Lake, but a 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, It is these very latest geologic deposits, saturated 
below the gl'oun'J-wuter level by the fresh water supplied chiefly by the Sierran 
streams, that constitute the reser\'oirs drawn upon by the wells, whether flowing 
or pumped, throughout the valley. 

The chemical composition of the ground waters, as well as their occurrence and 
accessibility, is relnted to the geology, Where the yalley alluvium is derived from 
the Cretaceoui and Tertiary beds of the coast ranges, rich in gypsum and other 
readily soluble min('mls, the ground waters [generally] contain large quantities 
of these saIts. 'Vhere, on the other hand, the aUU\'ium is derived from the 
granites and mctamorphic rocks of thc Sierra, whose potassium, sodium, and 
calciulJl compounds are in the form of difficultly soluble silicates, the ground 
waters under ordinury conditions contain very little of these salts. 

Ob\'io\lsly if the sands and gravels through which the ground waters percolate 
were deposited under such conditions that salis were deposited with them, as in 
the salt water of the sea or of bays like San Francisco Bay, or in interior lakes that 
arc suline through evaporation, as is true of Tulare Lake, then the ground waters 
themselves become saline, although when they leave the mountains as surface 
waters, before their absorption by the alluvial fans, they may be as pure natural 
waters as are known in the world. 

The lowland through the heart of California known as the Great Valley, whose 
origin as a depression appears to date well back into Tertiary time, owes it.l 
actulII surface to more recent action and to more obvious agents. That surface 
is, in brief, a combination of the surfaces of a great number of alluvial fans, 
originating at the 1J10uths of the canyons through which the tributary streallls 
discharge froll1 the mOllntains into the vaHey. 

* * * The essential fact as to thc present valley surface is that it is a dire~·t result of 
streulll action. It has everywhere been built up by deposition from the streams 
or from the fluctuating lakes that arc themselves dependent upon the streams; 
and it is formed of materials brought by the streams from the mountainous 
portions of their dmillage basins where they arc erodiug instead of depositing. 
Throughout the south end of the yalley its surface i" tt combination of nIlu\'itll fan 
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surfaces; at the north end of t ••e va1\ey these fans, less strikingly and typically 
developed because of the greater precipitation there, still predominate along the 
valley borders, while the center of the yaUey is a flood plain of the usua1 type. 

* * '" 
The west-side streams, draining mountains practically free from granitic and 
similar rocks but with soft serpentines, shales, and sandstones, deposit fragments 
of those rocks in their alluvial fans, and the result is a soil type entirely different 
from that of the east side and south end of the valley. These shale, clay, serpen­
tille, and sandstone fragments disintegrate much more quickly than the granitic 
sands that contain large proportions of snch 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 wcst slope of the valley and is so producUye when­
ever water can he applied to it. 

FIUST OBSERVATIOSS OF Bonos INJUnY IS THE VAr"LI,Y 

.\.5 early as 1922 W. S. Ballard, of the Bureau or Plant Industry, 
noted a similarity between the symptoms shown by certain plants in 
the yicinity of the Rock Pile School, southeast of Bakersfield, and the 
symptoms that had been illustrated as resulting from the applicn,tion 
of borax with fertilizers in Eastern States. Ballard encountered 
dimculties with analytical methods and with experimental plants 
and made no published comment on his observations. He called the 
conditions in the Rock Pile area to the attention of C. S. Scofield, 
in charge of 'Yestern Irrigation Agriculture, Bureau of Plaut Industry, 
in 1\)29. ....\.bout the same time A. R. C. Haas, of the California 
Agricultural Experiment Station, called attention to boron symptoms 
thn,t he had observed in citrus near the 'Yeed Patch 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 Weed Patch. A water sample sent in from Lemoore 
was likewise found to contain an injurious concentration of boron. 

Observations of the symptoms exhibited by plants and the analyses 
of a few scattered water samples collected by the \vriter in the yalley 
in .Tune of the same year resulted in the conclusion that injurious 
cOllcentrations of boron were possibly common to many of the well 
Vi/Lte!"s nlong the west side of the yalley. No evidence of boron­
injury 'was observed in plantings east of the yalley axis north of Kern 
County. These observations pointed to the desirability of the 
il1yestigations in the San Joaquin Valley "'hich are reported in this 
bulletin. 

QUALITY OF IRRIGATION WATER 

INJURroUS CONCENTItATrONS OF 1I0RON 

Before attempting to attach signi£icnnce to particular concentration 
ranges. of the boron found in irrigation water it is desirable to review 
a number of the factors that are known or belieyed to influence the 
eyidence 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 cotton and cereals show depressed 
yields and at which the profitnble cl1lture of grapes and many of the 
deciduous fruit<=; \\'oltld be out of the question. 

"'" hcayy soil initially low in boron will usually remain productiYe 
for a longer time than a light soil whell wnter high in boron is used, 
but after injurious concentrations have been built up in soils the light 
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soil will respond qui('ker 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 chemical 
character of the rellctiYe constituents. 

The initil11 boron content of the soil is of obyiolls significnnce, 
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 dimatic conditions cnusing high 
transpimtion rates. 

The nnnual quuntity of water applied is of significance. Boron 
will be added to the soil more rapidly when wuter is supplied in 
quantities required for such crops itS Illfnlfn and ('otton thnn when 
lesser quantities are used, IlS for ('ereals. 

The amount of rainfnll is of special significnnce, since this reduC'es 
the amount required by irrigation. Rnin water, being free of boron, 
constitutes an effective ngent in leaching boron from the root zone. 
Highly undesirable boron concentrations in irrigation wuter in ariel 
localities may have little significance in regions of heavier rninfnll. 

The effects of boron Ilre similar to those of other toxic elements on 
plants, in thl1t I1boye certain minima a decrease in plunt growt,h 
results from any increuse in the concentration of the toxic substanee. 
The point of diminished growth selected as critical from nn agricultural 
viewpoint must be chosen somewhat arbitrarily !lnd is certainly con­
tingent not only on plant growth but on economic factors such as the 
cost of crop production and market values. It is obvious thnt neither 
the concentmtion nt which injury first appears nor the concentration 
that Idlls the plnnt is IlS useful a criterion as some intermedittte point of 
diminished yield. The conditions in the soil solution resulting from 
the use of a given wuter are in general not stationary but vury with 
time as the toxic substances are concentrated in the soil by trnnspira­
tion al,t! eYltpomtion, become insoluble by soil renctions, or nrc lenclwr\. 
awa~T by wnter penetrating beyond t.he root zone. 

""ith the foregoing considemtions in mind it should be (tppnrf'nt 
-that !lny statement of what constitutes dnngcrous concentrntion of 
boron in an irrigation water must be phrnsed only in t.he most geneI'll I 
terms. 'fhis is pnrtieulnrly tI'lH' in nn arCH, ns extensive as the San Jon­
quia Yalley with its diW'lrsity in quality of irrigntion wnters, soil types, 
crops, !Uld climatic conditions. 

In terms of suitability of wnter for those plants list.ed ns being 
sensitive to boron, a most C'onsen'ative statement for the southern 
portion of Sun Joaquin VaHey would be thut above a concentmtion of 
0.3 p.p.m. the less boron in nn irriglttion witter the better. In Yentul'll 
County, to the sou th, where rninfnU is 10 inehes or more nnd wh('re 
both the tempemture nnd the humidity nrc affected by the Pneilie 
Ocean, 11 witter containing much more thun 0.5 p.p.m. of bOl'on is 
considered us being of dou btful quulity for the irrigntion of lemons find 
walnuts. In the lntter arell higher concentrations huve been us('(1 
without appreciable injun" under some· conditions, but in nt lenst one 
instance the prolonged lISC of a water with only !'1Jightly more thlln 
0.4 p.p.m. of boron hilS injured the folingc of lemon trees. Tn the more 
arid portions of the Hun ,Joaquin Valley, wlwre the annunl rninfull is 
about 5 inches and the tmnspiratioll rate is 11igh, injury mil}" result to 
plnnts of the sensitive group with water contnining 0.5 p.p.lll. of boron, 
OJ', unc\flr [II \'0 I'n hI (. f'tlllditioIlS, thfl 1ll00'C' tolC'l':IlIt of tlH' sC'llsitiye 
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crops mny make It fnir or eyen profitnble growth for It pcriod of ~rellrs 
with wlttcr containing as much ns 1 p.p.IIl. of boroll. 

In the arid parts of the valley the growth of plants of the semi toler­
ant group may be adversely affected by as little as 0.5 p.p.m. of boron 
in irrigation water in loculi ties where appreciable boron occurs us It 

native constituent of the soil or where conditions nrc such tha.t exces­
sive concentration takes place in the root zone. Under more favorable 
conditions nnd with soils thnt remuin open to lenching, rellsonably 
stttisfactory growth cnn he expected from semito~erant plnnts with 
watel' contuining from 1 up to 2 ]).p.111. of boron. "lIen the boron 
concentrations exceed 1.5 Q1' 2 p.p.m. the best resilits cnn ordinurily 
be expected only with plunts of tlIC tolerilnt group. 

The effects of boron are less severe in those parts of the yulley with 
higher rninfnll. 'Where the wuter is supplied nearly equally by rain 
fmd irrigntion only nbout huH th(' injury experienced in the more 
arid portions of the vuUcy is found, 

In all considerations of toxicity the stnndonl of injury or of redueed. 
yields is of greut importUllce. The family of n dry-land fal"mer south­
enst of Bakersfield hns recuITeptly endeavored to grow n little gnrden 
ns well as ornamental plnnts lind doorynrd trees with well "'lItl.'1' con­
taining 7 p.p.m. of boron. It is true that many plnnts have been 
fOllnd entirely unsuited unci that the condition of the perenuial 
plants grown is faT from sntisfactory, and yet there is no qu('stion tlmt 
the efforts to maintain a little home gjtrdl~1l and fi,few trees 111'(' worth 
while. A wuter containing ij p.p.m. of boron ill Lost Hills wus uSNl 
for a short time but wus found to be unsntisfactory c\'en for II Inwn, find 
cottollwoo{l trees and other plnnts at this pln,{'e bore 1Illuked evidence 
of injury. 'l'amarisk trees grow fnil'1y well with \\-uter ('ontniuing 15 
p.p.l)1. of boron, und it number of oUll'r plnnts ]111.\"(' 1)('('11 g1'Own with 
sueh wilter when ]llncedin pots or boxes to l)('l'mit oJ tll(' dndnugc 
ne('CSSIll'jT for copious irrigntion. 

SIGNIFICANCt; (n' OTHI~lt CONSTI'I'(jBN'I'S Ot' III1W:ATION WA'I't:HB 

It has beell fOllnd essentinl in th(';;e iun'stiglttions to determine 
the concentrations of ('onsti tuents other thn n horon in t h(' irrigntion 
wnters examined, Though no general ]'('lntionshlp hns I)l'ell fmmd to 
exist between the concentrntion of boron nnd the c01lcentrntion of nny 
other con!';titu('nt, there is n mnl'ked tendency neYcrtb('less townrcl 
higher horon concentrations in the more 11ighly minernlized wntcrs. 
In some o[ the SilO J'ottquin Vnlley wnters boron is the only dangerous 
cOJlstituen t, hu t more cOlJlmonly when boron is high other ions nrc also 
high, and there UTe many saline wllters that contuin very little boron. 

The injurious efl'ect of boron is modified to some extent by other 
constituents of irrigation waters i lLnd sin.ee the ill effects of the various 
eonstituents are in n mellsme interreltLted unci nddith-c, it is clenr thnt 
the significance of one cba1'l1cteristic of the salt complcx cnnnot be 
properly evaluu,ted indepel1den tly of 1\, Imo\\']cdgc of the others. 

In the prcvious section a number of {nctors were enmnemted which 
modify tho rn.te nt which boroll accumulates in soilllnd influcnce the 
effects that follow the usc of boron-contnminated water. A variety of 
factors likewise influence the dfect of higher concentrations of the 
other to:\-ic ions, und for thllt reason it is not possible to indicate critiea1 
concentrations of these ions in other tlmn geneml terms. 
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The ill effects that follow the ficcumulation of toxic substallces in. 
the soil are due less commonly to direct injury to plnnt roots than to 
effects upon foliar and other tissue aJter these substances hfiye been 
absorbed and. concentrated within the plant. Climatic factors and 
the balance of ions in the soil solution mn,y affect Itbsorption l'ntcB, 
but the concentration of salt constitucnts presented to roots b~' the 
soil solution stands out as a predominlLting factor in the tleterminll tion 
of the concentration built up within the plant tissue and the injury 
that results. The high oSUlotic force of the soil solution whcn it lias 
become concentrated has somet.imes been pointed to ns a dctel'l'ent 
to the free absorption of wfiter from the soil by the plant; but in other 
than rather unusual cases, as when the soil solu tion concentl'H tion 
may have been suddenly incre!1sed by the applicll tion of "'nter lIlore 
sa,line than customarily used, or by the washing of slirface sait into 
the root zone, this relationship is of secondary importance. It has 
been shown elsewhere by the writer (12) that plants mnintnin osmotic 
concentrations in their tissues which exceed those of the soil, the 
concentration within the plant being higher when the snlinity of the 
soil is higher \\'ithin the limits of tolerance, tL tendency townrd a 
uniform difference between the plant and soil concentrations is indi­
cated in soils of vl1ried salinity, but this grndient would be expected to 
vary for etlch vtlriety and hnbitat. 

It is well known that plants differ to Ularked degrees ill their 
tolernnce of the difl'crent salt constituents, but informntion compa­
rable to that presented in table 1 for boron is not available. Hilgnrd 
(18) has published !1 table of plant tolerances compiled by H. H. 
Loughridge which s<"ts forth the highest concentrations of sulphnte, 
carbonate, chloride, and tt total alkalis" found in soils supporting 
uninjured plants. The work upon which this table was based WIIS 
done long ago, and it is stilll'ecognized as a valuable and COlllpre­
hensive source of information, hut in the terms of present-day knowl­
edge its limitations nre manifest. The plnnt habitats investigated 
were undoubtedly limited in number and vnriety, and conclusions fts 
to whether plants were or were not nfl'ected would seem now to be 
almost impossible except by comparison with similnr plnnts grown 
on nons!Lline .or n011nlkn1ino soils. The growth of mnny plnnts may be 
materially reduced by sulphate and chloride ions without the deyelop­
ment .of symptomsindicnting that fact. Hilgard's table rep.orts the 
tolernnces of difi'erent plants to each of thrt!e, independently con­
sidcred, soil ingredients, but he recognized that the proportions of 
these ingredients f.ound in nature were extremely vnriable. It is 
likewise to be recognized thnt the snlt concentrntions in the different 
horizons of the root zone mny vary widely. A question therefore 
nl'ises ns to which soil layer WfiS 01' is to be tnkeu ns a criterion of 
tolernnce, or whfit significance is to be attached to composite snmples 
from severn] difl'erent horizons. In the table cited nccount was taken 
only of the ncid Tadicals, bu t it is now knowll that difl'erent pr.oportions 
and concentrntions of the bases, calcium, magnesium, potassium, and 
sodium, .Ip-catly nfl'cct plaut growth and soil chn1'llcteristics; these 
bnses, COllectively, nrc nlwnys present in concentrations equnl to those 
of the llcid rndicnis. The point here made is that we do not know for 
anyone set .of conditions the c.omparative tolernnccs of the vnrious 
agl'icultul'n.l plants to the comm.on ions n.or the extent to which plant 
growth is depressed by the ,'ari01l5 comhinntions and conc('ntl'ntiQns. 
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The dim cuI ties encoIDltered in attempting to assign critical or toxi(', 
limits for these irrigation-water constituents, howenr, do not end at 
this point. It iEi the concentration of salt in the soil solution, and not 
the concentration in the irrigation water, which determines plant 
reactions. The concentrntion of the different snIt constituents in the 
soil solution may exceed by many times that in the water applied. 
Cultural practices [\s well [IS climatic factors and the kind of crops 
grown are nll of importance, and there is to be stressed also the 
permeabiliti of the soil as it nfrects the remoynl of salts from the root 
zone by leaching and the. abundance with which wuter is used to 
accomplish this. "Waters sufficiently high in toxic constituents to be 
directly injurious to plnnts are seldom used for irrigation. Trnn­
spirntion by the plnnt and evaporation froUl the Foil boUt serve to 
incrense the concentration of the soil solution aboY(~ the concentration 
of the water applied. On the other hand, wute)', C'itlter irrigntion or 
rain, when in sufIicient ubundance, displacC's in part the soil solution, 
which, being remoyed downwnrd, carries snit beyond the root zone. 
In addition to the salt l'mlloval by leaching, SInfill quuntities are 
absorhed-by plauts, the quantities thus removed being dependent 
upon the type of plant, the portions of the plant removed from the 
land, nncl the concentration of tho difl'ercnt constituents of the soil 
solution presented to tho roots. 

Plants may ubsorb the individuul constituents of the soil solution 
either in fl. greitter Ol' lesser proportion thnn they ahsorb wnter, but 
under theJ lIsual conditions in irrigfl,ted regions the soil solu tion is left 
morC' concenirn ted in chlorides find slllphu.tes 11:4 n, ]'C'sult of plant 
transpil'fl tion. It is not to be assumed that the n.bsorption of salt 
constituents is determined wholly by plullt needs. A plnnt may 
absorb such suI t constituents ns chlorides and sulphu tes to un extent 
that certnin of its growth processes nrc impaired us a resul t of chemical 
effects. Yet it is obvious that if the growth processes ure to be curried 
on the plnnt must nbsorb wntcr from the soil solution, and insofar as 
this nbsorptiou depends upon osmosis it is obvious that the osmotic 
('oncentrntion of t.he plunt sup must be higher thun thut of the ~oil 
solution. 

In snnd cultures of mixed deciduous fruits und grapes muintnined 
with a nutrient solution contuining 1 p.p.m. of ooron, the E"olufjon 
remoyed by the plnnts oyer a 21-day period was only 14 pe]'cC'nt IlS 

concentrated in boron us tllllt presented to the roots. J11 cultures 
maintained witlla, (3 p.p.Ill. boron nutriC'nt solution tlJ(l nbsorbed 
solution wns 1'3 percent ns concentrated us thai presented. 'l'hese 
same solutions each contnined initiully 3 millimo]es per liter of 
magnesium sulphute, and a known nmount \rus added with the wnter 
used to replace a purt of the transpirntioll loss. In the low-boron 
:md high-boron treatments cited, the solutions tuken up by the 
plants were respectively 5 nnd 7 percent as concentrated in sulphates 
as were the solutions presented. In a culture with 9 p.p.Ill. of bo),on 
in which the grnpe wus the predominating plant, the solution ]'eI1loyed 
was 32 percent as concentrated in boron and 21 percent as concentrated 
in sulphate as that presented to the roots. 'With other solutions and 
other plants difl'erent percentages haye been obtnined, hut those 
givcn are illustrative. rl'lw con('entrutions of the solutions ],('lllon'd 
by the pl!luts were estimn ted f1:0111 the known iniOnl und end COllCf'Il­
trn.tions of the c!11turc solutions null the qUflntity of Wflt{'l' trnmpil'ed. 
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The preceding discussion hus b~en presented for the primary 
purpose of showing why it is not possible to set definite lilllits for 
the criticlli concentmtion of uny of the common, constituents of 
irrigation wnters. Not only do the tolernnces of different plants 
vary, but no fixed l'eln.tionship cun exist hetween irrigation-water 
concentmtions Ilond soil-solutioll cOlleentmtions, Ilnd it is the lutter 
rather than the former which determines plant belllwior. Xot­
withstunding these limitations, standards of refercnce nre desimble, 
and when properly interpreted they nre of Yldue. 

Chlorides in n. \\'II.tcr supply ol'dinu.ril~r ClUllIot Iw ('xpcded to 
produce injurious efferts of mn.tcriul consequence helow II. ('on('cntrn­
tion of 4 01' 5 milligrn.m equint.ients pel' liter, wherens some injuI'Y is 
genernlly certnin nboye 8 or 10 m.e. 'l'oxic effeds from sulphlites 
cnllIlot ordinltrily be expected froll1 water con tltining less thltn 7 0)' 
S Ill.C., but they nre highl~r pl'olmbln u.boyp 20 m.e. The efrects of 
chlorides Ilnd sulphn.tes between thes(' limits ILre relntin:l to conditions 
and crops, nnd the limits nrc of only modern.te signifkil.IH'C, since 
outstltnding exceptions might Iw noted. In view of till' unce)'­
tainties occnsioned by voried conditions, it is pl'l'fcmble to think of 
the q unlity of witters with r('slll'ct to chlorides ILS Iwing bettcr us tlw 
chloride cOllc<.'ntmtions drop I)('low 7 lll.e. I\.ud poorl'r as tlH'Y l'x('pcd it. 
For sulphntcs, 12 m.e. proyides IIIl equn.ll~' suitable hiLse. 

The conccntmtiol1 of bien.rbonnte (fLCOa) in irrign.tioll wn.t{'r is of 
secondary importonce, oml fo], pl'n.ctien.l purposes it may ordilml'ily be 
olllitted from C[unlity-of-wlI.ter considerations. Ali Olll' time bienl'­
bonate Wil,S supposed to be n.s toxk n,s ehloride 01' sulpitn,te, hul that 
view is not now gcncmlly held. 

It is customary to regard the basie constituents of il'l'igMioll wMers, 
i.e., the en.lcium, mn.gncsiulll, potassium, alld sodium, first in the light 
of their potentin,l cfl'ccts upon tIll' physi('ltl chn.mdcl' of soils. Diffl'r­
ent proportions nnd concentl'll,tions of these ions in tll(' soil solution 
have effeds n.Iso upon plnnt growth, hut the infol'lI1l1.tioll nGW n.\"Il,il­
able does not lend itself to fil'ld int('rp]'(~tfl.tio!l in terms of tht' I( un,lity 
of il'rign,tion water, nnd for tlmt rpuson tile subjpd cn.llnot 1)(' satis­
fnctorily dl'n.lt with. 

The j·ll.t,io of alkali basl's, i.!'., sodiulll 11.11(\ potassilllH, to the ulknline 
en.rth bltsl's, cu.ieiu1l1 n.nd ]llugnt'siulll, is of pal'ticulnl' signilic!l.n('p, sinee 
upon this rn.tio the maintl'llanee of pCl'lllNLbility of soils to iTJ'ign.tion 
wl1ter is l11iLny times deponclpnt. An impormel1.hle soil not onl.\~ pro­
"ides nIl llnsl1tisfnctoJ',Y SPt'd Iwd nnd pl'cYcn ts good ac]'atioll hu t. it 
takes witte]' slowly nnd dol'S not leltell froely. An il'J'igl1tion wntpr of 
given snlinity used in suflieien t abundance mH.}" be en til'l'ly sn.tisfndory 
on It pm"men ble soil fl.nd yef rendor IInpl'odu('tiyc othe.l· soils tlrn,t Illay 
not be n.dequfl.tely lelLehed. 

When sodium constitu tl'S tt In.l'ge proportion of the bnses of /1.11 

irrigation wfl.ter, similfl.]' l'eln.tionships must 1lItimn,tl'l~r cxisli in the 
soil (32). The rnpidity with whieh sllch chn.nges n.Te brought about 
is contingent not only upon t.h~· Pl'opol'ti.on of sodium in tho water and 
its concentration b11 t likewisc upon the proportions Itnd 1t1l10unts of 
replaceable. cltlciu1l1 Itlld magnl'siuTll 1t1ld sodium in the e.xchltuge COIll­
plex of the soil. In olle section of tile. i!]'eiL hOl'e deltlt with, where 
sodiulU is the predominant hn.sc ill till' irl·ign.tion witters, flt],Illers 
recognize tilltt such profit fiS is to he o"tnill('d I'TOIll their land must be 
obtained during the first few yeftl'S or irrigation. Yi('lds or 30 sacks of 

http:Pl'opol'ti.on
http:modern.te
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barley the first year are 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 
It can be brought into sufficiently good tilth for a seed bed for a 
fourth crop. 

Just as It was indicated as hazo.rdous to set up well-defined limits of 
tolerance for salts in irrigation waters, so it is not yet possible to 
assign definite limits for sodium as a percentage of' total bases in 
iITigation waters. 

For each of the water analyses to be reported the alkali bases 
(sodium and potassium) are presented both in terms of concentration 
and also as percentages of total bases. Inasmuch as the analyses are 
set forth in milHgrnm equiva.lents, it is largely imma,terial whether 
these percentu.ges u.rc read u.s sodium as percentage of total bases or 
sodium salts as percenta.ge of total salts. The inaccuracy occasionod 
by oonsidering the total n1kn.li bases as being sodium is not of groat 
consequence, because the effect of potassium, which is ru.rely present 
in high concentrations, is regarded as being like tha.t of sodium. 
Oalcium Itnd magnesium l11fi.y be considered I1S nearly alike in their 
effects llJlon tho soil. ,Vaters carrying sodium to tho extont of 65 
percent of tho tota1 bases are lookod upon as being of doubtful 
quality, waters with less thnu 50 p~rcent as being wholly sa,tisfa.ctory 
in this l'ognrd, and those with moro than 05 pOl'cont of sodium ns 
presenting a pl'ogl'essively grcator hnzal'cl as the percentage increases. 
But with this interpretation it must be recognized thu.t wn.ter \Tory 
low in total saJinitYI even though sodium pl'edominnted, might be 
used for mn.ny yenrs 011 n soil high in calcium carbonnte oj' in aclsorbed 
calcium and magnesium. 

Gypsum, sulphlll', or the sfLlts of iron nnd aluminum (24) n,re 
sometimes llsed successfully for the improvement of soil structure 
and for promoting rec1n.l11atioI). whero impcl'lnenbiLity is serious. The 
gypsum equiYalent of 1 111.(1,. of calcium per liter is 23,1 pounds pel' 
acre-foot of wn,tol'. If wu.tl'l' with 09.2 percent of sodium has, for 
example, 4 m.o. of cnlcium n.nd magnesium comhined and \) m.e. of 
alkali bases, the difrerence ill tho sums of tho nJkn.li bases n,nel the 
alkl),lino om·th bases is 5 m.e. pel'liter. To give equal proportions of 
nlkali bnscs and alkaline eMth bases in such water it would be nec­
essary to ndd to oneIl uCl·e..:foot oC wat~r 1,170 (5X234) pounds of 
gypsum. To roduco tho n11mli-baso concentrn,tiol1 to 60 pcrcont of 
total bnses 468 (2X234) pounds of gypsum would be required. II the 
allmline enrth buses exceed tlJe nlkali bases, the gypsum equivalent of 
the excess calcium and magnesium can be computed in a similar 
manner. 

Apprehension exists in the minds of a few growers and agricultural 
advisers that gypsum taken from deposits in regions where the 
waters hfLve been found to oarry sllbstantinl concentTations of boron 
might likewise be contaminated. Boron doterminatiow;; have been 
made on 8 samples of gypsum, 5 of which were collected near Panoche 
Creek southwest of Mendota" 2 from Lost Hills, and 1 from Imperial 
Valley. One of these slLmples showed no boron} 2 lInd 22 p.p.m., 
and tho average of the 8 was 8.4 p.p.m. The results obtained from 
the 8 samples do not constitute evidence that boron compounds are 
never deposited with gypsum, but indicato that thore is no particular 
ronson for suspecting such con t!1minLLtion. Ten tons of gypsum con~ 
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taining 22 p.p.m. of boron would add to t,he soil but 0.4 pound of 
boron, 01' approximately the amount added by 1 ncre-foot of water 
containing 0.16 p.p.lll. of boron. 

The specific electrical conductance, KX 105 at 25° C., as given for 
each of the wnter fl.nalyses, provides nn index of the totnl snlinity of 
the water compamble to that provided by total solids, but neither 
measurement indicates t.he naturc of the ions present. ,Vaters with 
conductnnccs below 75 will not ordinaril.y contnin a sufficient C011­
cent1'l1tion of any of the common ions to produce injurious effects) 
but between conductances of 75 nml 150 u11cel'taintv must exist. in 
the absence of chemic III o11111vsis. Au c1cctl'if!1l1 conductnnce above 
200 is definitely significn11t o(a pOOl' "Utte!', nlthough sulphate witters 
high in calcium and mngnesillll1 with conductances nbove 300 hn;vc 
been used profit flbly for long periods. 

INTERPIlETATION OF ANALYSES OF mlUGATION WATERS 

The common mineral constituents of natural waters lIlay be divided 
into two groups, 11Iuno1y, those existing in ionic forllls with definite 
chemical aHinities for other cOllstitUC'l1ts, lind those IH.'ld ill suspension 
as moleculal' aggregates possibly in the colloidal stu te. The latter 
grO\lp pl'obl1,bly"includes a portion of the silica, n.nd mddes of iron und 
alumin~1I11. Natural waters contain in uddition dissolYt.1d gases, 
chiefly oxygen, nitrogen, curbon dioxide, and not infrequcntly hydro­
gen sulphide or sometimes hydrocarhons. The concontrations of 
these cOLloidnl Ilnd gaseous cOllstituen ts ltn,ve been determined in this 
work in only a few inst.ances, and tllCse detcrminations ni'e not given 
in the analyses thnt follow in this bulletin. The constituents of the 
ot.her group, the ionic group, nrc of two kinds, (1) thc positively 
chnI'ged buses, pl'incipnll,r calcium, IIlftgncsium, sodium, and potns­
sium, and (2) the llcgiltively clmrged acid mdienls, principnUy cal'­
bonnte, bicttl'bolla te, chloride, sulpilatc, nnd nitl'nte. The several 
constituents of each kind hase (lifl'ercnt hut definite cnpncilies for 
reacting witl) 01' ]101ding in solution tho constituonts of the other 
kind. "rhe two kinds ofconstitucnts in n. wn.ter al'c nlwlL)'s in chem­
icnl equilibriulll; thnt is, tho sum of Uw milligrnm cquivn.Jcnts (01' 
reacting valnes) of the positivc l'udicnls is nhVllYs equal to the sum 
of the milligflwl equinl1cmts of the ncgn.til'c mdienls. 

An annlysis thnt includes only the ions 111 on tiollcd is ncvcr completc, 
for in practically all nntul'lll wIlters othcl' chemical suhstnnces nrc 
present,. These other elements, 01' rndicnls, which may be of widely 
vlll·jed chm'acte)', nrc usually prcsent in low eoncentl'nt,ions, and their 
identificntioJl and nCCllmte estimation is often diHieult 01' mny rcquire 
spcciallLppamtus, and they arc not determincd in the ordinary chem­
icnl nnalysis. Boron belongs among these secondat·y substances. 
Formerly it wns 1'Ul'ely included in nu nnalysis of ngriculturu.l water 
or soil, since its ngl'icultul'l1l significnnce wus not apPl'ecinted. Only 
recently luLYC accnmte nnnlytical methods for the estimation of boron 
in very low concentl'l1tiollS been developed. 

ANALYSES OF WATERS OF THE SAN JOAQUIN VALLEY 

In the following pnges nl'e reported the nnnlyses of npprmd.mntely 
450 wnter samples from streams fmel wells of the San JOllquin VnUey. 
The samplcs "'ere collected and Ilnulyzccl primnrily to determine to 
what extent boron OCCU1'S ns It na.tUl'lll constituent of the surface and 

http:dissolYt.1d


35 BORON IN SOILS AND IRRIGATION WA'l'ERS 

underground waters in the area, The waters examined were foJ' the 
most part irrigation waters. Some other waters not then used for 
irrigation but which had heen used and abandoned 01' which 'might 
at some time be developed for agl'icultul'l11 use were also collected, 
and some addition"l samples were examined, particularly those of 
foothill streams, wells, or springs, becnuse of the implications afforded 
with respect to t.he quality ,md source of valley waters. 

Within tho area drnined by tho Sun .Toaquin River and its tribu­
turies there nre 2,405,308 ucres of il'l'igatecI land (approximntely ono­
half of the totul irrigated a.crcngo of California) uncI un additionul 
1,157,322 acres which arc reported ns of 19~9 ns cupable of being sup­
plied with wn,ter by existing irrigation enterprises (38). Extensive 
urens underlain wit.h wator-bearing sands hnve been developed only 
in part. 

Boron occurs in higher concont1'l1tions in the watN'S of some regions 
than in others. n wus anticipated that the data resulting from the 
survey would serve n. geneI'n] pmpose by indicating in which portions 
of the yalley bOfon should receive pflJ·ticulac attention in extending 
agl'icultul'I1l developments and to what extent agricultural problems 
in deyeloped portions of the yaHey were attributable to high boron 
concentrations. The l1,nalyses hero.presonted are limited in number 
flnd lire expected tllOl'efore to seeVe only as guides in these matters, 
and this function WIIS in view when the work was undertaken. Insofar 
ns tllO l'esults may direct attention to the importance of boron as a 
potentinlly toxic constituent of irrigation waters and so stress the 
desimbilit.y of examining wutOI'S fo!' this constituent, the work will 
!taNe accomplished an additi.onnl purpose. Such com;tituents u.s 
chlorides and sulphates have long recei \red serious considemtion in 
the utilization of il"'igation waters, but only recently has attention 
been directed towunl the frequent occurrence of bot'on in il'l'igu.tion 
waters and the highly to)o.ic effects upon plants that result from 
1'e1n tively Sill nIl conCel] trntions. 

Boron has been found to be present in each of son:e 4,000 surface 
find undcrground wators so fn.r cxnmincd by the Division of 1Yestern 
Irl'igntion Agric.ulture in tne westeJ'1l portion of the United Stntes. 
In some of Blcse waters its conc(luirntion hus been sulTiciently high 
to inhibit the growth of il'l'igatcd plnnts, nnd in others so low that its 
presence WI1S demoJ)stl'ntcd only by spccinl methods. 

The annlyses of tll/.} San .Toaquin Valley waters werc not limited 
to boron detcJ'Jninntions but included also determinations of bicar­
bonate, chloride, sulphate, calcium, magnesium, and alkali bases. 

Following the analyticnl tables and sample descriptions the general 
chn.rncteristics of the waters of different portions of the yalley are 
briefly discussed. For each of the smaller geographical units into 
which the valley was subdivided for purposes of presentation a more 
detailed description of the water supplies lllls been undertaken. 

In the preceding pnges it has been emphasized that attention 
should be given to the percentage of sodium in irrigation waters. In 
the last column of ench table of analyses the sodium percentage in 
each of the samples hns been calculated, nnd the significance of these 
figures cannot be overemphasized. Their calculation and inclusion in 
reports of Wllt~l: annlyses represent a new depnrtm;e which it is 
believed shouk be genel'lllly adopted. The writer has found the 
concept to be one of great importance in the area studied. 
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Ii 

COLLECTION OF SAMl'LES 

Not all of the water supplies sllmpled in the area covered by this 
report: have contained appreciable concentrations of boron, and 
relatively few samples have been collected east of the trough' of the 
valley. The east side of the valley is the most llighly developed and 
is of the grentest ogricultuml importanc(1 for the reason that the 
qunntity of wnter derived from the Sierra greatly exceeds that 
derived from the castern watershed of the coastal mountains. The 
west side of the valley hns received the greater attention in this 
work, since both preliminary and later observations ami collections 
indicated that boron occurred in apprecittble amounts in many of 
the west-side wells, whereas except for areas in the south end of the 
yalley, little or no eyidence of boron injmy resulting from the use of 
water from streams 01' wells eost of the valley trough hilS been found. 

In llndertald'ng the work It genernl rather thnn' a detailed survey 
was contemplated, and an effort was made to collect Tcprcsentative 
samples over the entire west-side oren,. N evert1wless, more samples 
were collected in aTeas where boron contllmino,tion was thought to 
be local and where marked differences were indicated in the quality 
of the water of neighboring wells 01' in the difl'erent water-bellring 
strn,ta. :More numerous smnplQs were sometimes collected nt the 
solicitation nI1d with the cooperation of pI'opcrty owners wllen the 
pl'oblem of ,vatcr quality was thought to be of immedia.te economic 
concern. 

It hos been possible for the writer to collect persona.lly the grentel' 
number of the samples, but when any were collectcd by others the 
llaDle of the collector is given. FOl' tIle most port nnd insofar as 
pl'llctica,bIe, snmple collections were confined to the summer 01' ea,rly 
fall, for it is during the latter plLl't of the season tlmt the effect of 
boro11 in irrigation water upon crops is most clenr]y indicated. De­
toiled notes on plant reflctions for comparison with the subsequent 
l111alyticnl results W(\i'e regularly tnJwll. The interpretations of the 
significance of boron COllcentrn tions in irrigntion Wittel' in the dif­
ferent l)lll'ts of the valley (p. 27) wm'l' bused upon these oLscl'vll,tions 
and upon the severity of symptoms and associated rcduction in 
growth of plants grown expcl'imentitlly at the Hubidoux JJnbomtory. 

EXI'RESSION OF ANALYTICAl. RESUI.TS 

At one time nem'ly all water nnll.lyses in other thnn pm'ely chemical 
papers were reported as grains per gallon. Purts pel' lllillion later 
came to be the 1110re popular unit and is still ordinarily used. In 
this work it hos been elected that the onalyses should be reported in 
milligram equivolents per liter, the rel1son being thnt concentrations 
so expressed more clearly pOl'tl'a,y the chemical composition of a 
water, nud the [tnlllyses so reported most readily lend themselves to 
ugricultuml interpretation. 

Parts per million is a gmvinlCtric expression which sets forth tho 
weight of a given constituent in 11 given weight of water, whereas by 
milligmm equivalents a statement is made of the number of ions of 
each constituent present. The essential difference between the two 
forms of expression may be simply illustmted by assuming an aqua­
rium containing various lands of fish. If it is stated that there are 
SQ many pounds of each kind of fish in a million pound::. of water, the 
analYl:lis of the population has been expressed in purts 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 is com­
parable to that used when the concentrations of the various ions in 
a 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 chemical terms a solution containing 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 chlori.de (common salt) to 
make a liter of solution, that solution contains 39;).4 p.p.m. of sodium 
and 606.6 p.p.m. 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 
ions are increased equally, but 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 
a water exchanges 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 calcium. 

Boron 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 lie in the third decimal 
place, which would make verbal 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 

Bicarbonate (HC0 61. 0 

its valence. The factors for a number of the common ions are as 
follows: 

Ion 
To convert milligram equi('~lentslo 

parls per million multiply by­
) ___________________ .• _ _ _ _ _ _ _ _ _ ___ _ __ _ _ __ _ _ ___ _ __ 

3Chloride (Cl) _ _ __ _ _ __ _ _ _ ___ __ __ __ _____ __ _ _ _ _ _ __ ___ _____ _ _ _ _ _ _ ___ _ _ 35. 5 
Sulphate (80 ) ___ _ _ _ __ _ __ _ _ _ _ _ _ __ ___ _____ __ _ _ __ _ _ _ _ __ _ ___ __ _ ___ _ _ _ 48. 0 

4Nitrate (NO ) _____ __ __ __ ______________ ______ _____ _ _______ __ ___ __ _ 62. 0 
aCalcium (Ca) ____ __ __ __ __ _ _ __ _ _ __ __ _ _ __ ___ _ _ _ _ _ ______ ___ ___ _ _ _ _ __ _ 20. 0 

Magnesium (Mg) _ _ _ _ __ _ _ __ ____ __ ___ _ _ _ _ _ _ _____ _ _ _ _ _ _ _ __ ____ _____ _ 12. 2 
Alkali bases (by difference, as sodium)_______________________________ 23.0 
Total hardness (as CaC03), take sum of calcium aHd magnesium and mul­hlpJy by________________________________________________________ 5Q 0 

To convert parts per million to grains per gallon, multiply by 
0.0584; or to convert grains per gallon 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 (K) is the reciprocal of the 
resistance in ohms 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, KX105=129 is the same as K-0.00129. Electrical con­
ductivity, being a function of the number and nature of ions in 
solution, is more directly related to the sum of ions expressed in 
milligram equivalents thn,n arc values for total solids which represent 
the weight of all ions in a given volume of solution. The electrical 
conduetallce of a se lution increases with temperature, and for that 
1'eaSO:1 the teIlJp0!!~t.ure at which a conductance measurement is made 
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must be sta.ted. 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 {) if it is less 
than 100 or if chlorides predominate, 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 concentra.tion is expressed as parts per million of elemen­
tal boron in the solution. Two places to the right of the decimal 
are reported, but full confidence in the second of these is not implied. 
The titrating solution used in the Wilcox modification (41) of the 
Chapin method was of such concentration that 0.05 milliliter of it 
was equal to 0.01 p.p.m. of boron in aliquots of the size used. 'Vhile 
the error of such a burette reading is not great, there are other sources 
of error in the process of analysis. 

Carbonate and bicarbonates (C03 and HC03) are reported together 
in the analyses because very few wa.ter samples contain appreciable 
amounts of normal cn.rbonate nnd the equilibrium between carbonates 
and bica.rbonates is influenced both by temperature and n.eration 
either before or after sampling. ' 

The alkali bases are assumed to include sodium and potassium, 
but neither of these 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, chloride, and sulphate and 
from that sum subtmcting the sum of caldum and magnesium. In 
nearly all waters sodium greatly exceeds potassium, and for all prac­
tical purposes the quantity of alkali bases reported can be interpreted 
as sodium. 

The percentage of alkali bases (sodium principally) of the total 
of aU bases (calcium, 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 ANALYSIS 

The chemical alUtlyses herein reported were made by L. V. 'Yilcox, 
Vladimir Sokoloff, and Francis C. Scofielcl , all of the Division of 
Western Irrigation Agriculture of the Bureau of Plant Industry. The 
procedures in brief were as follows: 

Conduclance.-The specific electrical condllctanccs were determined at 250± 
0.10 C. by the convelltiollal procedure and with the usual apparatus, which in 
this ease consisted of a Wheatstone bridge of the slide wire type, batteries, 
1,000-cycle microphone hllll1mer, and suitable electrode vessels either of the 
pipette or the immersion type. The pipctte clectrode had n cell fnctol' of about 
0.30 and the immersion type about 1.30. The electrode v('ssei was stnndardized 
each time of use and ulways rinsed with. a duplicate sample at the same tem­
pel'llture before each reading. 

Bo/'on.-TJp to and including sample no. 4500, the boroll determinations were 
made by the 'Wilcox modification (41) of tl1e Chapill methud. Subsequent to 
that number the determinations were made by the e\ectrOllletl'ic titl'lltion 
method (42). 

Carbonate (I.nel bica.rbonate.-'l'he carbonute and biral'bonate ions were titl'llted 
with 0.05 norlllal sulphuric acid, phenolphthalein indicator being used for the 
earbollate ion and methyl omnge indicator for the bicarbonate ion (2, 1). 98). 
Aliquots of 50 milliliter were tit;rated with 0.05 llorlllal acid, so that a burette 
reading of 0.05 corresponded to 0.05 milligram equivalents. 
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Chloride.-To the neutral solution resulting from the carbonate-bicarbonate 
titration, 1 cc of potassiulll chromate iudicator was added. Chloride was theu 
titrated with 0.05 llOrmal silver nitrate solution. 'fhis is the official method. 

