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INTRODUCTION

The fact that boron occurs naturally as & constituent of irngation
waters in southern California and oceasionally in such concentrations
as to be injurtous fo crop plants was discovered through investiga-
tions by Kelley and Brown ({7} in 1926 and 1927. BSubsequent
investigntions by the Burewi of Plant Indusiry, herein reported, have
nmphh{'d s {'mafmn('d {he earlier itndm:rh, and have also shown
thet baron oceurs in injurious concen{rations in the irvigation and
underground waters of other purts of California and in Nevada,
The information available at the present time indicates thal, aside
from seversl areas in southern Califernia, horon injury occurs in a
small area southeast of Bakersfield, in a more extensive area along
the west side of the San Joaquin V aliev in an aren of Cache Creek
on the wost sile of the Sacramento V ﬂli{'_v, and on the Newlands
reclamation project in Nevada,

! itallc punthers i parentheses refer to Tdtersiure Cited, p, 84,
gaEsT o3 - L
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The present report <eals only with the boron areas in southern
Cnlifornia.  These may be enumerated as follows: (1) The Valley of
the Santa Clara River, m Ventura County, where the horon is brought
in chiefly by Piru and Sespe Crecks; (2) the Simi Valley, also in
Ventura County, where the boron occurs in underground waters that
are pumped for rrigation; (3) the San Fernando Valley in Los Angeles
(tounty, where the boron oceurs in the water brought in through the
Los Angeles Aquedict from Owens River; (4) the vieinity of San
Bernardino, where boron veeurs in the waters of Arrowhead ot
Springs and in cectain wells; and {3) the eoastal plain in southern
Orange County, where boron occurs in some of the underground
waters pumped for irrdgation. In addition to these areas, boron
injury has been observed in a number of other localities, ulten involy-
ing anly a few trees or at most afew acres.  Some of these are irrigated
from small springs containing toxic quantitics of boren.  There have
heen a lew cases of injury through the use indrrigation of waste walers
containing borax anid also a few cases where the source of the boron
has not been definitely established.

By way of sunumanzing the boron situation in southern California,
it may be said ibat in the nggregate the areas where boron injury
orcurs constitute only n small part of the total irrigated avea, and,
furthermore, that within these areas the extent of the injury definitely
attributable to heron is often not large.  For the whele of the terr-
tory under consideration, the extent of crop injury due to salts ather
than these of boron contained in irrigation water is much greater than
may be charged to boron glone.  In ather words, haron 1s one of the
cemstituents of the salts that occur in the Urrigation waters of southern
Caltfornin, nnd In g fow instances this element s found in such con-
eentralions ss 1o be the dominant cnuse of crop injury. 1o many
ather ensex erons are injured o the physical condition of the soil 1
mipaired throngh (he aecumulation in fhe =oil =olution ol {oxie con-
cenirafions of olher elements or salts,

Boron hns notl heen generally recognized heretofore as ancimportant
slement in the complex of salts that ocenr in Irrigation water or in