Sulphate.-Suiphate was determined gravimetrically as barium SUlphate from 
a 200-cc aliquot. The official method was followed except that silica was not 
removcd prior to thc precipitation of the barium sulphate. 'rhe relatively small 
amount of silica does not interfere so long as the volume is not evaporated below 
75 to 100 IllI. The calcium sulphate, anhydrous, equivalent of the sulphate ion 
may be computed in parts per million by lllultiplying the sulphate concentration 
by 68. 

Calcium.-The calcium ion in all samples bearing numbers above 707 was 
precipitated as calciulll oxalate and titrated with permangannte (5). Calcium 
and magnesium, in the few samples carrying serial numbers of 767 or below, were 
separated nnd determined by the "Willkler modification of the Clark soap method, 
as reported by Gritt-ner (15, 1J. 84"7).

11Iagncsium.-Through sample 110. 2300, magnesium was determined by the 
soap method (see calcium). Subsequent to sample 2300, magnesium was deter­
mined by precipitation as magnesium amlUoniulll phosphate, which was ignited 
and weighed as the pyrophosphate. 

Alkali bases.-The amount of ttlkali bases, sodium ttnd potassiutU, was esti­
mated in nearly all of the analyses without direct determination by subtracting 
the sum of the calcium and magnesium ions frl)\B the sum of the acid radicals. 

Sodium lJerccn/a{lc.-'l'he expression "percout sodium· j takes into account 
the ratio of the sodium content to the sum of the ealeium, magnesium, and the 
alkali bases, the conccntrations of all three constituents being expressed in terms 
of milligram equivalents. In other words, the percentage of sodium is obtained 
by dividing the sum of the lUilligram cquivalents of calcium, magnesium, and 
alkali bases (AB) into the figure for the alkali bases and pointing olT two places 
to the left, according to the following formula: 

. ABXIOO 
"Percent sodnlln"=Cn+M~+AI3 

l\U:THOU 0.' l'IIE::lENTrNG ANALYTICAl, DATA 

For the presentation of the annlytica} dn.tn of this report and the 
orderly n,I'l'!lngcment of officc rccords the (In,'IL here dealt with has 
been subdivided into quadmngles of unifOI'lll SiJlC. Each of these 
qundmngles cmbmccs nn tu'ca 18 miles wide in an east and west 
direction by 24 miles long feom north to south and includes therefore 
12 townships. Except for portions of the valley floor adjacent to 
the Sicnn, N eyadn., nil of tlJC San Jonq uin Valley is inel uded in one 
or another of 35 of these quadrangles. A sketch map of ench qund­
rangle bns been prepared. 'W]lOl'e it l'epresentatiYe number of samples 
were collected in anyone, the map has been Tcproduced fncing or 
adjncen t to the corresponding tnblc of analyses. The locations of the 
sources of the samples nrc shown on the maps by numemls which 
appeiLl' also in the first column in the tables of nnalyses. Samples 
representing surface waters are identified by a letter S placed adjncent 
to the locntion number on the quadrnngle mnps nnd following the 
location number in the tables of analyses. Following each table of 
annlyses there is given IL brief description of encil of the snmples. 

A key mnp (fig. 2) is pl'o,rjded, which designates by township and 
l'H,nge as well as by number clle respective locations in the valley of 
the area embraced in each quadrangle. rl'ownships and ranges of 
quadrangles 1 to 32, inclusive; nre referenced to the :i\lount Diablo 
mCl'idin,n nud base line, and those of quadranglcs 33 to 35 to the San 
Bernardino meridian and base line. 

The quadrangle maps show with 11 fnir degree of nccurllcy the 
locations of the important towns nnd streams und a little of the 
locations of lines of foothills; they fire intended, howeyel', to be 
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diagrammatic rather than precise, and all are drl1wn on 11 common 
base sketch of townships and sections. A part of the aren. is unsur­
veyed, and where surveyed the sections and townships are frequently 
not of regular shape. Certl1in samples were taken in unsurveyed 
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FIGURE 2.-Key mup showing locations or lIrens embrnced in the numbered qundrnnglll mups und the 
. correspondi";g tubles. 

territory, and these are located on the maps in terms of section, town­
ship, and range by projecting townshiJ) nnd section lines into unsur­
veyed territory; but innccuracies necessarily nccompnuy such 
procedure.

Where many samples are reported fl:om Ill'eas !If; lnrge as the 432­
section quadrnngles here used, it is difiicult for the render 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 adequate description of a water supply, 
but in the economic application of such analyses certain features are 
of greater importance than others. In formulatin~ ge~eI'al con­
clusions with respect to the quality of water in an area It is 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 ph,ced adjacent to each of the location numbers. 
Each of the figures of this trinomial exponent refers to a charac­
teristic of the water sample. The first figure refers to the specific 
elcctrical conductance, the secon(l to thc concentration of boron, and 
the third to the percentage of sodium. The actual concentrations of 
thesc constituents arc not represented, but instead a group classifica­
tion is made on the basis of a sc~.Ie of 1 to 5 for cach of the three 
characteristics. The scale used for each is shown in table 8. 

TABLE S.-Key to group classification oj water samples with regard to specific 
electrical conductance, boron content, and sodium percentage, as represented by 
trinolllial exponents shown on quadrangle maps 

------------....,..-----_..•_--_." 
I'Percent.Class I Contluctllncc (KX 10$ ilL ~5° C ,) Boron sodium" 

-I-----·------------~------
J ILess limn 25. 

! P.l1111 • 

2 
... .,.. Less thnn 0.25........ 

25 t.o 74.11 .....•.•• 0.25 to 07L... .. ... . 
. Lcs~ thnn 211. 

: 20 to :l!I. 
3 
4 

75 to 149... ' ...... .. 
1r.IJ to !!!i!l. ....... • 

0.75 to 1.411. .. 
1.50 to 2.011 ..•• 

40 tl) 51). 
fiO to iO. 

5 ~ :lO() nnd nllo,'c..... ' a.O!) lind IIbo"c.,. 80 nnd nbo'·c. 
I 

A water ba\Ting, for example, Il conductlll1Ce of 36, a boron content 
of 1.80 p,p.m., and Il sodium pcrcentage of 19 would be desi.gna.ted 
as 241. The classification is in part arbitrary, but it is clear that 
a water d(~signated us 111 would be rcgarded as excellcnt, whercas a 
water dcsigna.ted 555 wOllld be ullsuitable for agricultural use. A 
wllter dcsignated 533 might be uscd profitllbly under some conditions, 
whercns a 355 wuter would be cxpected in the end to cause the soil 
to become hard Ilnd impermcllble with a tendency to neeumuln.tc 
toxic concentrations of snit in the soil solution. 

If conductances are high, waters high in sodium arc preferred for 
industrial or domestic use to those high in cnlc.ium and magnesium; 
but for agriculturnl use it is important that the sodium should bc lQW 
relative to calcium and Jllilgncsium. For practically' ull purposcs a 
watm' of low conductance, i.e., low total salinity, is prcferable to one 
of high conductance. Boron cOllcentrntions too high for ngriculturn.l 
purposes ll1n.y have little or no significance in waters llsed for domcstic 
purposes, since thcre is no evidence tlutt either peoplc or animals would 
be adversely afl'ected by the boron concontrations slich as were fOlmd 
in the waters of the Sail Joaquin VaHey. 

ANALYTICAL DATA 

The analytical datIL are prescnted ill tllbles 9 to 39 and in the 
accompan~1ng descriptions of samples, fiU filTfl,nged by quadnmgles 
corrcspondmg to thc maps (figs. 3 to 32). 
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TABLE 9.-Quality of 'wafer in quadrangle 1, 1'ps. 1, 2, 8, and -'I N., Rs. 1, 2, and 
3 W. (fig. 8) 

I i nlil1igrum equiv8Ient.~ "Per.
Sam· J(XlOlLocation centDate lit 25° Boronno. pIe 
no. C. (,0,+ CI SO c ;\[, Alkali sodl·I


11CO, __'___8_ ~ baseR I um" I 


P:P.111. I 

L ••••••••• 5062 Oct. 21.1931 81S 5:1.3 11. 30 OS. 05 O. au 11. (j() 8.64 ijO.40 86 

2•••••••••• 4571 July 1O,19:lI 8U.0 .40 4.!){) 3.10 • i2 3.26 a. flI 2.1.1 24 

3•••••••_.. 4572 .....do..... ••• 78.!l • a3 5. 10 1.-15 2.03 a.02 1. a7 3. flO I 42 

4... .•••••. 4570 •••••do........ 84.7 .22 ,1.fJ5 2.10 1.22 2. S7 3. foil 1. 05 ! 23 

5.......... 62:12 May 17,1032 136 2.:16 !I. 00 :1.10 1.07 .3:1 .:li la.oil 95 

6.......... 6230 •••••du........ 7B.4 3.oa 0.05 1.:10 .2,1 2.45 4.24 1.82 21 

7.......... 62:1I __ •••do.... ___ • 80.4 1.02 4.50 2.40 1.55 2.14 3.la a.22 , :18 

~["is·ceiii,: 0213, Mny 20, Wa2 !la.o I. ao O. iO 11.551 .81 3.03 a.20 2.89 II 30 


neous too. 62.10 May lB,IOa2 44.0 . OS 3.05 1. 25 T 3 I 1. 14 .08 2.20 52 

-'1::;.).:.0;:;..:.;."'.;::_.:..1:....:.6:..:c'3:.;:5~;:;;\.:.ra::;y~:.;li":•.:.I9:.;:.:.:12'-'--,-7;..;1;:..;;;.8:,__.:..(::;10'-'-1___6::;•.:.5;;;5...:....:.:.;:7,:;:5 • 44 I :I. W 2. i2 1. sa 24 


I For molhotl or ('oniplIlntion see p. 3U. , 'I'=trnce. 
2 Outside or qundrnugle; included ror com·culence. 

FIGt'UE 3.-Qundrnugle I, showing locullons or samples reported In tnblo O. 
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DESCRIPTIONS OF SAMI'LES OF QUADRANGLE 1 (TABLE 9 AND FIG. 3) 

Location 1, salllple 5062. F. \V. Haag rnnch, Martinez. Locution correspollds 
to NE corner of SWX\' sec. 30, T. 2 N., R. 2 W. Depth abo\lt40 feet. Collected. 
by F. W. Herbert. 

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

Location 3, sample 4'572. Alhambra Springs. Location corresponds to NWU 
sec. I, T. 1 N., R. 3 W. Four springs discharging 10,000 gallons pCI' day. Telll­
pernture, 60° F. 

Location 4, sumple 4570. Clayton. A. C. Trette well. XEX\' sec. 14, T. 1 N., 
R. 	1 W. Depth, 70 feet. 

Location 5, sample 6232. A. Garibaldi irrigation well. SE!4' sec. 1, T. 3 N., 
R. 4 W. An old oil well drilled to 2,700 feet, now partly cayed in. Casillg 
diameter, 3 inches; dischnrgc, 0.0,1 cubic foot per second; temperaturc, 72° F.; 
some gas. Collected by V. W. De Tal'. 

Location 6, sample 6230. Sulphur Sj)l'ing Ilt mouth of Hustillgs Mine. SWU 
sec. 11, T. 3 N., R. 3 ·W. Dischargc, 0.22 cubic foot pCI' second; tempcrnture, 
73° F.; slight odor; discharge flows illto Luke Hermun, from which BenieiulI1ullic­
ipal supply is dmwn. Collected by V. W. De Tur. 

Location 7, sample 6231. Lake Herll1Hn. NEU sec. 23, T. 3 N., R. 3 W. 
Benicia municipal supply, with minor usc for irrigation. Tn pHrt from above­
mentioned sulphur spring. Collected by V. 'V. De Tar. 

Location 8, slllnple G213. Bancroft ranch well, Ygnacio VaUey. Approxi­
mately 3:J,i miles south I)f Concord and 1 mile southwest of Whitman. Collected 
by R. E. Goble. 

IHiscelluneolUl s:lInp,le. 623D. Rnlph Masoll irrigation well. NE;~ sec. 35, T. 
5 N., R. 3 W. lO-ilich casing; depth, 134 feet; upper perforations, 20 fect; dis­
charge, 0.7 cubic foot pCI' second. Bailed sHmple, motor not operntillg. Col­
lected by \.'. 'V. Dc Tur. 

Misce"tlancous SHl1lph; 6235, J. B. Danielson irrigation wcll. NEU sec. 32, 
T. 5 N., R. :1 W. Depth, 180 feeti discharge, 0.33 cnbic foot pCI' secund; tempera­
ture, 63° F. Collccted by V. W. Dc Tar. 

TABU, lO.-Qualify of water in quadrangle 2, 'l'ps. 1, 2, 3, a1/([ ;, N., Rs. 1, 2, al1ti 
3 E. (fig· 4) 

,---~-"--.--~~.- -...."...,~ ... 

!l\Iilllgrnm equivllients 
"Per­r oeation ISIIIIl'/ l\XIO' 

-~'----~~-~ . pie Dllte nt 25° Boron 	 cent 
no. i no. , 	 so<ii· 

: I 
C. C03+lIC03 CI f SO, ell ~ , !Anmli UJU" I~_ buses'! ..-.--"-<--­ , 

P./l.m. I 
----1--' 	 --.----
I 4511S Jul~' 10, 19:11 j·L5 J.W 5.45 1.15 I 1.20 O. :1I 0.a2 7.17 no 

1,150.5 .....do........ '10.0 .24 2.05 I. 20 i .21 I .511 .71 2. in (182 .. 45110 •• __do.... __ .. 2!l7 I.+! 4. ()() -1.·10 W.3:1 i o1.15114 ,....<io........ ItlO I. 2,1 ~--" I- '" , ,,- "·1.85 U.75 .4:1 1.51l 2.06 11.41 76:L .. ·1560 ...<io.... , ... 212 .81 0.50 4.aO 12.U7 6,12 5.2'2 12.·1:1 5*'.1. 	 .. 2<J5L June 24,1930 1')~ .4:1 5.50 1.85 5.01 a••51i a. :14 0.0.5 47[, 
'" .. ~>t'50 ....do__. 2aa . ao O. iii 5.:10 la.02 4.W 7.38 14.2.5 [,

II .. .. 21140 ..... do...... 112.1 1.12 ·1.00 2.20 2.5n :1. 04 2.34 :1.08 4:17. _. .. 0202 ~rny 20, Hl:~£ 8·1.1 .fH 2.110 :i. 75 1.,1:1 2.02 2.00 I 3.21 :IU8. H20·1 •.. __ <io........ 11:1 1.48 .1. 50 4.55 
 2.:lU 3.7n 2.81 -1.09 4:1IL.:' ... 11206 <io....... J.lfj 2.05 O. ao 5.20 a.52 4.40 :1. 52 7.:10 48
10 1l2O:! ::::.do..._. __. lOa I. 2<J 5.10 :l.15 2.34 3.8:1 3.0.1 3.8i :111II. ... 0205 do........ 8:1.2 1. 01 3.05 :l.()() . Ui 2. na I.U2 3.14 
 au12•. 020n . it;,y 21, 1U32 130 2.:1(j 5.75 5.40 3.0.5 4.30 a.n 0.31 H 
13..... :1.73 6.5U 45 ' 'rl~'OS .... do ........ HI 2.20 5.1i0 5.55 3.:18 4.27 


'/0210 MIlY ~it 10:12 l:1G 2.:H 5.40 5.:15 a.:13 a.92 3.74 G.·12 4011. ... 5:127 0,,(, 28, 1O:11 114 2.10 5. OS :1.90 2.00 5.00 4:115•••.. , 5:128 • .. tio........ 130 2.4:1 5.,17 ~:~g i 5:6~ 4.21 3.77 (j.0'; 4:1IG-S U212 Apr. 2!1, 10:12 :12.0 •:14 I. :10 1.15 I .50 .87 .S7 1.:10 4:117•• _ .•.• '1 0207 1\1I1Y 20,10a2 1.Jl 3.27 fI.·15 5.55 f :t:i-l , a.72 3.59 i.07 411 
• __ c_· _._~_~-,- "-­ .- .--

I For mel hod of compllllliion seu p. :19. 
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IJESCHIl"1'I0X 01,- SAMl'J,ES OF !llJADItANnI.E 2 (TAIII,g 10 A:,D FIG. ~) 

Location 1, !;ample -1568. 1lio Fista lIlunicipal \\'ell; L. P. Gardiner, owner. 
Depth, approximatl"ly 250 feet. 

Location 2, sample 4565. Isleton municipal, for lin] emergency. Depth, 130 
feet; <i-inch casing !lolc perforntcd; wHler stunds at 10 fect. 

Location 2, sample 45(ju. Isleton 1ll1ll1icipal; L. P. Gardiner, oWl1er. Seldom 
used because of sanding. Depth, 211 feet; 12-inc'h casing not perforated; water 
sta.nds at 40 feet. 

Location 2, sample 45(H. blet.on municipal; L. P. Gardille,', owner. Depth, 
6t5 feet; IO-inch cagiop; not pcrfomted; wllter ::;tandH Itt 60 t,o 70 feet. Approx­
imately 70 feet. from 8n~r:llllcnj;o IUver. 

Location 3, sample ·J5UD. Piltshu!"p; ll11uticiplll pili lit. ']'hrl'e wells 250 feet 
deep. ))erfomted below (in fN't. 

I_Ol:'lltion 4, sample 2!l5J. Lf)~ Mednnos Htntion, Standard nil 00. Composite 
of three wells 157 to 171 feet d('('p, all perforat.!d below ahou. 1'10 feet. 
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Location 5, sample 2950. J. G. Pewettl'r, section 5, stock well. Center S}f 
SCI.'. 5, T. 1 N., R. 2 E. Depth, ahout 30 fert. 

Location 6, sample 2949. Brentwood municipal welL Depth, 180 feet. 
Location 7, sample 6202. Balfour Guthrie Co. well. SW~ Sf!C. 18, T. 1 N., 

R. 3 E. Depth, 127 feet; static lc\"el, 45 feet; drn.ws down to (13 fect; 12-inch 
·casing perforated cntire length. Collected by R. E. Goble. . 

Location 8, sample 6204. East Contra Costn Irrigation District. ~rainage 
well on lateral 4. SW~ sec. 19, T. 1 N., R. 3 E. Depth, ~O feet; statIC leye1, 
12 feet; Hi-inch cRsin~, Collected by R. E. Goblt'. 

Location 9, sample '6206. W. W. Collis weI], SE}~ sec. 17, T. 1 N., R. 3 E., 
011 Balfour Road. Depth, 48 feet; static level, 15 feet; cRsing diameter, 8 inches. 
collected by R. E. Goble. 

Loeatioli 10, sample 6203. Balfour Guthrie Co. well. Brentwood irrigated 
farms, lot 50. NE}!l sec. 2.~, T. 1 N., R. 2 E. Depth, 116 rcet; static level, i{l 
fect; draws down to 18 feeti irrigates 90 acres. Collected hy R. E. Goble. 

Location 1.1, sample 0205, R: B. Crawford well. Brentwood irrigated (Rrms, 
lot 5. NW}~ sec. 19, T. 1 N., R. 3 E. Collectcd by R. E. Goble. 

Loc:1.tion 12, samples (1200 and 6211. East Contra Costl\ frrigation District, 
drainage weI], SWH sec. 21, T. 1 N., R. 3 E. Collected by R. E. Goble. 

Location 13, samples 6208 nne! 6210. Ens I; Contm Costa IrrigELtion District. 
DraillRge wcll 011 llmiu C1Ulitl. SW}~ sec. 21, T. 1 N., It. 3 E. Collected by
R. 	E. Gohle. 

Location H, salllple 5a:!7. Andrew Davis, .Jr,. domestic well. Center south 
line SEH sec. 20, T. 1 N., R. 3 E. Depth, 50 fect; statir-level, 10.5 feet; draws 
down to 16 feet; discllnrge, 0.15 cubic foot per second. C:t~illg extends through 
clay stTlttllm excluding snrface water and is not perforated. Collected by
R. E. Goble. 

Locution 15, sample 5328. Andrew Davis, .11'., draillugc well. Ncar NW cor­
ner SW}!l sec. 21, T. 1 N., R. 3 E. Depth, 35 feet.; discharge, 1.5 cubic fcet per
second. 

Locatioll lu, sampl~6212. East Contra Costn Irrigation Dif;trict, main cn!1t11. 
Nellr WH corner sec. 21, T. 1 N., R. 3 E. Collected hy R. E. Goble. 

Locntion ]7, sall'ple 0207. H. P. Garin Co. well nl)..5. Ncar SW corner 
NW~ sec. 30, T. 1 N., R. 3 E. Dcpth, 000 feet; static IO\'el, 125 foot. Collected 
by R. E. Goble. 

TADJ,E 11. -Quality oj water hI quadrangle 3, T1IS. 1, .2, 5, and 4 N.) Rs. 4, 5, and 
r; R. (Jifl. I)) 

~--'-l--r--~-I-'-~- ';lilli~r~I~:~:~~I;\'flle:; ----,,-- ­
8101 jrxlO'I' I "Per'

J,{)Cntiflll ,. Dille '~1. 2r.· Boron l-'~'~- -·-·.'.--'··:-~!·---l~-'·-- sC"(JCdlll.I•. _ lP	 ,I,I)C. 
i 	 C. J 'CO +11(,0 i ('I 1>;0 . C H' Alkali " 

-_._-/-_ J;;,:+-~·__'l!)_·';~~I_a. ~~- ~~ 
1.-....... 
2-8.... _... 
:1........ 
4._ ......... 

4(,02 July )0, W:ll I 
'(5(iO.. do . _ .. 
·IMII .. do •. , 
:Hlll ot'r. 1:1,IIl:lO 

oJ". Ii 
1\••\1 

!!S.2 
lill 

I. (iii!
.Ollf 
.08 
.12 

..1. 'Ir.. 
• [,Ii 

2.1.1' 
1.05 

O. ·1.1 
.05 
.30 

H.3r. 

'1'1 . 
0.0:1 
.20 

'I' 

O. ill 
.30 

LOll 
·1.00 

O. af> 
.11 

1.08 
2.1:1 

:1. ill 
. 22 
51 

0.21 

ii 
:j5 
19 
60 

5......... 
6._........ 

4r.·1:! July 1l,1IJ;1I 
45H ... do....... 

:12.2 
an. 4 1

.1(1 

.W 
2.FO .ao 
2.iO.55 

.21 

.·12 
1.17 
1.811 

.8(1 
1.2G 

lAO 
.84 

.\2 
21 

7_..... " .. 4042 .... <10 ••••••• 
8......., .. ·15:lU ... do ....... 

! 
2!lH .IUll0 14, Illao 
:i4!H ON. :,H, w:m 

9 30112 Jail. J!J, 1!l;!1 
.......... ·IMII July B,lII:lI 

:1<I170cL I:J,JUaO 
:\529 Nov'~ ·1, W30 

:15.5 
ilil 
2·1.» 
22.7 
2:1. ,.
2:1.0 
27.2 
27.5 

.0(1 
2,'10 
. 20 
.05 
.Oi 
.14 
.;10 
. :ri 

:J.15 .fio 
1.115 112.50 
:1. ~'O .20 
I. 75 ~ U,j 
1.1l0. ~~ll 
2.:1(1. 25 
2.70 ~2ii 
~.,55. 2!J 

.m 
'I' 
.12 
. 01 
.0:1 
.{H 
.00 
.0.1 

.a2 
26.11 

• as 
~ 57 
.50 
.48 
.. 22 
.77 

.Ii 
I;l.lll 

. H 

.. fit 

.:ll 
,·11l 
.2-1 
.2.1 

3.24 
M.O;j 

l. iO 
~ «:{ 

J,:l2
1.71 
2.lif. 
1.8:1 

87 
,,8 
67 
40 
62 
66 
85 
OJ 

10_........ 
11.-....... 
12......... 
i=t"i.....l:(iii.i:·· 

4Mfi July 8,11/31 1,258 2.[18 
·15-16 .... do........ 1·1f] I. IR 
4541 .....<10 ...... li2.0' .8:1 
4Mi •.• do....... 72.0 I .as 

1.1r.121.50 
3. :1.1 n. a., 
3.-15 2.80 
a.lxl :1.110 

.fH 

.01 

.o..~ 

.fki 

·la.·I!? 1I.72 
I. B2 1.(.0 
1.15 .s,~ 
2.H 1.25 

67.55 
9.30 
4.31 
3.00 

,,5 
73 
68 
52 

n~ou~ '... 4.,0:1 Jull' 10, i9:J1 47. R .05j l4.!l1l. 4~ • :)5 l' 4.95 03 

1 'l'-=truco. 
, Outside of f/ul\{lrnllglc; incllldc(l (or C01\\·cnlc<\('~. 
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6E. 

~+___~; 0­ ... ~ 

: of': • 
·f~-··f '.-~~~ ..­ ..;~. 

- > • • 

'!'··--r··-;'~T 

, 
~.!-'~"".-~ ..~ ~_ .._l_......~.. __~ ..! -. . . . 

.
l-i 

.: ,-1.+,,:, ":'_-~_!:~-·..·.-·.--:!:.:~l,,== 
,.~ --~~~1~ .. -~·-· .~--.-.... - -.. -. 

CO'~~.f-L..·- -....~.-.. -j..-...~.~-.~-.;+.; 

IN. . 

[l .-. '1

£ i 

~L..__-~U;~i·_·_··_-______~__~L..~__~____~__~·_-_-~~_-_--_~~:_·_-..L______Li__~__~~~~~ 
1'[G~TJn: 5.·~Ql1l1t1r11IlIlIQ 3, showin.llo~t1tions of samples reportc,l in table 11. 

nI'lSCIlII''rJOS 01' SUII'I.I'S IW qlfAOHA:\G1;g 3 (T,\lll,m 11 A:-II) FIG. 5) 

Location 1, slllnple 4M2. \\\·:;tern P:wific dl'pot, Thornton. Depth, 280 
feet; I4-inch casin~. 

Location 2 -I::;, sumple 45UO. l\lokeluTl1nc Rin.-I', nellr LocH. 
Location 3, sumple 4559. Vitll Pruit Produets Co. well, npproximntely 1 mile 

north of 1.Q(1i. Depth, 150 feet. 
Locat.ion 4, ::a:nple a·nu. 1Jodi municipal well. Usee! rorlmth hous('. Dl'pth, 

1,900 feet; tr.mpcmture, uso F.; high glts content; formerly flowing, now opcrated 
by small llUlllp. Coli ('cicci b~r C. H. Scofield. 

I,o('ation 5, sample ·IM3. Stockton lll1ll\ic;iplI1. California 'Yllter Service Co. 
plant nn. '1, ut Ellis i'3tr('et, two blocks west of North Ct'nicr Htrcct. Dr:lpth, 
533 feet. 

Location 6, sample 4544. Sbull!)w domcstic well. Enst Gcat\' and North 
,Cent('r Streets; ncat salllple 4M3. Depth, WI fect; stntic 1e\'cl 1l1:ioII t. 75 ft:et. 
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I.oeation 7, saUl pie 4542. Stockton municipal. California Wuter Service Co., 
plant. no. 2, at Monroe and Poplar Streets. Composite of three wells, each 
about 700 feet deep.

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

Location 9, samples 2944, 3454, 3692, 4540. Stockton Stute Hospitul, 1,000 
block, North California Street. Depth, 594 fecti discharge, 1,000 gallons per 
minute; temperature, 64° F. 

Location 9, samples 3417, 3529. Stockton State Hospit!l.l, new well. Depth, 
624 feet; discharge, 2 cubic feet per second. 

I...ocation 10, sample 4545. Ga!' well, Wilson Way and Jl.Iinor Avenue. Depth, 
3,300 fect; temperature, ~)6° F. Scrves Olympic Baths. 

Locution 11, sumple 4540. Fibrehoard Products, Inc., Stockton, West 
Church Street, one-Q\Il1.rter mile west of Lincoltl Street. Well no. 2. Depth, 
1,0·1.0 fceti perforated below 233 fecti water stands at 21 fcct. 

Location 12, sample ·1511. Stockton mllnicipal. California Water Service 
Co., plaut no. 1, at East Sonom Stree\; and WilSOll "'ay. Composite of eight 
wellsi depth, 670 to ] ,070 feet; none perforated ab(H'c 200 fect; discharge, each, 
2.2 cubic fcet per second. 

Location 13, sample '1.5'17. Sltll .Toltquin County Hospital, one-half mile weRt 
of French Camp. Depth, 228 feet.i perfomtec1 below 185 fecti wat<'1' stallcls at 
17 fect. 

l\1iscellnneoull sample 4.563. 'Valnut Oro\'c. Well at Alexander 131'0\\'11 
Hotel, '1'. 5 N., R. 5 E. Depth, 189 feet. 

'l'AllI,E 12.-Qualily of /1'(1/('1' 'in qIlU(11'l1110lC' 4, T{J.~. 1,2, ::1, and 4 N., Rs. 7, 8, 
(lnd 9 IE. (jig. 6) 

---;---'7-----;-----,,...---;-.----- ­ '~" ~,--.----

\ ! 1IIil1igrnrn c'Iuimlents 
$11111-' J(XIO'! "Per, 

Locutio/l pIe I Dnle 111,2.5· Boron I I 1 I cenl 
no. no.! C. ('Oa+llCOa ('] R(), ('II lIlg \AI~n~i so(li· 

, I UfiSCS 'Im" 

----;--- -----1---:------- --.- - .. i~--t- -1-~ . 

t J :J:J.p.m. t" I
I-S.!40liO f July 10. W:ll ! 0.41 0.061 0.55 0.0.'i o.o:!: 0.:10 ' 0. 11 0.22\' :~5 
t) ~ t -15.1(1 ,July 0, 1!J31 (j.1. (; .07 ! a.oo 2.05 .24 t 2.03 2.28 1. ili 295::::... 1.1558'1 Jllly 10.]031 j 1i0.11 .10' :1.201.15/.212.77 2.10 1.00 I~ 
'1.... "I ·155i July O. J9:11 I :12,,1 .00 [ 2. iO .20 .20 t I. a~ 1. :3.5 .4i I.; 
ii•• " ", 45~5 July 10, 1\l:11; :~_u.j.'02: '.000,:. 2.45.10 .OU i 1')0 .0:1 .5·1 I 10 
IL. ..1,'504 I ,. do .... \ 1.50 .25 .Oti! .76 .71 .51 \ 2(\ 
____1___, ~ .... __,.__-.___1-.._____. <-- I: ! 

DESCHlI''l'ION OJ<' SA:lll'L})S OF QUAUUANGl,}, ·1 ('1'A1l1,1~ 12 AN)) J<'IG. 6) 

Location 1, slimple 4560. Mokcitlmne Hi\'er ncar I...odi. 

J...octlliOll 2, snlllple 455(\. 01t'lIwlIts lII11nieipnl water. 

Locntion 3, sl11uple '1558. George Messner well. N'r~., fi('C. 31, T. 3 N., 


R. 7 E. Depth, L08 feet.; stands 40fcet. 
Locntioll '1, sallJple 'J557. W. B. Parker \\'cll. H)~ sec. 35, T. 3 N., It. 7 E. 

Depth, 265 fect; perfornted :It nil stmt:i. 
Location 5, sample 4555. F. W. Moznett wc11, I.iuden. BEl" sec. 15, T. 2 N., 

Il. 8 K Dcpth, 288 fcet; perforated belo\\' 30 feet; water stunds fit 4.6 fect. 
Location 6, sample 4554. 'l'oda Bros. \\'ell. HE}~ se(·. 16, T. 1 N'., R. 9 E. 

Depth, 180 feet, not perforated. 

http:1.201.15/.212.77
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9E. 
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FIGUItE 6.-Quudrnnglo 4, showing locntions or samples reported in tnhlc 12. 

TABLE l3.-Quality of water in qllarirallgle 5, 'l'ps. 1,9, 3, and 4 S., fis. 1,2, und :3 
E. (fig. 7) 

'---:-~--:---~-'---~'-'-'~-------,---I I M iIIIgrnm clluh'nlcnts I ":rer­
1,oclltlon IllXI~'! Icentpic Dntn !lit 25° Doronno. 

J)O~ C. 

Snm· 

('01+11('0.1 ('I i SO, I('n it 1\11; IAII~IIII ~I~~!;
J ms~s I_. ----I--'--~I--'--- ­

P.p.m. 
1•• _." .... 2048 June 2-1, JO:lO 121 2.00 0.9r. :1. 00 2.00 la. ·1:1 :1. 10 5. !Ill 48 
2_ ......,", 29-17 , •. do •. _' •• Iii 5.2·1 S.8., II. III 2.... 1. 'I~ I. UtI 

11 

17.58 SS
3__ ._ .•• _•. r.:J50 J 11110 22, Hl32 Wi I.no 0.70 7.0.1 I. fli :l. &1 3.22 O. f'l SB 
4••••••.••• (rHO ..... 010 ......_. ·1U1 20.5 S. flO 20.IXI '1' t .70 • ·12 37.20 !I7 

'0_ ""do 4. 1.1 .0.1 I .11I I' 2.55 2. 1:1 -I .87 16fI:J52 51. I .21g:::::::::: 11:l51 ....do.::::::. ('~.:J .3~ S.US 'OSI,SI 2.20 ·1.18 I.51! 19 
7-5_ •• _•• , 63.';:\ .-- .tlo........ 22. I .11 1.7.1 .20 .20 1.1° .75 .27, 12 

f 1 I I 
I T=trncc. 
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RANGE. IE. 2E. 3E. 

j , If ! I! ! I I I I I I I I I 
·----f--.,j-·-c-f-r'----or'---- .----f---~--~-----L---r_-- --..,.---.L-~---i---'--

" • • ~ I I I l I I I I I I 
~ 'i !~~OL.t I! I I I!! I I
::-·~----t-·---r-I--"-·I- ---r--r---I---J..---,----- --:-----t----r----E'---T-­

4S ~_---' -----L~+----t--~---- -----4-----~---t-----11----L-- ---~--L--t---- ----t--­. t I ,-" I I I 1 ' 
.1~ ",, .. I I 

I''I I0 I I '0 to I 
C. ---+J~"--r---· ....-~---- ---.J.---'----~----·--t-- ----r--l--- ----- ---­r I ~ I r I I I- I I 

0U) I - 0 - I I I I I.. I I, 
~ --r-:r~:t:t----r--- ---T1--I-Tt--~--i---t- ,- I . 

FIOUln: i.-Quudrangle 5, showing locations of samples reported In table 13. 

DESCIIIPTION OF SAJ\lPLI~S OF QUADRANOLE 5 (TAllLE 13 AND FlO. 7) 

Location 1, sample 2948. Byron, Southern Pacific depot. Depth, 40 feet; 
water stands at 10 feet. 

Location 2, sample 2947. Byron Hot Springs, "white sulphur spring." Tem­
perature 81 0 F. Free H 2S reported as Hi.7 cc per liter. 

Location 3, salllple 6350. Southern Pacific depot, Altamont, from well three­
fourths mile west. Ncar center south line SW~ see. 17, T. 2 S., R. 3 E. Depth 
not known; static level, 15 feet; agent believes water drawn frolll.125-foot level. 
Cool, without odor or gas. Used sparingly in locomotives. 

Location 4, sample 6349. Summit Garage, Altamont (Tesla quadrangle). 
Near SE corner NE~ sec. 17, T. 2 S., R. 3 E. Old oil well drilled by Standard 
Oil Co. Original depth, 1,190 feet, posElibly partly filled in now. Outer casing 12 
inches; water-pump casing 1% inches e:,tending to 250 feet; static level, 175 feet; 
windmill pump. Water cold, slight odor with CO2 Ilnd possibly other gases. 

70532-35--1 
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Location 5, sample 6352. Pleasanton municipal. From San Francisco city 
wells located in Plcasanton just north of Arroyo Del Valle bridge. A batterv of 
wellR, some perhaps 1,000 feet deep. Static level less than 28 feet. • 

Location 6, sample 6351. Livermore municipal, California Water Service Co. 
Sample from tap; composite of two wells within city limits, first on North Liver­
more Avenue, second ncar P. G. & E. substation. Depth, each, about 600 feet, 
with upper perforations below 100 feet. 

Location 7-8, sample 6353. Alameda Creek, approximatcly 1 mile south of 
Sunol, at highway bridge. Location corresponds to NWy.( sec. 21, T. 4 S., R. 1 E. 
Discharge unknown but small. 

TABLE 14.-QuaUty oj 'water in quadrangle 6, T1JS. 1, 2, 3, and 4 S., Rs. 4, 5, and 6 
E. (jig. 8) 

Mllllgrnm equivalents 
Salll' "Per­[(X 10 ,

Location centpie Dnte at 25· Doranno. sodl·no. C. AlkaliC03+IIC03 ('I SO. Cn Mg um"bases 
..--- ._--­

P.p.m. 
1. .••••.••• 4552 July U, lU31 ·1I.5 O. IB 2.70 1.15 0.10 1. 01 0.88 1.04 40 
2•••• " •.• ' 2045 June 2·1, 1030 380 5 •• 52 5.45 1.J.85 18.60 5.19 7.18 20.62 08 
3.......... 2046 .•_••do........ 68.0 1.l2 3.05 1.30 ~, 15 2.45 1.30 2.00 44 
4•••• __ .... 
5.......... 

4550 
4551 

Jul)' 0, 1031 
.....<10........ 

08.8 
89.8 

.80 

.82 
2.35 
2.70 

2.25 
1.80 

4.80 
4.37 

3.00 
1.59 

2.32 
1. 01 

4.25 
5.75 

42 
04 

6.......... 
7.......... 
8.......... 
9.......... 

:1-1111 
4519 
32114 
03·18 

Oct. 13, 1930 
July II, 111!11 
Sopt. 10, 1030 
June 22. 1032 

102 
56.0 
511.5 

2()7 

.70 

.62 

.37 
3.02 

2.45 
3.85 
3.'t5 
6.00 

3.70 
.55 

1.00 
0.65 

3.73 
1. 72 
2.20 
5.72 

3.54 
2.41 
2.78 
3.10 

2.61 
1. 30 
1.55 
5.01 

3.73 
2.75 
2.32 

12.80 

38 
43 
a5 
60 . 

DESCRIPTIONS OF SAMPLES 01<' QUADRANGLm 6 (TABLE 14 AND FIG. 8) 

LocatiOll 1, sample 4552. Southern Pacific depot, Lathrop. Depth, 1{jO feet; 
7-inch casing; drilled in 1806. 

Location 2, sample 2945. Fabian ilowing well. SEy.; sec. 33, T. 2 S., R. 4 E, 
Depth, about 2,000 [eet.·, 4-inch casing; discharge, r..bout 0.1 cubic foot PCI' 
second; tempemture, ern d, 8GoF. Water not uSl'd. 

Location 3, sample ,'. 1(1 Tracy municipal lI'ell. Depth, 215 feet; 8-inch 
casing, perfomtcd below __ leot; water stands ut 21 feet. 

Location 4), sample 4550. ,J. C. Casselman, domestic lI'el1. Neal' Sg corner 
sec. 25, T. 2 8., R. oj K Depth, DO feet. 

Location 5, sample 4,}51. California frrigated Farllls, IIIC., well 110. 1. Ncar 
NW corner sec. 18, T. 2 S., R. 6 K Depth, 654 feet; perfomted below (ji8 feet; 
flows, pumped to illcrease discharge. Tell1pemture, 71 0 ft'. 

Location 6, sample 3419. LOll Dedini, domestic well. Sec. 2, T. 3 S., ll. 5 E. 
Depth, 145 feet. Collected by C. R. Scofield. 

Location 7, sample 4540. Standard Oil Co.,VeJ'nalis pumping plant lI'ell11o. 2. 
West center SW],~ sec. 35, T. 3 S., R. (j E. Depth, 270 feet; perfo'\'ated below 
100 feet; stands at 7(j feet; dJ'!tws dowII to 98 feet; 8-iuch casillg. 

Location S, sample 329J.. 1;;1 Solyo Ranch, plant no. 2. Ncar SW corner sec. 
1, T. 4 S., R. (j E. Depth, 129 feet; stands 57 feet; discharge, 0.4 cubic foot per 
second. 

Location 9, sample (j348. Mountain House well. Ne!!1' center S}4 sec. 18, 'f. 2 
S., R. 4 Eo A shallow wcll with brick casing; static level, about 12 feet. Supplies 
service station. 
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FI(lURE 8.-Qundrnn;:lo 6, sh()wjll~ locations o(snmples reporteu in t!lblo 14. 
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TABLE 15.-Quality of water in quadrangle 7, Tps. 1, 2, 3, and 4 S., Rs. 7, 8, and 
9 E. (fig. 9) 

l\fillfgrnm cquivalents
Sam· [(x 10.1 	 "Per-Locution 

no. 	 pie Dote fit 25° Roron ccnt 
no. C. sodi·

CO,+IICO, C'I SO, C'a l\lg AlkalI um'"blL~es 

P.p.m.
I ........... 4538 July 7,1931 34.5 0.12 2.5,1; 0.16
0.45 1.72 1.03 0.6r. 192........... 4553 July 10,1931 401.0 .08 a.oo .40 
 .35 1.88 1.62 1.303........... 4537 July 7,1931 43.8 .15 	 28
2.05 .70 .IS I. 07 .91 1.66 394-8........ 4536 ....~do........ 2:1.0 
 .06 1. 05 .15 .04 1.05 .75 .41 III1367 June 21,1929 Oli.a .18 2.10 2.64 1.55 1.87 1.54 2.94 463296 Scpt. 19,1930 36.9 .0:1 1.80 1.80 .42 1.02 1.06 1.94 484579 July 16,19al 68.3 .23 2.45 3.40 .37 1.89 1.41 2.97 41'4780 Aug. 1,1931 72.3 .12 2.05 3.90 .27 1. 94 1.47 3.44 50·4827 Sept. 1,,]931 liS. G .13 2.45 2.80 .32 1.58 .90 3.13 564966 Oct. 1,1931 59.4 .09 2. ·15 2.80 .42 1.69 I. 41 2.63 465129 Nov. 2,1931 78.3 .22 2.25 3.05 .74 1. 93 1.72 3.03 455-5 1_______ 5329 Dec. 1,1931 78.0 .21 2.20 3.70 1.46 1.96 1.86 3.64 49­5387 Jan. 1,1932 21.7 .11 .80 .50 .21 .04 .78 .24 145602 Feb. 1, 1932 19. I .07 .95 .50 .2-\ .07 .49 .59 52­5773 Mar. 1,19:12 22.3 .03 I. 15 .60 .68 .70 .02 1.16 47 

1= 

Apr. 1,1932 :lS.4 .09 1.:10 
 1.60 .70 1.11 .96 1.59 43-May 2,1932 27.0 .2:1 1. 05 1.05 .45 .75 .93 .93 360226 Juno 1,1932 11.:1 .0:1 .50 .30 .18 .41 .54 .04 46479 July 1,1932 11.3 .03 .75 .30 .11 .32 .21 .00 5505:19 Aug. 1,1932 70.5 .21 2.15 3.40 1.19 1. ii 1.65 3.32 49­6........ __ • 3429 Oct. 14, 1930 71. 0 .80 3.20 1. 25 
 2. i5 2.02 1.91 3.27 45 

8..... __• ___ 
45~5 July 7,1931 36.0 .14 2.20 1.00 .02 1.52 .76 1.05 32 

7..... ______ 
3293 Sept. 19, 1930 75.6 .70 3. no 2.05 2.30 2.41 1. 77 3.77 47'9....____... :1349 July 27, 1930 2'J2 3.00 4.1010..____ • __ • 	 ·1.25 17.52 7.79 5.99 12.09 472942 J unc 23, 1930 90.6 1.25 3.70 2.35 3.15 2.7S 2.31 4.11 45t943 .....do.._____ • :14111..____..__ 	 :1.22 1.85 10.50 22.69 8.14 10.22 16.68 48­4826 Sept. 8,1931 328 4.60 4.70 10.20 21.57 6.94 10.00 19.71 545114 Nov. 2, 1O:11 310 4.49 4.80 0.85 20.71 6.07 9.5112-S......_ 4750 Aug. 1,19:11 	 19.64 54138 .45 3.50 .,.9513...____... 	 4. !9 3.22 3.51 0.94 512940 June 23,1930 106 .5:1 3.90 3.20 3 .• 1 2.37 5.53 2.7114........__ 	 26
6347 June 22, IH32 88.1 .27 7.75 1.60 '1"15....__.... 6660 Sept. 1,1932 	 2.2! 11.0\ 0.31 6663.5 	 .40 4.85 1. 15 ,ao I. 91 1. 27 :1.41 52 

I Discharges oC Son Joaquin Hiver 'ut EI Solyo di\'crsioll, bclow the mouth oC the 'l'Uoiulllne Hiver, os 
estimated by W. 1<'. Wooley lit time oCsampling: 

Cubic feet 
Sample no.: per second 


4579••••.•••.•..•,. ........... ......... 300 
ISnm~~~~~:~ .................. ~~:~~~

4780. ............. .............. ........ 13S 
 5883 ..................... "'" .......... 1,000
4827.................. .................. 150 
 6099 ................................... 5,000
4966............. ....................... 250 
 6226········ .. ·•· ...................... 15,()()()
5329............... ............ 760 
 6479 .................................... 15,()()()

5387 .................................... 3,000 
 6539..... ............................ 800
5602 ................ __ .... ••• ......... 3,500 


, T=tracc. 


DESCItIPTI0N OF SAMPLES OF QUADRANGLE 7 (TABLE 15 AND FIG. 9) 

Location 1, sample 4538. Manteca municipal wells. Composite of three wells;
depth, 140 to 150 feet; water stands at 6 feet. 

Location 2, sample 4553. Escalon municipal wells. Composite of two wells;
depth, 150 and 250 feeti water stands at 10 feet. 

Location 3, sample 4537. Ripon municipal WE'll. Ripon Water Co. Depth.
186 feeti stands 18 feeti not perforated. 

Location 4-S, sample 4536. Stanislaus River, south of Ripon. 
Location 5-S, 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. EI 801yo Ranch, Brigl1am Place, domestic wcll. Col­
lected by C. S. Scofield, 

Location 7, sample 4535. Modesto municipal water. Tap at Ninth and r
Streets. 

Location 8, sample 3293. EI Sol)'o Ranch well at Camp 2. Depth, 165 feet;
stands at 28 feet. 

Location 9, sample 3349. EI Solyo Ranch well at. old Camp 1. Collected by
R. M. Pike. 
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Location 10, sample 2942. m 80lyo Ranch well at Oaklea headquarters.
Depth, 115 feet. 

Location 11, samples 2943, 482li, and 5114. m Solyo Ranch well at dairy. 
Depth, 115 feet. 

Location 12-S, sample 4750. San .Toaqllin River, Laird's Slough, 1 mile above 
mouth of Tuolumne. At the time of this sample the water was largely if not 

6E. 

25. 

.3 5. 

t ,,-, , I 

:1- _. - ... ~~ "~~_""4.t- ......._t-.. 

. ,. . , 

...• .1.. ........,_ 
 .-. :.~:r~:r~.T= 
...Lj....1...- ..····t .- T--.. L.-~...,. 

~::nLt,. ~, , ~ ! 14!! ~ J; i 
1"ir~r"'T'-~'-"- -:;"1' "T-r'-r--r' --'T--- '-'-~-""T'-T-

FIGURE 9.-Qundrnngle i, showing locutions of samples reported in table 15. 
~ , 

entirely return flow and drainage from irrigated lands abo\·e. Discharge, 35 
cubic feet per second. 

Location 13, sample 2940. Westley, well at Benson Garage. Depth, 73 feet. 
Location 14, sallJ)lle li347. F. C. Roberts, domestic and gurden well. 8}fSEy.:­

NWy.: sec. 27, T. 4 S., R. 8 K Depth, 125 feet; upper perforations, 100 feet; 
casing dialllcter, 7 inchcs; telllpcrnture, U4°F.; water clear, no odor. 

.Location 1[;, salllple (iGliO. P. G. Poynor spring. SW}~ sec. 9, T. 1 S., R. 8 E. 
Spring issues into pond 150 feet ill diamet.er. Water cool and clear; used for stock. 
Spring runs low during SUIIllller months but always flows. Collected by W . .T. 
Murphy. 

http:diamet.er
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TABLE 16.-Qualily oj waler in quadrangle 8, 'J'ps. 5, 6, 7, IITlIl 8 8., l?s. 7, 8, and 9' 
E. (jig. 10) 

! i 'Mllligram c'lul\'alcnts I"I 
Slim· I/{x 10' 

11 I __ i 'cr· 
Location pie II Date 1 ' nt 

C 
250 IBorull ." I ' , I erIl.t 

no, I I' II' sodl· 
no. j I (Ol+IH"'03 CI SO, en Mg '~~::S i 11m"• 

--:-----~-··l-J-I -----1-
I !P.[l.III .• 

~:::::::::: ~~} 1~~~~; l~~~ I '~b. 7! \J:~11 ~:¥~ I g:rJ ~:~g U~ U~ t~~ I 37 
'I {2786 •<ilj i 2. :15 2.10 14.63 3.85 5.97 9. ZI 48•••••dO.....,.jli7 ,I 

32 

........... 2785 .....<10....... 73..1! .47 j 3.~>() .45 3.51 1.81 2.01 2.74 38 


.1. ......... 2784 .....do....... I:!9 .67, 3.:lO 3.00 i.70 5.01 4.66 4. ·12 :11
In.......... 2785 .....do....... 03.0 .291 a.95. 35 2.09 2.:37 1.10 2.86 45 
6..... ..... 278:1 .....do....... 90.0 .52 I i.OO 1.00 .05 3.00 2.01 4.0.1 
~I f:J292 Sept.IS,UlaO 101 '4ti 3.00 :1.40 3.02/3.17 2.1l1 4.21\ 
.........'11955 Oct. 8,1029 112 .08 :1.00 .'i.95 1.85 1.7·1 1.80 7.20 

819M .....<10....... os. 0 .40 a.55 1.05 2.41 2.50 1.67 2.IH
l
.......... 2782 :Ma~' 2:1,10:10 SOA .a8 I :1.25 1.40 3.89 2.21 2. Hi 4.17 

0..........\1950 Oct. 8, 10~'IJ 1112 .6-1 I 6.!1Il 2.25 2.98 .1. 01 1.7:l 5.40 

10......... 2781 \' lI1ay 2:1,1030 131 .0.1 j 5.65 2.95 :1.62 ~.57 2.52 4.13\' 

11... ...... 3291 Sept. IS,19:1O 115 1.08 , 3.50 5.!lO 2.07 I.O:l l. 78 8, Oil 
12-S....... 3428 1M. 1,1030 84.S.17 2.50 4.25 1.64 1.86 1.1)2 4.91 

DESCRIPTION OF SAMI'I,~]S o~' QlJAIJ)\ANGI,B 8 (TAB/.J:) 10 ANI> Ftc:. 10) 

Loeation 1, sample 2941. SignorettI well, El Pascadero Grant. Location' 
corresponds to SW% sec. I, T. 5 S., n. 7 Eo Depth, 36!l feeti perforated at seven. 
water~bearillg strata. 

Locatioll 2, sample 2787. L. W. Johnson well. W}~ "ee. I!l, T. 5 S., R 8 E. 
Depth, 60 feet. 

Location. 3, sumple 2786. EUlCmld Station, well 3, Standard Oil Co. Depth,. 
2'10 feet. 

Location 3, l'ample 2785. Emerald Statioll, well '1, Standard Oil Co. Depth"
:370 feet: 

Location 4. sample 2784. F. T. i\JcGinnis well, Cro\\"s Lallding. Depth. 208: 
feeti not perfomted. 

I,ocation 5, sample 2788. "7alter Ism:tIl, irrigation well. Xear i:i':f comer, "ec. 
3, T. 7 S., n. 8 K Depth, 260 feet. 

Lo(~!\tion 0, s:unple 2783. 'Veil neal' center XW1~ sec, 18, T. 7 S., B.. \) E. 
Depth, 40 feet. 

Location 7, samp!e 3292. XewlIltln ll1llllieipa! wells. Collected fro III tap at 
P Street Grammar School. 

Location 7, stun])le 1955. Golden State milk plant well, xeWIl1all. Depth, 
425 feet; !lot perforated. 

J.oelltion R, sample 1954. Gustine lIlunicipal, ne\\' well. Depth, 150 feet. 
J"oetLtion 8, sample 2782. Gustine Crealllery \\"ell. Depth, 22.5 feet; lIot per­

forated. 
Locl~tion !l, sample 1!l5G W. K. ~IcBride well. W~~ see. 17, T. 8 S., R.. !l E. 

Depth, 35 feet. 
Location 10. sample 2781. Shallow domestic \\'ell, ncar cell tel' NE,'{ sec. 30~ 

'r. 8 S., R !l .K 
. LOCtltion 11, sample 3291. I"enom Station, Assoriated Pipe Line Co. XE?~­

SE!{ se('. 28, T. 8 S., H.. 9 Eo Depth, ,150 feet; water stands at 12 fcet. 
Location 12-1-;, Ralllp!e 3428. San .Joaquin Hiver, Patterson Water Co" Ilulin: 

diverl;ion l'(lllaI. HW!4 se('. 15, T. 5 S., R. R E. Collet·ted by R. f:lchlllidt. 

http:3.02/3.17
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7E. BE. 9E. 

., 
" + .. ~ • •_f--..... 

FIGUnE lO.-QundrnngJe S, showing locutions of snmples reported In tuble 10. 
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TABLE 17.-Quality oj watcl' in quadranglc 9, 'l'ps.5, 6, 7, and 8 S., Rs. 10, 11, and 
12 E. (jig. 11) 

nUlIlgrlltn equivnlcntsISUnt'! 	 I"Per,J(X 10'Locution pic 	 cenLDlllo nt 25° Boron 
no. 110. C. 	 C] ('n Mg Alknll ';:'t~\~C01+lICO. SOl bnses 

'--+----1.•- ---~ ----- ­I---Il'·p:m 
L ..... _•• .f 4534 
2.____..... 2937 

. 
July 7,1931' 
Juno ZI,I9:1O 

4-1. 0, 
2i3 1 0.13 

2.0·\ 
a.55 
2.45 

0.40 
12.00 

O.~'IJ 
10.05 

2.34 
3. :10 

1.26 
.96 

1.03 
2'..!.04 

22 
8·\ 

3 {293S 
... ---­ ... ~'lJ30 

4__ ........ 1300 
5. __ ....... 1370 

• __ ..do•• --' -. 
.....do....... 
Juno 21,1029 
.....do....... 

~14 I 
_10 , 
24.0, 
5.0 i' 

~), 
.. 73 
.J.! 
.02 

2.05 
2.55 
l.a7 
.3:1 

0.75 
12.05 

.31 

.au 
1 

10.50 :l. ·\3 
10.80 3.88 

.20 .00 

.08 .10 

1.1-1 
1.0:1 
.38 
.0:1 

18.33 
21.45 

• flO 
.58 

80 
81 
:lZ 
75 

~S ........ 1~f.1 ....do....... lli.2 .08 1. 22 .15 .16 .m .22 .70 40 
I .......... ·\,,33 
8._ ...... __ 2930 
9.......... 2935 
10......... 21)33 

{ 

0159 
11......... 6160 

6161 
12......__• 00:14 

July 7, W:l1 
June 2:1,1930 
.....do....... 
.....do....... 
Mny 2·1, 19:12 

.....do....... 

.....do.......
1Aug. 24, J!Ja2 I 

1
27.:l 

440 
.._~).31'
47.0 
2i.O 
Ii. I 
:12.4, 
80.5: 

.02 

.70 

.15 

.07 

.05 

.03 

.07 
• 20 

1.05 
1.50 
1.80 
3.80 
1.85 
l. 55 
2.05 
{\.~'O 

.,10 
:17.50 

.20 
1.05 
.25 
.25 
.55 

2.40 

.12 .90 
1.48 o.ao
.:14 1. 10 
.3U .45 
.14 -~oi­

.091 .·W.~'O 1.02 

.a:l. .50 

~ 5i 
2. 05 
.34 
.15 
.52 
.29 
.60 
.OS 

1.10 
21).13 

.81 
·\.04 
1.46 
1.11 
I. 02 
7. on 

44 
72 
35 
89 
54 
59 
4U 
87 

, ' c 

t Lost. 

DESCRIPTION OF SAMPf,ES .oF QUADUANGLE 9 (TABI.E 17 AND J,'IG. 1I) 

Location 1, sample 4534. Turlock municipal weUs. Marshall Street plant, 
seven weUs. Depth, ,10 to 300 feet; water stands at 14 feet. 

Location 2, sllmple 2937. Old Stevinson well (Reed). SEX sec. 31, T. 6 S., 
R. 10 E. One of two adjacent wells which formerly flowed, now pumped. 
Depth not known. 

Location 3. sample 2938. Ricll!l.rds well. NEX sec. 36, T. 7 S., R. 9 E. 
Depth 356. feet; flowing. 

Location 3, sample 2939.. Beckworth well; 250 feet cast of sample 2938. Depth, 
300 feet. 

Location 4, sample 136!l. Drainage well, Delhi Settlement, Turlock Irrigation 
District. In or adj!lcent to sec. 2, '1'. 6 S., R. 11 E. "rater standl:' at 20 feet. 

Location 5, sample 1370. CUllal, Delhi Settlement. Opposite sample 1369. 
Locntioll (l-S, sample 1371. Merced River, ncar Livingston. 
Location 7, sample 4533. Livingston municipal wells; 2 wells. Depth, 157 

feet; 	perforated casings; water stands at 16 feet. 
Loc,atioll 8. sample 2936. Old deep well (Rosa). NW coruer sec. 2, T. 7 S., 

R. 10 Eo Formedy flowed; casing badly rusted; water stands at 12 feet; sample 
obtained 	from 2-inch pipe extending into old c!lsing. 

Location 9, sample 2935. J. F. Rhodes, Stevinson. NEX sec. 15, T. 7 S., 
R. 10 K Domestic well. Depth, '~5 feet. 

Location 10, sample 2!.l33. Charles Lyons Gun Club. NE}~ sec. 28, T. 7 S., 
R. 	10 R Depth, 265 feet; flowing. 

Locution 11, sample 6150. Vern Hallunatt, house well. NEX sec. 25, '1'. 6 S., 
R. 11 E. Depth, 60 fect; 7-illch cn.sing; static level, 10 feet. Collectcd by R. V. 
Wright. 

Location 11, sample 6160. Vern Hammatt, grove pump. Depth, 47 feet; 
12-inch casin~; 6-inch discluLrge; static level, 7 feetj draws down to 15 feet. 
Collected by H.. V. Wright. 

Location 11, sample OlfH. Veru Hamlllatt, electric pump. Depth, 70 feet; 
12-inch casing; 6-inch discharge; static level, 15 feet; draws down to 27 feet, 
COllected by H.. V. WriglJt. 

Locatioll 12, sample 6634. 1.. '1'. l'vlar.~ ranch well. NE}~N]!:X sec. 21, T. 7 
S., R. 10 E. Depth, 24 feet; 3-incll pump. Collected by Wallace Sullivan. 
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FIGURE II .-Qundrnnglo fl, showing locutions oC snmples reported In tnhln 17. 

TAllI,E IS.-Quality of wa.ter in qua.drangle, 10, Tps . •9, 10,11, and 12 S., Rs. 7, 8, 
and [J E. ([tU. 12) 

MiIligrnlll oquivnlcnts 
Itj'cr·

Slllll· }{Xl0~Locution cent.pie Date ut 25° llorollno. sodi­no. C. C'-O-3-+-r~~o~3J-;.1 ISO. C'n Mg L\lkflll 
I j 1. ~ buses um" 

---" .~-- j------;-1--­
P./l.m 

L ...•..••. 19.,3 Oct. 8, Jfl20 filii 2. i4 a.3U O. 75 5S.07 15.40 2:1. 73 28.90 I 43 
2••••••••• __ 3289 SO]!t. 18, J9:10 J~1() 1.48 ·1.S5 .1. 50 .J. 07 2. $7 4.·10 5.70 44 
3••••••_••• 3200 .....do .••....• 2112 I. 00 3.10 10.80 U. it 4.40 3.80 12.20 59 
4•••••••• _. 278!l .'H.2 .37 ·1.45 .50 .39 1.99 1.60 1. Ull , 32 
5-8••_••••• 2701 .~\!:I.;IO:'·:~~~I Oll.7 .55 ·1.00 4.15 1.1-1 2.51 2.7!l .1.591 45 
~..--..•... 2780 _••••do...... . 1:12 .on ·1.00 0.50 1.85 2. OS 3. iO 0.57 51 
,- .... - .... ~ ...... 2iiU __ •• do ....... . .·Ii J :1.;10 1.00 .85 1.50 1.:17 2.2S H~2.318._•••••• _•• 2700 ••••• do ...... '" 2iH .00 1 a~ 05 G.iO 17.8·( 0.40 8.2:1112.06 47 
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,F1(ll'n~ 12.~·QtIl\(lrnngle 10, showing IO()lltiolls of sflmples reported in tnble 18. 

DJoJSCIUI.'1·ION 01' SAMI'I,ES ·OF QUATlUANGLB 10 (TABLE IS AND FIG. 12) 

Loclltion 1, slllllple 1953. Allen Ranch. Stock well nt mouth of an arroyo 
ncar center sec. 2, T. !) S., R. 8 E. Depth, 3GO feeti flows with very slllull strelllIl 
to supply trough. 

Locution 2, sumple 3289. Ingomar section hOllse, dOlllestic well. Depth, 
90 feet; perforllted belo\\< 80 fecti stunds at 8 feet. 

J,ocution 3, snmplc 3290. Halinlls GUll Club. NE).1 sec. 2, T. 9 S., R. 9 E. 
New flowing welli depth, 550 fect; upper ]00 feet of cusing is lQ-inch, relfluinder 
12-inchi upper perforations, 420 feeti ground wuter encountered ut 9 feet. 

J~o('ation 4, SUlllple 278!.). Shallow dOll\estic well, quinto Creek deltu. SWj4 
Bec. 8, T. !) S., R. !} Eo 

Location 5-H, Slunp1e 2791. San Luis Creek at Pacheco Pass highway cross­
ing. SE',{ sec. 15, T. lOS., H.. 8 K Dischnrge, 0.02 cubic foot per second. 

J~ocntioJl 0, snlllplc 2780. Sunttl Nelln, domestic well. NE corner sec. 6, 
T. 10 S., R. 9 K Depth, 90 fe(~t; wnter-henring gruvel reported only at 52 feet; 
casing not perforated elsewhere. 
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IJocation 7, sample 2779. Joe Vallado, domestic wcll. Opposite Volta dcpot, 
NEyt sec. 1, T. 10 S., R. !) E. De»th, 200 feci; flows during winter months. 

Locatiou 8, sample 2790. Pnclteco Puss JUlIctiOll well. Nlil corner aec. 19, 
T. 10 S., R. 91E. Depth, 150 feet. 

TAllLE 19.-Quality oj water 	in quadrangle 11, 'I'fI'~' ,f), JO, 11, (1l1d lZ 8., Rs. 10, 
11, {t1!(l 14 B. (jig. 18) 

1.ocntion Sam· 

no. )~~~ Dnto 


IlESCHII"I'IO:; OF g,U!l'I,ES OF (jUADHANGJ,E II ('I'ABLE 10 AND FIG. 13) 

Location I, sample 1!J52. Hen Orogen, domestic well. SEt,; sec. 15, T. 10 S. 
R. 	10 K Depth, 20 feet. 

Location 2, sampIc 2776. 1\1. 13. 1\Iil'tlllclu, domestic \\'cll. Cl)rfll'r Fourth 
and 	P Htrcets, 1,08 Banos. Depth, 33 fect. 

Location 3, salllple 2777. Los Hanos municipal well. N\V cOl'ller scc. 23, 
T. 10 S., 11. 10 E. Depth, 122 fCt'ti pl'I'furtticd below ]]6 feeti wuter sLallds at 
10 feet. 

Lucation 'i-S, sample 1S7!J. Sllnbl Fe Canul al; higlll\"ILY el'ossing, 3 miles 
.east of Los BitllOS. i:'\!ul .Joaquin River water diverted lit MendoLa. 

Loc:dion 5, SlUtlple 1957. Big Water well; !lowing well in slough. NW}1 
sec. 27, T. 10 H., R. J1 g, Drilled to 385 feet; cased to clay at 305 fecti pr('sellt 
disell(lrge strlull. 

Location 6, sample 2800. Drainage well. Ncar SE corner scc. 4, T. 10 S., 
R. 12 E. Left btlllk of branch of Colony Citllal. Collected under direction of 
'I.'. 	C. Mott. 

Location 7, Slllllpl(' 2867. Drainngc well, suuth side SWI~ sec. 2, T. 10 S., 
R. 12 E. North side of 1'0nd at west end of Santa Ritu I"Hough. Col1ert('(l under 
direction of T. C. Mott. 

Location 8, sample 2778. 1\1. T. A\'elal' well.. SW COl'lt(,r sec. 23, T. 11 S., 
R. 10 E. Depth, 23i> fret; IOI\'('st water strutUI11, 03 feet; S-ilJ('h discharge pipe. 

I.Joclttioli !J, sample 2871. 1\lilIer &; Lux, ItIJandOlled hole. West side of 
Nm~ seC. 5, T. II H., R. 12 Eo Abandoned hole drilled to about 500 fcct. Col­
leekd \lnclel' ciir('(·tioll of T. C. Mott. 

I,o('lltion ] O. l'all1plc 2870. Dminnge ",eIl. HWJ.i R(,C. 4, T. 11 S., H. 12 R 
T_eft bank of Laguna CunnI. Co1Jectcd undc'r clirC'ciiull of T. C. :i\IotL 

lJocution 11, !mmplC's 2775 lWeI 2868. Drilinugr \\,('1]. "IV('st side SE1~ sec. 2, 
T. 11 S., R. ]2 R Right bll1lk of ('unnI. Snmpll' 2},(j8 collpdcd under direction 
of T. C. l\'Ioit. 

Location ]2, snmplr 2774. A. H. Nl'('se well. NH!:I s('e. 11, T. 1] R, R. 12 IE. 
Depth, 	12 feei. 

Loelltion13, Rllmple 2872. Drninugc' well. ]~Ilst side of SW);j sec'. 12, T. 11 S., 
R. 12 E. Right bunk of Colony Illain enlln!. CoJteeil'd \lnder dirertiQI1 of T. C. 
Matt. 

Location 14, sample 2772. Om ],omll l\111tllul well. NCIlI' N\V eoruer sec. 
'23, 'I'. ]2 So, R.] I g. New weIl drilled to 1,260 fceL 

IJoclltioll ]5, sample 2771. Ora LOll1n MlltUlll well 110. 24. NW!~ sec. ]0,
''1'. 12 S., R. 12 Eo Depth not uscel't!\illed. 
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l'JGun~: I:J.-Quadrnnglo 11, sHowing locations of salllpies rQPortcd in table 10. 

Location 16, sample 6!)65. W. 'E. Whii.tingtoll \\'011; 7 miles south of LOB 
Banos on Morcy Springs Road. SWl~ soc. 25, T. ] 1 S., R. 10 K Dcpth, 608. 
fcct; 60 fect to water; SO-foot draw-down; 12-inch casing. Collected by R. V. 
Wright. 

TAllLE 20.-Quali/.y o/waler in qU(ldrall(J~e12, T1JS. 9,10, 11, and 12 8., Rs. 18,14, 
alld 15 R. 

"Per­
('Nlt
s()(li. 
Hm" 

I 

·1.·10 j O.M 


12. Iii !II 11)
! 
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DESCRIPTION OF SAMI'I,ES OF QUADRANGLE 12 (TABLE ~'O) 

(Quadrangle mop not shown) 

Location 1, sample 2773. Durham farm, flo\\'ing well. West of center of 
'sec. 6, T. 11 S., R. 13 E. Depth could not be determined. 

Location 2, l'ample 3288. Silaxo Station, Associated Pipe IJinc Co. SW~ 
'sec. 11, T. 12 S., R. 13 E. Dcpth, 465 feet; water stands at Hi feet; lower 86 feet 
of casing pcrforated. 

TABLE 21.-Quality of water in IJlIadrangle 18, T]JI;. 9, 10, 11, and 12 S., Rs. 16,17, 
alld 18 E . . 


~lilli~rnlll ~!Jui\'tlll'Jlt~ 
8olll. iiXIO " Locntion 

no. 	 )lIe lIme nt 2110' Uoron l 

110, C, ' (,°3+
!l(,O, 

I .... 
2_ ... 
3•••• 
M.ise·cl. 

4531 
_" 52UI 

·15.10 

Jul)' 7.IO:H 
Xrn'. ~;, lOal 
July 7,1031 

~i.l 
~'1l.!I 
21.0 

P ]UI/. 
0.0;, 

.0:1 

.OS 

J, U[, 
2.1l0 j 

l.:lO 

O.il5 
.70 
.W 

O.O~ 
.h;l 
.IIG 

L25 j 0. till l 
I.·l~ I .75 
.70 .1;' 

o -.j
.I~ ·;; 
• (j$ ; 

q­_I 

!W 
35 

Inncow; 1_: ·1532 
Do. 711·1 
Do ... • il15 

do 
'I'\-b, 27, iU;13 

rln. 

311.1 
~"••1)
2ftS 

.02 
•112 
.02 

2. al) 
2, IU 
)""'5 

• 2.~1 

.'IS .1'",­
• (1;i 

.11 

.22 

I. ~~) 
I.O<J 
• Oil 

. on 
1.0:\ 
.1)1 

• i:-J.,,0
I. 1;; , 

25 
35 
37 

I OutSide of quadrangle; inel\1d~d (or rOll\·('niNlC'o. 

l)ESCIHJ>TfOX 0[' SA~IPLEH OF Ql',u)\(A1\GLE 13 (TAIII~E :!I) 

(Quudrangle map not shown) 

Location 1, sample 'l:j:3l. Chowchilla municipal wcll IlO. 2. DepUt 10·1 feet; 
12-inch casing, pCl'forated helow 60 feet. 

Locution 2, sample 520-1. Htanley Yecney mnch wt'll. Lot 7, block 7, scc. 6, 
T. 10 S., R. 16 K Discharge, 0.S9 cubic foot Pl'l' second. Collected by B. L. 
Garthewaitc. 

Location 3, sumple ·15:30. }Hadem municipal water. Sumplcd at iO\l'er plant.
Depth of SIX scutiC'('cd \Yells, 220 to 400 feel. 

l\iiscellnneous sample ·15:32. 1\lel'('cd 1l1t1uicipltl waleI'. From tap nt Sixteenth 
llnd Main Strcds. 

l\fisrellaneous sumple 7114. San .1oaqllill Light & Power subsiatiOll well. 
NWhNW}'t scc. 0, T. S s., R. 16 E.; 'b miles cast of Athlonc. Discharge, 0.04 
cubic foot per second; dcpth, 102 fcetj ] 2-inch casing; wllicr (-leal'. Collected by 
W. If. Alison, Jr. 

MiscelIallColls sample 7115. E. S. Poricl' well. NW~~INW}j sec. 0, T. 8 S., 
R. 109.; 4111i1('s cast of Athlone. One-quarter mile cast of sumple 711-1. Depth
72 feet; watel' ('Icar. Trl'igrtiion fwd domestic. Collected by W. H. Alisoll, Jr. 

'TABI.E 22.-Quality of water in fjllalZral1glc 11" '1'ps. 13, 14, 15, ancl16 S., Rs. 10, 
11, alld 12 B. (fif!. 1/,.) 

]';.(1U' 
no. ; 1,le ; 1)[11(- ; nt 'J[.o Aoron,­

(' (,0,+! no I){,O, 

I.OClltion $:1111­

1 

"'-'-~---'--""~-I-
IiI;:.~.·I;'. j \ !. r 

659 l1i. GO 5. ·15 :50. U5 l D"16 iI:!. SU t I~. 00 , :19. U7 61 
3.20 I.SO, 8.0511.35, .90'11.·10 8·\W~ 1;\:~6 j 1. i5 Jr..SO j' .20 2.24 .36 30.21 93 

I~'IJ I.M :I. i5 1.05 S.81 5.1313.56 4.92 30 
2iU 4.1l0 5.20 ·1.85 22. 25 i. 11 9. :16 15.83 49 
2SU H.52 5.10 5. iO 22.21. 5.59 0.01 18. as 56 
SOO 8.78 4:15. ZO I'~;" 90 85. 82j19. 51 f12. ;17 ,.Ii. 54027 12.7 4. 15 .0.90 ,lOR 78 19. S3 40.00 78.9,1 57 
018 I i.·'·1 5. 65 G. no 71. 10 24. 21 10. 69 38. 42 47 

~ ,~- '~-"-.-.' --- - ,,-~ -~-.-.- "'" ~..,.....,- ...,-- ! 
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DESCRIl'TION OF SAMPLES OF QUADHANGLE \., (TAnl,E 22 AND FiG. H) 

Location I-S, sample 2770. Little Panochc Creek. Ncar SE corner sec. 19, 
T. 13 S., R. 11 E. Flow of creek about 0.02 cubic foot per second at this poiut, 
but dry at Mercy School, abo\'e, although there were a few pools; dry or nearly so' 
below. The bed of Salt Canyon entering just abo\'c sampling point was damp.. 

RANGE. , 0 E. 12 E. 

,I :. t ,~ ,,' I 1* , , • 
--+---~----i---- ...':"----:--... ~ --~---.......---~ ..--~---+-. :;';w~ __ J...~ ----i,1 _____L.,. --',1---1,­

: I ~ : i i!: i : ~/" 
__L-+.--l___ ..-i..---i- -- ---.f..-..-L:.t""+---"~- __~l._______ L_....j_~~~__J_~ 

1 ! ! ; o-? ~! *. t : ~ ~ t i ~ i I 
I I ' V,O' I ,I. t t (,. 1 ~ I I J135 -------.. --r..--VO(i"~- ____ T"' __ ;::-t'----r---- .._---:--.. -..,.,.----r--+----l'"--­.... 4_...~.i.-

. ; i ; ~qC:1-0: ':~; c. t: ; ~ : ! I 
--+-..-.. t--tl~~----+---~.. :.t..~-'-..~~Mp"J---~- ;---;.--t---t--t--­

; ; ., t ,r-' ; 0 ": ; (~! • I! l ; 

·:--~-----r..L+--+·t-!-..-- ·.-,..f---t---i---T:--7---- ..--+--·+---f----t--+-­
......... ~ t ! (. ~ ~ t I"" !!:!; 


Location 2, sllll1ple 187T. Irrignt.ioll \\'('If ncar Sg corner sec. 0, 'r. 13 S., H. 
12 B. Temperature, 82° F. Probably Il deep \\'ell. 

Locatioll 3, sample 27UO. Mercy Hot Springs. Dischllrge, 0.03 cubic foot 
pcr second; temperature, 1200 F. 

Locution 4, samplc 27U8. Irrigation well nellr center sec. 30, 'r. 15 S., R. 11 E. 
Small centrifugal Jlump in 30-foot pit. 

Location 5-8, sumples 27{i7 uncl4833. PIlIlOl:he Creek. Near center Wr.; scc. 
27, T. 15 S., R. 11 g. Dischurge Ilt time of cach sample approximately 2 eubie 
fcet per sceOlHl. 

Location 6-S, samples 27UU Ilnd 4832. Silver Creek. NWJ4 sec. 32, T. 15 S., 
R 12 E. At P. O. & 1.!i. gus Jille crossing. Discharge at time of each sUlllple 
approximately 0.03 cubic foot per second. 
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Location 7, sample 6673. .T. H. Morgan well, domestic and irrigation. On 
Griswold Creek. NEXSW~ sec. 1, T. 16 S., R. 10 E. Dug well; depth 20 
feet. Collected by R. D. McCallum. 

TABLE 23.-Qllality oj waler ,ilt quadra,lIylc 15, TJI.~. 13,14,15, and 16 S., Rs. 18, 
14, (wcl15 E. (flu. 15) 

Mllligrnm cqulvalents jjPer-Sam· J(XIO!I,aention 	 - centpIe Data nt 25° Doronno. no. 	 sodi·O. 	 ,\Ikalicoa+Ilco,1 el SOlI ('a Mg bases um" 

----1·---------	 -- ----I
P.P.III. 

'-_.... ••• 1870 Scpt. 27. 1D2I1 4S0 2.13 2.40 las. 20 11.501'::- 1.44 37.S4 88 
2......... 2032 JUIlO 22, 10:10 203 1.20 1.17 .2i 18.47 93 
3•••••••.• 2701 lIllIY 22,1031l 3211 I. 00 a. :13 10. iO 9. 02 4.04 2.00 20.01 81'.00 I"W I"·'"4••••••••• 2762 •••••do••••••• 1015 I.M ·1. W I. 50 U.88 2.8B 2.46 10.24 66 
ii·S........ IUIO Oct. i, J02I1 5.05 .07 .30 .05 .00 .30 .00 .101 32
Q-S........ 1O.J8 .....110. ...... 5. ~'!l ,It .:m .15 '.OS ~ 32 .00 .12 23 
,._ •••••• 1871 Sept. 27,10211 160 1. 2:! 2.40 2.30 jlUO 1.01 .19 14.00 93I, - ,I)' _IS7S .....du._••••• asu 1.02 •• ,0 .IJ. ,0 9. _~l 4.51 3.05 31.13 8()8•-....... {2i60 lIlay 22, 1030 387 .01 2. SO 25. 25 tl~ 05 4,:19 2.06 33.55 84 
9......... 2703 .....<10••••••• I·W 1.58 3.85 I. :10 9.13 2,flS 2.05 9.55 67 

10•• _.... __ 27ii9 .••••<10...... 210 1.0:1 3.·15 7.80 O. :17 2,54 2.05 Hi. ua 78 
l~•••••••.• f l~i:I, Sept. 27,10211 ],)0 1,01 4.00 1.5Il IU.blJ 3.01 5.50 7.95 48 
I" 137 JUliO 22, W2Il I 580 U7 I. iii 4·1.50 15.18 10. SO 0.41 ·14.22 7213:::':::::! 1873 Sept. 27,1929,189 3.20 U.:!:! '1' 1 021.:lU 0.20 tliO 17. H 
14....... ! 1872 .....da•• ~ .••!15ii 1.23 3.00 2.60 9.9i 1.53 1.48 12.40 81 
15•• _ .- •. 1 2iO.J Mil)' 22, 1030 IU:J 1.86 4.80 1.90 10.00 2.79 2.25 12.32 71 
16.......... 2i65 .....<10....... 1&1 U;j 2. SO 2.50 [9.3:1 1.16 .:17 13.10 00 
17.S.......; 1I}li Oct, 7, 1O~'9 I n.03 .SO • 10 .15 .40 .13 .52 50 

18....... ' 2758 ;\Iuy 21. 1930 I:102 2: 000" 

\ :~. 05 U.13 13.30 10.02 42
".50 r.4O 
0.33 !19.... ~._ ,..: 2757 _~, ....d() ....... ~ ..... 127 1.18 I 2.70 2,00 7. GU 2.,18 • r,g 75 

W •••.••• lai3 JUliO 2'J,J02I1 J.lO US J.;m 1,39 10,00 2.0~ .13 JJ.ii3 8.J , I 
I T=truco, 

DESCIIlI.'TIOS 01" SA~'l'L~;S OJ' ~l'AIJHA1HlJ.I'] 15 ('rAIII,g 23 ,\:-/IJ J'IO.15) 

Location I, sample lSiG. Sellers wl'll lIO. 11:). H!~ cOl'l1el' sec. 0, '1'. 13 S., 
R. 13 E, Depth, 1,400 fcetj jWl'fornle(\ \)I'low 5tiO fel'li dischul'gl', 2.6 cllhil~ fl'et 
per sccond; telI1pNlltUl'l', !lID F. 

Location 2, snmple 21)a2. Alisoeiatcd Pipl' Une Co., Arhios staiioll. NW~~ 
sec. 25, '1'. 13 S., R. 1,1 E. Depth, 400 feet. Hl·ported us brcoming less deHiruble 
for dril" .ing. 

Loc:r.Lion 3, sumple 2i61. IITigution well. W~ rOJ'lwr H'C. 31, T. 13 S., 
R. 14 Iii. Depth, 1,400 f('et.; stum\R nl 105 feeL 

Locatio[\ 4, sumple 2i62. Irrigation wdl. ::;W COJ'JWI' ::;h~~ sec. 32, T. 13 S., 
R. 14 ]1}. Dl'pth, 1,'100 feet; dis(']l!ll'ge, 2.D cubic' fect pel' second. 

Location 5-S, iltllnplll 1!l4D, Han ,Jonquiu lliYer brlow :Mcndota Dam. This 
sumple contains little if uny sforuge water from Fresno Slough. 

10cntion 6-8, sumplc 1048. Columbia CUllal; diverted from Sun .Jouquin 
ubove mouth of Frcsno Slough. 

Location 7, samplc ISil. l\leudota municipul well. Dl'plh, 506 feeti lowcr 
50 feet perforttted; wuter sinIlds ul 6i fcet. Wutcr struta encouutered after 
drilling through 850 or 400 fret of "blue Illurk", uboyc wllirh the wllter was 
reported to be sali ne. 

iocation 8, slImples ]$75 lind 2'Z.60. Irrigution well. NW corner sec. 6, 
T. 14 S., It. 14 E. Depth, about 1,400 feet; wutcr stllnds 165 fect; casing per­
Co]'nied at about 400 Ceet Ilnd belo\\'. 

Localion !l, sample 27(j3. Irrigation wcll. SW eorner NWH sec. 11, T. ]4 S., 
R. 14 E. 

Location 10, sumple 2i59. Waylund 110. 2. NW}~ sec. 7, T. 14 S., R. 14 E. 
Depth, 1,300 feet; stands at 180 fCj!ti casing perforated bl;Iow 400 feet i discharge,
2.7 cubic feet per second. 

Location 11, sample 187'1. Victoria !lu11ch well. SW corner sec. 8, '1'. 14 S.,
R. 	14 E. Depth, 1,400 feet; stands ut 167 fect. 

Location 12, sample 1372. F. M. Helm, Inc., irrigation well. SW corner 
sec. 17, T. 14 S., H.. 14 E. Depth, 1,500 fe(~t; discharge, 2 cubk feet pcr scco~ld. 

Location 13, sample 1873. Ensher & Alexander well no. 1. SW corner sec. 
15, T. 14. S., R. 14. E. Depth, 1,250 feet; perforated belOW 600 feet; discharge, 
2.2 cubic feet per seeondj temperature, 84" F.j 110 odor. 

http:11.501'::-1.44
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Location 14, sample 1872. Irrigation well. SW corner sec. 13, T. 14 S., 
R. 14 E. 

Location 15, sample 2764. SW corner NW% sec. 21, T. 14 S., R. 14 E. 
Location 16, sample 2765. Irrigation well. NW corner ~ec. 35, T. 14 S.,

R. 14 E. Depth, 1,400 feet. 

, IB~4~ , : 1 :::: 1 i I : ; : 
: ; : ; ~ :: I I l ::!:! 
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.. --... ~.... ---t..--.....!----~-----~ ..--·· -.,.--~----l----+---+"--... -1-"-- .... ____ t-_.-..._j.____~ZO-.-- ~---- ..,o---, 

~ : 1 : j ~::: l i: t I 
I : ! '! l: 'f f 19'1'4 : ill I15 S. ·..---;-......-r··----t-..·..-t.......-r.. --..· .. _.... _1 ..T~ ~~: •••• -.~ ~- ..-1·......-~!--· .. -~· ··---·'r-·'··· t..·....l-li­
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: : : ! i : i t I ! ~ ! f : 

--+.....-~-----t-, ---~~---P~---. ----+--..-~-..-1---J-----~-..-- ----+-..-..L--+----i-..---~--- .. 
! . ~ ; ~ : i ! I I 'I l i j ; 

, I I ~ I ' I, I I ) 

IllGlJnE 15.-Qundrnngle 15, showing locutions of sum pIes reportod In tllble 23. 

Location 17-S, sample 1947. ICings Rivcr Slough at White's Bridge, sec. 4, 
T. 14 S., It. 15 E. This slough serves as a storage reservoir for San Joaquin 
River water before diversion at :Mendota Dam. . 

Location 18, sample 2758. ChaDey Hanch irrigation well. South center of 
N~ sec. 5, '1'. 15 S., R. 13 E. Depth, about 1,000 feet; 8-inch casing; running 
lift, 300 feet. 

Location 19, sample 2757. Levis Pump Station, Associated Pipe Line Co. 
Ncar center cast line SE% sec. 14, '1'. 15 S., R. 14 E. Depth, 1,008 feet; now 
stands at 94.S feet. Reported that when drilled in 1917 the water stood 18 feet 
from surface. 

Location 20, sample 1373. Englebreck Ranch irrigation well. Near SW 
corner sec. 10, T. 16 S., R. 15 E. Depth, 1,500 fcet; stllnds at 100 feet. 
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TABLE 24.-Quality of water in quadrangle 16, Tps. 18, 14, 15, and 16 S., Rs. 16, 
1'7, and 18 E. (fig. 16) 

l\IlIligrnlll equivalents 
Sam· [(><10'Location 	 "Per.I 

no. 	 pie Date ilL 25° Boron 
no. C. r cent so· I801 l'U Mg Alkali dinm"C03+nC031 CI 

bllScs 
, --------- ­

p.P.7n.
1. ••••.•.•• 2931 Jnne 22, 1930 a!. 5 0.09 2.30 1. 00 0.05 0.34 2.900.11. 87 
2.......... {2930 •••••do....... 376 1. 47 3.80 29.00 .38 2.71 .63 S~. 74 90
3549 Nov. 28. W30 281 1. 08 2.55 22.05 1.15 1. 90 .42 23.43 01it.......... 1869 Sept. 26, 1929 21.0 .0,1 
 1.60 .30 .20 i.05 • -J5 .69 32 
4.......... S07 .....do........ .93 1. 30 1.05
1!S UO 7.50 .03 9.02 901868 •••••(]o••••••• 112 .97 2.20 1. 20C	 0.70 1. 09 T' 9.01 895 .......... IS66 ••.••do•• __ ••• 
 72.'1 	 .800.....__••• 1865 ___._tlo•• " •._ 125 

3.00 2.00 2.25 .67 .00 7.18 91 
7 ____ ...... 	 . 78 3.00 1.30 7.74 1.40 TI 10.55 882920 JUlJO 22,1930 :.s.0 .03 2.30 .:10 .288. __ ....... 	 1.10 • DO .79 27
3287 Sept. 17,1030 .215S.5 3.10 1.90Il. •• _.• __ 	 .06 1.07 .47 4.42 74•. 3286 	 .....do••••••. 88.7 1.0010.._. __ • __ 	 5.40 ~.SO .08 .08 .40 8.10 881864 Sept. 26, 1929 III 1.29 4.50 .1. 60 1. 74 .75 .03 10.06 93 

I T=trnce. 

DESaUIl'TIOl'{ OF SA1!l'LJ<:S OF QUADllANOLJ<: 10 (TADl,l'.) 24 AND 1'10. 16) 

Location 1, sample 2931. Jameson, Southern Pacific Railroad section-house 
domestic well. Ncar NE corner sec. 15) T. 14 S'I 11. 16 E. A shallow well 
operated with hand pump. 

Location 2, samples 2030 and 3540. Associated Pipe Line Co., Jameson 
station. Ncar NWj.( cornel' SCC. 14, 'r. 14 S., H.. 16 B. Depth, 600 feet; per­
forated from 250 feet down. 

Location 3, sample 1S6\), 1];11. Nunes sorviee station. Probably N. line sec. 7, 
T. 14 S., R. 17 B. Depth, 70 foet; casing not perforuted and reported to exclude 
three upper water-bearing strata. 

Location 4, sample 1867. TranqUillity municipal welL Depth, 1,000 feet; 
casing not perfomted; water cool. 

Location 4, sample 1868. Tranquillity Creamery well. Depth, 993 feet.; 
casing not perforated; water cool. 

Location 5, sample 1866. James Irrigation District, well 29-G . Near S j.( eornor 
sec. 22, T. 15 S., R. 16 E. Temperature, 94° F.; strong sulphur odor; formerly
a flowing well. 

Location 6, sample 1865. San .Joaquin municipal well. Depth, 1,700 feet. 
Location 7, sample 2929. James Irrigation District. Composite of discharge 

of the majority of a series of some 20 wells, spaced about onc-third mile apart 
along Coalinga Road, southwest from rvlcMullin toward Helm. Sampled from 
canal at SW cornel' sec. 30, T. 15 S., H.. 18 E. Depths, 214 to aDO fcet. 

Location 8, sample 3287. Stinson Irrigation District. Well at SE corner 
sce. 10, T. 1G S., R. 17 E. Depth, 1,000 feet; perforated at all stmta. 

Location !J, sample 3286. Stinson Irrigation District. Well at SW corner 
sec. 23, 'r. 16 S., R. 17 E. Depth, 750 feet; 12-ineh discharge pipe. 

Location 10, sample 1864. Irrigation well. SW corner sec. 36, T. 16 S., 
R. 18 E.; 12-inch discharge pipe, flowing into open ditch. 

70532-35-5 
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FWUHE lO.-Quadranglo 10, showing locations of samples reported in tablo 24. 

TABLE 25.-Qualily of water in quadrangle 17, Tps. 13, 14-, 15, and 16 S., Rs. 19, 
20, and 21 E. (fig. 17) 

l\li11igram equivalent" 
Sam- J{XIOILocation Dnte "Per
pIe at 25° Doronno. no. O. 

centso-
AJkll1i ciiunl'003+nC03 OJ SOl ea Mg buses 

P.p.7n.1-S________ 1300 Juno 10.1920 5.0 O. OS 0.32 0.13 0.12 0.2·\ '1' I 0.33 liS
Sopt. 27, 1920 30.3 .01 2.50 .70 .30 1. 63 1. 22 .65 102__ .. _______ f8702928 Juno 22,1930 1a.5 'r I 1.10 .10 .13 .48 .55 .30 23 

3__________ 4520 July 7,1031 42.5 .0·1 2.85 .Oll .12 1.tH 1.28 1. 29 31 
4__________ 5205 NO\". 14,1031 10.7 .01 1.40 .20 .10 .59 .57 .50 33 
5__________ 2023 June 21,1930 35.2 'r I 2.05 .00 .18 I.S0 .00 .73 23 
6 __________ 4528 July 7,1031 2'\.0 .08 1.15 .55 .00 1. 01 .40 .78 3t

2022 16.0 .02 1. 50 .10 .15 .76 .21 .78 46i __________ 2921 -~~-~~o:~'-::~~-l 15.4 'r I 1.45 .10 .13 .71 .18 .79 47 

1 T-trace. 

http:1---~--t'---�r-)~------r---r---11-----l-----.JI


BORON IN SOIJ~S AND IRRIGATION WATERS 67 

DESCRIPTION OF SAMPLES OF QUADRANGLE 17 (TABLE 25 AND FIG. 17) 

Location 1-8, sample 1366. San Joaquin RiYer, Herndon. 
Location 2, sample 1870. Fresno municipal water. Tap at E and Fresno 

Streets. 
Location 2, sample 2928. Fresno municipal water. Tap at 1717 Del Mar 

Avenue. 
Location 2, sample 4529. Fresno municipal water. Tap at 1202 Van Ness 

Street. 
!'!ANGIE. 19 E. 20E. 21 E. 
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FIGUnE 17.-Qumlntnglo l7, ~howlng locntions of snmples rcport(~cI in tnble 25. 

Location 3, sample 5205. Grape experiment station well. Twenty acres at 
SW corner sec. 8, T. 14 S., R. 21 E. Depth, DO feet; open bottom; 12-inch casing 
ending at llardpan layer at 68 feet; discharge, 0.67 cubic foot per second. Col­
lected by E. Snyder. 

Location 4, sample 2923. J. M. Long well, Raisin City. SEY-jNWY-j sec. 28, 
T. 15 S., R. IDE. Depth, 125 feet; water stands at 25 feet; 5-inch casing, per­
forated below 105 feet. 

Location 5, sample 4528. Fowler municipal water. Composite of two wells; 
depths, 145 and 175 feet; water stands at 127 feeti casings perforated at all stratn. 
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Location 6, sample 2922. Caruthers municipal well. Depth, 170 fcet. 
Location 7, sample 2921. J. T. Carreia wcll. SE~ sec. 3u, T. 16 S., R. 19 E. 

Depth, 186 fect; water stands at 20 fcet. 

TABLE 26.-Qllality oj water in quadrangle 18, Tps. 17,18, 19, and 130 S., Rs. 18, 
14, and 15 E. (fig. 18) 

1 I Milligram equh'nlents . 
I(XI0' I I "Per

Location Isam-I' Dato aL 25° Boroll I ,I I I Icent so­no. • ~~~ 
C. ___IC03+lIC03, CI !SQ. ICa Mg 1't~~~lldlum" 

----------- i "'--:--'----,--'-- ­
\ 	 j:J.]J.m. 

1.. _____ .•_ 2750 Ma~' 21,1930 17S 0.00 3.95 2.·1514.7S 5.67 10.20 5.25 2.1 
2....... , .• 4848 Sept. 10, 1031 0'1.2 7.76 3.]0 1.90 1.03 ,17 .00 5.77 00 
3__________ 2755 Mny 21,1930 208 1.08 5.95 3.7513.88 2.01 0.81 11.16 47 
4 {2752 . ___ .do._______ 2M 2.03 2.85 5.00 18.88 .1.30 3.84 17.59 60 

_·_·___·-_-~27_5_3~,_.-_._-._d_o_--_._••,_-_-.~!_26_·2_L-_2_.2_8_~,____4_._00~_2._8_0~2O_.3_1~_5._5_9~11_._47~~05 ~ 

RAN~ 13E. 14E. 	 15E. 

__~	__ H __~ !--~----~~--, .... ---~~----l--. --~--~-----i----
I i 
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FIGURE l8.-Qundrangle 18, showing locations of snmples reportcr! In table 26. 
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DESCRIPTION OF SAMPLES OF QUADRANGLE J8 (TABLE 26 AND FIG. J8) 

Location 1, sample 2756. Halfway Station well, Associated Pipe Line Co. 
Near NW corner sec. 7, T. 17 S., R. 14 E. Depth, 700 feet; 295 feet to water. 

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

Location 3, sample 2755. Associatcd Oil Co., shallow domestic well. Los 
Gatos Creek deltaj probably sec. 18, T. 20 S., R. 15 E. 

Location 4, sample 2752. Coalinga IIItlJ1icipal well IIO. 1. Depth, 1,410 feet; 
stands at 70 feetj casing perfornted below 250 feetj dischargc, 1.8 cubic feet per 
secondj temperaturc, 91 0 F. 

Location 4, sample 2753. Coalinga municipal well at gas plant. Dcpth, 1,402 
feet; casing not perforntcdj discharge, 0.6 cubic foot per second. 

TABLE 27.-Quality of water in quadrangle 1.9, Tps. 17, 18, 19, and 20 8., Rs. 16, 
17, an!l18 E. (flg. 19) 

'I' ,,1Irilllgrarn equh'ulenls '"I 
• Som. f(XIO'1 I , 1 cr· 

LOClltlOn pIe Dale at 25° Doron 1 I I ': Icen.t 
no. I no. C. ICO'+UCO'I Cl SO. I en /' 1I1g IAllwli s~~. 

1 ~ I I; bases ___.I__ i ............... ___ -.-_____.,__'________ " __".__ ' ____,,-­

'I ' ' ,
j I I1 P.p.1I1. ! 

'. 3099 July 22,1930 92.1 1.00 1. 10 O. iO 6.55 1.35 0.42 i9 
... 3100 .....do........ 102 .62 2.20 1. 00 6,30} 1.90 .00 69 

1858 Sept. 25, 1929 98.4 .05 1. 10 .90 7.3 I 1.47 '1'1 i.84 84~~I 
3285 Sept. 17, 19:10 00. 1 • OS O. 50 .50 . -I i I.UO .42 4.45 69 
1863 Sept. 26, 10~'1J 94.8 1. 30 I i. 10 2.60 . i 0 1.07 'r 1 0.33 00 
1861 .....uo........ 5S.0 ,SD 4, GO 1.50 .:1·1 .01 0 5.83 \ 91


7___ _ 3098 July 22,1030 330 1,00 1. 90 .1. 25 :11. 23 J2.51 12.11 34 
8••. 1857 Sept. 25,1929 105 L lU ],50 2. 10 0.6u 1. 03 .03 7.73 75 

185G __ ...dO........ 182 1. ioI 2. m 0.80 5.12 1.45 .56 15.41 87 
9.... 309i July 22,1930 100 1.39, 2.:10 8.5f< 5,20 1. i4 .90 ]3.41 a3{ ''''1·184i Sept. II, 103l 1m 1.02 I 2.40 8. flO 5.82 1. ·J7 .54 14.81 aa 

4844 .....dO........\ 247 .00 1.90 3.·10 23.58 8.10 8.44 12.50, ·13 
10... J 4845 Apr. 19,1031 103 .80 1. iO 2.40 10.92 5.00 4.96 10.70 51{4840 Sept. 11,193J j ·133 1.63 2. i5 8.55 41. 7 0} 12.:17 10.71 2i.30 49 
] 1-. .. .• 3090 July 22, 1030 \ J4·1 1. ].I 1. is 2. iO 0.60 1.82 2.01 0.05 OS 

1•8 6 1.(18 .26 6. :17 7712... _ •• {303009~ .....ulr•• ,...... S8~'~ 1.°3~ 3 1°0 .fl"5" 5·S]
O 1 I 2 2.57 1.26 4.054 54 

2 US '1' 1 8. DO 86····mh~:·~~;f~fi8~·1 ~H H~\ ~:l~ :fg g:~13 .. 5 1.59 .32 7.24 79 

I'l'=lrncc, 

DESCHIPTION OF SAMPLES o~' QUADRANGT.E 19 (TARf.E 27 AND FIG. 19) 

Location 1, sLUllple 3099. Irrigation wellj T. L. Sims, tenant. Near S)4 
corner sec. 14, T. 17 S., R. lG E. Depth, 1,600 feet. 

Locntion 2, snmple 3100. Towne PUlUl1 station, Standard Oil Co. Ncar N}~ 
corner sec. 8, '1'. 17 S., R. 17 E. Dcpth, 1,100 feci; water stands hetween 65 and 
70 feet. 

Location 3, SHl11J!lc 1858. Kings County Development Co., rallch no. 1. 
Irrigation well ncar SW corner sec. 33, '1'. 17 S., R. 17 E. Depth, 1,800 feetj 
casing perforated below 900 feetj discharge, 2.0 cubic feet per second; iempel'll.ture, 
86° F. 

Location 4, sn.mpJo 3285. ,Yo R .•Tones, irrigation well. NW)4NE~ sec. 1, 
T. 17 S., R. 18 E. Depth, SO feet; stands at 26 fcet. 

Location 5, s[lmple 1863. Stinson Irrigation District well no. 7. W)4 corner 
sec. 9, '1'. 17 S., R. IS E. Depth, about 800 fect. 

Location 6, slImplo 1801. 'rony Fatado, irrigation well. Ncar NE corner 
sec. 25, T. 17 S., R. 18 E. Depth, 408 feetj casing perfomtcd below 150 feet. 

Location 7, s[1.lI1plc 3098. It'. G. Ladd, irrigation well. NW)4 sec. 12, '1'. 18 S., 
R. 16 E. Dopth, 150 foet. 

Location 8, sample 1857. Kings County Dcvc10pmont Co., mneh no. 2. 
Irrigation well near SW corner soc. 5, T. 18 S., R. 17 E. Dapt1l, 1,800 feetj 
perforated bolow 900 feetj discharge, 1.8 cubic feet per second; t.emperature, 
89° F. 

Location 9, samples 1856, 3097, and 4847. Kings COllnty Development Co., 
ranch no. 3. Ncar SW corner soc. 7, '1'. 18 S., R. 17 E. Dopth, 1,700 feetj 
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perforated below !l00 feet; 'Hl.ter stands at 150 feet; discharge, 2.0 cubic feet per 
second; temperature, 91 0 F. 

Location 10, sample 4844. Peter L. Ferry, irrigation well. Ncar center sec. 
10, T. 18 S., R. 17 E. Depth, 650 feet; stands ut 70 feet; draws down to 140 
feet; casing perfornted below 170 feeti upper 250 feet of casing l3-inch, with 
lO-inch casing below; discharge, 1.89 cubic feet per second. Log shows 15 sund 
strata alternating with clay strata. 
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FIGURE lOo-Qundrnngla 10, showing locutions of snmjllcs rCIlortcll in tnbla 27. 

Location 10, sample 48'J5. Peter L. Ferry, abandOlled il'l'igation well. Adja­
cent to ,,'cll represented by sample Ml4.'1. Drilled 1.0 'IG7 feet; perforated at 70 
feet and bclow. Smnpled in April by cooperator when pump was opemting.
Sample held in hoWe till Septcmbcr. 

Location 10, sample 4.8'1(1. Well described under '18·(5. 'rhis sample represents 
water entering casillg at 70 feet when the opemtioll of \l'ell 4844 caused dmw 
down in wl\ter level. 

Locution 11, sample 30!)G. Citizens National Ballk of Los Angeles, irrigation 
well. Ncar SW corner of SEX sec. 17, T. 18 So, H.. 17 E. Depth, IIbout 1,800 
feet; perforated below 900 feet .. 
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Location 12, sample 3004. Lethant pump station, well no. 2, Standard Oil 
Co. Near NW corner sec. 36, T. 18 S., R. 18 E. Depth, 600 feet. 

Location 12, sample 3005. Lethant station, well no. 3. Depth, 1,000 feet. 
Location 13, samples 1374 aud 1855. Boston Laud Co., well no. 1. Ncar 

NE corner sec. 3, T. 20 S., R. 18 E. A very deep well. Log not ascertained. 

TABLE 28.-Quality of waler in quadrangle 20, TIJS. 17, 18, 19, and 20 S., Rs. 19, 
20, and 21 E. (fig. 20) 

JlIiJligrnrn equivnlcnts 
"Per..Sum- KXI0'Locntion cenrpIe Date nt 25° Doranno. sodi·

1l0. C. Alknlico,+rrco, CI SOl Cn Mg um"bases 
~--

1.......... 
2.......... 
3.......... 

1862 
2020 
2910 

Sept. 26, 1029 
June 21,1930 

•....do........ 

86.1 
38.6 
33.0 

P.p.11I. 
1.30 
.57 
.55 

5.30 
3.35 
2.00 

2.80 
1.00 
.55 

0.85 
.J! 
.10 

0.53 
.22 
.28 

'1'1 
.19 
.22 

8.42 
4.25 
3.05 

95 
91 
86 

4-6......... 
5.......... 
6.......... 
7.......... 
8.......... 

13i7 
2018 
3075 
1800 
1859 

June 22,1929 
Jnne 21,1030 
July 22, JIl:lO 
Sept. 26, 1020 

.....do........ 

5~·i 
13.5 
38.0 
27.5 
'14.8 

.05 
'1'1 
.37 
.13 
.66 

.30 
1.35 
2.10 
2.1lO 
1.80 

.05 

.10 
1. 50 
.20 

2.30 

.06 

.12 

.06 

.33 

.35 

.25 
1.05 
.38 
.75 
.61 

.00 

.2·1 

.21 
TI 
.00 

.16 

.38 
3.07 
2.38 
3.84 

30 
23 
84 
76 
86 

{'1I79...--..... 1375 
1376 

JlIny 24,1920 
June 22,1929 

.....do........ 

70.8 
77.0 
00.0 

.78 

.07 

.:11 

4.76 
4.tH 
7.20 

2. g·1 
2.88 
1. i5 

.4·1 

.00 

.4·1 

.44 

.16 
3.05 

.32 
T' 

2.31 

7.38 
7.36 
4.03 

91 
08 
43 

10......... 
11.......... 
12......... 

3074 
3073 
3072 

July 21,1030 
..._.do........ 
.._..do........ 

III 
125 
109 

1.03 
1.06 
.09 

3.80 
4.10 
5.00 

. i5 
1.20 
.70 

5.80 
0.84 
5.03 

1.50 
.85 
.90 

.'l4 

.61 

.40 

8.47 
10.68 
0.43 

81 
88 
88 

1 '1'=trnce. 

DESClUP'TION OF SAMPLES OF QUADRANGr,l, 20 (TABLE 28 AND FIG. 20) 

I"ocn.tion 1, sample 1862. Henry Kapling, irdgntion ,,·ell. NE~ sec. 30, T. 
17 S., H.. 10 E. Depth, 105 fceti casing pel'fomted nll the way down; running 
lift, 50 feeti 7·inch dischnrge pipe; water cool, but with 1\ mther strong sulphur
odor. 

J,Jocn.tion 2, sample 2020. Riverdale OooperntiYe Oreamel'}' 00., Riverdale. 
NW~ sec. 25, 1'. 17 S., R. 10 E. Depth, 210 feeti cILsing not perfomted. 

Location 3, sample 2010. G. G. Rogers, domestic well. Ncar NW corner 
sec. 30, 1'. 17 S., R. 20 E. Depth, 200 feet; static level, 28 feet. 

Location 4-S, sanlple 1377. Irrigation cimal from Kings River. I_emoore· 
Hanford highway. 

Location 5, sample 2018. Lucern Vineynrd. Neal' centei' sec. 10, T. 18 S., 
R. 21 E. Depth, 120 feeti static level, 15 feet; ciiselml'ge, 3.2 cubic feet per 
second. 

I"ocation 6, slUllple 3075. Hanford municipal. California 'Yaier Service 
Oorpomtion, station no. 3 well, West Flor.indu. Street and Htmford Avenue. 
Depth, 1,100 feeti casing perfomted below 600 feet. 

J"ocation 7, st11!lple 1860. Hanford municipal. Oalifol'nin "raier Service 
Corpomtion, station no. 2 well, Harris :\!ld 'Vater Streets. Depth, 1,500 feeti 
casing perforated below 600 feeti static level, 38 feet; dmws dowll to about 
60 feet. 

Location S, st~mple 1850. Hanford municipnl. Oalifornia 'Vater Service 
Corpomtion, stnLion no. 1 well, 131 West Fifth Street. Depth, 000 feeti casing 
perforated below 600 feet; static level, 45 feet; dmws down to about 60 feet. 

Location 0, samples 1117 and 1375. Lemoore lUunicipal. A deep well. 
Sample 1117 collected by P. E. Smith. 

Location 0, sample 1376. Lemoore. A shn.llow well at old high school. 
Locntion 10, sample 3074. A. E. Blakeley, irrigation well. NE~ sec. 13, 

T. 20 S., R. 10 E. Depth, 860 feeti draws down to 01 feeti casing perforated 
below 400 feet. 

Location 11, sample 3073. Stmtford lllunicipal \Vater. Well one·ltn.lf mile 
west of town. Depth, nhout 1,100 feet. 

Location 12, sample 3072. C. H. Meyer, irrigation well. Nenr NE corner 
sec. 20, T. 20 i:i., It. 20 K Depth, 1,005 feeti tempemture, 810 P. 
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FIGURE 20.-Qundrnnglo 20, showiug locntions of snmlllcs roportcd in tnble 28. 

TABI,E 29.-Qualily of waleI' in quadrangle 21, TJls. 17,18,19, and 20 S., Rs.2£, 
28, ami 24 E. (fig. 21) 

fl '-'-,-- ;\Jilligrum cquiyuleuls 
SUIlJ­ I£\)(10' "Per'

LocU(fOD 
no. pic ])nte 

no. I nt(~.5Q Inoron 1~3+U(,O)I-~-1so~I' ~: I~~g-I':;~;1 ~~{!i~
l 	 'J bnses 

,..,.... - ~~ - ..... j """'- ---~-~ ..... - ... _---

I > I 

1 {lao., Juno 16.1020 I i.2 ·1'·11I·l0.03 0.47 0.05 1l.J.I 0.33 0.03 0.30 45 
_. '- 10-10 Oct. 0.1020 II '·U; '1'1 .1. JO .11' .IS .1l8 .0\1 .60 ·10 

2•• :-, '_",'_ ~I~~_"~ July 22.1O!lO ~a.8 . U 1.95 •:10 .00 .20 .32 1•. 70 77 
3 .-_ _ "u July 7,.1931 20.1 '" 1. as .20 .02 ll" .W .58 37 
-L .. _ 2910 .Juno 21,11)30 :15. I .29 2.HO 1.30 .21 .3:1 .Il a.S7 00 
5•••• _ -•• 2012 •___ .<10__ ._.... 10.21 .18 1.80 .20 • J5 ,·ID .J.! 1.52 71 
0. __ . __ ._ 2017 __ •. <10________ 211 .-18 10.00 9.25 2.HO ·1.111 2.01 15. il 72 
7••• ___ .. __ ·1525 July 7,10:11 16.0 .0-1 1.60 .15 .07 .:13 .07 1.46 78 
Mlsccl· I 
_1_nn_c_o_u_S_'_-,-3_Q._'S_'.!...oJ_11_1l_'_1_1_,1_9_3_0__6_J,~1 ___._11_).c.'__ ·1.30 1.25 .07 :1. 03-=~~3~_._S~~__14 

I 'J'=trnce. 'Outsldo ur IIundrnnglc; included (or cUllvenlence. 
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DESCRIPTION OF SA:'Il'LElS OF QUADllAXGLF. 21 (TABLE 29 AND FIG. 21) 

Location 1-8, samples 1365 and 19·16. Kings Rh'cl', bctween Tl'lLVCr ftnd 
Kingsburg. (Scc also sample 1377, location 4, quadranglc 20.) 

Location 2, sampic 307G. Hanford municipal, Califol'l1ia Watcr Scrvicc 
Corporation, station no. 4 wcll. East CouIlt,· Rond at Elc"cnth Stl'ect. Dcpth,
500 fcct; casing perforated below 200 fect. • 
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Ij~~LJ::tt:. ::.,.,... ;.:11 
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FIGURE 21.-Qundrnngln21, showing locntlolls of snOlples reported ill tnblc 29. 

Location 3, samplc '1526. Goshcn JUllction. Southern Pacific dcpot well. 
Dcpth, about 300 fect. 

Location 4, sllmplc 2916. C. V. Wredcu, irrigation wcll no. 1. SE~ scc. 13, 
T. 	20 S., R. 22 E. Dcpth, 2,100 fecti cllsing l)crforatcd from (j00 fcct down. 

Location 5, smnplc 2!H2. Tagus Ranch, James Thomas, irrigation wcll. Ncar 
NE corner scc. 9, T. 20 S., R. 23 E. Dcpth, 503 fcct. 

Location 6, samplc 2917. C. V. "\Vrcden. NW% sec. 19, '1'. 20 S., R. 23 E. 
Depth, about 100 fcct. 
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Location 7, sample 4525. Tulare municipal well. Composite of two wells at 
o Street plant. Depths, 669 and 770 feet; casings perforated below 300 feet; 
combined discharges, 5.6 cubic feet per second. 

Miscellaneous sample 3048. Minnehaha Orchards. Approximately 5 miles 
northwest of Woodlake. Composite sample of battery of 19 wells. Collected by 
E. R. Parker. 

TABLE 30.-Quality of water in quadrangle 22, Tps. 21, 22, 28, and 24 .s., Rs. 13, 
14, and 15 E. 

lII1lligrnm equivalents 
"Per­Sam- ](X 10 1

J,ocation centI IIlle Dnte at 250 
, Doronno, sodl­no. , C. um IIco.+ncot:J:~1~I~I"~~~~~I-1--I-lpl'.m. I1_______••• I I2754 :Mny 21, 1930 . 506 I 4.29 41.18 06g.20 IJ.l· 20 ~1. 3Q 113.3317,;'52 ___ .. _____ ... ..00 ..I. SO 14.082751 1?lny 20, 1930 I 278 I .80 I 5.10 8.33 0.04 40 

Df)SCIUPTION OF SAMPLES OF QUADHANGLE 22 ('i'ABLE 30) 

(Qundrnngle mnll not shown) 

Location I, sample 2754. Crescent Meat Co. Shallow well ncar Waltham 
Creek. Near center WY2 sec. 8, T. 21 S., R. 15 E. 

Location 2, sample 2751. T. Ourvi. Shallow domestic well beside JacalitoB 
Oreek. Sec. 14, T. 21 S., R. 15 E. Depth, 15 feet. 

TABLE 31.-Quality of water in quadrangle 28, Tps. 21, 22, 28, and 24 .s., Us. 16, 
17, and 18 E. (fig. 22) 

I I lIr1lllgrnll1 equivnlents 
"Per­

Loc.~tlon Snrn· !gxJO>I centDnle I at 25C IBoron sodl­no. ~~~ Alknli! ('. ('o.+nco. ('I SO, Cn Jlfg urn " bnses 
I i_____ ~------_I----r---- --I P.p.m. 

1._•••••••• 3210 Aug. 22,1930 15-1 0.50 2.30 1.00 12.87 5.8·' 5.34 5.80 35 
2•••••••• _. 2877 JUlie 12,1930!O5 .52 2.45 1.80 13.no 6.07 0.00 5.84 33 
3_.... _•• _. ISM Sellt. 25,19:''9 Oa.3 .38 1.50 1.20 0.34 2.10 .38 6.47 72 
4•• _..... _. 1852 •••••do •• __._.. 100 .3S 1.40 I. IO 7.22 2.89 1.15 5.08 58 
5•.•. __ •• __ 1853 __ ._.do........ 98.5 .·10 1.50 1.20 O.SO 2.55 .87 0.14 ()4 
6___ •• __ " 2876 June l!I,1930 :J5U .23 5.00 1.05 42.46 21.85 17. it 0.55 10 
7••••_••• _. 2750 Mny 20,1030 23.5 .00 0:80 1.40 19.75 7. US 8.70 11.30 40 
8•• ___ ••••• 2875 June 12,1030 109 .2.1 4.15 .60 14.83 5.45 7.32 0.81 35 
9. __ ._ ._. __ :17-19 Mny 20,1930 200 .32 1.00 1.20 18.23 0.06 8.15 7.12 33 

6.0" 0.16 14.8710_ ". ____, 2748 ___ ._do._~____• 200 1.28 I 2.05 23.40 7.47 471 

DESCIUI'TION OJ!- S,ULPI;ES OF QUADHANGLE 23 (TAIlLB 31 ,\ND FIG. 2'2) 

Locu.tion 1, sample 0210. Hayes Ranch. SW}:' sec. 1, T. 21 S., R.lO E. Depth 
165 f<!etj caSing perfornted be1oll" 105 feet. Coliccted by W. T. Jl:tyes. 

Location 2, sample 2R77. Tuh'odero It:lllCh, stock well. N'E}~ sec. 22, T. 21 
S., H.. 1(; E. Dep,th, 100 feet. Oollct'trd by Theodore Kreyellha~rn. 

Location 3, stllople 18M. G. 1\1. Gilford & SOilS, irri~ation weB. About 1,500 
feet north of S\V corner sec. 1>1, 1'. 21 S., R. IS E. Depth, 1,000 feet; ensing 
perforated below 500 feetj static level, 112 feet; discharge, 1 cubic foot per second; 
cool. 

Location 4, sample 1852. Rings County Packin~ Co. well. Nenr N\\' corner 
sec. 15, T. 21 S., R. 18 E. Dcpth,I,700 fect; discharge, 1.8 cubic feet prr second. 

Location 5, sample 1853, }(ings Oounty Packing 00. Nl:; rorner sec. 23, 
T. 21 S., R. 18 E. Depth, 1,.100 fect; casing perfornted below 500 fret; tempern­
ture, 82" J? 
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Location 6, sample 2876. Well near Zapata Creck, drilled to supply rotary oil 
rig. NEX sec. 18, T. 22 S., R. 16 E. Depth, 512 feet. Collected by Theodore 
Kreyenhagen. 

Location 7, sample 2750. Theodore Kreyenhagen, domestic well. Near 
center sec. 9, T. 22 S., R. 16 E. Depth, 20 feet. 

FIGURE 22.-Qundruugle 23, showIng locutions of sUlIJpl1lS reported In tnble 31. 

T..ocntion 8, sample 2875. Stock wcll ncar Cnlloas Creek. NW}~ sec. 27, '1'. 
!!2 S., It. 16 E. Depth, 100 feet. Collected by Theodore ICn'y(mllagen. 

Location 9, sllmple 27'19. A venal. Collected from tap supplied by It wl'll 500 
feet deep ill sec. :n, T. 22 S., R. 17 E. 

Location 10, Sltllll)]e 2i-18. Dudley pump stntion, Filion Oil Co. Piped from 
weUs sever:II miles 1\\I'IlY, pl'ckumably in sec. 11, T. 2·18., R. 18 E. Well in opera­
tion i reported to be 119 feet decp with stntic h~\'t'I of 32 fect. 
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TABLE 32.-Quality of waler ,in quadrangle 24, T1ls. 21, 22, 23, anll 134 S., [ls. 19, 
20, oncl ~1 B. (jig. fd8) 

I ~nlll!:rulll cquimJents II 	 , I'er.H
Locntlon Som­

pie Dateno. 	 ;1~~~~I! Doron !-oo +'r£o-o-I'-:-IIIs'o'-I-(,!:-r-'-,\-lk-n-ul' ~'~dli:no. 
. I 3 - 3 \.. I I ~n , ..I." g Ihuses UItl'1 . I I 

,,------.-.----- ',-1'-' '!--'-'---I--
P,P.III·I " I'L ....... ,.,I'\.'jl:SCPL.25,1029 145 (I) 7.307.00 0.-10 1..15 1.60 11.051 81 


2. __ •• _... ~ 3093 i Jul}' 22. 1030 155 0.70 7.·10 7.55 ..10 I I. liS 1.10 12. 01 82 
3••.•••.•• ,.!1S50:ScPt.2,;,1029 lil .87 10.601'7.60 .O'JI·1.77 1.2015.32: 8·1 
4.. __ • __ ... 30'J2j July 2'2,1930 137 .-17 0.30.7.35 '1" 1.54 1.0;1 1l.0S I 81 
5.......... 30il July 21,1930 112 .40 5.aOiD.'1O 'l" 1,21; .SI 8.61 80 
6.......... IS-to i SepL. 25,1929 243 .01 10.00 H.OO! ,15' ~1.31' 1.2S 21.10 liS 
7........ _.1 IS4H .....uo.. _ .._.. 12,1 .41l 5.60 0.70 .021' 1.43 ,48 1O.H 1 ~5 
8____ ......13251 Aug.29,1030 40.3.22 3.951,00 .21 .702.06 1.4-11 2S 
o•... __ ....! 3102 Aug.15,1030 120 .52 7.20 5.25 .14 15. 1.60 0.42 75 
10'---"---1'3252 Aug. 29,1930 73.0 .05 ~,.!OO '1.',2.•,° •. °"5' I'.?",?, 1•• 0I)~" '45•.47:0 -1lS,,11 
lJ ___ • _. .. 1S-15 Sept. 25, 1929 02. 3 • ·IS u , 0 0 ~" 


12......... 3103 Ang. 15,1930 04.0 .30 ·1.65 ·1.60 .01 1.26 .51 7.40! 81 

13_____•• _. 3091 July 2'2,1930 348 37 1 6.05 25.00 '1" ·I.M 6.78 21.1;1 05 

1145---· .. • ..I{t~~~ 1.~~~:do~.~~~. ~~~ :~~ I· ~:8g gg :g~ Ub dg Ig:~b I ~~ 
11~::::·:::: ~~;..~~I!:u:.:.~~~~_1 t~ :~ ~:~~IJ:j~ ,i; ~:g~ i:.l~ ~:fbl ~ 

17••_....._13089 T. ____uo....___. 220 .211 8.30 12.80 '1" 3.40 4.3,1 13.27 03 
18_...____ • :l070 July 21,19;\0, 524 2.29; 37.002'2.15,2.14 5.00 13.30..! 42.001 69 

t Lost. 

'T=tmee 


DESCRIPTION OF SA:.lPLBS O~' QUADRANGLE 2,1 (T ,\BLB 32 AND ~'IG. 23) 

Location 1, sample L851. Missouri State Life Insurance Co. well. Ncar NW 
corner scc. L, T. 2L S., H.. HI K Depth, between 1,700 and 1,800 feet. 

Location 2, samplt:l 3093. Kings County Development Co. well. Ncar NW 
corner sec. 7, T. 21 S., H.. 20 K Depth, :lbout 1,800 fect; wllrm und gas. 

Location 3, salllple 1850. Kings County Devclopmcnt Co. well. Ncar NW 
cornel' scc. 18, T. 2L S., R. 20 K Depth 1,800 feet; running lift, lGO fcet; 
tcmperuture, 900 F. 

Location 4, sample a092. Kings Oounty Development Co. well. Ncar NE 
corner sec . .LS, T. 21 S., R. 20 K Depth, 2, LOO feet; casing perforated below 
1,200 feet; running lift, 200 feet; discharge, 4.5 cubic feet per second; warm unci 
gas. 

Location 5, sample 3071. Nick Weis well. Ncar center sec. 23, T. 21 S., It. 
20 E. Depth, 1,951 feet; perforated below 955 feet. 

Location D, sllmple 18,19. Kings County Development Co. well. Ncar NW 
corner sec. 30, 'r. 21 S., R. 20 E:. Depth, 1,950 feet; discharge, 4 cubic feet per 
second; temperature, 990 F. 

Location 7, sample 1848. A. H. Wolfsen well. North center sec. 3D, T. 21 S., 
R. 20 K Depth, 1,800 feet; discharge, a.6 cubic feet per secondj temperature,
91 0 F. 

Location 8, sample a251. Charles SIll.ybaugh well. Ncar gx corner sec. 12, 
T. 	21 S., R. 21 E. Depth, about 1,500 feet. 

Location 9, snmple3 LD2, . Gilky Bros. well. EH sec. ] 9, '1'. 21 S., R. 21 E. 
A deep well. 	 Collected by H. g. Hile. 

Location 10, sample 3252. Tulare Lll.ke Lund Co. well. N% corner sec. 22, 
T. 21 S., R. 21 E. Depth, about] ,800 feet; casing perforated below 850 feet; 
temperature !lot high; considernblc gus. 

I.ocation 11, sample 1845. Frank Helm well. Near NE corner scc. 24, T. 
21 	S., IL 21 R Depth, 1,425 feet; water slands aL ubout 50 feet. 

Loelltion 12, sample 3LG3. W. A. Crockett well. E)f sec. 33, '1'. 21 S., R. 21 
E. A deep well. Collected by H. J',. I1 ite. 

Location 13, sumple 3091. . 'Kings County Deyelopment Co. well. Nenr SB 
corner sec. 5, T. 22 S., R. 21 K Depth 2,100 feet; cusing perfol'llted belo\\' 1,400 
feet; discharge, ·1.5 cubic feet per second; running lift, 200 feet. Wuter warm; 
gas present. 

Location 1'1, sample 18·10. .EL Rico Lund Co. well. Ncar SE corner Ng}.; sec. 
1, T. 22 R, R. 21 E. Depth, 1,800 feet; temperature, 900 F.; cOlisidernble gas. 
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Locution 15, sumplcs 1847 und 3]()0. I{ings County Dcvelopment Co. well. 

SE corner sec. 8, 't'. 22 S., R. 21 E. Dept!!, 1,970 feet; tOllj1crntuTl', 930 F.; 
cusing perforuted below 1,400 feet: discharge, 3.3 cuhie feet I:er Eecond. Well 
produces considerable gus: whe'n ignited a flume sen~rnl fcpt high bUrll!> p.bove
discharge pipc. 

FIGURR 2.1.-·Qundrnn!:lc 2·1, Showing location~ Qf srllllJllcs rtported in table 32. 

Locatioll 16, sample 3090.. KillgS Counts DevClopmellt en. w()11. Nellr SE 
corner sec. 9, '1'. 22 S., R. 21 E. Depth, 1,970 fcet: casing perfornted below 1,400 
feet; stntic level, 7;3 fe(~t; funning lift, HiO feet: tempernture, 91 0 ]~. 

Loclltion 17, slllllple 3089. Kiugs County Development Co. well. Nellr SE 
corner sec. Hi, T. 22 S., JL 21 E. Depth, 1,800 fcet: rllllnillg lift, 185 feet; 
dischnrge, 3.7 cubic fCl:t per sccoud; warm Willer und considerable gas. 

Locution 18, sllmple 3070. Gutes Uuuch, shullow well. NCllr SE corner sec. 
3u, T. 22 S., R. 21 E. Depth, abouL 150 feet; wllter uscd only for Wllflhing, etc. 
GIlS from the well is trupped UIle! used for glls fIInges. 
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TABLE 33.-Quality of waleI' in quadrangle 20, Tps. 21, f:2, 28, and 24 S., Rs. 
22, 23, amI 24 E. (fig. 24) 

J ;\IIlligralll c'Iuimlents 
"PerSnm· J(Xl0Location centpIe Dato at. 25° JJoroll sodl·no. UO f C. AlkallCOa+IICO, CI Is041 Ca IMg b!lSOS um H 

-,-- --
P.p.11I. 

1 •••••••••• 18-14 Sept. 2·1. 1920 131 0.80 0.50 2.00 2.0311.07 0.<10 12.:10 SO 
SI3 •••••do ••••••• 18.2 .10 1.50 .20 .13 .01 .00 1.. 22 672 •••••••••• C2015 JUliO 21, 1030 10.0 .11 2.00 .20 .11 5') 1'/ 1.08 72 

3 .......... 201·1 •••••do ....... ·102 1. 08 30.00 17.00 2.7R 2.:ltl 2.18 52.11 02 
4 .......... 2013 .....Llo ....... 18.3 .03 1. liD .. 16 .31 .71 .1-1 I.U 57 

{30OS July 21,1030 02.<1 .49 ·1.·10 ·1.55 'r I .07 .IiO 7.42 835 .......... 
3009 .....do ....... 02.0 .27 5.~O :1. ·10 IJ'l 1.30 1.5·1 0.30 OS 

6 .......... 30M .....do ....... 104 .00 11.70 ·1.10 2.17 1.8i I.BO 1>1.30 80 


{3007 .....do ....... 72.2 • 3'I 0.35 1.20 'r I 1.30 .OS 5.27 70
7 .......... 
3005 .....do ....... ·12.3 .10 :1.00 .,15 ,20 .74 .55 3.20 72 
{ISH Sopt. 24,1020 31.0 .It L80 .00 .G3 1.03 .il 1.5!1 480 .......... 
18·12 ..... lIo ....... 20.0 .07 1.60 .20 .17 ~ 46 'j'l 1.52 77 


10 ......... 1830 .....do ....... 23.0 •Oil I. liD .W .·11 • ·W .00 1.02 SO 

11 ......... 18·10 ._ .. llo ••••••• .Hi 2.·10 .DO .J.! won ~ 51 2.3·( OS 

12 ......... 3281 Sopt. 10, lU30 1.055 Ii.U7 28.10 %.00 .20 3.05 12.00 nO.s.1 85 

13 ......... 5910 Apr. 10, 1032 82. S .GS 5.,10 2.!/5 .03 .GS 7.01 Sol 


34. " 
rp 1 

14 ......... 5015 .....do .......1 OU.3 .43 5.S0 J.35 .01 J.oli .0·1 '1.75 00 


1 'f=lraco. 

DESCIUI'TIONS OF SAMPLES OF QUADllANGl,E 25 ('rAULB 33 AND ·FIG. 24) 

Location 1, samplc 18·14. Sluybaugh and Boswell, shallow domestic well. 
Ncar WX corner scc. 0, T. 21 S., H. 21 E. 

Location 2, samples 1843 ulhl 2!H5. Corcoran municipal. Two wells, 1 mile 
northeast .i Corcoran, probably in S'vvy,: sec. 12, T. 21 S., R. 22 B. Depths, 400 
alld 460 feet, 12·inch casings perforated beloll' 200 feetj discharge, 1.8 and 2.0 
cubic feet per second. 

Location 3, sample 2914. Fred Long serl'ice station well, 1 mile west of Cor­
coran on south side of highway. Probably SW~ sec. 15, T. 21 S., It. 22 E. 
Depth, 60 feetj static level, 26 feet; 4·ineh clischarv;e pille. 

Location 4, sample .2913. Cord Uptbrove, irrigation well. Probably NWX 
sec. 5, '1'. 21 S., ll. 23 E. Depth 198 feet; casing not perforated. 

Location 5, sumple 3068. Post Card Hanch, well no. 1. Near NE corner sec. 
21, '1'. 22 S., H. 22 E. Depth, 2,300 feet; casing perforated below 1,500 feet; 
report water produced by stratum at J ,800 feet; ielI1pernture, 900 F. 

Locntion 5, sample 3069. Post Card RanCh, \\'ell no. ,1. Ncar well no. 1. 
Depth, 1,900 feet; casing perforated below 1,·100 feet; temperature, 830 F. 

Location 6, salllple 3066. 'V. J. Smith well. Near NB corner NWX sec. 24, 
T. 22 S, R 22 g. Depth, '170 feet; temperature, 700 p . 

.Location 7, sampIc 3067. Forrest Riley, irrigation well. Nenr NB carner SEX 
sec. 24, '1'. 22 S., H.. 22 E. Depth, 2,000 feet; casing perforated below 900 feet; 
static level, 90 feet; lO·ineh discharge pipe; telllpcmture, 780 1".; gas.

Location 8, Sll.1nple 3065. A. V. 'raylor,irrigation well. NEH sec. 20, '1'. 22 S., 
H.. 23 R (1 mile west of A., '1'., & S. F. Ry.) Dept.h, 460 fecI.; lO·inch dischllrge 
pipe; tempemture, 690 1". 

Location 9, sample 1841. C. W. Bryson mnch, domestic well. Ncar NE 
corner sec. 281 '1'. 22 S., It. 23 E. Depth, 75 feet; 2·inch cusing. 

Location 9, snmple 1842. C. W. Bryson rilllch, irrigation \\'cl1 no. '1. Depth, 
between 350 alld 400 feeti 7-inch discharge pipe. 

Location 10, sample 1839. Alpaugh lrdgation District cana!. Sampled in 
sec. 33, T. 23 S., R. 23 E. The sample represents water principtllly if not entirely 
from a gronp of 21 wells locnted ncar Smyrna. '1'hese wells nrc reported to "ary
ill depth from" shallow" to 1,000 feet. Analysis reported also under quadrangle 
28. 

, .• Location 11, sample 18'to. Alpaugh municipal water, frolll several wells 1 to 3 

miles west of Alpaugh. Depth reported to be about 1,000 feet. 


Location 12 snlUple 3284. Deep weB west of Ln .IIaeienda Ranch. SWy.; 
sec. 19, '1'. 24 S., R. 22 K Depth, 835 fecI.; stntic level, 12 fect; 12·inch casing; 
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perforations thought by stockman to be below 500 feeti operated by small rotary 
pump to supply cattle; drilled in 1929. 

Location 13, sample 5946. La Hacienda Ranch, wcll, headquarters. Near 
center sec. 17, T. 24 S., R. 22 E. Depth, 830 feet; upper perforations at 400 feet; 

22E. 24E. 

I I I I' I I I' t" ,1 ~ I I If: I I t ALl.CNSWOrrH I 
··--·t----l----t--t----.t·---. --·t----r----1-·-·t--r·- ----t'-"N-"'+---r-' 
··..t~;;r-·T-r···r·.. ---r--t----t-----"---r--- ---r--l---r---- ---r­j

245. :~:::f--..t---·j----l-·r-· -·---1----T--t----+-4 .---- -----t-t--t--- ,----t·--­
~ -~i---t--i4'r--·!--T-- -··.L·--r··r····!--·-!-· -·-t---I----l---r--l---­
~ --J---J-----,--J\---I---- ---~---_1---+--+--r --r--l'----r----L- --­
b I I I lIt: I : 
~ .~__~'__~__~__~__L-~~~_~_~ 

FIGURE 24.-Qundrangle 25, sllOwinglocntions of snmnles reported In table 33. 

9%-inch ctLSing. Used for stock and domestic purposes. Collected by Roy
Filchcr. 

Location 14, sample 5945. La Hacienda Ranch, well no. 7. NE~ sec. 28, T. 
24 S., R. 22 E. Depth, 990 feeti upper perforations at about 400 feet; 14-inch 
casing to 150 feet, then 12-inch; discharge, 2 cubic feet per second. Col;"ctcd by 
Roy Filcher. 
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TABLE 34.-Quolity of water in quadrangle 26, Tps. 21, 22, 28, and 24 S., Rs. 25, 
26, and 27 E. 

,I ~:'l1igrnm cquivulcnts 
"Per..Sum·Location ](XIO' centpic Date nt 25° Doronno. sodi·nll. Alkali003+H003 01 SOl Ca Mg urn"bases1_°_" 

i 
1 __________ P.p.11I.

4524 20.1 0.00 1. 65 0.20 0.07 0.06 0.00 1.80 04L _________ _:~!:~lo_~'_~~~~_14523 36. i .05 2.20 .45 .3<1 1. 35 .48 1.70 48 

DESCRIPTION OF SAMPLES OF QUADHANGLE 26 (TABLE 34) 

(Qu3drangle map not shown) 

Location 1, sample 4524. Pixley municipal wcll. Depth, 1,180 feet; static 
level, 64 feet; discharge, 0.12 cubic fooL per second. An old well which at one 
time flowed. . 

Location 2,sample 4523. Jorgp.nsen vineyard. SE% sec. 34, T. 24 S., R. 25 E. 

TABLE 35.-Quality of water in quadrangle 27, Tps. 25, 26, 27, and 28 S., Rs. 19, 
20, and 21 E. <jig. 25) 

Milligram equivalents "Per­a!.;m~ J(XlO'Location centpie Date at 25° Boronno. sodi­no. C. AlkaliC03+HOO, C1 SOl Oa Mg urn"bas~.s 

_ ..­

P.p.m.I. _________ 
2747 May 20, 1030_ 458 3.04 4.85 13.05 35.22 8.30 18.42 20.34 502 __________ _____do________
2740 303 1.15 3.35 17.10 18.40 0.93 9.35 19.57 503 __ ,_______ _____do________2745 545 3.3l 3,05 21.60 36.96 14.07 13.67 33.87 554__________ 3281 Sept. 16,1930- 010 5.23 1.40 15.30 59.38 24.30 7.24 44.55 liO 

I I 

DESCRIP'fIO:'j OF SAMI'LES o}<' QUADHANGLE 27 ('fABLE 35 AND FIG. 2li) 

Location 1, sample 2747. Temblor pump station, Associated Pipe Line Co. 
Sec. 20, T. 25 S., R. 19 E. Depth, 501 feet; static level, 120 feet; report water 
stratum encountered at 300 feet with other strata about 3 feet thick to slutle at 
500 feet. 

Location 2, sample 274fi. S. & G. Gump property, sheep well. Sec. 25, T. 
26 S., R. 19 E. Depth, 363 feet; static level at 357 feet. 

Location 3, sLUllple 2745. Chris. Trisslman mnch, sheep well. Sec. 9, T. 27 
S., R. 20 E. Depth, 500 feet; "lift", 260 feet; 27~-illCh cn.sing. 

Location 4, sample 3281. Stn.te highway station, Lost Hills, near NE corner 
sec. 3, T. 27 S., R. 21 E. Depth, 300 feet; cnsing perforn.tecl for three strata. 
Well rUllS dry a few minutes after starting and water is hauled both for the lawn 
and for drinking. • 
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FIGURE 25.-Quudfllnglc 27. showing locatlons oC samples reported in table 35. 

TABLE :36.-Qualily of water in quadrangle 28, ']'ps. 25, 26, 27, and 28 S., Rs. 22, 
23, and 24 E. (jig. 26) 

l\filllgrmll C(luivulents IlPer_
Sam- KXlO'Location IIpIe 	

centDate lit 25° Boronno. 	 solli­no. O. 	 AlkaliCO,+HOO, CI SO, On Mg urn"bases ,
! 	 ---- ------------

I. _________ 	 P.p.m. 
2__________ 	 3283 Sept.IO, 1030 19.7 0.14 1.90 0.20 0.14 0.27 0.28 1.00 75 

1839 Sept. 24,1929 23.0 .09 1.50 .50 .41 .49 .00 1.92 803____ ... ___ 3282 Sept. 10, 1930 40.8 ,32 1. 80 1.05 1. 49 .25 .33 4.30 884. ____ .• ___ _____ do._._____
5__________ 3280 133 .40 1.70 10.30 TI 1.76 .28 9.90 83 
6__________ 2744 Mny 20,1030 20.8 .10 1.90 .40 .26 .40 .19 1.97 77 

4831 Sept. 7, 1931 155 .34 1.30 7.20 6.77 7.32 .20 7.82 51 

I T=trace. 

70532-35-6 
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DESCRIPTION OF SAMPLES OF QUADRANGLE 28 (TABLE 36 AND FIG. 26) 

Location 1, sample 3283. Old Fowler ranch well. Sec. 10, T. 25 S., R. 22 E. 
Depth, 700 feet; static level, 18 feet. A very old well which formerly flowed. 

Location 2, sample 1839. Alpaugh Irrigation District canal, as sampled in 
gUlldrangle 25. Supplied principally if not entirely from wells at Smyrna. 
Wells reported to vary in depth from shallow to 1,000 feet. 

Location 3, sample 3282. Gilbreath ran<;u. Near SE corner sec. 10, T. 26 S., 
R. 22 E. Depth, 800 feet; casing perfOlated below 600 feet; static level, 18 feet. 

'ANGE. 22E. 23E. 24E. 

L1--L--L--L-J--- ----L-J::C.1-J- -J----L-LJ- !!~__
1 i : ';4! i: i I: I!!! 1

----~--+__.;~_--L;---_f~---. --+----1---+---L----4---- ---+---1--i--i--~--: : '. : I i I I I: :, I I: J ' " ,: : I I 1 I
255. ----r-·· .. ,----;--'"'--r--j---- ..--r--..... r----r---r..---r-..- --1--r----I,'

I 

---r--­
f 1 ' : I .! I I I I I j I t
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~ I • I "5MYI'NA : I I I I 
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FIGURE 26.-Quadrnngle 28, snowing locations of samples reported In table 3G. 

Location 4, sample .3280. E. A. Meyer chicken ranch well. Near SE corner 
sec. 2, '1', 27 S., R. 22 E. Depth, 170 feet; casing not perforated; static level, 50 feet. 

Location 5, sample 2744. Semitropic wells supplying Geneml Petroleum 
pump station at Belridge. Depth not ascertained. 

Location 6, sample 4831. O. P. Morgan, irrigation well. Sec. 26, T. 28 S., 
R. 24 E. Depth, 112 feet; casing perforated at severnl strata. Reported that 
the domestic weU of similar depth but with an unperfomted casing produced a 
softer water. The boron symptoms were pronounced on dooryard plants irri­
gated from the domestic well. 
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TABLE 37.-QltaUty 1)/ water in quadrangle 29, Tps. 25, 28, 27, and 28 S., Rs. 25 
28, and 27 E. (Jig. 27) 

Milligram cquivnlcnts "Per-Sam· IeXlO'Location ccnt 
no. pIc Dnlc nt 25° Doron sodl·no. C. Alknlico,+nco, CL SO, Cn Mg urn"bnscs 

P.p.m. 
1. ..•.. 4522 July 7,1931 H.D 0.03 1. 90 0.80 1. 05 1.53 0.98 1. 00 39 
~- ... -~- ... .. -- 4520 .....do........ 19.2 .03 1. 70 .15 .12 .SO .10 1.05 52 
:, ... --- ........ 024 Fob. 5,1929 ·10.5 .14 3.50 .30 .00 2.83 1.13 .53 12
i ...____..­ 4521 July 7, lQ31 25.4 .01 2.15 .10 .43 1.42 .47 .85 31 
5·S......... 2911 June 21,1930 7.71 .03 .70 .10 .31 .37 .10 .58 52
0__ ........ 3279 Sept. 10,1030 78.3 .19 2.00 2.05 3.20 2.55 .43 4.27 507_____ ..._. 3232 Aug. 28,1930 140 .06 1. 60 0.95 4.08 0.60 1.01 5.02 408____....._ 3233 .. _..do........ 248 .05 1. '/0 10.30 5.48 13.17 2.08 8.23 35 
0--_ ....... 2010 Junc 21,1030 ·14.3 .02 1. 60 1. 20 .·18 .33 .15 2.80 85 
10____...._ 230 Aug. 28,1030 46.0 .04 1.40 2.25 1.02 .53 .1:3 4.01 80 ___ ._do..._____3235 126 .39 1.70 4.20 5.05 2.88 .1iO 8. 28 70 

3231 433 .1' 3.10 21.20 23.51 20.00 4.01 17.20 30 
e11 ________• .. __ .do._._____

12_______ .. _. ___do.._____ •3230 236 .17 1. 95 O. DO la.05 12.21 .9·1 11.35 4613___ • _____ _____do . _____ ••3229 205 .20 2.00 8.05 10.60 II. 40 9.08 .8:! 4.14 ___ • _____ 3422 Oct. 16, 1930 359 .39 2. ·10 15.80 20.13 17. GO 2.24 18.49 48 .. ..15___ __ _._ ..do....__..3423 28.1 1.01 ·J.15 9.50 10.10 11.02 1. 68 17.11 57
16. __ •__ .._ ..._.do.._____ •3421 2H .S3 3.05 O.fiO \3.04 9.37 2.30 11.86 50
17 __ ' ___ '" 2909 June 21, !D30 4·14 2.02 4.95 18. 00 25.93 18.05 2.99 27.84 57
18__ ......_ 3234 Aug. 2S,1930 46.7 .03 1. 30 2.25 . S6 .40 .11 3.54 8619 ___ ...___ .....do..._____3230 191 .79 3.50 0.20 10.66 7.85 .91 11.00 5420 _____ ._.. _._..do.__..._.3237 160 1.26 3.45 3.60 9.27 3.44 .57 12.31 71i21-___._.__ 3238 ... _.do...... __ 184 1. 50 4.90 3.25 10.92 5.06 .98 13.03 68 
Mlscel· 

laneous '. 0346 June 21,1932 32.3 .11 1. 20 1.70 '1" .27 .10 2.48 85 

, Outside of quadranglo; includml for convonionce. 
, 'r=trnco. 

DESCRIPTION OF SAMPLES OF QUADRANGLE 29 (TABT·E 37 AND FIG. 27) 

Location 1, sample 4522. Delano municipal well. Drilled to 1,100 feet; 
filled to 600 feet because of sanding; casing perforated below 300 feet; static level, 
100 feet. Deeper water reported to have had sulphur odor. 

Location 2, sample 4520. Wasco municipal. Two adjacent wells; depth, 600 
feei;; static level, 110 feet; casing not perforated. 

Location 3, sample 624. United States Cotton Field Station, Shafter. SEX 
sec. 33, T. 27 S., R. 25 E. The older of two wells. Depth, 165 feet; static level, 
72 feet in May, 1927; discharge 1.2 cubic feet PCI' second. Collected by C. S. 
Scofield. 

Location 4, sample 4521. Southern Pacific depot well at Famosa. Depth, 
about 200 feeti static level, 140 feet. 

Location 5-8, sample 2911. Kern River, as sampled from Beardsle)r Canal, 
opposite Lerdo. 

Location 6, sample 3279. Dow station, Associated Pipe Line Co. Depth not 
ascertainedj engineer reported they were drawing water from about 130 feet. 

Location 7, sample 3232. Lerdo Land Co., well no. 4. Near SE corner 
NW% sec, 15, 1'. 28 S., R. 26 E. Depth, 275 feeti casing perforated below 100 
feet. 

Location 8, sample 3233. Lerdo School. Neal' NE corner SW)4 sec. 14, 
T. 28 S., R. 26 E. Depth, 250 feetj casing perforated below 160 feet. 

Location 9, sample 2910. Lerdo Land Co., well no. 17, NEhI sec. 14, '.r. 28 S., 
R. 26 E. Depth, 441 feet; static level, 131 feet; perforated in 'hot sand" at 285 
feet and below 375 feetj discharge, 2.8 cubic feet per secondj mild sulphur odor. 

Location 10, sample 3236. Lerdo Mutual well no. I-B. SE)4 sec. 24, T. 28 S., 
R. 26 E. Depth, 470 feetj casing perforated below 100 feet. 

Location 10, sample 3235. Lerdo Mutual well no. 1. SEX sec. 24, T. 28 S., 
R. 26 E. Depth, 555 feet; casing perforated below 100 feet. 

Location 11, sample 3231. N. N. Brown, irrigation well. E%NW7:\ sec. 22, 
T. 28 S., R. 26 E. Depth, 250 feet. 

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

Location 13, sample 3229. Lerdo Land Co., well no. 19. Nidal' center sec. 22, 
T. 28 S., R. 26 E. Depth, 170 feet; perforated below 100 feet. 
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Location 14, sample 3422. Ben Arlmlian ranch. East center sec. 23, '.r. 28 S., 
R. 26 E. Collected by C. S. Scofield. 

Location 15, sample 3423. W. K. Lee ranch no. 2. S('c. 25, T. 28 S., R. 26 E. 
Depth, 425 feet; discharge, 5.4 cubic feet per second. Collected by C. S. Scofield. 

Location 16, sample 3421. Ben Arkalian mnch. North center sec. 26, T. 28 S., 
R. 26 E. Collected by C. S. Scofield. 

25E. 26E. 27E. Ilil" 

! I I I I ! I K'"~ <C, I I :';-, " ' 
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Location 17, sample 2909. Lel'do Land Co., well no.9-A. NEX sec. 26, 
T. 28 S., R. 26 E. Depth, 135 feet; casing perforated only near bottom; static 
level, 72 feet; discharge, 1.3 cubic feet per second. 

Location 18, s!lmple 3234. C. L. Claffiin, irrigation well. SWX sec. 20, T. 28 
S., R. 27 E. Depth, 500 feet; upper casing perforations at 160 feet; static level, 
160 feet. Sulphur odor, with considerable gas. 

Location 19, sample 3239. W. K. Lee, irrigation well. Near NE corner 
SWX sec. 30, T. 28 S., R. 27 E. Depth, 274 feet; upper perforations at 100 feet. 

Location 20, sample 3237. L. P. Sorenson, irrigation well. Near NE corner 
SE X sec. 31, T. 28 S., R. 27 E. Depth, 247 feet. 
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Location 21, sample 3238. Lerdo Land Co., well no. 20. Ncar SE corner 
SWy,; sec. 3], T. 28 S., R. 27 E. Depth, 4'10 feet· casing perforated below 110 
feet. 

Miscellaneous sample 6346. Lerclo Mutual 'Water Co., new no. 9 well, located 
near ancl northwest of packing house, ncar center SWI{ sec. 24, T. 28 S., R. 26 E. 
Drilled in August 1932. Depth, 765 feet; perforated below 500 feet; draws down 
to 121 feet. Water slightly warm, with sulphur odor and some gas. Water from 
thi~ ,veil replaces water from the now abundoned well at location 17. 

TABLE 38.-Quality of ~vater in quadrangle 30, '1'p.~. 29, 80, 31, and 32 8., Us. BB, 
23, and 124 E. (jig. 28) 

I II , :\Iilligrnrn equivalents ' .. Per. 
Sam·'Location pie I Dateno. 	 :~n~~' Boron I : I 1--1- ;g:ti:no. 1 c. I iC03+lIC03 J Ct !so, !Ca :\fg "6~~!i urn" 

---'--1--' :-!-.,-----
L._ •.• _... 2743 1\fny2O,10301 91.0 P'K'~' 5.55 0.75 14.15 4.37 1.304.60 45 
2·S •. . 2741 ____.do._ ••• __ .! 18.0 .10 1. 45 . 30 I' 70 .00 .30 1.22 49 
3.. _ . 2742 ....do...... _' 91.·\ .38 5.25 .SO 3.91 3.44 1. 03 5.40 55 
4.......... 6006 Nov. 17,1032; 483 4.14 3.10 W.OS 40.07 20.01 12.05 20.48 45 
Miscelln· ' 

neous ' •• 2740 lllf3Y 20,1930 1 87.2' .23 5.55 I 1.60 I 1. 03 3.06 4.18 .04 

I Outside of quadrangle; included for convenience. 

DESCRIPTION OF SAMPLES OF CjUADRANGLE 30 (TABLE 38 AND FlO. 28) 

Location 1, sample 2743. Andrew Gregg, irrigation well. SEX sec. 5, T. 29 S., 
R. 23 Eo Depth, 230 feet; casing perforated below 100 feet; static level, 10 feet. 

Location 2-S, sample 2741. Buttonwillow Irrigation Canal, known as Eighty­
foot Canal. Sampled at highway crossing ncar SH corner sec. 15, T. 29 S., R 23 
E. 	 Kern River gravity water. 

J~ocation 3, sample 2742. Buttonwillow lllunicipal well. Depth, approxi­
mately 220 feet; static level, 14 feet. 

Location 4, sample 6906. Southern California Gas Co. well. Ncar center 
SWy,; sec. 23, T. 32 S., R 24 E. Depth, 730 feet; upper perforations unknown 
(drilled 1912 or 1913); 11% inches inside casing; static level, 120 feet; temperature, 
approximately 60° F. Water passed through 600 feet of 2-inch tubing by means 
of high-pressure natural gas before sample. Collected by N. D. Hudson. 

Miscellaneous sample 2740. McKittrick. Water from Associated Oil Co. 
wells in Little Santa Maria Valley, sec. 15, T. 30 S., R21 E. Composite of three 
wells drilled to 500 feet; casing perforated below 200 fect; static level in one at 300 
feet and in another at 126 feet. 

http:1.304.60
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I I til I I' ::. II I---,-- --r- ---,- ---r--rw-.f----- --t--!---i- -i__L-_
i' , I .'BUT.TjlNW'LLW: : ' I ! 
I t I I 11.\ ~2J T I : I I

29£ -~~-hr--lt---+--I---t--- --+--"I---t-Z:LJ---G.....-- --+---i---r-+--- -­
1 i.. : I I It, 1 i J ! J 

, 1 d! ,I:: l ;;::: 
I 

---r-=-~--.--r---i------ ----r-----r--+-J.---t----:----------r---t.------i----­
: ,,~, I.. I' : t ' i I !::: I

I I :.. I! : Ii!: !:;! i 
------r-.J.----r-·-·~·-- ----~--·-.J----l---.--"---- -----.--'---'T.""-T-~--l r ",,! iii I! 1;; i ! 

: t ~ ~ ,! t ! I ;;:; 

: ; ; I: : i t Ii, ' : ~ . 
r ! r !: :! i I: ,;; l 

----.----t---~--~--7-..-- ----t----t-..----,----... ~ ...-... ~ - .. --1".... ·-"10 -----;-----;----'! .. - .. 
• I I l ' f I If' ~.I 

r-~---~__-L-l---L-- --L---l---i---l----f---- ~~---~----•. -..-~_.__~___~ --~ .. 
: ~ I 8 J, i: ~ I: ;:: i : I I \ 

! : : i C ;1( A ! ; i I: :: I:' . ';1 i ! /­
3151--· -'1--..--~-·-t---f---· _.........,tt .... '·-!';!"-·ir· ..•· ..J_ --..... ··-.. -t.. ~· .. · ~J· ..... -1-----l--~-..,.·-

: I I ! 1 I I" : c ~ :': • ! : I1r-..--t---i----~__-_-L-~- f---L-..-:-~-+--.-l___- .. ~~.f--!.~~! ...'--!.-.-.~ .. ~~-~1.{---
! : ; ! iiI [ i! ;;'i ~: ; I 
I I • J; I t I I I ~ i ; . I I 

~---~---... ----'----t-- --..-----1"----1--...--r-----r---- ---.. -,..----'"".---...-_:. -"~ ....-....j.,-..­
j 1 i :: !:! ; : ~ : '! ~ if 
• 'KERN cd.: t: j ; !,; I. I 

FIGURE 2S.-Quadrangle 30, showing locations oC samples reported In table 38. 

TABLE 39.-Quality of water in quadrangle 31, Tps. 29, 30, 31, and 32 S., Rs. 25, 
26, and 27 E. (jig. 1?9) 

. 
Milligram equivalents "Per-Sam· [(XIO'jLocation centpie Date at 25° Boronno. sodl·no. C. co.+HCo·1 CI ISO, I Cu /IIrg Ii~~~!j urn" -----------~ --,--,------­

P.p.1n. f 
3700 Feb. 6,1931 g·1.8 0.80 5. 05 O. 50 12. 93 1. 34 0.48 I O. 06 79 

L _________ 
... __ do _______r75S 133 .1S 2. 05 4. 50 7. 03 S. 1i 1.02 .J. 30 32 

3208 Sept. 23,1930 202 •. 04 2.95 5.95 11.40 0.91 1.82 11.57 57 
2_______ ... 

3759 J!'eb. 0,1931 03.0 .14 1.85 1.55 3.15 3. :14 .·18 2.73 42 
3........... 2739 May 20,1\130 22.8 .18 1.45 .40 .SO .8:1 .10 LOO 03
4...._..... 2008 Juno 20,1030 160 .51 2.80 .05 15.33 0.75 3.3·1 5.09 315_____ • ____ 

6810 Sept. 14,1032 50.4 .:10 2.20 .,10 2.68 1.39 .·19 3.40 046______ .... 0812 .. , .do.___.._ 2.7768.7 .44 2.90 . U5 3.54 .81 3.55 50 
7_________• {USll .... rlo .... ____ W3 .57 3.25 450 19,81 Hi,76 1.65 0.10 26 

...._do____...6820 54.0 .43 1.85 .55 2.72 1.21 .42 3.0·1 60 
Miscella·

neD us ,__ 3827 Feb. 17, 1031 275 2.07 5.50 12.05 8.02 5.22 2.54 1 19•31 I 71 

I Ontside oC quadrangle; included Cor convenience. 



87 BORON IN SOILS AND IRRIGATION WATERS 

DESCRIPTION OF SAMPLES OF QUADRANGLE 31 ('fABLE 30 AND FIG. 29) 

Loca.tion 1, sa.mple 3760. Oberlander well. NW%SE% sec. 9, T. 29 S., R. 
27 E. NH of lot 18. Depth not ascertaincd. Collected by W. B. Robb. 

Location 2, sample 3758. W. B. Robb, home well. NW~NW% sec. 10, T. 
29 S., R. 27 E. Depth not more than 145 fcet. ColIected by W. B. Robb. 
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FiOURE 20.-Quadranglo 31, showing locations or samples reported in tnblo 39. 

Location 2, sample 3268. W. B. Robb wcll. NE)4NW}~ scc. 10, 1'. 29 S., 
R. 27 E., wcst of and adjacent to Southern Pacific tracks. Casing pcrforated 
from 50 to 310 feet. 

Location 2, samplc 3759. W. B. Rohh well. Ncar NJii corner NW}~ sec. 10, 
T. 29 S., R. 27 E. East of Southern Pacific tracks and highway. Depth not 
more than 145 fcet. Collected by W. B. Hobb. 

Location 3, sample 2739. Taft municipal. From Wcstern Watcr Works wells 
in sections 21 and 28, T. 30 S., R. 25 Eo Depth, 280 to 450 fect; surface clevation 
at wells, 300 fect; Taft elevatioJJ; 1,000 feet. 

Location 4, samplc 2908. John H. Balbach wcll. ]j]}~SE}~1 scc. 30, T. 32 S., 
R. 27 E. Depth, not lcss than 21.0 feet; static level, 14 fcet. 
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Location 5, sample 6810. Symons Bros. Deyelopmellt Co., well no. 1. Kern 
County, NEX sec. 7, T. 32 S., R. 27 E.; 100 yards from north side, in center. 
Depth, 800 feet; 16-inch casing; discharge, 2.2 cubic feet per second; flowing 
well; draws clowIl to S5 feet; temperature, 550 or 600 F.; sulphur odor; no gas;
clear. Irrigates 160 to 200 acres. Collected by It. L. Sanders. 

Location 6, sample fiS12. Symons Bros. Development Co., well no. 3. Kern 
County, NE}~ sec. 7, T. 32 S., R. 27 K, 200 yurds from north section line, 200 
yards from center section line. Depth, 600 fecl; all perforated; IS-illch casing; 
dischargc, 3.6 cubic feet per second; sLatic 10\'e1, 12 fect; draws down to 45 feeti 
temperature, 550 or (j00 F. Collected by R. L. Sandcrs. 

Location 7, sample fiSU. Symons Bros. Deyelopment Co., well 110. 2. Kern 
County, SW}~ sec. 7, T. 32 S., R. 27 Eo, 150 yards from NE corner. Depth, 237 
feet; all perforated; 14-inch casing; discharge, 2.8 cubic feet per secondi statir. 
level, 12 feeti draws down to 45 feeti tempemture, 55 0 or 600 F. Collected by
R. 	L. Sanders. 

Location 7, sample 6820. Symons Bros. Development Co., flowing domestic 
well. Kern County, S'NJ{ sec. 7, T. 32 S., R. 27 E., in corner of quarter. Depth,
800 feet; lO-inch casing. 	 Collected by R. L. Sanders. 

Miscel1aneous sample 3827. Kern River County Park well. SEH sec. 36, 
T. 28, S., R. 28 E. Depth, 755 feet; temperature, 000 F. An artesian well with 
flowing discharg'1 of 0.5 cubic foot per second. Collected by N. D. Hudson. 

TABLE 40.-Quality of 1l!Clier in qucu/rcL'llgle S2, 'l'ps. 29, SO, 31, and SB S., Rs. 28, 
29, (lnd SO E. (jig. SO) 

I i .111 i1l1grntn equi\'lllcnts 
Location Sam· 

DO. 
pIe Doto [~r2If.,' J30ron I~ ~-~I-- ~-I- I I '~~;t
lIO. C. ('0 +BC03 Cl SO. On Mg .\Iknli sodi· 

3 	 bases lUll "I----- ~ -~---,------,------- - -----!---------
I p,p."'.l!

52
I-S .•• _____ • '_'911 Juno 2:1,1020 11.1 .1; i .57 :. __ ._•••••_. .43 .00 L .._...._...._ 

June 21,1030 7.71 .03 ' ,70 I .10 .31 .37 .10, .58 52 
'03·15 JtlnQ21,I932 7.51 .05 .60 .05 '1'1 .41 .231 .18 22 

t{lgs0 Apr. 26,1029' 15.0 O. a5 i 1.20 : 0.30 0.20 0.72 0.03 I 
i 

0.05 
!
I 56 

l 
1{1958 Oct. 8,192927.7 .23 LS~ .35 .571.27 .06 1.39 51 

2•• ---.-.--134.512149 Oct. 17,1930 22.1 .15 j 1.3Q .35 .38 .o~ .3al .75 37 
July 0,1931 18.4 .10 f 1.40 .20 .17 .80 .291 .68 37 

~:: ::::::-. 85g ~~~: 2~: 19~9 ~&: ~ :~£ I! .--...--~~~~- .~~~~..~:~~- .~~~~- ..~~~. --:~~~T····~~ 
5•••••.• __ .1 0.10 Apr. 25,1020 118 .21 ~.OO .00 8.00 6.02 1.50 4.72 37 
~ •• --.-.-.- 0·15 •____00••____ ._ '17.0 .·82~_1 ~·.-O'OI •• 7O,5 '.0562 1•. 82 '.0000 ~1·•.1148 0636
1 __ • __ • __ •• 9-14 "\.pr. 2·1,1920 47.0 ". e 20 
8 I{ 810 Apr. 5,1029 81.6 6.061 2.30 2.53 2.03 .28 .03 7.24 93 
-.--_ .... - 1370 Juuo 23,1029 81.8 6.58 I 2.26 2.40 2.64 .28 .00 7.11 06 

0____ • _____ 94:1. Apr. 21,1029 53.8 7.511 3.36 1.70 .24 .44 .00 4.86 92 
10......... 19451 Oct. 0,1920 ·17.7 .21 3.00 I .65 1.21 2.33 .16 2.37,1 ~9 
11 __ ......_ 931 Apr. 2·1,1920 66.0 .20 4.15 .86 1.35 3.H 1.31 1.911 30 
12......... 1400 Juuo 24,1920 6623.. 92 .31! 4.42, .65 1.42 3.24 .90 2.2~ 35 
13......... 048 Apr. 25,1020 .40 4.50 .00 1.43 3.10 .90 2.7~ 33 
14......... OlO ._...do.••••••• 03.5 .61 3.80 LOU 1.50 2.02 .58 2.89 45 
15..... _.•• 932 Apr. 2·1,1920 65.2 .26 3.90 .80 1.50 3.01 1.81 1.3S 22 
16••••---.. 625 Feb. 6,1029 01.1 .' ?10 3.. 7700 1.• 26°8 ,. ~_70 4.. 6 1.. °27 '21.. 81~1 i57 . 2 :5 0 453117._•._._ •• 1381 June 24,1020 55.5 1 2 01 
18•• _. ___.. 1300 ...._<10••••_••• ·18.1 .51 2.50 .65 1.01 1.97 .20 1.90 47 
10. _____ ••• 1384 •••••do........ 32.6 I .24 1.02.28.54.98 '1' I 1.76 64 

20... ___ .. _.. _ 813 Apr. 5,1929 52.5' .4D 3.23.7'1 1.}U 2.38 .28 2.47 48 
21._ ....... 130S June 2'1,1029 32.2 .29 2.48 .37 .60 1.27 .01 2.17 63 
22 {941 Apr. 24,1929 101 1. 51 5.25 2.11 2.13 4.46 1.31 3.72 30 

••• ---.-. 1307 Juno 24,1029 09.0 1.89 3.36 2.08 2.75 4.57 l.a6 2.26 28 
23•• _•• ___• 1306 ._•••do••_••__• 74.9 2.37 2.88 1.59 1.34 2.91 1.03 1.87 32 

805 Apr. 5,1029 78.5 4.51 2.26 1. 98 1. 14 2.30 .38 2.70 50 
24 9aS Apr. 2·1,1920 55. ° 4.43 2.50 1.50 .63 1.28 .25 3.10 67 

• --.---.. {1378 June 23,1020 53.5 4.63 2.46 1. 3~ .71 1.20 .16 3. 13 70 
1838 Sept. 23; 1929 sa.·1 4.63 2.40 2.10 1. 40 2.87 .35 2.77 46 

25 {815 A]lr. n,1920 61. 0 1. 04 2.94 1. 38 .75 2.23 .50 2.34 46 
••• -- .... 1395 June 2'1,1029 6·1.9 2.1S 2.88 1.45 1.11 2.30 .40 2.60 48 

26 {9.1O Apr. 24,1929 51. 1 1. 01 3.60 1.10 .20 1. 40 .33 3. OS 63 
•• --••••• 1394 Juno 2·1,1929 51.1 1.31 3.35 1.05 .24 1.61 .42 2.61 56 

27._...... 800 ,\pr. 5,1029 53.2 .02 2.60 1.02 I. 21 2.02 .38 2.52 41 
28._. ___ ••. 1382 June 2·1,1929 50.2 .28 3.(}1 .68 1.17 1.77 'r' 3.12 64 
29•••• _•• 1383 .....do......._ 47.4 .50 2.70 1.59 .00 1.21 '1' I 3.98\ 77 
30••• __ •• _.11385 ••••_<10........ 30.0 I .21 2.47.60.27 1.40 • 13 1.72 51 
31._. __ •••_ 5817 Mor.21,1932 37.8 .08 2.75 .35 .20 1.54 .6.1 1.31 37 
32•••• ___•• 1:J86 June 24,1929 31. 5 .14 2.00.27.32. 13 1.28 1.78 50 
33•••••_••• 5823 Mor.22,1932 32.1 .00 2.85 .40 .30 1.66 .O~ 1.34 37 

I T-Traco. 

http:2.00.27.32
http:2.47.60.27
http:1.02.28.54.98
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TABLE 40.-Quality of water in quadrangle 313, Tps. 139, 30, 31, and 32 S., Rs. 28, 
29, and 30 E. (fig. 30)-Contillued 

1\filllgrnm equivnlents 
Location Snm· KX10 4 Pc ce t 

no. 'j ~~~ __ :~_tc__ "6.'1 D=, co.+.co'l~ !_~Ij M, Iii::' .JI":;' 

I. P.11.111. I I i I34, .-- 035 Allr.2-1,1020 51.0', .l2/' 2.82\1.151°.7212.34 a.-I0ll.S6 10
35~~~, . .• 036 ____ .do••__ • __ • 3·1. S .10 2.70. .40 . ao i 1.25 .25 1.00 57 
~~... • , 937 ._--.dO··..•••• HH I 'a18 3'310 i 3'020 3.171..1'0380 ,1 •.18 3.00 3.<,831.. o o
3S. :: g~b .~:~~(Ig.~_~.:.. 1~~: ~ \ 7: 1~ ,..__ .__ .~~.~.:..:_~_ ..~·.~:.1.:·.. V·.~~.. --::~14.. 0 

{ Sll Apr. 5,1020 -10.0 11.00: 2.23il.5-II,·19 .00 •• (lOl -I.ll 'iiii30. 
",812 .....<10•••••• --[ -tH.O 7.30' 2.15 I 1.53, .67 .07' .1l:J! ·1.25 08

40 .• .- 033 Apr. 24,1020 I 6-1.0 j .33: -1.-12\ .70'1 J.6·\: 3.55 1.(1-1 i 1.60 2,1
8J4 "\pr. 6,1020 OU.·I .5-1 , .1. 00' . S2 I. 65 I 3.21 I. 42 'I 1.03 29 

~I .. { S04 _____do•••••• -. 03.0 I .3:J , 4.30· •it 1.·1·1 13.12 I. ·12 2.00 31 
3278 Sept. 15, 1930. 02.9 • :10 ! 4. no I . (i0 I. 3[, 3.07 1. 52 I 1. 00 30 

I 

42 . __ 9·12 Apr. 2-1,1920! -W.9 ' 7.2,1 I 2.17 1. SO. • ,10 .57 .00 3.80 87 
·13 •... __ 808 Apr. 5.IV20 1'11.3 ) ·.1.0·1, 2.54 1.27 II .3·1 .OS .41 2.70 07 
44. 1393 Juno 24,1929 ·11. Ii 1. 13 I 2.03.77. :12, I. 02 • 00 2.01 72 
45 {939 Apr. 2·1,1929 49.0 .311 3.aO .90 •all , 1.1>7 .a3 2.U!! OD 

. - . ;,.--. 1302 Jnno 2·1, 1{120 I 53.0. •·15 , 3.72.721 .55 I2.06 .77 2. 10 ·13 
40 ... ___1934 Apr. 2·1,1020 51.2 i 3.52 t 2.80 1.·10 .42 -1.87 .4£1 2.20 .19 
·17.... --- S07 Apr. 5,192041.0 I .00, ;!.7~ .S~. '~~1'8~ .28 3.~2 73 
48 - '. .. --. 1301 JUDO 24, 10~!I ·13.1. • 191 Z.83. ·1.: .0, I. 8, . IU 1.89 .18 
40." '"'' 30H Apr. 1,1931 31. -I .0·1 2.45.451 .27 I. tl5 .82 .70 22 
50...... _. 13S7 Jnne 24, 1!129 30.1; .21 2.9,1.37.22 2.00 .71 .82 23 
51.. __ 2907 Jnne 20,111:10 ·\1).3 .19 3.30.50 1.44 1. 80 • S3 2.61 50 
52...... 1390 June 21,1920 50.0: .55 i 1.53 1.20 1.25! 1.11 .00 2.03 is 
53... . .. 1380 _....do_______••5.'i.0 .5U I 1.50 2.07! 1.31 .08 .00 3.00 80 
54 ...... 1388 _____clo.____ .._ 39.0 1.00 3.05 .02 I .411 .00 .00 4.07 98 
5u .... __ •__ 5908 Apr. 14,1032 73.1 .171 2.25 2.0512.32' 4.40 I.r.t 1.80 2.1 

028 Apr. 23, HI20 13·1 .87 5.69 1. 02 7. :13 14. \18 5.00 4.30 20 
Mlscolln. 020 _____ de._. __ •__ 113 t' .25, 5. Jj 1.0515.31 5. ·12 3.38 3.27 27 

noous 2 3015 Apr. 1,11l31 09.·j .71 1 4.85\ .35 1. 85 2.0·1 I. ·J2 3.50 51 
-- 0827 Oct. 17,1932 '10.0. .13 1.25 2. -t5,' .70 r .78 • IS 3.65 78 

GS28 ____ .do____ .... 75.2 I .33 , 1. 05 j 4.13 1.15 2. ·10 • ·J7 ·1.05 58 
- __....!.._-!.I____.....c..._~. \ ~,_. _____ .• ~.!.__'- ___. ~._c...._._-'-__ 

I Outside oC qundranglo; Included (or convenIence. 

DESClUPTION OF SAMPLES OF QUADRANGLE 32 (TAnr,E -to AND FlO. 30) 

Location 1-S, samples 952 and 1380. Kern River, Bakersfield. Sampled at 
heading of East Side Canal. 

Location 1-S, Rample 2911. Kern River, Beardsley Calial. Sampled opposite 
Lerdo. 

I..ocatiOll 1-8, sample 0345. Kern River at Bakersfield. River was high at 
time of sampling. 

Location 2, sample 1058. Bakersfield municipal. Sampled at service station 
opposite tower. Well source unknown. There are a large number of scattered 
pumping stations which l)ump directly into Bakersfield municipal water mains. 

Locl1tion 2, sample 3424. Bakcrsfield municipal, tap at Seventeenth and 
Chester Streets. Collected by C. S. Scofield. 

Location 2, sample 4510. Bakersfield municipal, tlLP at Seventeenth and 
Center Streets. Collected by C. S. Scofield. 

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

Location 4, sample 030. Goff well, ncar NJ!i Cornel' SEX sec. 33, T. 30 S., 
R. 29 E. Depth, 400 feet; static level, 85 feet; approximate water table eleva­
tion, 390 feet; draws down 45 feet. 

Location 5, sample 946. A, Brown Co. well. S]!ijl4SE)/4 sec. 5, T. 30 S., R. 
30 E. Depth, 565 feet; static level, 375 feet; water table eleYll.tion, 690 feet; 
discharge, 0.2 cubic foot per second; temperature, 79° F. 

Locatioll 6, sample 945. .!ack Bowman, domestic well. SI~X sec. 8, T. 30 S., 
R. 30 E. Depth, 355 feeti static level, 160 feet; approximate water table eleva­
tion, 740 feet. 

Location 7, sample 944. Deemer abandon,ed irrigation well. Near center 
sec. 17, T. 3n S., R. 30 Eo, in Caliente Wash. Depth not ascertained; static 
level, 134 feut; approximate elevation of water table, 636 feet. 

Location 8, samples 810 and 1379. M. F. Newmarkel well. Ncar SB corner 
sec. 20, T. 30 S., R. 30 E. Depth, 3&7 feet; static level, 126 feet; approximate 
elevation of water table, 664 feet. Sample 810 collected by C. S. Scofield. 

http:1.0515.31
http:2.0512.32
http:2.9,1.37.22
http:a.-I0ll.S6
http:2.82\1.151�.7212.34
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Location 9, sample 9·13. Shallow wcll at location sometimcs known us "Dccmer 
Spring." NE;4 scc. 33, 'r. 30 S., R. 30 E. Bailcd sample. Surface elevation 
approximately 720 feet; water table se\'oral feet bolow. 
tiLoeation 10, Sll.llllllc 1945. Ed .Toinor service station well. Ncar SE corner 
sec. 18, T. 31 S., R. 28 B. Dopth, 41 feet. 
J'),Location 11, sample 93L Enrl Fruit Co. well. NE corner sec. 4, T. 31 S.,n: 29 E. Static le\'el, 120 feet; watel' tnblo elevation, 355 feet. 

""RANGE:. 28E. 29E. 	 30E. 

'9~f.':~alB=·E.:H:.::..~~::~.:=: 

'~~i};>f~-----l--' :--. ··--~--·~-··J·--i:----r·---- ·-..t....·~..·..~---·i----1·--.. 
ar~AKERSFlEcD---t---;-- ..- .... _.. }.._--i-- .....~~~--+:...~;-;-."-.~ .~..... ~---~..l~-*-1:.--".;-----r"--. 

... r~:; ;: t: i 1 

r Location 12, sample 1,100. Irrigntion well. Ncar NW corner sec. 9, T. 31 S., 
R. 	29 E. Characteristics of well not asccrtained. 

Location 13, sample 948. Eurl Fruit Co. well. Neal' NE corner sec. 10, 
T. 	31 S., R. 29 E., just west of the edge of old Caliente Wnsh. 

Location 14, sample 949. Earl Fruit Co./ irrigation well. NE corner SEX 
sec. 10, 	T. 31 S., R. 29 K 

Location 15, sample 932. Earl Fruit Co., irrigation well. NE corner scc. 12,
T. 31 S., R. 29 E. Depth, 424 feet; static level, 185 feet; approximate water 
table elevation, 360 feet; draws down 19 fect; discharge, 6.7 cubic feet per
second. 
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Location 10, sample 025. Hoover well. NWYt sec. 18, T. 31 S., R. 29 E. 
Static le\'el, 50 to 00 feet. Collected by C. S. Scofield. 

Location 17, sample 1381. H. S.•Jewett well. Ncar NE corner sec. 16, 
T. 31 S., R. 20 K Depth, 035 feeti static Icvel, 110 feeti draws down 25 feet; 
discharge, 2.5 cubic feet 	per second. 

Location 18, sample 1300. P. n. Greene Co. well. NE corner sec. 15, 
T. 31 S., It. 29 E. Depth, 407 feeii static level, 150 feeti discharge, 3.0 cubic 
feet 	per second. 

Lowtioll 19, sample 1384-. II. S. Jewett well. Ncar NE corner SWYt sec. 15, 
T. 31 S., R. 20 E. Depth, 700 feet; static level, 110 feet; draws dOWll 50 feeti 
discharge, 2.0 cubic feet PCI' second. 

Location 20, sample 813. C. Yanssey well. Ncar E>~ corner sec. 15, T. 31 S., 
R. 29 E. Static len)I, 105 feeti approximate elevutioll of water table, 300 feet. 
Collected bv C. 	S. Scofield. 

Location '21, sample 1398. P. H. Greene Co. well. Near NYt corner sec. 14, 
T. 31 S., R. 29 E. Depth, 550 feeti discharge, 3.0 cubic feet per second. This 
well perforates a clay stratum in which sample 1300 ended. 

Location 22, samples 941 and 1397. Hannon well. NE corner sec. 14, 
T. 31 S., R. 20 E. Depth, 320 feeti static level, 140 feeti approximate elevation 
of water table,355 feeti dischargu, 2.7 cubic feet per second. 

Location 23, sample 1300. Irrigation well. NE corner SEYt sec. 14, T. 31 S.,
R. 29 E. 

Location 24, samples 805, 938, 1378, and 1838. Earl Fruit Co. well no. 2. 
NE corner sec. 13, T. 31 S., R. 29 E. Depth, 240 feet; static level, 142 feet; 
draws down 27 feeti discharge, 5.7 cubic feet per secondi warm. This well has 
sulphur odor, is now capped, and is adjacent to a previously capped well, 450 
feet deep, with a perfornted casing. 

Location 25, . samples 8]5 and 1395. Edmundson well. NW corner SW7:I 
sec. 13, T. 31 S., R. 29 E. Static level, 135 feeti elevation of water table. 
approximately 355 feet. Smnple 815 collected by C. S. Scofield. 

JJocation 26, samples 940 und 1394. Daly well. NW corner NE7:lSE% 
sec. 13, '1'. 31 S., R. 29 g. Static level, 113 feet; elevation of water table, 377 
feet; discharge, 2.0 cubic feet pel' second. 

LQcn.tion 27, sample 800. Brewster we)) no. 3. NE corner sec. 20, T. 31 S., 
R. 29 K Static level, 155 feeti elevation of water table, approximately 260 
feet. 	 Collected by C. S. Scofield. 

Location 28, sample 1382. Irrigation wcll. Ncar NE corner sec. 21, T. 31 S., 
R. 	29 E. W('ll operntingj characteristics not ascertained. 

Location 29, snmple 1383. Richards, Pauley & Krauter well. NE corner 
sec. 22, 	1'. 31 S., R. 20 R Well operatingi characteristics not determined. 

Location 30, sample 1385. Stende::up-Jewett wcll. NE corner SE7:I sec. 23, 
T. 	31 S., R. 29 E. Depth, 390 feet; stlttiC levcl, 100 fecti draws down 40 feet. 

Location 31, sample 5817. Bear Mountain Orange Co. north welli 1,000 
feet west of NE corner Dec. 24, T. 31 S., R. 29 E. Collected by H. G. Clardy. 

JJocation 32~. sample ]386. Bear lVlollntain Orange Co., NE corner SE% 
sec. 24. T. 31 d .• R. 2g R 

Location 33, sample 5823. H. G. Clardy well. Bear Mountain subdivision, 
337 feet west of NE corner of S}~SWYt sec. 24, T. 31 S., R. 29 E. Depth, 519 
feet; casing perforated from 300 to 500 feeti principal gravel stratum, 450 to 
500 feet; discharge, 2 cubic feet per second. Collected by H. G. Clardy. 

Location 34, sample !l35. Earl Fruit Co. NW corner NE% sec. 36, T. 31 S., 
R. 29 E. Depth, 525 feeti static level, 60 feet; elevution of water table, approxi­
mately 300 feeti discharge, 0.7 cubic foot per second. 

Location 35, sample 936. Earl Fruit Co. NE corner sec. 36, T. 31 S., R. 
29 R Depth, 400 feet; static level, 60 feet; discharge, 0.7 cubic foot per second. 

Location 36, sample 937. Earl Fruit Co. SE corner NE~ sec. 36, T. 31 S., 
R. 29 E. Depth, 385 feeti static level, 40 feeti approximate elevation of water 
table, 375 feeti discharge, 3.6 cubic feet per second. 

Location 37, sample 947. Earl Fruit Co. NE corner SWYt sec. 6, T. 31 S., 
R. 30 E. Static level, 190 feet; elevation of water table, approximately 375 
feet. 

Location 38, sample 950. Abandoned well. NW corner sec. 4, T. 31 S., 
R. 30 R Static level, 255 feeti elevation of water table, as measured in casing 
when bailed, was 360 feet, but sound in the well indicated that water from a 
higher water table was running into casing through a crack or through higher 
perforations. Sample too sma)) fQr complete analysis. It is probable that the 
bailed sample represented an upper stratum. 
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Location 39, sam})le 811. Tejon Spring, El Tejon Rancho. SWU sec. 3, 
T. 31 S., R. 30 E. Discharge, 0.04 cubic foot per second; temperature, 100° F. 
Elevation approximately 600 feet. Sample collected by C. S. Scofield. Sample
812. 	 Reservoir supplied by Tejon Spring. CoUecte,1 by C. S. Scofield. 

Location 40, sample 933. Earl Fruit Co. NE corner NWU sec. 7, T. 31 S., 
R. 30 E. Elevation of water table, 360 fAct; discharge, 4 cubic feet per second. 

Location 41, sample 814. Earl Fruit CO. NEU sec. 7, T. 31 S., R. 30 E., 
1,800 feet west of NE corner. Depth, 430 feet; static level, 184 feet; elevlttion 
of water table, 366 feet. Collected by C. S. Scofield. 

Location 41, samples 804 and 3278. Lewis well. NE corner sec. 7, T. 31 S., 
R. 30 E. Discharge, 3.6 cubic feet per second. Collected by C. S. Scofield. 

Location 42, sample 942. Valley Farms Co. abandoned well. NE corner 
SEU sec. 8, T. 31 S., R. 30 E. Static level, Itbout 170 feet; clevlttion of witter 
table, Itbout 360 feet. 

Location 43, sample 808. Small well. Ncar center 110rth line sec. 18, T. 
31 S., R. 30 E. Depth, 385 feet; stlttic level, 135 feet; elevation of water table, 
365 feet; discharge, 2.0 cubic feet pCI' second. Collected by C. S. Scofield. 

Location 44, sample 1393. Irrigation well. SW corner NEU sec. 18, T. 31 S., 
R. 30 E. 

Location 45, samples 939 and 1392. Dltn Moore well. Near NW corner 
NEUSEU scc. 18, '1'. 31 S., R. 30 E. Depth, 400 fect; static level, 145 feet; 
elevation of water table, 355 fect; discharge, 2 cubic feet per second. 

Loclttion 46, sample 934. Giffen well, Itbandoncd. NW corner sec. 17, 
T. 31 S., R. 30 E. Drilled in 1920; depth, 460 fcet; static level, 178 feet; Itpproxi­
mate elevation of witter table, 337 feet; discharge, 1.8 cubic feet per second. 

Location 47, sample 807. McCowltn irrigation well. Near center sec. 17, 
T. 31 S., R. 30 E. Static level, 140 feet; approximate elevation of water table, 
360 feet; dischltrge, 3.8 cubic feet per second; temperature, 82° F. Collccted 
by C. S. Scofield. 

Location 48, sample 13Sl. Aaron Neff well. North of center NEU sec. 19, 
T. 31 S., R. 30 E. Depth, 383 feet; static level, 127 feet; draws down 23 feet; 
elevlttion of water table, about 350 feet. 

Location 49, sample 3914. Irrigation well, drilled in 1930. North of center 
sec. 30, T. 31 S., R. 30 E. Depth, 800 feet. Collected by C. S. Scofield. 

Loclttion 50, sample 1387. Kern Oil Co. stock well. North of center NEU 
sec. 29, T. 31 S., R. 30 E. Depth, 350 feeti static level, 125 feet; Itpproximltte 
elevation of water table, 355 feet. 

Location 51, sample 2907. Mary Dickas well. Sec. 32, T. 32 S., R. 28 E. 
SmltU domestic pump attached to well drillcd to depth of 815 fcet; casing per­
forated below 182 feet; static level, 22 feet. 

Location 52, sample 1390. E. W. Smith well. SE comer NWU sec. 12, 
T. 32 S., R. 29 E. Depth, 500 feet; static level, 02 feet; elevation of water 
table, about 418 feet. 

Loclttion 53, sample 1389. J. H. Alward well. Near center south line NEU 
sec. 12, T. 32 S., R. 29 E. Depth, 700 feet; static level, 80 feet; elevation of 
water table, Itbout 418 feet. 

Loclttion 54, sample 1388. Spring in Little Sycamore Canyon. NW}~ sec. 8, 
T. 32 S., R. 30 E. Sampled from pipe outlet at Tejon Rancho stock reservoir. 

LoClttion 55, sample 5008. Union Oil Co., irrigation well, Oildale. SEU 
sec. 6, 1'. 29 S., R. 28 E. Depth, 450 feeti 12-inch casing; operated by com­
pressed air; static level, 107 feet; operating level, 117 feet. Collected by N. D. 
Hudson. 

Miscellaneous sample 028. Caliente Creek. Sample taken from I>tream 
1 mile cast of Caliente Station. Discharge, 0.3 cubic foot pCI' second. 

Miscellaneous sltmpJe 926. 'rehaehapi Creek. Sample ttlken near SE corner 
sec. 17, T. 31 S., R. 32 E., approximately one-half mile north of Krene post
office. Discharge, 2 cubic feet per second. 

Miscellaneous sample 3915. Ranch well, operatcd by windmill. East of 
grltvel pit on south side of Tehachapi-Mojave highway, about 2~~ miles east of 
Monolith. SflC. 28, T. 32 S., R. 34 E. Collected by C. S. Scofield. 

Miscellaneous sample 6827. E. O. Mitchell well no. 1. Middle of north 
line, sec. 22, T. 31 S., R. 29 E. Pumped with 50-hp. motor; lO-inch discharge 
pipe, half full. Collected by N. D. Hudson. 

Miscellaneous sumple 6828. E. O. Mitchell well no. 2. NE COrner SW 80 
acres sec. 22, T. 31 S., R. 29 E. Pumpl'ti with 50-hp. motor; lO-inch discharge 
pipe; discharge, 2.4 cubic feet per second. Collected by N. D. Hudson. 
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TABLE 41.-Quality of water in quadrangle 33, Tpe. II, 10, 9, and 8 N., Rs. 2tl, 
25, und 24- W. 

i 
I 	 Milligram equivalents 
i 


Sam- I(X10' I
Location pIe Date at 25° Boron 	 I "Per" no. no. C. 003+ 	 Alkali cent01 S04 Oa MgIHOO, 	 bases sodi-
UIll" 

I 	 - ­i----­
P.t}.m. I 

L ___ ...___ 2738 May 19,1930 \2,070 49.80 04.85 100.00 0.20 4.32 9. '10 1216.03 94 
273t----dO-------- 18·l .23 3.30 .35 17.81 2.21 	 7.31 1. 94 9k(sc-ei:'\

laneous l _ 2737 _____dO__ ....._: 49.0 .23 3.20 .60 , .03 2.33 .93 1.17 20 
! 

I Outside of quadrangle; included for convenience. 

DESCRIPTION OF SAMPLES OF QUADRANGLE 33 (TABLE 41) 

(Quadrangle mnp not shown) 

Location 1, sample 2738. Northern Oil Co. Water bronght up with oil 
from 12 wells drilled to 1,000 feet. NW7~ sec. 1, T. 11 N., R. 24 W. 

Location 2, sample 2736. Cuyama Hanch. Cuyama no. 2 grant. Location 
corresponds to sec. 2, T. 10 N., H. 26 W. Reservoir composite of water from 
stream bl'd sand and 14 springs. Some springs reportcd as warm and with 
sulphur odor. 

Miscellaneous sample 273'1. Springs at Ozena. Sec. 19, T. 7 N., R. 23 W., 
San Bernardino baae and meridian. Sample from ,mter piped to Maricopa. 
Ozena is ncar head of Cuyama River. 

TABLE 42.-Quality of water 	in quadrangle 34-, Tps. 11,10,9, and 8 N., Rs. 23, 
22, and 21 W. (fig. 31) 

! I l'IJilligrnm cquimlontsI I 

Location Sam- jxXlO'
pie Date at 25° Boron "Per­no. nO. O. Alkali centOO,+HOO3 01 S04 Oa MgI 	 bnses sodi­

I 	 urn" 

-------:---, 	 ---------- ­
P.p.ru.1-8________ 2710 Apr. 27,1930 I 192 1l.93 4.95 1.50 15.73 11.00 7.92 3.26 152 __________ _____do________ .2700 188 .92 UO 1.55 16.07 9.45 8.37 4.50 20

3-8.. ______ 2707 190 90 5.20 1.35 10.21 9.02 7.00 5.48 244-S________ 2708 :::::~~==:~:===l 187 :.17 4.95 1.30 15.23 9.34 7.35 4.79 22 
5~8 2709 -- .. __do---_____I 105 .04 5.25 .35 7.33 4.85 5.42 2.66 21 

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

Location 1-S, sample 2710. San Emigdio Creek as diverted at San Emigdio 
Ranch. SW% sec. 36, T. 11 N., R. 22 W., San Bernardino base and meridian. 
Discharge, 0.3 cubic foot per second. Collected by V. G. Ryland. 

Location 2, sample 2706. Adobe Spring, San Emigdio Creek. In unsurveyed 
area; position corresponds to SW corner sec. I, 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. Corresponds to E% corner 
sec. 12, T. 10 N., R. 22 W. Discharge, 0.4 cubic foot per second. Collected 
by V. G. Ryland. 

Location 4-S, sample 2708. San Emigdio Creek, Bp~ley Flats. Corresponds 
to SW corner sec. 13, T. 10 N., R. 22 W. Discharge, 0.5 cubic foot per second. 
Collected by V. G. Rylan.d. 

Location 5-S, sample 2709. San Emigdio Creek, Douglas Place. SE% sec_ 
5, T. 9 N., R. 21 W. Discharge, 0.36 cubic foot per second. Collected by 
V. G. Ryland. 
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FIOURE 31.-Qundrungln34, showing locutions of samples reported in tahle ·12. 
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1'AJlLE-43.-Quality oj water in qu.adrangle 35, Tps. 11, 10, 9, and 8 N., Rs. 20, 
- 19, al1cl18 E. (fig. 32) 

. I ! I
I Milligram equivalents "Per. 

Location Snlll­ ]{XIO'I Icent 
nt 25° \ Boron , I I sodl·no. ~~~ C. f CO,+ CI SOj ea Mg Alkali uw"

I Rr;o, bases 

----1---1------1---·,-.,--1-·-- --- ---,-------1-­
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1 Outside of quadrangle; included for convenience. 

DESCRIPTION OF SAMPLES OF QUADRANGLE 35 (TABLE 43 AND FIG. 32) 

Location I-S, sample 5005. E;.i.'.l.SO Creek, near El1'ejon Ranch headquarters. 
Location corresponds to NWy.; sec. 25, 1'. 11 N., R. 18 W., San Bernardino 
base and meridian. :Bischarge, 0.2 cubic foot per second. 

Location 2, sample 1837. Well at foot of Grapevine grade. 1'. 10 N., R. 
19 W. Depth, 780 feet; formel'ly flowing. On this date, water stands 2 feet 
below ground surface. Section location of well not known definitely. Sampled 
from highway tank. Information supplied by George Brunk, highway foremaD. 

Location 3-8, sample 1944. Grapeyine Creek. Sampled at foot of grade. 
Sec. 29, T. 10 N., R. 19 W. Discharge, 15 cubic feet per second. 

Location 4, sample 2618. Mud Spring, Castaic Lake. I,ocation corresponds 
to sec. 25, T. 9 N., R. 10 W. One of numerous small springs in the bed of Castaic 
Lake. 

Location 5, sample 1943. Lebec village wells, sec. 35, 1'. 9 N., R.. 19 W. 
Depth, 150 to 175 feet. 

Location 6, sample 2905. John J. Peters, L':)bec, well no. 2. NE}~ sec. 35, 
'1'. 9 N., R. 19 W. Depth, 139 feet; eaeing perforated at all strata. 

Location 7, sample 2906. John J. Peters, Lebec, weIl no. 3 (800 feet south of 
no. 2), NEH sec. 35, '1'. 9 N., R.. 19 W. Depth, 250 feet; casing perforated 
below 118 feet. 

Locatioll 8-8, sample 2619. Castaic Lake. Location corresponds to center 
sec. 25, '1'. 9 N., R. 19 W. Lake receding mpiclly and was dry later in the 
summer. 

Location 9-:::, sample 383. Cuddy Creek, below Cuddy Ranch. SE}~ sec. 
33, '1'. 9 N., R. 20 'V. Discharge, 0.2 cubic foot per secoud. Small sample 
collected by C. S. Scofield. The boron determination is by tllC semiquanti­
tative tumeric method. 

Location 10-S, slLmple 380. Seymour Creek, olle·fourih mile north of old 
GritTen post office. Sec. 31, '1'. 8 N., R. 20 W. Discharge, 1 cubic foot per 
ser:ond. Small sample collected by C. S. Scofield. This sample and the sample 
(381) from Lockwood Creek are of water tributary tCl Piru Creek and the Santa 
Clara Rh'er. Boron determination is by the semiquantitative tumeric method. 

Location 11-8, sample 381. I,ockwood Creek, above junction of Seymour 
Creek. Discharge, 2 cubic feet per scc(·nd. Small sample collccted by C. S. 
Scoficld. The boron d('termiuation is by the semiquautitati\'e tumeric method. 

Miscellaneous samp1" 5\l\l6. Tejon Creek; sampled near location correspond­
ing to SE corner sec. 14, '1'. 11 N., R. 17 W. Discharge, 0.3 cubic foot per 
second. 

DISCUSSION OF SAN JOAQUIN VALLEY WATERS 

QUADRANGLES 1 TO 4 

The area 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. 

http:E;.i.'.l.SO
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The ground waters of this fi,rea, insofar as these may be representedby the samples colle!}ted, were foun.d for the most part to be higherin :'icarbonate than in chloride, and higher in chloride than in sulphate.The calcium and magnesium concentrations were usually aboutequal. Except for waters from a number of relatively deep wells,sodium constituted less than 50 percent, of the bases. 
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FiGURE 32.-Quadrnngle 35, showing locations of samples reported in table 43, 

In quadrangles 1 and 2 the greater number of the waters sampledwere moderately saline. Oonductances of about 80 were found for 7of the 10 samples from quadrangle 1, and conductances usua.lly above100, sometinles above 200, were found for the samples from quadrangle2. The greater number of the samples from quadrangle 3 were col­lected near Stockton, and most of these had conductances lower than50. None of the 5 widely scattered samples collected in quadrangle4 were saline. 
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The boron concHntrations 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 Vista contained 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 sample from Thornton contained 1.06 p.p.m. 
These samples, representing as they do ground waters in part north 
of the San Joaquin River draiUfLge, provide evic!ence that appreciable 
concentrations of boron may occur as a normal constituent in many 
of the ground waters of the'lower S!1cramento River Valley. 

QUADRANGLE 1 

('1'ps. I, 2, 3, und 4 N., Rs. 1,2, lind 3 \V.) 

The well sample from the Haag ranch south of Martinez, location 
1, must be looked upon a.s distinctly nontypicaL It was sent to the 
labora.tory for analysis becn.use of the adverse effects that followed 
immediately iVs use on a garden. This wn.ter, derived from a shallow 
well, had a conductance of 818 and contained 53.3 p.p.m. of boron. 
It is not possible to conclude whether the stratum tapped was once a 
part of a saline lagoon 01' whether boron and chloride had been 
deposited here by a once active fumarole. The magmatic gases 
emanating from Ilmlaroles are commonly high in both chlorides and 
boron. 

Like many warm sprin~s, the water of Sulphur Spring at location 6, 
north of Suisun Bay, canies several parts per million of boron. Ap­
preciable concentra,tions of boton al'e not always found in natural hot 
waters, but such is commonly the case. Hot springs frequently 
occur along fault lines, which may provide either outlets for deep­
seated waters or access f01' subsurface waters to underlying magma 
or the hot gaseous emissions from them. 

Samplos from a few il'rigrLtl0n wells immediately north of this 
quadrrmgle have been found h) mLTI'y seyera.l parts per million of boron. 
Sample 6232 at location 5 is from an old oil well, and, like many deep 
wells in the San Joaquin Valley, its boron content is significantly 
high and sodium is the principal base. 

QUADRANGLl<J 2 

('l'ps. 1,2,3, nuct·1 N., lts. 1, 2, tllld ~ E.) 

The three Isleton samples were from wells n.djacent to the Sacra­
mento River. The first of these, from a 130-foot well, had low svJinity, 
conductahce 40.0, and little boron} 0.24 p.p.m.; that from the 211­
foot well was saline, comluctance 297, 23.40 milligram equivfl.lcnts of 
chloride, and 1.44 p.p.m. of boron; it would not be suitable for most 
agricultural purposes. The. water from the Gl5-foot well was of 
somewhat better quality (conductance 160 ane. boron 1.24), and it is 
this water that is used principally for lllunicipal uurposes. Boron 
symptoms on plants were pronounced in Isleton, and the effects of 
high percentage of sodium on the permeability of the soil were evident. 

70532-35--7 
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The Pittsburg municipal water, location 3, had sufficient boron, 
0.81 p.p.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. ofboroll. 

Boron symptoms are in evidence in and around Brentwood, and the 
well samples obtained in the area contained, with one exception, in 
excess of 1 p.p.m. of boron. ",Vb.ere continued use is made of certain 
of these well Wll.ters boron injury can be expected. The irrigation 
wat!)r 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
jurioUG boron concentrations. (See sample at location 16, collected 
in April, and the series of samples from the river below the mouth of 
the Tuolumne at location 5 of quadrangle 7.) The water from drain­
age wells installed to lower the water table has been found to be 
injuriously high in boron, and except as this water can be judiciously 
combined with 11!1rge volumes of water low in boron, its reuse should 
be avoided. Boron injury is and has been experienced 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 magnesium concentrations are in excess of sodium, 
bicarbonate exceeds chloride, and the chloride exceeds the sulphate. 

QUADRANGLE 3 

(Tps. 1, 2, 3, nnd 4 N., Rs. 4, 5, nnd 0 E.) 

Several types of water are represented by the samples collected in 
Stockton. The waters produced by the deep wells, loeations 8 and 
10, are wltrm~ very sltline, ca.rry It greltt deal of chloride and some 
boron, and, us in the Lodi well, sulphates are low. The absence of 
sulphltte and the presence of gas suggest sulpl]ltte reduction by 
anaerobic bacteria (p. 122). The 1,040-foot well at the fiberboa,rd 
plant, location 11, is relatively high in both sodium and chloride, 
conductance was 140, and the l.18 p.p.m. of boron had been sufficient 
to produce characteristic symptoms on ornamental plantings. Boron 
symptoms are in evidence on many of tllC street and doorynrd plant­
ings in Stockton, but in general they arc not of severe intensity. The 
water from t,he wells at East Sonora Street and 'Wilson Way, location 
12, with deptlJs from 670 to 1,070 feet, hnd a conductance of 62 and 
0.83 p.p.m. of boron, which are both grea,ter than found in the wa,ter 
from the two pump stn,tiol1s to the north at locations 5 and 7. 'rhe 
conductanees of these, the Ellis Street 533-foot well 1tl1(1 the tlu'ee 
700-foot wells on Monroe Street, 'were 32.2 and 35.5 and the boron 
concentrations were 0.10 and 0.G6. The water from a shallow do­
mestic well at location 6 had a conc1uctltnce of 39.4 a,nd 0.16 p.p.m. 
of boron. The State Hospital wells, locatIOn 9, with depths of n,bout 
600 feet" are both rela.tively low in solutes of aU kinds. The sn.mples 
collected in Stockton incli0ate that water of low salinity n,uel low boron 
content is generally avltilable to a depth of about 700 feet. The 
percentage of sodium tends to increase 'with depth. 

QUADRANGLg ./ 

(Tps. 1, 2, 3, nnd 4 N., Rs. 7, 8, nnd 9 E.) 

The 6 scattered samples collected in quadrangle 4, including sample 
4560 repeltted from quadrangle 3, are signifieant in the fnct t,hat in no 
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instance did boron occur in excess of 0.10 p.p.m. The conductances 
of the samples and the percentages of sodium (alkali bases) W6re low 
in cach instance, and in all samples the sums of chloride and sulphate 
were less than the bicarbonate. 

~ 

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 tl.'\.'i.s northwestward from Herndon 
and Firebaugh to the Mount Diablo base line. 

Samples, either from streams or wells, collected east of the lowlands 
adjacent to the San Joaquin River carried little mineral matter. 
Poyner Spring, which is 7 miles northeast of Mantecn" had a con­
ductance of 63.5, and the conductances of all others were less than 45. 
Evidences of boron injury were nowhere observed in tIllS area east 
of the valley a:h'i.s, 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 us 
1llgh. Chloride concentrations in all samples exceeded sulphate con­
centrations and were usually much higher than the sulphate. Cal­
cium concentrations in uU instances exceeded magnesium concentra­
tions. Sodium constituted less than 50 percent of the bases in all 
except Poyner Spring and on0 other source with a very low 
conductance. 

The ground ,vaters "lest of the San Jonquin River nre lllghly varin­
ble in qun.Iit)T but as a cla,ss are clearly differentiated from tho ground 
wators east of the riyer. Few ground wa,ters west of tho river, as 
represented by 53 samples, hnd conductances loss than 50, and many 
had conductnucos greator thn,n 100. Conductances less than 50 ,ve1'(1 
obtainod ouly in the instances of two draiunge wells near Dos Palos 
and a woll in Los Banos. A considerable number of thcse ground­
wnter samples contained less than 0.5 p.p.m. of boron, but only in 
four drainage wells, a slw,llow domestic well, [tnd the flowing well on 
the Durham farll1, nIl nen.r Dos Palos, did n.ny of the sml1plos contain 
less than 0.25 p.p.ll1. of boron. Numerous samplcs contained in 
excess of 2 p.p.m. of boron. 

Sulphate wns prcsrllt in nppl'cciablo conC(lntr[l,tions in nearly n.ll 
of tIle wells snmpled west of the river, but only n. fe,,- more thn.u hn.H 
of the sf\.ll1ples contnined higher eoncentmtiolls of sulpllntc than of 
chloride. Bicnrbonn,te concentrations cCllnllonly exceeded the chlo­
ride and sulpI1ute concentri1,tions. 

In this portion of the west side of the vnHey the concentmtion of 
sodium was in most instaIlces less than tho sum of the calcium nud 
magnesium concentrations, but there wore a number of ma.rkecl e;ccep­
tions. In approximately one-third of the san1ples the 1l1n.gnesium 
concentmtions exceeded tho cnlcium concentmtions. 

Something of the ch:1mcter of the ground waters ulong the [I,:-..-is of 
the valley to the east of tIle San Joaquin River but closer to the river 
than those discussed is illustrn.ted in part by samples nt locations 1 
and 5 of quadrangle 6, location 14 of qundrnngle 7, and locl1tions 
3, 8, 9, 10, n.ncll2 of qun.dTangle 9. None of the wells west of the 
river are included as axiil.l wnters, but SOllle of them might properly 
be considered as such. In tIllS centml area there were at one time 
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many flowing wells, and some of those here represented still flow. 
The samples are too few in number to permit of generalizati.ons, but 
it is indicated that boron may occur to the extent of 2 or more p.p.m. 
in waters at depths of several hundred feet, and that such waters 
may be saline; but one sample from a flowing well 2fl5 feet deep 
carried only 0.07 ]).p.m, of boron and had a c.mductance below 50. 
Two shallo\v wells near Stevinson had little boron and were not 
saline. 

QUADHANGLE 5 

(Tps. 1,2,3, nnd 4 S., Rs. 1, 2, and 3 E.) 

The upper ground water in the vicinity of Byron. location 1, 
insofar as it ma.y be represented by the shnJlow well at 'the depot, is 
like that from the wells in the vicinity of Brentwood, quadrangle 2. 

At Byron Hot Springs only one of the several springs was sampled. 
Analvses from other sources have shown. the water from certain of 
these spring'd to possess dist.inctly different characteristics. The 
"white sulphur spring" is charac:terized by free hydrogen sulphide 
gas, a temperature of 90° F., and high concentrations of boron, 
bicarbonate, chloride, and alkali bases. 

Two samples, locations 3 and 4, were obtained nen.r Altamont. 
The first of these is from the Southern Pacific Railroad well in the 
creek bottom a,bout one-half mile southwest of the depot. It carries 
sufficient boron, 1.90 p.p.m., to produce marked symptoms on aU the 
plantings in the station pftrk. These plants receive exceller:.t care 
and many of them make a good showing notwithstanding boron 
injury. The second sample from Altamont, location 4, is of water 
produced by an abandoned oil well. 'Ehis water, which is unsuited 
for gardens or other agricultural usc, had 20.1 p.p.m. of boron and 
only a trace of sulphate. 

The samples from Pleasanton, Livermore, and Alameda C.cdek, 
locations 5,6, and 7, are not related to the San Jon.quin Valley except 
as they are derived from the coastal mountains. A.ll are low in 
conductance, boron, chloride, and al1mli ba~es. 

QUADHANGLE 6 

(Tps. 1, 2, a, and 4 S., Rs. 4, 5, nnd 6 E.) 

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

Two relatively poor waters are represented by the samples from 
foothill wells at locations 2 and 9. The first was from the now n.ban­
doned Fabian flowing well, which was drilled to a depth of about 
2,000 feet, presumably in search of oil. This warm and highly 
mineralized water had 5.52 p.p.m. of boron and a conductance of 380. 
The second sample mentioned was from a brick-cased well with a 
stn.tic level at about 12 feet beside Mountainhouse Creeki this water, 
which is used at an automobile service station, doubtless represents 
creek underflow. It had n. 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 calcium and magnesium. In four of the wells the 
boron concentrations were sufficiently high to affect boron-sensitive 
plants. 

QUADRANGLE 7 

(TJls. I, 2, 3, nnd 4 S., Rs. 4, 5, nnd 0 E.) 

Of the 7 scattered sn.mples collected east of the San Joaquin River, 
those at locations 1, 2, 3, 4, and 7 nU had conductances less than 45, 
b~ron concentrations below 0.15 p.p.m., and sulphate concentrations 
of 0.35 milligram equivalents or less. The percentages of sodium 
(alkali bases) were less than 40. The well at location 14 in compara­
tively low land near the river had a conductance of 88.1, 0.27 p.p.m. 
of boron, and 66 percent of alkali bnses. The Poyner Spring, loca­
tion 15, long used as a watering pln.ce for 11~.ock, had more boron 
(0040 p.p.m.) than hns been found elsewhere in the lower portion 
of the valley so far east of the valley axis. In all of these samples the 
salinity was low, and in each bicarbonates exceeded chlorides and 
chlorides exceeded sulphates. 

Sb;' wells were sampled west of the San Joaquin River. In two of 
these, locations 9 and 11, the boron concentrations exceeded 3.00 
p.p.m., nnd both were relatively snline. The other four, locations 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 nIl of the 
6 wells the sum of calcium and magnesium exceeded sodium, and 
sulphates exceeded chlorides. 

In a portion of this quadrt1ngle west of the river there I1re t1 number 
of smn.1l areas of ullproductive bnd such as is illustrated in figure 1 
(p. 22). Soils from these places hn.ve shown abnormally high con­
centrations of boron, n.nd orchard plantings made in them have 
either died or remained unthrifty, with the development of marked 
boron symptoms. It l1ad been concluded that the boron in these 
spots "ras of local origin, since the land wns irrigated with San Joaquin 
River water. In a healthy vineyard where no evidence of boron 
injury had prev-jously been observed, it few groups of vines made 
little llew growth in the spring of 1932 and developed outstanding 
evidence of boron injUl'y. The upper ground-water table in the area 
lies at depths of from 5 to 12 feet and in the winter of 1932 showed a 
tendency to rise. A sample Wtl,S taken from the water table imme­
diately below one of those injured vines in June nnd was found to 
contain 25.6 p.p.m. of boron, wherens 2 years previously n. similar 
sample from a healthy vineyn.rd n.::ross the ron,dway had contained 
but 0.5 p.p.m. of boron. It is assumed that underlying water had 
been in contact either with soils very high in boron or with soluble 
boron minerals, and that this underlying water had been forced 
upward into the root zone of the grapes as a result of an increase in 
its hydrostatic pressure. This interpretation may also provide an 
explanation for the occurrence of boron in the older spots discussed. 

Under location 5 (table 15) there are given a series of n.nalyses of 
samples collected from the San Joaquin River at the EI Solyo Ranch 
diversion below the mouth of the Tuolumne. In the table footnote 
the corresponding river discharges are reported. As represented by 

http:vineyn.rd
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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. DurinO' parts of the year most of the river flow is from the Tuo­
lumne and the remainder represents return flow to the San Joaquin 
from draina~e. On August 1, 1931, the river discharge at the EI 
Solyo diversIOn was 135 cubic feet per second and above the mouth 
of the Tuolumne, location 12, the discharge was 35 cubic feet per 
second. The latter water, from Lairds Slough, was twice as saline 
as that at the EI 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 EI 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 safety. 

Samples of grape ·lenves collected west of the river in this quad­
rangle varied from 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 from the areas of boron-contaminated soils. Other 
than in localized areas such IlS have been mentioned, plantings 
irrigated by San Joaquin River water have not shown evidence of 
boron injury. 

QUADRANGLE 8 

(Tps. 5, 0, 7, nnd 8 S., Rs. 7, 8, and nE.) 

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 calcium and magnesium. 

Boron symptoms were evident here und 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 had 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 wu,ter table in Gustine is normally high, and at 
the time of tlw sample it was reported as being about 4 feet below the 
soil surfn.ce. 

Three samples of wn.lnut 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 southellst corner 
of sec. 36, T. 8, R.!J E. These leaves contained 628 p.p.m. of boron. 
The trees were large nncl previous to 1928 had been irrigated with 
water diverted from the San Joaquin River. Subsequently the grove 
was unirrigated. 1'he ground water wns reported n.s being nt about 
5 feet. The second sample of walnut lea.ves (no. 308) was taken from 
the grove irrigated by the weH at location 9; t.his sample contained 
400 p.p.m. of boron; the trees were from 4 to 6 yenrs old. The third 
sample (no. 310) was from trees in n. grove of the snme age immediately 
to the south but irl'ign./,ed fTom the Outside Cnnn.l. Tlus leaf sample 
contained 379 p.p.m. of boron, and the water tn,ble was reported as 
varying between 7 and 14 feet. An acljn.cent canal-irrignted old 
grove, likewise showing some evidence of mild boron injury, was 
reported ns producing nbout 1 ton of wnInuts per acre per yoar. 

http:surfn.ce
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Canals diverting water from the San Joaquin River at, and below 
Mendota supply irrigation water as far north as Crows Landing, but 
in the upper portion of the area served, ample supplies of water are 
not always available. 

The San Joaquin River at Mendota carries ['emarkably pure water; 
it is very bw in total salinity even as late as October, and the con­
centration of boron is negligible. (See anl1lyses under locn,tions 5 and 
6, quadrangle 15, table 23.) The greater part and at times all of the 
rivet, water is diverted at Mendota to canals supplying lands west of 
the river. During the lnte summer the water carried by the San 
Joaquin above the mouth of the Tuolumne is largely if not entirely 
return flow from irrigated lands, A comparison of the difference in 
the return flolv water uni the river water at l\1cndota is afforded by 
the samples at Mendotn of October 1920, which had conducta.nces of 
less than 6, and by the sample of October 1030 of the river as diverted 
at Patterson, 10catiJn 12, which had a conductance of 84.8, 

QUADRANGLE 9 

(Tps. 5, 0, 7, and 8 S., Rs. JO, 11, awl 12 E,) 

Two classes of water are represented by the samples in quadrangle 
9. The four flowing, or foemerly flowing, deep weUs at locations 2, 3, 
and 8, ncal' the Merced River north of Stevinson, had conductances of 
273, 234, 270, and 440, relatively high concentrations of chlol'ides, and 
in two at least high concentrations of boron. In each sodium 'was the 
I>redominating base. In the first two of these wells sulphates were 
abundant, while in the lutter, which had 35 milligram equivalents of 
chloride, there was little sulphate. The sample from the old flowing 
well at the Charles Lyon Gun Club, location 10, had a high percentage 
of sodium/but the conductance of this wllter was but 47.G, and boron 
was present only to the extent of 0.07 p.p.m., c1eal'ly indicating an 
origin quite distinct from the other deep 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) 
n.nd from the canal at Delhi (location 5) fiJ'e all of exccllent qllaJit,y, 
typicn.l of the drainage from the Sierra Nevada. 

Leaf samples of walnut and peach, collected June 22, InO, in the 
Delhi settlement adjacent to location 4, had respecti\Tely 47 and 32 
p.p.lll. of boron. 

QUADRANGJ,E 10 

(Cl'ps. 0, 10, 11, and 12 S., Rs. 7, S, nnd 9 g.) 

The deepcr water underlying that portion of qUfidl'llugle 10 within 
the valley is l'opl'esented by samples from flowing wells at loca,tions 1 
and 3 about Gmiles respectiyely southwest and southeast of Gustine. 
These srnnples had conductances of 515 amI 202 find boron cou.cen­
trations of 2.74 and 1.00 p.p.m., respectively. 'rhe first, the Allen 
Ranch stock well, located ncar the mouth of an arroyo, is J'emfir]mbly 
high in magnesitlll1 and sodium sulpluttes, wheretlS wuter f!'Om the new 
well oi the Sfilinas Gun Club, 7 miles cast in the Yfillcy £1001', c:1.lTied 
more chloride but less than one-eighth fiS much sulphate. The water 
of a third deep flowing well between Los Banos [md Dos Palos, 
quadranglc 11, 10ea,tion 7, did not resemble either of these. 

San Luis Creek, sampled at location 5, presumably has made a 
material c0utribution to the subsurffice waters of its deltl1, and the 
propol't,ion of ions in the well fit Santil NolIn, locution 6, is similar, 
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though the concentrations of 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 collected at 6 and were 
different one from the other. 

QUADRANGJ,E 11 

('l'ps. D, 10, 11, and 12 S., Rs. 10, Il, lind 12 E.) 

Samples f!'Om locations 1 and 2 aI',! of shallow domestic wells in and 
near Los Banos. Under both wells, as is the case elsewhere here and 
there in the vicinity of Los Banos, typical horon symptoms were in 
evidence; these waters ca,rried 1.13 and 0.65 p.p.lll. of boron respec­
tively. Snmple 2774 at location 12 is from a shallow well in the 
vidnity of Dos Palos; the boron concentration was 0.18 p.p.m., and 
there was no evidence of boron injmy. 

The dl'uinage wells at loctLtions 6, 7, 10, 11, and 13 are all adjacent 
to irrigation cnnals and most of them had been opemted for a sufficient 
time to lower the water table in their vicinity. The wa,tor produced 
by these wells is markedly variable in total conccntmtion and in the 
proportions of the difl'eren t ions; in all, the coneen tmtion of boron was 
insufficient to he considered agricuIt.urally significa,ut. 

Samples at 8, 14, 15, and 16 arc ground waters from wells on land 
adjacent to the foothills above i1'l'igat.ion cunals south of Los Banos 
and Dos Palos. Independent of other characteristics, the boron con­
centmtions wore too high for nse in the production of other than bOl'on­
tolemn t crops. In each the concentmtiol1s of chloride or sulphate or 
both were high, and the percentage of sodium in etlch was sufficientl,v 
high to raise a question as to the effect. of prolonged usc of these 
waters on the physical character of the soil. 

Sample 2871, location 9, wus bailed from a 500-foot hole dril10d to 
supply irrigation water. A pump was never installed in this weU, and 
the concent,rn.tions of boron, chlorides, and sulphates were the highest 
encount.ered in well wa.tcrs during the investigations. The chloride 
concentrat.ion was 63 perccnt as high as sea wlLter and the sodiulU 
(ulkali bases) conccntmtion exceeded that of sea wnter by 1.9 times. 

QUADRANGLE 12 

(Tps. 0,10, Il, and 12 S., Rs. 13, H, and 15 E. Quadrangle mllp not shown.) 

The flat aren. (,Hst of the San Joaquin RiYer 8111 brncccl by qundrnngle 
12 is not eultiva ted exttlnsivel)T. Some water from the river is used 
for inigation both cast und west of Firebaugh, but a large part of the 
bottolU lands cust of the river are gl'fizcd. 

The concentrnti0ns of clItorides and sulphates in the deep well 
sampled west of t.he rivel', location 2, in common with muny of the 
wells in quadmngle 15 to the south, are rclntively high, and as in 
mnny 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 reln.tivcly lo\\'. '1'1Ie reln.tively good water represented bv 
the sample from location 1 is from the old flowing well on the DUl'ham 
farm east of Dos Palos. 

QUADRANGLE 13 

(Tps. D, 10, 11, and 12 S., Us. 10, 17, and 18 E. Quadrangle map not shown.) 

The 3 samples. in quadrangle 13 together with the 1 from Merced 
and 2 from sec. 6, T. 8 S., R. 16 E., arc bOlieved to be typical of t,he 
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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 ea~~th 
bases exceed the alkali bases. 

QUADRANGLES 14 TO 26 

Thl':. area embraced by the group of quadran~les numbered from 
14 to 26 includes that portion of the San Joaqum 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 
southGrn portion of this area and has in the past overflowed through 
Kings River Slough to the San Joaquin River neal' Mendota. The 
Kings River water which reaches the axis of the valley normally dis­
charges into the slough, which likewise receives some water backed 
up by the dam across the San Joaquin River at Mendota. At times 
of excessive run-off the Kings River dischu,rges into Tulare Lake 
through canals constructed to carry the water to a portion of the lake 
bed surrounded by levees. rrhese 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 area adjacent to 
Kin~s River Slough and Tulare Lake are for the most :part of excellent 
qualIty and similar in general character to those encountered east 
and north of the San Joaquin River. Only one of the few scattered 
samples collected in quadrangles 17, 21, and 26 was saline, and sinli­
larly good waters are represented by some of the samples in quad­
rangles 16, 20, and 25. The concentration of boron in certain of these 
samples was remarkably low. As in the area east of the San Joaquin 
River to the north, the bicarbonate concentrations tended to be 
materially 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 01' less the percentage of sodium is of 
only secondary significance. 

The surface anG gr(mnd waters in the area west of the central or 
axial portion of thi.: section of the valley tend to be saline and to 
cOD.tain 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 
as low as 0.20 p.p.m., but concentrations of 1 part pel' million or more 
were common to the greater number of the samples; though in quad­
rangle 23, which includcs 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 bicarbonate concentrations in these waters west of the valley 
axis were mostly higher than in the waters eas~ of the valley a.xis but 
were usually exceeded by either chloride 01' sulphate. In this area 
as a whole nearly 80 percent of the waters carried more sulphate than 
chloride. N early all of them carried substantial quantities of calcium 
and magnesium, but in considerably over half of the samples the sum 
of calcium 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 higher conductances and higher boron concen­
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trations than were found in representative samples east of the valley 
axis. In some of tIle axial waters the sulphate concentrations were 
particularly low, and in these there was marked tendency toward 
high sodium percentages. 

QUADRANGLE 14 

(Tps. 13, 1.1, 15, nnd 16 S., Rs. 10, 11, and 12 E.) 

Sample 2770, location 1, was taken from one of a number of almost 
stagnant pools along the then mostly dry bed of Little Panoche Oreek 
below Mercy School. It contained 18.60 p.p.m. of boron, and the 
conductance and sodium concentrations were both high. Unlike the 
Mercy Springs water, location 3, with 13.0 p.p.m. of boron and little 
else than sodium chloride, the creek sample was high in sulphate, 
calcium, and magnesium. Plantings watered from a 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 Oreek wash leaves the foothills, produces water 
very unlike the creek sample; but wells at locations 14 and 15 of 
quadrangle 11, 6 miles north and 1 and 3 miles east of the wash, pro­
duce water less saline but having a proportion of ions and a salinity 
which suggest that Little Panoche Oreek run-off has there contributed 
to the ground water. The salinity of Little Panoche Oreek as sampled 
is .unquestionably higher than would be the case during run-off after 
rams. 

Panoche Oreek and Silver Oreek, its tributary, were sampled in 
May 1930 and again in September 1931. The Panoche Oreek samp'les, 
location 5, were taken about 5 miles above the junction with SlIver 
Oreek. The Panoche Oreek samples had conductn,nces of 279 and 
289, wherens those of Silver Oreek were 806 and 927. The boron 
concentrations in each were high, but Panoche Oreek with 4.89 aud 
6.52 p.p.m. had only about half HS much as Silver Oreek with 8.78 and 
12.7 p.p.m. In each the alkali base content was approximately 
equivalent to the sum of calcium Hud magnesium. 

Panoche Oreek underflow above Griswold Oreek may be represented 
by the well sample at location 4, and Griswold Oreek underflow is 
probably represented by the sample from a well at location 7. If 
this is the case, a major portion of the boron and a major portion of 
the salinity represented in Panoche Oreek is derived respectively 
from Silver and Griswold Oreeks. 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. 

QUADRANGLE 15 

(Tps. 13, H, 15, nnd 16 S., Rs. 13, H, nnd 15 E,) 

High prices for cereals and cotton were immediately responsible 
for the deep-well agricultural development in the Panoche Oreek 
delta area southwest of :Mendota, though some of the acreage is 
devoted to other crops such fiS grapes, figs, find asparagus. 'Wells 
with discharges up to 3 cubic feet per second were drilled to depths 
of 1,400 feet to tap water-bearing sauds interspersed with blue clay 
below 600 feet. 'Water-bearing sands occur at high levels, but the 
casings were not ordinarily perforated for tllCm, as the upper water 
was known to be more saline. Under certain cropping systems 
individual wells in this area 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.m·. 
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 to 93 percent of the total bases; chlorides varied from 1.30 
to 44.50 m.e. j and sulphates, which tended to be of more uniform 
concentration, varied from 7.69 to an outstanding concentration in 
the Chaney Ranch well of 30040 m.e. Chlorides exceeded sulphates 
in f) of the 16 samples, but in no instances were sulphates low. 

General indications of a directional trend in the characteristics of 
the water produced by the wells in the Panoche Creek delta are lack­
ing. Wells at locations 1, 3, 8, and 9 were all high in chlorides, and 
these wells are in the northwest portion of the area sampled i but the 
well at location 4, which 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 low in chlorides: 

The water from the Chaney Ranch well, location 18, had a higher 
proportion of calcium and magnesium and higher concentration of 
sulphate than the \vells farther out on the delta, and in these respects 
it is not unlike that of Panoche Creek with the contribution made by 
Silver Creek taken into ac('.ount. As judged by the quality of water, 
it seems improbable that Panoche Creek has made a material contri­
bution, howev~r, to the deeper water-bearing strata 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 casings perforated only below 600 feet. 

The uniform depths of wells and depths of perforation and the 
eYelllless of the delta-plain topography cause the variability shown in 
the quality of water obtained from these deep wells to become note­
worthy. With the lower 800 feet of the well casings perforated, 
waters from many strata must contribute to the discharge of each. 
It is to be assumed that the water-beming strata tapped are in the 
form of lenses, or uneven and limited byers 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 
strata has 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, and the agricultural experience of the area bears out 
experience with such waters elsewhere. A. number of the operators 
have recognized that the fertility of this initially productive land is of 
short duration when the waters from certain wells are llsed, and that 
such profit as WIlS to 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 yeaTS, 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 Joaquin River, which, in contrast with the well waters 
of this quadrangle, is Temarkably pure. The location 5 sample, with a 
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conductance of 5.55, was from the river below the Mendota Dam; the 
location 6 sample, with a conductance of 5.29, was from Columbia 
Canal as diverted several miles up stream; and the location 17 
sample, with a 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 16 

('l'JlS. 13, 14, 15, and 16 S., Us. 10, 17, and 18 E.) 

The eight samples collected along the axis of the valley in tbe 
southwest portion of quadrangle 16, locations 4, 5, 6, 8, 9, and 10, 
were from wells that were relatively deep; tbe well in San Joaquin, 
believed to be the deepest, was reported as having been drilled to 
1,700 feel;. Tbe waters produced by tbese 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 a series of some 21 
wells discharging into a James Irrigation District canIJ.J 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.15 S., R.18 E. These wells have depths of 214 to 300 feet. 
The water produced by them, as represented by a composite sample 
taken from the canal at location 7 at a time when most of the wells were 
operating, had a conductance of o:ul.y 28.9, contained but 0.03 p.p.m. 
of boron, and sodium constituted but 27 p,~rcent of the bases. 

Two wells were sampled at Jameson. The shallow well at the 
Southern Pacific Railroad 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, had conductances of 376 and 281 and were 
unusually high in sodium chloride. Sodium constitllted 90 percent 
of the bases, and there was in excess of 1 p;p.m. of boron. 

The water from the 70-foot well at location 3, east of Jameson, was 
very similar to that produced by the series of wells ulo!1g the canal. 

QUAIlRANGLE 17 

('l'ps. 13,14, 15, nnd 16 S., lls. 19, 20, nnd 21 K) 

The well waters sampled in q uadru.ngle 17 are believed to be genemlly 
representative of the areu., and they are noteworthy for their low 
concentrations of su.lt; none of the wells had conductances above 50, 
and in none did the boron concentration exceed 0.10 p.p.m. In most 
of the well samples calcium was the predominu.ting base, and in all the 
percentage of sodium was less thu.n 50. The Su.n Joaquin River near 
Herndon carried sodium to the extent of 58 percent of its bases, but 
this has little or no significu.nce, since the water had a conductunce 
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 low. It is not improbable that boron might be beneficially 
applied here and there in the area u.s a fertilizer for crops having high­
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boron requirements. Such crops as beets, cotton, grnpes, and 
asparagus would be most apt to show response. 

QUADRANGl,E 18 

(Tp:,. 17, 18, 10, nnd 20 S., Rs. 13, 14, nnd 15 E.) 

The sample at location 2 from the Fresno Hot Springs, 10 miles 
west of Ooalin~n" was not highly mineralized. It had 0, conductance 
of 64.2, the prmcipn,l suIt being sodium bicfl,rbonate, und relative to 
numerous well samples the concrntrn,tion of tbis wns low. The con­
,centration of.boron, 7.76 p.p.m., wu.s relatively high, as is the {:ase in 
many hot sprmgs. 

Snmple 2756, locu.tion 1, ut the Halfwn,y Station of tIll' Associated 
Pipe Line north of Unntuu, Creek, mayor may not reflect Cantuu, 
Oreek run-oif or underflow. TIle well is drilled to 700 feet, und the 
static level was 295 feet, below the surfuce. TIl(' conductance was 178; 
the boron concentration (O.fiO p.p.m.) was not as high as in wells in 
the quadrnngle to the ensL, and the percentage of 'sodium is much 
lower. This water, wllich is fairly high in magnesium sulphate, is not 
us(>i for drinking. The shallow well u,t location 3, with n conductance 
of 208 and 1.68 p.p.m. of boron, probably represents Los Gat.os Creek 
underflow. 

The two dcep 'weUs in Conlingn., locntion 4, were boll! drilled t.o 
1,400 fN't; the cusing of the first; (snmple 2752) is perforated below 
250 feet, wl1('reas tlIe c[tsmg of the seeoncl (sample 2753) is not pcr­
fomted. If it is assunH,'cl that the deeper 'waters tftppecl by each ure 
alike, then the upper strftta waters must be low in bienrbollnte and 
magnesium und 1ligh in clllOlide and sodium, with the boron, sulphate, 
und culcium C011centrations substnntinlly the same in both the upper 
and lower strata. ('onlinga chinking \\'H,tpl' is brllugll t in from 
elsewhere. 

QUADHAXGLg HI 

(Tps. Ii, lS, 19, nnd 20 .'t, lls. 10, Ii, nnel J8 E.) 

The mu,jor portion of the irrigation water utilized in quadrangle 
19 is obtained from relative-Iy deep w('11s. Nine wells with depths 
of 800 feet or more w('re sampled, and these waters, with some exeep­
tions, hud concluelnnees of about 100, boron concentrations of about 
1 p.p.m., and sodium perccntnges between 70 und 90. The l'llnges 
for all nine of the-sc wells w(,1'e: Conductances from oS7 to 1$2, boron 
concel1tl'fLtions from O.3!) to 1.74 p.p.m., and sodium percentnges 
between 54 und 90. 'rhe wn,ters from wells with depths of less thll,n 
800 feet were more di\~crse. Those sampled had conductances be­
tween 58 antl433, boron concentrn.tions between 0.08 fmd 1.63 p.p.m., 
and sodium percentages between 34 nnd !)l. 

In some instances boron was belieyed to be present in significant 
concentrntions llS a nlltural const.ituent of the soil, nnd under certain 
of the wells evidence of injury to the more sensitive plants wn.s marked. 
Under the weUn.t location 13, boron symptoms were pronounced, and 
grape leaves collected in September 1929 contu,ined 1,019 p.p.m. of 
boron. 

The general twdency towllrd high percentages of sodium in the 
deeper waters of this quadm,ngle descryes perhaps more serious 
consideration in the culture of scmitolemnt 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 
sulphateconcentmtion of this water wns 31.23 m.e., but theconcentm­
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 enlcium 
and magnesium have become hard, and alfalfa has been abandoned 
after 9 years. "Yhere upper-strata waters are high in calcium and 
l1lagnesium 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 uppcr strata. 
The water from the location 7 well carried calcium and magnesium 
in excess of sodium equivalent to 3,238 pounds of gypsum per acre­
foot of water. 

At location 10, sample 484 (j, water from .11 stratum at 70 feet, while 
high in clllcium and magnesium (12.37 and 16.71 milligram equiva­
lents respectively), was also proportionately high in sodium (27.39 
milligram equivalents). At this location a 650-foot well perforated 
below 170 feet produced watar (sample 4844) with a conductllllce 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 as that from loeation 11, or possibly from 3 or 8; and cer­
tainly it would give better results than the water from the well at 
location 9, the casings of whieh are perforated only below 900 feet. 

QUADRANGI,E 20 

('l'ps. 17, IS, 10, nnd 20 S., Hs. 10,20, Dnd 21 B.) 

Sodium wus the predominating bllse in aU samples from wells in 
quadrungle 20 that had depths of 195 feet or more (locations 1, 2, 3, 
6., 7, 8, 9, 10, 11, and 12). The boron concentrations 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 wliter from the three deep wells neaT Stratford (locations 10, 
11, and 12) differed from the other waters sampled in this quadl'l1ngle 
in that the conductances exceeded 100 and the sulphate materially 
exceeded the chloride. 

The Kings River water, as sampled from a cannl near Lemoore 
(location 4), cnrried very little snIt, and similar water was obtained 
from the 120-foot well on t1~e Lucern Vineyard property 4 miles 
northwest of Hanford at locatIOn 5. 

QUADHANGLE 21 

(1'ps. ti, IS, 19, ond 20 S., Rs. 22, 23, and 21 E.) 

A number of the ground waters samp1ed in quudmngle 21 had high 
percentages of sodium, but only one was saline. The saline water 
was from a 100-foot well 6 miles north of Corcomn at location 6. A 
second well on the same property, location 4, drilled to 2,100 feet, 
produced water with a conductance of 35.1. The latter water is not 
unlike the Hanford waters, one of which is represented by the sample 
at locf),tion 2. 

Kings River, hore 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. 

QUADRANGlJE 22 

('l'ps. 21, 22, 23, and 24 5., Rs. 13, 14, nnd 15 E. Qundrangle IDap not shown.) 

The two samples collected in quadrangle 22, locations 1 and 2, 
are from shallow wells adjacent respectively to Wa.ltham and Jacelitos 
Creeks. The conductance,; were 506 and 278 and the boron concen­
trations 4.29 and 0.80 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 S., Rs. 19, 20, and 21 E.) 

A sample from the Dudley pump-station well west of Kettleman 
Hills in the sout,heastern 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 hj!5h, but in none did 
sodium constitute more than 47 percent of the bases. In each of 
these waters the SUlphate 00ncentration exceeded that of nny o tIl er ion. 

The group of three irrigation wells northeast of Kettleman Hills, 
locations 3, 4, and 5, produced water of much lower salinity than the 
waters more closely associated with coast range drainage us sampled 
to tIle west and sou tIl of these hills, but the percentn.ges of sodium 
were 72, 58, n.nd 64, respectively. A tendency for the soils irrigated 
to beco111e lwrd was in evidence. Grapes, plums, walnuts, pears, 
apricots, melons, und cottonwoods all showed t}Tpical boron injury 
under the location 3 well. 'Valnut und orange leaves collected 
September 25, 1929, under a well on tIle corner west of the location 5 
well, carried, respectively, 597 and 431 p.p.m. of boron, n.nd £g leaves 
under the location 5 well contained 767 p.p.m. of boron. rnlOugh 
these concentrations are not pn.rticularly high, they n.fford indications 
of appreciable concentrations of boron in the soils upon which the 
trees were grown. It is probable thu.t at least some of this boron 
is present us n. naturul constituent of the soil, since none of the three 
waters contained more than 0.40 p.p.m. 

QUADUANGLE 24 

('fIlS. 21, 22, 23, nnd 24 S., l~s.. 19, 20, nnd 21 E.) 

The Tnhre IJakc bed is now dry and furmed extensively, but lake 
waters at one time or another in the past not only occupied a consider­
able part of this quadrnngle but extended into portions of quadrangles 
20, 21, 25, 27, a.nd 28. 'fhe lake bottom has an elevlltion of 180 feet 
above selt level, and it was only fit an elevation of approximately 220 
feet that an outlet became available througll lungs HiYer Slough to 
the San Joaquin River. The margin shown, as of 18841 corresponds 
to an elevation of about 194 feet. The available records on lake 
levels have been summarized by Dole (~7), 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 C).ists 
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 margin are deep. The depths of the wells sampled 
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ranged from 1,400 to 2,100 feet. One shllllow well, 10cIltion 18, not 
used for irrigation, WIlS IIIso sllmpled. In drilling these deep wells 
many successive strata of hel1YY clay Il,re reported to have been en­
countered, the occurrence of which permits a question as to whether 
these deep waters, in some instances not highly minerlllized, have been 
derived or replenished from the lllke during periods when the lllke 
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 Inke bcd, since the time and plll,ce of origin of the deeper 
waters of the vlllley floor as a whole arc 1ll1Ccrtnin. The waters 
underlying the lllke bed nrc 11evertheless subject to special considerll­
tion for the renGon thnt they have been found to be uniformly low in 
their sulphate c.ontent for fresh watN' of such sfllinity. Of the 17 
deep wrlis sampled, only.2 c.ontnined as much ns 0040 111.C. p('r liter of 
sulphn.te, and (\ coutnin('(} less than 0.01 m.('. Other deep-well 
wllters to th(' north, south, I1nd NLSt w(,1'e 111so rXflJllinpcl and lilu'wi::;e 
found to contain very little sulphnte and Yl't their total salinity WIlS 
well IlboY(' thllt of the fresh wllt('rs c1eriyed from the Si(,ITfL. As is 
discussed lnter in this bulletin, it is th(' writ(']"s l)('li01' (hiLt th(' low 
sulphate conccntrn.tiollS of wfLters undc'rldng this ur(,ll, rdlect flnn£'robic 
bucterilll J'(,cluction of sulplJilte. ., 

Normlll cfL1'hollut('S WP1'e not found ill uny of th('s(' wnters; biC'llr­
bonute I1ndrhlol'ick t('ud('(l to be ])1'('srnt in sOlll('whut similnI' con­
cen tmtions; nnd in :lU bu t on£' of tll(' slllllpl('s 111kn1i bos('s (,xl'ecdcd 
calcium und magncsium. III tl1('se deep-well WilLers ]10 boron con­
centration exc('eded 1 p.p.m., and in one th(' concentl'ution ~wns IlS 
low as 0.20 p.p.m. 

It is not l)('licyccl thnt tIw horon C'ollr<:'ntrntiol1s occurring in most 
of these inigntiol1 watcrs are suHiciently high to Ilfl'('ct Jl1uteriully the 
cerenls find ('otton grown in t.h(' luke b('d. Boron may OCClU'll!1.turally 
in a pnrt of thc luke hottoJn, und thc"(' is cyidrJ]cc in SOlll(, seetions 
that with continuNl il'J'igution und utilizfLtion of the lund, -yidds have 
d('('.reus('c1, bllt this is not nee('ssllJ'ily gell(,l'lll. 1V]1('1'e ]'cduccd }..-jelds 
occur in suc('cssiYe crops considel'iltion should 1)(' giyen to the Ilbun­
dunce. with which llw il'J'ign tiOll wn t('l' is used. 

Boron dd(,l'lu;natiolls sccm ]1(:'\'(']' to hfl.Ye b('(,ll n pnl't of O)C ('lll'ly 
Tl.Ilur(' Lllk(' WilleI' u11nlyscs, but it is n(,Y('l'thc1css not improlJnble 
that it mll}T han~ been U11 imporfnnt C'onstitllC'ut, pnrticulnl'ly fit low 
stag('s. 1'11(' subsoil ilt Yilriahlc cit-pills is prohuhly impl'('gnnt('(l with 
thc snlfs l'('sidulll to thc (lyupOl'l1i(lcllnk<:' wntel's. Yurious pllllltS uncl('l' 
tll(' well nt locution ]4, which hfLd 0040 p.p.m. of horon, f'l1owNl symp­
toms of mild hOl'on inj lIry; lefLY('s of sil'ing hrnn (sumph' 110.208) 
contnined 247 p.p.In. of b01'on, I1nd l('IlYrs of ('ottollwood G57 p.p.m. 
when slImplN] Sept(,lllhl'J' 25, ID2D. '1'h/'(l(' snmplcs of milo j(,llYC's 
(;lOS. 739, 740, Hnd 7'11) ('Oll(,C(:N1. Au!!:ust 20, ]\")30, from difJ'crcnt 
s('c{ions contained resp('etinly 578, 1,040, nnd 144 p.p.m. of boron. 
The wat(')' lls('d to irrigate' the milo ]'('pJ'csmt('cl by sampl('s 739 nIld 
740 hnd slightly kss thnn 0.5 p.p.l11. of boron, IllHl thut usC'd on sllll1ple 
741 hlld O.Go p.p.m. Sa111 pl('s 739 lind 740 W('l'P from difl'(,l'cnt s('ctiol1s 
of Jand C'uHi,'utcd J'(,Rprelinly foJ' 2 Ilnd 5 ycnrs. 

\YUler frol11 th(' shallow wPll nt locution] 8 \\'IlS unsuitable for ngI'i­
cult11J'nl 11S(" Ilnd Ill(' upp('r wfLiers ill this region ilre g'(,J1(,l'nlI}T l'('C'og­
nized us being saline. 

http:sulphn.te
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QUADRANGLE 25 

• (Tps. 21, 22, 23, nnd 24 S., Rs. 22, 23, nnd 24 E.) 

The wells west of Angiola at locations 5 and 7 in quadrangle 25, 
with depths uf 1,900 feet or more, are 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 lind 8, also west 
of Angiola, are 470 nnd 460 feet deep; t!1e former has 4.10 m.e. of 
sulphate nnd ahighel' 00nciuctance thlln any of the deep lake-bed wells. 

'Yaters of low salinity and similar characteristics are obtaincd from 
the 4.00- aml 460-foot (;orcol'flll municipal wells (location 2) and the 
350-foot Bryson Ranch irrigation well fLt Angiola (location 9). A 
shallow well just west of Corcoran (location 3) 'Was saline and hod 
1.98 p.p.m. of bOTon, whercas a ~hallow well on the Bryson Ranch 
produced water (If good qUlIlit:r. ']'he cll11al sample at location In, 
deriyed from wells nenr SrnYl'Iln, lind the Alpaugh Jlnmicipnl water 
from I,OOO-foot wdls fit 1oc(1,tion 11 are much like the Corcoran 
municipal and Bryson Ranch irrigation-well samples. All had low 
coneluctanc('s, 35 01' less; low horo11 conccntration, .0.15 p.p.m. or 
h~ss; low c-hlorides, and low sulphlltc c011ccntmtions. The alkali 
bases were twicC' IlS concentmtecl as thC' alkaline earth bases. Other 
than for the sodium ]wJ'centages, all of these wllters resemble those 
chfl1'llcteri::;tic 01' the cast side of the YnllC'y. 

ThC' wells a.t loc-ations 12, 13, and 14 in T. 24 S., R. 22 E., about 
14 miles north of Lost HillR, are, l'('spectively, 825, 830, n.nd 990 feet 
in deptll; they fire within n. 2-;-'lilc rndius, and the upper ground 
waters nrc exclud('cl. All nrc very low in sulpha.te. The fil'st­
mentioned wcll is extremely saline, haTing a conductance of 1055, 
85 m.e. of' ehlol'ide, find 5.9:; p.p.m. 01' boron. The other two wells 
each hn,,-e less thnn 1 ]).]).111. 01' boron and conductances below 100. 
The latter WfttC'l'R, like thORC f"om locations 5 and 7, are in the class of 
the deep Tulare Lake \\'clls. 

vrl1S. 21, 22, 23 1 nnd :.'-1 ~~I Rs. 25, 20. nnd 27 E.) 

'fhe two samples collected ill qU:ldrn.ngle 26 had 0.09 and 0.05 p.p.m. 
ol' boron, nnd boro11 symptoms ]myc not been observed in the area. 
The well at Pixl<,y, IOC'fltion 1, which formerly flowed, was drilled to 
n. dcpth of 1,180 j'(\ct. The wnteI' had :I, conduc:tance of 20.1 and 
contninecl little else thnn l'odinm bical'bOlll1te. If sulphate wns at 
one tinw pl'C'scnt in the wlItel" tapped by this well it has now lnrgely 
c1isnppenred, ns the sulphate cOl'I('eutl'lltion was 0.07 m.e. 

The well n.t )oC'ntion 2, 2 miIPs north of Delano, serves a vineynrd of 
SultaninH. grnpcs on :'1 light soil. Lea,ycs collected from these gmpes 
on September 20, 1029, contained 245 p.p.m. of horon. This con­
centrn.tioll in grfl.pc ICtl,Yes is greater HUUl bas resnlted in cultures of 
Sult:minn. without fielded horon at the RubidolL~ Laborn.tory, but less 
than the conceIltrations produced whell solutions with 1 p.p.m. of 
boron have been a.pplicd. 

QUADRANGLES 27 TO 35 

The group of quadrangles numbered from 27 to 35 constitutes the 
southern portion of the Snn Jonquin V nlley in Kern County. The 
greater pn.rt of the wn.ter n,yailable for irrigation is derived either 

70532-:15-8 
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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 contributed by small creeks 
and washes from the mountains enclosing the southern end of the 
vaney on three sides; but in proportion to the supply afforded by the 
Keth River, :-.:ll oftho5C are of secondary importance. Kern River 
water is widely distributed. by canals and some jf) stored in Buena 
Vista Lake Reservoir, from which lower-lying lands north of the lake 
are irrigated. 

During eyrIes of wet yen,rs previous to the present extensive develop­
ment of irrigation agriculture there has been at tinles a W!Lter counee.­
tion between the Kern River and Tulare Lake; but. wr.ter movement" 
either surface or underground, out of the southern portion of the valley 
is now bdi~ved 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 into 
the valley by the creeks and washes referred to. The surface slope 
between Buena Visb and Tulare Lake bottoms averages less than 
2 feet to the mile. Between Bakm:sfield and the depression marked by 
Kern Lake, Buena Vista Lake Reservoir, und Buena Vista Slough at 
the outer margin of the Kern 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 tbis low flat area and its 
northern extension there are fertile lands, but also there are many 
acres of nonproductive, unreclaimcd, salt-impregnated waste land. 
In much of this land the water table is relatively ncar the surface. 

Kern River water carries very little boron iLnd little other mineral 
matter, and the wells sampled in the Kern River delta generally have 
been found to be of (Tood quality. In the northern pa.rt of Kern 
County, wells sampled west of Buena Vista Slough were saline and 
high in boron. None of the wells sampled in the central part o~ the 
valley had more than 0.50 p.p.m. of boron and the deep wells relatIvely 
little minera.l matter, but the percentages of sodium were high. 'Wells 
sampled in the eastern part of the area 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 matterJ but the wells 
less than 500 feet in depth are sometimes both saline iLnd high in 
boron. The waters below Caliente Creek 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 
in a perched water table east of Caliente Wash. The water of Grape­
vine and San Emigdio Creeks had in tlle order of 1 p.p.m. of boron. 

QUADR ....NGLE 27 

('J'ps. 25, 20, 27,nnd 28 S., Rs. 19, 20, nnd 21 E.) 

There is almost no agriculture a,nd there are very few wells in 
quadrangle 27, which lies to the west of Lost Hills. The static water 
levels in the four wells sampled, locations 1, 2, 3, and 4, were at depths 
of approximately 120, 357, 260, and 300 feet, 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.p.m.; in each the sulphates exceeded the chJorides, but in all the 
chloride concentrations were high; each of the waters was hard, being 
high both in calcium and ma.gnesium, but in each the sodium (alkali 
base) concentration was equal to or higher than the sum of calcium 
and magnesium. None of these waters would be suitable {or agricul­
ture. 

QUADRANGLE 28 

('rps. 25, 26, 27, nnd 28 S., Rs. 22, 23, nnd 24 E.) 

.Samples were collected along the a:'\1s of the valley between Buena 
VIsta and Tulare La,kes from wells at Smyrna, a 'we116 miles southwest 
and one about the same distance northwest of Smyrnn, which were 
rehttively deep nnd at one time fiowin,"'. These wells, together with 
tll(' wells at Semi tropic, loeation 5, produced wntel.' with conductances 
between 19.7 nnd 49.8 and with 0.32 p.p.m. or less of boron; in each 
the pel'centnge of sodium was relntively high. 

The wntel's from a 170-foot well 7 miles west of Semi tropic, loca­
tion 4, and from a lI2-foot well in the southeast corner of the quad­
I'I1ngle, locntion 6, had conductances of 133 and 155 respectively, 
boron concentrations of 0040 and 0.34 p.p.m., and sodium percentnges 
of 83 and 51. 

QUADRANGl.g 29 

('L'ps. 2,i, 20, 27, nnd !l8 S., lts. 25,20, nnd 27 E.) 

The four samples collected at locations 1, 2, 3, lLnd 4 respectively 
nt Delano, Wnsco, Shafter (U.S. Cotton Field Stntion), nud li'amosa 
from wells of depths of 1,100, 600, 165, a,nd 140 fect nre typicnl of 
the good irrigation waters along the cast side of the vnlley; the con­
ductances were all less than 50, and the boron conccntrn.tions were 
0.14 p.p.ln. or less. A sample of Kern RiYer water tn,ken from 
Benrdsley Cunal is shown under locntion 5. 

The othel' snmples taken in the qundrnngle nre from wells in T. 
28 S., Rs. 26 nnd 27 E. Some of the ground wnters in this arel1 nre 
of inferior qunlity, and the group of samples as n whole nfl'ords nn 
outstnnding example of the vnria,bility thnt mny be encountered in 
the qunlity Gf ground wnters in I), relatively small nrea. The con­
ductances rnnged from 32.3 to 444, the boron concentrntions from 
0.02 to 2.02 p.p.m., and the nlknli baso percent.nges varied from 4 
to 86. The poorest of the waters, locntion 17, WitS from n well (now 
abnndoned) drilled to 138 feet. The best of these waters, miscel­
laneous snmple 6346, is from It hew 765-foot well the CILSillg of which 
was not perforated above .500 feet. TIllS is the deepest well of the 
group, and its witter now replltces for irrigation that from the loca­
tion 17 well. Evidl'llCe afforded by.the annlyses of the samples first 
collected in the aren pointed to the possibility of obtaining better 
wuter from deeper stratu nnd n1so indicated the desirability of leaving 
casings unperforuted at the highcr stmta. 

The response of vineynrd3 on rather light soil to the water repre­
sented by sample 6346 when it was substituted for water from the 
well at location 17 nnd a similar wlLter wns noteworthy in the rapidity 
with which improvement took place. After instulling the pump on 
the new well, one half of a vineyard was given an irrigation in August 
1931, nnd at the snme time the other half was irrigated from the old 
wells. A. month later a marked and unmistakable difference in 
growth was in evidence. 
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A well-cared-for vineyard irrigated from the well at 10cI1tion 16 is 
10cl1ted across 11 roadway from 11 vineyard irrigated 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 vineYl1rd, whereas no 
evidence of improvement was shown in the location 16 vineyard. 
The location 16 water is much better than the location 17 wuter, but 
poorer than the new well wu.ter, both in total salinity n.nd in the con­
~entrntion of boron. 

Sultaninl1 gru.pes irrigated with water {!'Om the well at location 17 
were observed in 1931 to hn.ve ripened properly, but the {I'ult wus 
smull and too round. Some of these vines were heavily fruited and 
others pru.etica.lly burren. Duplicute leaf samples collected Septem­
ber 16, 1030, from hel1vily fruited vines contained 1,048 mId 1,0!)3 
p.p.m. of boron, a.nd duplicate samples from immediately adjacent 
lightly fruited vines contain cd 1,231 and 1,230 p.p.lll. 'fhe lightly 
fruited vines exhibited typical boron loaf injury. An inch Ol' more 
of the leaf 111tl.rgins or the heavily fruited "ines were dcud, but the 
condition '.,'us not One that could be attributed dircctly to boron, 
since the sume efred hns been ohseryccl in helwily fruited vineya.rds 
irrigated with nonboron Wil.ters. 

Ten ounceS of anhydrous boru.x was :1.pplied by]'. IV, Herbert to 
a basin-il'l'ign.ted Snlwey pea.ell tree on a light soil in fl. border row 
adjacent to cotton nt the United States Ootton Field Station at 
Shafter, loention 3, in ~:fny 1030. A leltf sample co.\lected from the 
tree on October 30 of the same year contained 87 p.p.m. of boron I 
whereas t.he lenyes of an untreated :Muir peach eontllillecl 4.6 p.p.m. 
A. yeur latt'l' pronounced boron S~TlllptOI11S werc shown hy the treated 
tree, find theso wore mo)'e mnTkcct on the side next to I" roadway than 
on the side 111.!:d to the irrigated cotton, into the. soil of which roots 
of the trce undoubtedly oxtondccl. Lea'v"es from the roadway side of 
tho tree (·ontn.incd lG5 p.p.m. of horon, n.nd mn.n:v len.ves 11n.d. been 
shed. Lelwes from thc cotton side contuined 101 p,p.m. of boron. 
The ICfl.YCS of the ul1trcatt'd 1\luir pcach nt the same time contained 
47 p.p.ll1. of hOl·on. The. horon applied was cquivalent to thfl,t which 
would hnye heen applied by 48 acrc-indlt's of water contnining 1.!) 
p.p.m. of borol1. 

QVADRANOl.C: ao 
(1'p~. 20,30,31, nut! 32 S., US. ~'2, 2a,lHlU 24 E.) 

Sllmpie 2743 under locn,tion 2 in quadrnngl(, 30 reprcsents Kel'l1 
River wntt'r ns diYCl'ted through B tlt'll fl. Vi;;ta.Lakc ]1es(,l'\"oi1' by 
ennuI. OthC'l' mu~lvs('s of 1\:t'I'11 llin'/' wutt'r Ilrc shown undc'!' locntion 
1 of qundl'n.llglc 32'. 

Wells a.t loc:ntions 1 nnd a, ncar and in Buttonwillow, wore drilled 
to 230 nnd 220 feet, find the stn.tic leyels wel'c 10 and 14 fc'!t. The 
two waters w('l'e essentially alike, hn.vin~ conductn.nces of 91.6 nnd 
91.4, b01'011 conccntrn.tiollR of 0.47 and 0.38, n.nd SOlliul1l pel'{'cntnges 
of 45. n.nd 55. The ehlol'ic1e concentrations of eHch of these. wnters 
wus much less than eithcr bicn.rbol1atc or sulphate. 

The water from the nO-foot Southern Cltlifornin, Gus Co. well in 
T. 32 S., R. 24 E, with a conductancc of 483 ancl n. boron content 
of 4.14 p.p.m., is compnrnble in qunlity aud in the proportions of 
ions to the poor waters found in qundranglc27 to the northwest. 
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QUADRANGLE 31 

(Tps. 29, 30, 31, Bod 32 S., Rs. 25, 26, and 27 E.) 

The samples from locations 1 and 2 in quadran~le 31 represent 
waters which geographically and in quality are assoCIated with those 
of T. 28 S., Rs. 26 and 27 E., of quadrangle 29. 

The wells at location 3 near the Kern River north of Buena Vista 
Lake supply Taft with domestic watel'. Though tIlls water had It 

conductance a little higher than any of the Kern River samples, its 
source is evident. 

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. He provides Qn extensive discussion of the ground-water situ­
ation in the latter area, but dete1'minations of the boron concentra­
tions were not made. According to Rogers' report the composition 
of a composite sample from sl1011ow wells of t.he \Vestern 'Yater Co. 
in sec. 5, T. 31 S., R. 25 E., was as follows: 

.Uilligram equivalent 
lJtr IiItr

C0 +HC0 _____ • __ • ____ • ______________________ .____ _ 1. 69 
3 3CI___________________________________________________ a 43 

SOl__________________________________________________ a 45 
Ca __________________________________________________ 1. 56 
Mg___________ ._ __ _ __ ______ _ _____ ______ ___ ___ _________ . 49 
Alkali bases__ ____ ___ ________________________________ 11. 02 

The Bulbach well, location 4, lies below Sltn Emigdio Creek, of 
which samples are l'e])orted under quadrangle 34. Sltn Emigdio 
Creek is the probable source of this Witter, and the sulphate concen­
t1'lltioJ1, 15.3:~ Ill.e. is comparable with San Emigdio water as sampled 
April 27, 11:)30, but the concentrations of several other constituents 
fire quite difl'()J'entj magnesium, fo], eXltmple, being present in the weH 
to the extent of 33.4 1l1.e. and in the stream as diverted to the extent 
of 7.92 Ill.e. 

Samples were obtained from fou], wells in section 7, 3 to 4 miles 
north of the location 4 we\1. One of these wells, sample 6811, was 237 
feet deep, und the wnter, with a conductance of 193, had a composi­
tion not ulllike San Emigdio Crock and that from the Balbach well. 
The other threo wens, samplcs fi810, 6812, and 6820, were respec­
tively 800, (300, and 800 feet in depth, two boing reported as flowing. 
These wells, with conductancos of 5u.4, 68.7, Itnd 54.0, were distinct 
in composition fro III tll(' shallow well. The shnlIow well had It sodium 
pOl'centago of 2(3, wlicreus the sodium perccntnges in the doep wells 
were 64, 50, and 69. 

QUAI>HANGLE 32 

('1'1'5. !lU, 30, 31, lind 32 S., Us. 28, 29, null 30 Eo) 

BoroJl occms in reIn liYely high concon trlttions in the waters from It 
num bor of wolls in tho Calien te Cn'ok dol tn. 1Icar tho Rock Pile School. 
The wells, at locations 22, 23, 24, 25, 26, 38, 42, 43, 44, 4G, nurl 47 
had upwal;d from 0.96 to 7.24 p.p.lll. of boron, und un were locnted 
in sections 12 and 13, T. 31 S., R. 29 E., nnd sees. 17 n~ld 18, T. 31 S., 
R. 30 E. The conductances of these waters ranged from ·11.3 to 138. 
Other wells nellrby, locution!? 4, 14, 16,18,20,27,29,41,45, 52, and 
53, some of wlllch were in the sections onul11el'llted, produced witter 
containing bo]'o11 in concentrations between 0.31 and O.fil p.p.m. 
Other wells among those bordering tIto ('onter of contllnillutiOll Ilnd 
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wells farther removed therefrom (locfi.tions 11, 12, 13, 15, 19,21,28, 
30,31,32,33,34,35,36,37,48,49, nnd 50) produced water with 0040 
p.p.ln. of boron or less, and a number contained less than 0.10 p.p.m. 
The conductances 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 elevation of the water table at the time 
of the work was for the most part between 350 and 375 feet above 
sealevel. 

Immediately east and north of the centeL' of boron contamination 
near the Rock Pile School there is a second body of ground water at 
fin. appreciably higher elevation. TIns perched water table is sep­
arated from that of the lower plain by some underground barrier, 
marked pos~ibly by the. rocky outcroplmown as the Rock Pile. The 
water of tIus upper table, as sampled from a 387-foot well on the 
Newmarkel Ranch (location 8), a shallow weil Imown as Deemer 
Spring (location 9), and Tejon Spring (locn.tion 39), hud an elevation 
betwe~n 600 and 710 feet above sea ievel. The boron concentrations 
in sltmples from each of the tIll'ce locutions were in the order of 7 
p.p.m. The location 8 water had a somewhat lli~her conductance 
and more sulphate than the water at 9, but otherWise the proportion 
of ions was such us to suggest that these three samples represented 
substantially tho same water. In one respect ot·.iler than hoi'on this 
perched water is clearly different from that of the lower plane, 
namely, sodi.um is the predominant base, the percentages being 93, 
92, and 96, .respectively. The percentages of sodium in the samples 
of the delta wator table varied from 22 to 87 percent, the average 
being 50 percen t. 

Farmers recognized in the early years of the agricultural develop­
ment of this section, in which many of t,he soils are highly pr.:>ductive, 
that deciduous fl'uits 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 better than 
gmpes and deciduous trees. In one instance peach tl'pes wm'e ob­
served to have shown mnrked improvement following a few il'l'iga­
tions with wnter from a new well. Prior to the investigations here 
reported boron doterminntions had been made on none of these well 
waters. 

'With the esta,hlishment of the fact thnt boron occurred in appre­
ci.able concentrations in certain .)f the wdl waters that had caused 
difficulty and that the cOllcentmtiolls were relatively low in other 
wells that were being used successfully, there were numerOllS solicita­
tions by owners to have their well wnters analyzed. The Kern River 
Water Storage District by well measurements had shown increasing' 
elevations in the water leyels from beyond the portion of tho lower 
plane in which boron contamination was found toward the mouth of 
Caliente Creek. Tins fnct indicated t.!lfl,t n.t least during recen t years 
and possibly oyer along period Caliente Creek has made the principal 
contribution to ground wnters of'the area. Numerous well samples 
were collected and analyzed for the plIrpose of determining the extent 
of boron contamination, to enable the growers to adjl1st their water 
sources and choice of crops to the existing conditions. Some 
additional samples were collected and annlyzed to throw light if 
possible on the source of the boron in the underground waters or the 

j 
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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 insufficient 
for general conclusions, but some of it is nevertheless worthy of brief 
discussion. 

In one of the eastern lower-plane wells, location 42, the boron con­
centration was as high a.s in the perched wn.ter table. and in this weU 
sodium constituted 87 percent of the bases. No other lower-plane 
water contn.ined more than 77 percent of sodium, and most of them, 
though varin.ble, were much lower. This well is the closest of any, 
the well nt location 38 excepted, to a perched-water sample, and the 
concentrations of bicarbonate, chloride, and sulphate are essentially 
the same al:j 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 lOWe!' plane, possibly overflowing or passing through 
a fissure in the barrier. 

A Rample was bailed from an abandoned well at location 38, which 
is about 1}6 miles northwest of Tejon SpJ'ing. The wn.ter elevation in 
this 'vel! corresponded with that of the lower plane, but sound in the 
well indicated that water was entering the casing in appreciable 
volume from a higher elevation. The sample obtained is believed to 
have represented the water entering trle cllsing from abov?, b~t it 
was too small for othor than conductance and boron deternnnatlOns. 
The boron content, 6.90 p.p.m., corresponded with the concentrations 
found in the upper plane watol's, but the conductance wns far higher 
than that found elsewhere in oither body. The observations afl'ol'ded 
by this well are believed to indicn,te that at this point the perchud 
wa.ter tn,ble overlies that of the lower plane, but that here the perched 
water is locally more saline. 

An abandoned well in Cnliente Wash, 10ciLtion 7, had a water eleva­
tion of 636 feet (134 feet below the surface of the wash), corresponding 
roughly with t.hat of the perched table, but the boron concentration 
was less than 1 p.p.m. The stl'cam-bed elevatir.:m amI the elevation 
of the water in this well suggest a source of wlLter, at leust during 
fl'cshets, 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 Culiente Creek the 15oron is otherwise derived. The 
fact that the boron concentrations in the several samples from the 
three upper table locations and f1'01111 he associated waters at locutions 
42 amI 38 wcrc nIl so nearly the Sllme (6.66, 6.58, 7.51, G.90, 7.24, and 
7.12 p.p.I11.) may indicate that somewhere thilS Witter has been in 
contact with boron minerals whose soluhility was suIlicient 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, 
locutions 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 plane the well at location 24, now abandoned, was 
sampled four successive times in 1929 before it WIIS capped. The 
boron concentration was essentially the same in each of the samples 
(4.51, 4.43, 4.63, 4.(3), but the conductances varied as follows: 78.5, 
55.0, 53.5, 83.4. There was a marked downward and a subsequen 
upward shift in the concentration of all ions except bicarbonate and 
sodium durin~ the period. The sodium percentages, on t.he contrary, 
first increased and then dropped (50,67,70, find 46). These chunges 
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in the concentrations of all ions except boron would suggest either a 
local release of boron hy deep gaseous emanations in the vicinity 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 "wuId 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 
variations in boron concentrations which were not accompanied by 
variations of corresponding magnitUde in conductances 01' ionic 
concentrations. 

In Bakersfield a number of wells are pumped to supply municipal 
water, and the three samples obtained there show only moderate 
variations in the characteristics of the water on threo dates. The 
total salinity of the samples was low, and the alkaline 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 
evidence late in the season in the leaves of horon-sensitive plants 
along the .:;treets and in parkings in BakerRfi(llcl. 

Miscellaneous sample 928 is from Oaliento Ureek above Oaliente 
Station, and sample 926 is from Tehachapi Oreek above Keene. 
Oaliente Oreek, with a discharge of but 0.3 cubic feet per second on 
the date sampled, carried 0.87 p.p.m. of boron, and the location 7 
well in the bed of Oaliente 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 scattered samples from locations 3, 10, and 51 are all low in 
salinity and boron. 

Leaf samples of various plants have been collected at one time 
and another in this quadrangle, and insofar as the boron-absorption 
characteristics 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 
along the highway to the Grapevine grade, watered from a well at 
location 2 of quadrangle 35 with·O.92 p.p.m. of boron, contained 1,843 
p.p.m. of boron. Leaves of cottonwood from trees watered from the 
well at location 22, with 1.51 and 1.81 ]).]).m. of boron by two analyses, 
contained 1,428 p.p.m. of boron. Under the \vell at location 24, with 
4.63 p.p.m. of boron, grape leaves contained 1,155 p.p.m. of boron, 
persimmon leaves 847 p.p.m., and dooryard I1lfl1lf!t (entire .pll1nts) 
199 p.p.m. Ootton leaves under the well nt locntion 46, wIt.h 3.52 
p.p.Ill. of boron, contained 1,229 p.p.m. of boron. Fig lenves under 
the well at location 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. Under the latter well other leaf Rltmples were collected in 
June 1929, and the following was found: Tomatoes, 840 p.p.m. i 
Swiss chard, 85 p.p.m.; gmpes of wild type, 1,120 p.p.Ill.; grapes, 
722 p.p.m. i figs, 1,294 p.p.m.; olives, 87 p.p.m. i cannl1s, 1,483 p.p.m. 
On the same date gmpe leaves under the well at location 46, unil'l-i­
gated that spring, had 930 p.p.lll. of boron. Leaves of fig and wl1lnut 
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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Orange 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 near the well at location 43, with 4.64 p.p.m. of 
boron, contained 1,000 p.p.m. 

QUADRANGLE 33 

(Tps. 8,9, 10, nnd 11 N., Rs. 24, 25, nnd 26 E. Quadrangle map not shown.) 

Water piped to Maricopa from Ozena, which is near the head of 
Cuyama River, miscellaneous sample 2637, had a 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 diverted into a reservoir for irrigation on the Cuyama Ranch. 
Some of these springs are warm and produce sulphide gas. The con­
centration of boron 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 liltewise the sodium. Subsequent 
analyses of oil-well waters elsewhere h!we shown the boron concentra­
tions as well as chloride and sodium to he correspondingly high. 

QUADRANGLE 34 

(Tps. 8, o~ 10, nud 11 N., HB. 21,22, and 23 W.) 

San Emigdio Creek 'water is diverted at location 1 for irrigation on 
the San 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 creek. The analyses show that a consid­
erable proportion of both the boron and sulphates are accumulated 
below locution 5, which is 7 miles above the present diversion. 

QUADRANGLE 35 

('rps. 8, n, ]0, and 11 N., Rs. 18, 19, and 20 w.) 
EI Paso Creek as sampled at location 1, where it is diverted for 

domestic, garden and orchard use at the EI Tejon Ranch head­
qnarters, had a conductivity of 47.5. This water, which is low in 
sodium, contained 0040 p.p.m. of boron, which was just sufficient 
to produce mild but characteristic boron symptoms in lemolls. 
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 CI'eek and a well near the foot of the grade locations 
2 and 3, which supply water for highway trees have slightly less 
than 1 p.p.m. of boron, and this concentration has been sufficient 
to produce outstanding injury to many of the roadsido 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 Lake, 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 su~phate. A spring in the mud flat 
unmediately east of the lake margin produced water with a conduct,.. 
ance of 138 and a boron concentratIOn of 0.92 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 around 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 Castat. 
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 creeks 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 Uuddy 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 Tulare 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
ductance 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 DAD or less 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 likewise particularly low. Sulphates are practically absent 
in the warm and saline waters from the deep Siockton gas wells and 
from the gas well at Lodi. Waters examined west of the lake uni­
formly contained sulphate ~n 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 (j m.e. of SUlphate. 

A demonstrati.on that these low-sulphate, deep waters could 
not have been derived from the Sierra wi.th as little sulphate as 
some now contain is scarcely necessary, as a certain amount of run-off 
from the coastal mountains at flood time reaches the valley a. ...is and 
this water characteristically contains much sulphate. That 
waters with less sulphate entered the valley at an earlier period seems 
unlikely, since with the continued weathering of the softer mantle 
formations of the Sierra any changes in the quality of the run-off 
from the watersheds should. be in the direction of lower salinity. 
The varied chamcter of the waters underlyin~ the area once occupied 
to fluctuating depths by 'l'ulare Lake clearly mdicates that a common 
source for all these waters cannot be assumed except as some of them 
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may have been altered by the formations with which they are or have 
been in contact. Inasmuch as the lower half of the well casings 
are commonly perforated, the water from uny well is a mixture of 
that from many horizons. The composition of the lake waters dUling 
recent times does not provide information as to the pource of these 
deep waters, but it does furnish evidence that recently and probably 
in the distant past waters acuumulat.ing 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 j 

when expressed in milligram equivalents per liter. 

TABLE 44.-Chemical composition oj the water oj Tulare La./.e t 

I Milligram C<luiyulents per liter 

Constituent 
ISample 1 1 ISample 2 'I Sample 3 • 

_______________________________________1 i-------:-------
Caruonatc______ _ _ _. _. • •• _._. ______________ . __ •___ ._1 
Bicarbonatc_____ .•• _..•_ ' ________ •____ •_____ •__ ._.__ ._ ••• _.___ 

0 i 
12.041 

0 
12.37 

0 
31.88 

~~I~;;~~~:-:~::::::.::::=::::::::::::::::::~::=::_:::::::-:.:::: :_:::: 
Magnesium .• _____•_____ •• __________________ •••••_________ . ___ •___._jCalcium ______ •___ ._ •• __ •__ ._ ••••• __ ._ •• _. ____ •••--- -­ ""'--'"'''' i 

AlkaU bases._._ ••• __...._._._ ........ _•• _...___________ •____ ..___._I 

~: ¥~ ! 
1.96
1. (JO I' 

2O.5: 

Ui 
1.72
.85 

per::ion 

~:~ 
1.07
.70 

79.59 

arts 

Total solids ..._•.•_••___ •_____________ ._. _____ •_________ •_____..___ .1 1,400 I' 1,401 I 5,188 
Organic nnd yolalne ____ •_________._._____ •______________________---j 39 • 76 276 

I Analyses here reported in n1illisrnm <lquivalents were tuken !lY Dole (£7, 1'P. 95, fBI) (rom the Cali· 
(ornla Uni\"ersit)' Agricultural Experiment Slation report (or 1890, appendix, nnd recomputed by him 
(rom hypothetiC'dl combinntions to parts per miilion. 

I Oollected in J!lnllllry 1880. 
I Oollectcd In tbe spring o( 1880. Luke ele\'ation of slImples 1 lind 2 probnbly about 200 feet abo\"<l sea 

16\'el. 
• Collected in February 1889. For the period 1883-97 the lake leyel was reported as fluduating and 

g<lnernll)' low, 

The evidence at hand strongly indicates tlUlt many of the deep 
waters underlying this portion of the vlllley hllve lost sulphates. In 
the presence 01' organic matter such loss is possible through the Ilction 
of Ilnaerobic bacteria, but insofnr as the writer knows, sulphate 
reduction in fresh wnter of deep wells has not been demonstrated. 

Sulphate l'eduction in natural waters by anllerobic micro-organisms 
has been demonstrated in the instance of the bottom waters of the 
Black Sea, as the classic example, and in river muds, brackish canal 
muds, sewage, soils, lake sands, springs, and dune slluds. The 
presence of organic matter is essential to this rellction, and as a part 
of the reaction carbonate and sulphide Ilre formed. Three species of 
sulphate-reducing bacteria have· been described (14-), and in one 
instance the reaction is attribu ted also to Illgnc. :More recently 
Rogers (30) attributed the low sulphate content of snline oil-associnted 
waters of the Midway-Sunset oil field of the Snn Joaquin Valley to 
reactions , ...ith petroleum ,dthout the aid of living orgllnisms. It WIlS 
Rogers' belief that living bacteria eould not exist in such situations. 
Bllstin and his collaborators (3) took issue 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 \e'Jponsible for R?g~rs' .phenomenon, these investigators first 
examined waters of IllinoIs oil sands and subsequently waters from 
the Sunset-Midway and Coalinga oil fields of California. 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 dept.hs of 760 
and 3,090 feet in many but not all of the California low-sulphate 
oil-field waters. Bastin and Greer (4) lator examined 8 fresh-water 
well samples and 1 river sample in the neighborhood 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 equations (4·) nre of the type of those that have been 
postulated to explain the results of these reactions: 

I-a. CaS04+CH,-4CaS+C02+2H20 
I-b. CaS+C02+Ih0-4CaCOa+H2S 
2-a. NIl2S0,+CH4-4Na2S+C02+2H20 
2-b. l\1l2S+C02+H20-4Na2C03+H2S 
3. CIlSO,+2C-4CaS+2C02 
4.. MgSO,+2C-4MgS+2C02 
5. NIl2SO,+2C-4NIl2S+2C02 

Should the presence of living sulphate-redu('!ng bacteria in the 
deep-well waters in and about Tulare Lake and m the Stockton and 
Lodi gas wells be demonstrnted by the nppropriate bacteriological 
procedures, this would provide satisfactory evidence of the cause of 
the lo\\y sulphate concentrations here reported; but nega tiYe results 
from such tests would scarcely seem to disprove bacteria us the cuuse. 
There is reason to believe that these deep wuters, lying as they do fur 
below sea level, are practically stngnunt und have been impounded 
for many yeurs. The ehanges that brought about their present 
('hemicul muke-up may ha\-e occurred ut a mueh em·lier time, and it 
is possible that the buderia if onee active might no longer be present. 
The writer cannot recall that eombustible gases were present in uny 
of the sulphate waters from wells west of the lake, but sueh guses 
(possibly methane) are of eonunon occurrenee in the lake waters. In 
one instance (loeation 15, quudrnnglc 24) a well emitted suflicient gas 
to support a flame several feet in height above a dischurge pipe, und 
on still duys it is sometimes dungerous to light matehes nenr ecrtain 
of these wells. Thehydroellrbon requisite for thc reaction is there­
fore present. The shullow well Ilt location 18 emits much gas, but 
the water eontained 2.18 m.e. of sulphate, which is less thlln that 
shown in the lake-water nnlllyses. In this well IIctive reduction may 
be in process, and living bacteria should be found here if anywhere. 

As indicated by the literature and the postulated equations, free 
hydrogen sulphide is a common product of the reliction; but it does 
not follow thllt it should alway:; be found in waters where the reaction 
has taken place. Should it not escape from the wu ter, its precipitution 
as the sulphide of heavy metuls is possible. The writer cllnnot recall 
that any of these wells produced water with a notllble sulphide odor. 
Small amounts of the gas might, howevcr, have escaped attention 
both in the field and in the laboratory, particulllrly in the wells that 
were producing other glls so freely. Thut sulphf1tes could have been 
othendse removed from the waters, as by precipitation with naturally 
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occurring barium, seems improbable; barium WIlS not present in 
significant amounts, as no sample showed cloudiness when the 
bicarbonates were titrated with H 2SOj. 

Dole (27) has reported analyses and field tI assays" of the ground 
waters of the San Joaquin Valley, Ilnd on the basis of his data and their 
interpretation he was led to conclude that the quality of these waters, 
specifically their sulphnte content, provided Iln index to the wurce of 
the alluvium from which they were drawn. It was his contention 
that ground wflters low iu sulphate were from alluvium derived from 
the Sierra, wherens when considerable sulphate oeeul'l'ed in other 
than isolnted illstnnces that fact was believed to indicn te that the 
nlluvium had been derived from the {'Oustnl mountains. In its 
bronder scope this interpretntion is one of great interest nnd conven­
ience in accountin~ for the varied chal'!lcter of the ground waters along 
the two sides of tne valley, but its applicability to the nxilll waters 
may be open to question. In the writer's opinion the view becomes 
neoessnTY that some of the valley waters have been nltered by the 
action of orgauisms to the extent that their origin and the origin of 
the alluvium from which they are drawn is highly uncertnin. 

SUMMARY 

Boron, the element thnt c1mrncterizes in pnl't some 50 named 
minerals and such familiar compounds as boric ncid ILnd bomx, is of 
agricultuml importl1nce by reason of its being essential to the growth 
of many if not aU plants and also because it is bighly toxic to 1l1any 
plants when present in the soil solution in concentmtions of more 
than a. few parts per million. • 

Boron has been found to be present in each of some 4,000 surface 
and underground wn.ters so fnr examined in the 'western portion of the 
United Stutes. In some of these waters its concentration hils been 
sufIiciently high to inhibit the growth of irrigated plnnts and in others 
so low tlin,{ its presenee was demonstriLted only by special methods. 
This bulletin dcnls with the nlLturnl occurrence n.nd the effects of boron 
particularly in refercuee to the agriculture of the San Joaquin Vnlley 
of CnliforniiL 

The spread between beneficial nnd toxic boron concentmtions for· 
some plunts is llUlTOW; ill fact, concentrations that stimulate vegeta­
tive growth during the enrly development of the plant may be suffi­
cient to produce mild e\'idence of injury as the ohler leaves mature. 
Boron concentrations found beneficinl to some plants have pre­
vented the growth of others. The differences in boron requirements 
and the difi·erences in boron tolerance of even closely related plants 
cause the two phases of its effects on l)lant life to be closely allied. 
In some localities only crop pll1nts relatively.tolerant to boron have 
been found to grow successfully, though their selection had been by 
tril1l and error without knowledge of tbe cl1use of failures. 

Boron applied in ilTigtLtion wnter tends to accumulate in the soil, 
and ill effects may appel1r only after 11 number of sensons and after 
investments have been made in perml1nent plantin~s or in the instl111a­
tion of expensive pumping equipment I1nd irriga.tlOn systems. 

Boron deficiency symptoms may be of varied chnntcter, but usunlly 
the younger leaves and growing points of plants nre atrected first. 
The apices may die back, or the terminal buds, if not killed, may 
remain dormant. The leaves of boron-deficient plants mny be re­
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duced in size, become irregularly chlorotic, dead areas may appear, 
and they may abscise prematurely. In some plants un 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 n.ppear only 
when the boron available was considerably below the concentration 
required for the best growth of the plant, 

Cotton, fig:;, grape:;, alfalfa, beets, asparngus, and a number of 
other crops have shown increased growth when supplied with boron 
in concentrations above those that might be designated as trnces. 

Evidence of boron injUJ"y is manifested in tbe foliage of mnny 
plants by the yellowing and subsequent death of the marginal tissue. 
These effects normally appear first at the tips of the leaves and us 
more of the margin is affected progress toward the midvein or leaf 
base. Chlorophyll is retained longer in tissues near leaf veins. 
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 at the bnses of leaves 
and twig:; become enlarged. The bark above the leaf 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 oyer winter is a common 
effect. Some stone fl'uits may make little gI"Owth or die without the 
development of marked symptoms. In penr and apple, symptoms 
adequlLte for field diagno:;is arc not known, yet these plunts are 
sensitive to horon. 

The growth of lemons, grapefruit, and avocados IS sharply reduced 
in sand cultures supplied with nutrient solutions containing 3 p.p.m. 
of boron: ..mch plants as the stone fruits and pear:; in cultures supplied 

'with 0 to 0 p.p.m.; cereals, oliycs, and cotton in cultures with 15 
p.p.m.; c:tl'rots, onions, and boots with 25 or morc p.p.m.; whereas 
date palms, asparngus, n,nclu,thel withstand up to 100 p.p.m. Fifty­
foul' plants arc listed in the order of their reln,tive tolC'mncC's, 

All varieties of plants C':mmincd have been found to eontnin boron 
in their tissuC', though m:11'ked differences exist in the concentrations 
in the different \'luictie:; when grown undel' simiitbl' conditions. 
~1!ldwcl differences likewise have been found in the conccntmtiolls 
in different pnrts of plnnts and in different portions of tissues. The 
fact thn.t boron in some qnnntity has always been found in p1n,nts 
irrespectiyc of where they '\\"ol'e collected proyides cyidence of tJlC 
widesproad distribution of the element. 

In sand cultures suppliC'd with nutrient solutio1ls containing 5 
p.p.m. of boron, thc lca,Ycs of ynrious plauts contnined boron in parts 
per million on a dry-weight basis as follows: Lemon, 1,232; lwocado, 
569; apricot, 99; Kndota fig, 72~ i gr:tpc, 1,040; a,pple, 143; elm, 943; 
olive, 215; sweet pea, 520; cotton, 300; cnrrot, 124; sugnl' beet, 177; 
palm (pimIue), 279. These plnnts nrc listcd in the order of their 
relative tolerance. The stems nnd roots of plunts contain less boron 
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than the leaves. Those of lemon, elm, rose, and sugar beet con­
tained respectively 54, 22, 29, and 28 p.p.m. The boron concen­
tmtions 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 b\1ron. 

Boron accumulates in the bark of certain of tlle stone-fruit trees, 
particularly 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, bark, nnd wood respectively 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 injured lemon twigs contained 410, 
42, and 9 p.p.m . 
. Notwithstanding eyidence of the occasional occurrGllCe of appreci­

able concentrations of boron in uninigated soils in the San Joa.quin 
Valley, the geneml inference to be drawn from the appearance of 
crops is that tho boron cnrried by ii-Jigation water IS for the most 
part responsible for such depressions in yield nnd such crop injury , 
as havo occurred. 

:Much of the boron found in soils, whether irrigated or not, is not 
very soluble. Soils nre capnble, in varying degrees, of removing from 
solution some of the boron applied by il'l'igntion waters. .A. few or 
many irrigations mny be applied before the soil-sohl tion concentmtions 
equal or exceed the eOneell jrntions of boron in the wn,ter used. Injury 
to plants results sooner on light soils thlln 011 heavy soils, unci sooner 
OIl some heavy soils thun on others, whell bOTon-contaminated irriga­
tion waters arc used. Tlw produetivity of light soils may be restored 
more rnpidly thun that of heay}, soils when leaehed with good water, 
but remond of boron from light soils is often slow. 

The nature Ilnd quantity of soluble 01' slightly soluble boron com­
pounds in the soil determinc soil-solurion concentrations, and it is the 
latter cOJlceni1'utions thut afi'ect plunt growt.h. 

Under the lIsunl conditions in iJTignfed regiuns, plnnts \\'ithdJ'Uw a 
greatcr proportion of the wn (')' thun of the salt from the soil solution 
and the soil solution, us n, result of trunspiration, is left more ('on cell­
tJ·ated. Ji'ew ilTiglltiOJl wnters of thc Snn Joaquin Yalley 'wcre found 
to con tnin coneen trations of boron or other snIt constitucnts suflicicnt­
ly high to bc directly injurious to plnn is. Injury has resulted from 
thc COll tilluefll1se of mnny of t hcsc wllters beeullsc trnnspimtion and 
evaporation increase the cOllecn trll lion of these clemen ts in the soil 
solution. }'vlixcd deciduous fruits were grown in snIld ('.ult.ures with 
llutl'iPllt solutio11s contninillg 1 nJJd (j p.p.m. of boron. The solutions 
takcn lip by thcsp treps werc J"espeetiyely 14 find Hi percent as COJlcen­
tJ'Uted in horon :l1ld 5 nnd 7 penen t ns coneen trated in sulphnle as the 
culturo solution supplied to the. roots. In n ('ultme supplied with 
9 p.p.ln. of boron. in which the grnpe wns the predominating plant the 
solution taken up wns 82 percent fiS coneentrnted ill b011m nnd 21 
percent as concentrated ill sulphntc ns wus that supplied. 

Pl'l1cticnl methods of reJ110ying t.hc boron from irJ'igntion wnter 
have not been found, JlO1' hfiye'pl'Ilctienl methodR been found for. 
counteracting the toxic e[Teets of horon in soils. Citrus plllnts 
withstand boron fL little better whcn nitl'lltes are applicd in nbundancc. 
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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 pl'incipal 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
tary, and igneous formations of pre-Cretaceous age of the high Sierra. 
Ncyada. The water of these streams carries little boron or other 
mineral matter. Smaller streams enter the vaUey from the Tehachapi 
and San Emigdio Mountains, which form the southern boundary of 
the yalley, Illld from the coastal mountains that form the westeIn 
boundary of the valley. All of the latter streams are short and except 
after heavy rains bring little water to the valley. '1.'hese waters, drllin­
ing mountains practically free from granitic and similar rocks but with 
soft serpentines, shales, and sandstones of Cretaceous and Tertiary 
age, are more highly mineralized than water from the Sierra Ilnd com­
monly contain appreciable concentrations of boron. In their chemical 
characteristics the ground waters in the difrercn t portions of the yalley 
reflect their source or the source of the alluvial material from which 
they Ilre drawn. 

Boron concentrations as low as 0.5 p.p.m. in irrigation waters of the 
more arid ~ortion of the valley haye been found injurious to boron­
sensitive crops, but under favorable conditions the more tolm'l1nt of 
the sensitive crops may be grown with only modemte reductions ill 
yield with as much as 1 p.p.m. of boron in the irrigation \\Tater. WllCn 
boron concentrations exceed 1.5 or 2 p.p.111. the best results haye been 
found to follow when tolerllllt crops were cultiYllted. 

'rhe effects of boron ill. irrigation wILter Ilre less severe in those parts 
of the valley with higher minfall. ,Vhere water is supplied nearly 
equally by rain and irrIgation, only about half the injury experiencec. 
in the Illore arid portions of the yalley has been found. Soil charncter­
istics, cultuml practices, and length of use influence the rate nt which 
boron accumulates in the soil solution and the nccompanying effect 
upon crops. 

Though no general relationship has been found to exist between the 
concentration of boron and the concentration of an}' other constituents 
of irrigation water, there is a marked tendenc~y- in the San Joaquin 
Valley toward higher boron concentrations in the more highly miner­
alized wnters. 

The ill effects of boron and of other salt constituents are in a 
measure interrelated and additive. In these investigations the con­
centrations of cllrbonate, bicarbonate, chloride, sulphate, cnlcium, 
magnesium, and alknli bas'es in the irrigation waters have been deter­
milled. A discussion of the significance of these other cOl1stitUfmts of 
irrigation water is included. 

Some Snn Joaquin Valley irrigation welters contain more sodium 
than calcium Illld magnesium. High percentnges of sodium haye an 
adverse effect upon the physical condition of soils by causing them. to 
become hard and relatively impervious to "Tater. Irrigntion water 
that penetrates beyond the root zone enTries with it a portion of the 
saIts residunl from trllllspimtion and evaporation. Without adequate 
leaching the concentration of the soil solution mlly become sufficienUy 
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high to depress plant growth even when relatively pure irrigation 
water is used. Emphasis is placed on the iJnportance of the sodium 
percentage fiS 11 useful criterion of water quality, and in reporting the 
analyses of 450 San Joaq·uin Valley WII tel'S the percen tage of sodium 
in each sample is gh-en. The calculation and inclusion of these per­
centages represent a new departure, whieh is recommended for general 
adoption in reporting wutel' n.nnlyses. ,~Tnterwith less than 50 percent 
sodium should not cnuse trouble in hardening the soil. Trouble is 
likely to result when th{' p{,l"centngc exc{'eds 60. 

LITERATURE CITED 
(1) AGUJ.nos, H. 

1910. ll~:C1(gnCII~:S SClt 1.,\ l'I!Bst:XCE wr 1.1' R()I,~; Jl1:' nOJn; CHEZ I,ES 
Y~lGB1'.H-X. 15S pp., BillS. L:wnl, Franee lThesc, t;lliv. de 
Paris). 

(2) :\SSOCIAT10X Of OI'P1CIAL AGlUCuW'tmAl, CIIEmSTs. 
1925. 	OFI'ICIAT, A:>1l 'n;:>TA'I'IVE ~H;'rllom; OJ' AXAI,YSIS. Compiler! by the 

Committee 0)) Editing 1I1ctlwds of AllItlysis. Rc\'i8l'd to ,July 1, 
1924. Ed. 2, 535 PJl., ill us. W:Lshingto/l, D.C. 

(3) 	 BASTIX, E. S., with the collaboration ofAXlHmsox, n., (hn:~;R, F. E., 7\JER­
RlT'r, C. A., and .i\IoelJI'ox, G. 

19213. 	 1'111'; I'n()IlI.t;~1 Of' 1'Im NA'I'l'HA1, ngllt:CTION Of' ~e!.l·IIATI>~. Amer. 
A880('. l>ctroIl:'ulll Ch'ologists lluIl. 10: 12iO-1290, iIlus. 

(4) - l1.nd OI(};EII, F. E. 
1930. 	AJ)Jll'I'IQXAI, DATA ox SUl,I'IIA'I'~J-1I1Wt.-CINGII,\C'n:lU.-\ IN SOILS AXD 

WATIms ()t' II.I,IXOIS OIl, t'n:I'!lS. Amer. Assoc. Petroleulll Geolo­
gists Bull. 14: 153-J,li9. 

(5) BI.ASDAJ,g, W. C. 
1909. 	Tllg (ll-AXTJTA'I'I\'H SBPAHA'rIOX 01' CALClnl F1tQ~1 :lIAGXESIU~[, 

.Tour. Amer. Chelll. Fioe. 31: 91 i"-!)22.
(6) 	 llREXClII,};y, W. E. 

1914. ox Till> ACTIOX OF ($lt1'AIX C<DII'OUNDS (W ZIXC, AIISgXJC, .-IoNIl 
BOHOX Os Till> G1l0W'l'1l Ot' PLASTS, :\1111. lluL [London] 28: 
[283]-·301, iIIus. 

(i) ---- fwd \r,\1tlSG'l'OX, .K. 
192i. 	TII~J I!()I,~} Of' .1l0J(OX IX 'J'IIl~ GHOW'I'II (H' 1'1.,\X1'S. Ann. Bot. [Lon­

don] 41: [168]-lSi, ilIus. 
(S) 	 BHOWX, B. E. 

1922. gt'FgCT Ot' IlOIIAS Ix nJIl'l'H.I'l.tm ox Til g GHOW'rll AXD YIEL1l OF 
I'O~rA'J'()I's. r.H. J)(>jJi. Agr. Bull. OOS, S pp., iIIus. 

t!)) C.\Y,\N'AGlI, B. 
192i. 	A N~J\\' ~1l':'1'.IJ()1l O~' (AIlSOJ.t'TB) PO'I'I';XTJ{):\u,;THlC 'I'11'J(NI'IO:o<, .Tour. 

Chem, Hut. {London] 192i (pl. 2): 220i-22Hi. 
(10) CI,,\HKE, ]~. 'IV., limI "',",SIIISGTOX, H. Fi. 

H)24. 	 'I'll}] CO~IJ'()i;)'I'I(JN' O~' 'J'ln: gAH'I'I!'S ('ltCST. 11.R. Geo!. HUrI'('\' Prof. 
Paper 12i, 11 i Pi>. • 

(11) COLLIXGS, G. 1I. 
192i. 	~'IIE I:O<PI,rr,)XC~J Ot' 1101(01' ox TUB GnOW'I'1I OF TlnJ SOYIIEA:O< PI.ANT. 

Hoil Sci. 23: 83-104, mus, 
(12) EATON', P. I'lL 

1927. 	'rI1l~ WATloJH In;Qt:JHE~mXTi; AXil C.ELL-SAI' CONCE1'TltATlOX OF 
AlJS1'HAI,I,\N SAl.TlI USH AXil WIH]A'I' AS HE[u\1'EIl TO 'l'lIE SALIXITY 
Of' TIIB SOli.. Alllcr. ,Tour. Bot. 14: 212-226, ilIus. 

(13) 
1931. " LARGt] SAND CCL'J'Cf(J'; AI'I'AUA'I'US. Soil Sci. 31: 235-240, i~lils. 

(14) ELIOl\', J~. 
1927. 	FonMATlO:O< Ot' IIYDHOGEX SUL~'lll~JIIY TilE XATt:!RAI. HEVUCTIOX OF 

SULFATES. Indus. alld Ellgin. Chcm. I9!!.): 1368. 
(15) Gm'l'TNEH, A. 	 . 

1902. 	IlESTllLMUXG IHJS KALKES U:O<Il nEll lIIAG!'1BSI .... IN W....SSER. Ztschr. 
Angell'. Chelll. 15: 847-852. 

(16) HAAS, A. R. C. 
1930..!lOUON AS .-IoX ERS~;X'1'IAI, l,)I,}J;\H:N'1' .-On HEALTH)" GnO\\'TH OF 

CITUUS. Bot. Gall. 89: 4H}.-413. 
i0532-35-9 

http:nJIl'l'H.I'l.tm


130 TECHNICAL BULLETIN 44S, U. S. DEPT. OF AGRICULTURE 

(17) HASELHOFJ.', E. 
1913. 	tIBER DIE EINWIHKUNG YON BOR\'I,RDISDUXGES AUF DAS PFLAN­

ZENWACHSTUlIf. Land\\'. Verso Stu. 79-S0: [39I)J-429. 
(18) HILGARD, E. W. 

1906. 	SOIJ.S: THEIn FOHMA'l'IOX, l'nOPEHTIES, COllI'OS/TIOX, AND HELA­
TIOXS TO CL/MATB AND l'I,AXT GllOWTII IX THE HUMID AND AHID 
HEGlOXS. 593 pp., ilIus. Nc\\' York and London. 

(19) HOTTER, E. 
1890. 	tInER DAS YOHKOlUIEN »gS non nr. PFIu\XZf:xnEICH UND I>gSSEX 

PHYSIOLOGlSCII.E nED~:U'rUXG. LandI\'. Vcrs. Sta. 37: 437-458. 
(20) JOHNSTOX, E. S., and DOlm, \V. H. 

1929. 	Tilt) IXFI,UENCB OF llonox ox TIn: CIIBlIICAI, C'OlII'OSI'rIOX AXD 
GHOW'rH OF THE 'l'O~IA'rO 1'1,AX'1', Plant Physiol. 4: 31-62, iIlus. 

(21) KELLERMAN, K.l!'. 
1920. 	'l'HE 1,f'FECTS OF SAUl'S OF 1l0HOX t:l'OX Tin: I>ISTIlIBU'rIOX OF 

DBSBH'r Y}]GE'rA'rION. Jour. Wash..\curl. Sci. 10: ·181-486. 
(22) KELLBY, W. P., and BROWN, S. M. 

1925. 	DOHON IN TIIB SOll.S AXil UtHrr;.WlflN W.\1'I-:ns OF SOC'1'IIEHX CA!.J­
FonNIA AN» 1'1'1-\ IU:I.ATIOX '],0 (,/THe:; AND WAI.NU'r CUI.TI:HB. 
HilgardilL 3: [445J-'158.

(23) --- and THOMAS, E. E. 
1028. 	HECl,AMATION 01' TilE ~'Hl'SN() 'I'YI'I~ OF HLACK-AI.KAU SOIL. Calif. 

Agl'. ]~xpt. :-:;ta. Bull. 455, 37 pp., iIIus. 
(24) --- and AnANY, A. 

1028. 	'1'lm ClnJllIC'AL 1,I"f'l-:CT OF GYl'iH;ll, !ot:I.Fl:R, utOX SUI,FA'l'fJ, AND 
ALUll ON A1.KALI SOlI,. lliJgMdia. 3: [393J-·120.

(25) MAZE, P. 
HIH. 	IXFf.UBXCES IU:SPBCTIYJ,S DE I~LElIEN'1'S DE I.A SOLUTIOX lIlNr'::nALE 

sun J,r: DEYEJ.OPl'l-}ln;X'I' DU ll.~is. ATlll.lnst. Pasteur 28: [21]-68, 
illUS. 

(26) l\1cl\IcHTHtw, ,r. E., JH. 
1929. 	'I'JlE ];:n'l,C'I' Ok' 1I0ltOX DIWICIEXCY OX 'I'II~} (JJtOW~'1I 01-' TOIIACCO 

1'!.AN'l'S IX Ar}JtA'l'tJll AXI) CX.U}ItA'flm I-iOLU'l'lONS. Jour. Agr. 
Rest'lll'ch 38: 371-·380, iIlus. 

(27) l\I EX I>ES IfALL, \Y. C., DOl.E, It. H., 1~lld f5'rAlILt:n, H. 
1916. GltOUND \\'A'1'En IX SAX JOA()nX I·AI,I.I'.Y, CAI.II'OIlXIA. 1:.8. Geol. 

~ Sun'ej', 'Waler Stlppl): Papel' 39i-i, 310 pp., illu8. 
(28) ~ E!.IJEH, .J. R., and i\loltsE, .1. \\. 

11)21. 	 ],FF}:Cl'S n'ox 'rllg GIIOW'1'1I OF POT,I'rOE", ('OilS, .\XD BBANS HE-
1-\t:l1l'IX(; 1'1l0~1 Tin; AI)JIl'I'IOX 01' BOHAX '1'0 'rilE FEltTILIZBns 
CSEI>. l:ioil ::i('i.12: 71l-131, illll~. 

(29.1 PEI.m()'r, E. 
187(i, 	 DE 1;A<~'I'lON <lCE 1:,\(,11)1; BOHIQI'I, I,'r J.El-nOlt.I'I'ES IlXEHCI-}XT SUH 

T.ES YEGE'l'A ex. COlllpt. Hcm!. "\ClLrl, :-;ci. [Paris] S3: 686-68S. 
(30) RO(;I>Il", G. H. 

E1l9. 	'rIll:; St:Xi:\I;:'r-~IlJ)\\,AY 011. <'lm.D, CALII'OHXIA. PAII'r 11. GEOCIIElllCAL 
1{)<:I.,\'1'I0XI; 01' 'I'll}: Oll., GA;{, ,IXI) \\'A'fr;lt. 1:.S. Geol. SlIITey 
Prof. Papet' 117, j 03 pp., iIllls. 

(31) SCHAr.r.ml, \\'. T. 
UJ21l. 	 HOIlAT}} :lIIXEltAI.S OF 'I'll" KIlAlmll IlISTIUCT, ,\!OJ,n'!; J)ESEH'1', CALI­

l'OIlX!A. CH. G('ol. l':iul'\'ey Prof. Paper l5S: 137--170, ilIus. 
(32) Scol'mI.D, C. !':i., lUll! HEADI.r;y, F. B. 

1021. 	QUAI.I'I'Y 01-' .IlUlIGA'l'IOS \1'ATEIt IX ru,r.A'I'IOS '1'0 I.AXIJ IlBCr.A~IA­
'1'10".• .lOll 1'. AI-(I·. RcsNm'!t 21: 2(j5~27i:). 

(33) --- nnd \VII.COX, ]J. Y. 
1931. 	110HON IX IllIUGA'I'IOX \\'An:Il:;, L'.~. Dept. Agl'. Tech. Bull. 264, 

66 pp., iIIus. 
(34) SKIXSBH, .J. .1., BIlOWX, B. E., IWrl REW, F. R. 

1923. 	'1'lIgl,FJ.'I':C·I· (W HOIIAX ox Tilt) Glt()\\''I'1I AX!) Y11;I.D OF cnol'S, L.S. 
Dept. AI-(I'. Bull. 1121i, :31 pp., illl1~. 

(35) 1;.\111'11, R. E., :Llld TllmIAH, H. E. 
1928. 	COI'I'I-:II StJl.I'IIA'I'I' ,IS A 1n::lIEDY von I::XAXTlIl':lIA IX I'HCXt)S, 

o\I'I'I.I;S, I'EAIlS, AXI) OI.I\'];S. Phytu1mlhology 18: 441)-45-I, 
ill Ill;, 

(36) SO~l;Il.gn, A. 1,., ILnd lJlI'~IAx, C, I •. 
1926. 	}]\'IIH:XCI-J ox '1'lIg IXDI~l'ESHAIII.I:: XA·rt;Hf! 01' ZIXC AXD llonOx Fon 

lIIGIIKn GltEEX I'I"IN'I'S, I'hLnt I'h;·siol. 1: 2:31-249, iIIus. 

http:SO~l;Il.gn
http:SCHAr.r.ml


131 BORON IN SOILS AND IRRIGATION WATERS 

(37) SO~IMER, A. L., fmd SOIWKIN, 1:I. 
1928. 	EFFECTS OF THE ABSENCE OF BORON AND SOME OTHER ESSENTIAL 

ELEMEI,TS ON THE CELL AND TISSUE STRUCTURE OF TilE ROOT TIPS 
OF l'ISUM SATIVml. Plant Physio!. 3: 237-260, illus. 

(38) UNITED STATES DEPART~IENT OF CO~lMBUCE, BUREAU OF TIlE CEXSUS. 
1932. 	FIFTEENTH CENSUS OF TIlE UNITED S'rATES: JU3C1. IIUUG.-\'rION OF 

AGJUCUL'rUUAL LAXDS • " 483 pp., illus. 
(39) "'ARINGTON, K. 

1923. 	THE Ef'FECT OF nORIC ACID AND BORAX ON TJm BROAD BEA:'; AXD 
CERTAIN O'fmm PlJANTS. Ann. Bot. [London] 37: [6291-672, 
illus. 

(40) 
1926. 	TIlE CfIA~m;s lXDl:n:D IX THE AXATO~IICAI, STH('("TURr: Of' nCIA 

FARA 111' TIm ATISEXCI~ OF TlORON FRO~l 'rilE xu'rnWXT SOI,u'rrox. 
Ann. Bot. [London I ·10: (27J-42, illus. 

(41) WILCOX, L. V. 
1930. 	DETEUMINATION OP DOHON IN NA'l'UltAL WATEHS AX!) PI,ANT :\IATE­

RIALS. Indus. t1.nd Engin. Cltem., Ann.lyt. Ed. 2: 35S-3Uu, illus. 
(42) 

1932, 	ELECTROMETUIC 'l'lTH.-\'l'ION OP llORlC ACID. Indus. and Engin.
Chcl1l., Ann.lyt. Ed. ,1: 3S. 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
WilEN TillS PUBLICATION WAS LAST PRINTED 

Secretary of Agriculture___________________ HEXRY A. WALLACE. 

ender Secretary__________________________ REXFOHD G. TUGWELL. 

Assistant Secretary_______________________ ~I. L. WII,SON. 

Director of Extension Work _______________ C. W. WAIWUUTON. 

Director of PersonneL ____________________ W. 'Y. STOCKBERGER. 

Direclor of Informatioll___________________ ;'\':. S. EISENIIOWER. 

Director of Finance ______________________ W. A. Jum'. 
Solicitor___ • ___________________________ - SETII T1I0:.IAS. 

Agricultural Adjustment Administration_ _ _ _ CIIES'fER C. DAVIS, Administrator. 
Bureau of Agricultural Economics __________ NILS A. OJ,SEN, Chief. 
Bureau of Agricultural Engineering________ S. H. MCCUORY, Chief· 
Bureau of Animal Industry _______________ JOliN R. i\-!OIlLER, Chief· 
Bureau of Biological Survcy _______________ J. N. DARLING, Chief. 
B'lreau of Chemistry and Soils_____________ H. G. KXIGlIT, Chief· 
Office of Cooperative Extension Work ____ ___ - C. B. S~JlTIT, Chief· 
Bureau of Dairy Industry_________________ O. E • .REED, Chief. 

BureUlt of Entomology and Plunt Quarantine_ LEE A. STHONG, Chief· 
O.(liee of Experiment, Stations ______________ .TA~IES T. JA::tDl:U" Chief. 
Food and Drug Admim:stmlion____________ 'V"\IJI'ER G. CAMI'BELL, Chief· 
Forcst Service ___________________________ FEHDINAND A. Su,cox, Chief· 


Grain Futures Administration_____________ .T. W. T. DUVEL, Chief. 

B1Ircau of llome Economics_______________ I,onSE S'I'ANLEY, Chicf· 

Library_____________________________ ___ CLAHIlIJ::L R. BAUNETT, Librariun. 


Burcau of Plant, Industry _________________ FHEDEItlCK D. RICHEY, Chief· 
Burean of Public Roads __________________ T!lO~IAS H. i\L-\cDoNAJ,D, Cllief· 
Weather Bureau_________________________ \VII,LIS R. GREGG, Chief. 

This bulletin is 11 contribution from 

Bureall, of Plant Ineltlstry_____________________ FREDEIUCK D. RICHEY, Chief· 
Division of WesLern Irrig(ltiun Agricultllrc ______ _ C. S. SCOFIEJ,D, Principal 

Agriculillrist, in Chargc. 

132 

U. S. GOVERNMENT PFUHTIHG OFFICE I ,n. 



t 


..' 

, ' 

t 
~ ..:--=.--. ... _, -",. ~ . --­--......,.- ,- .._"',--­


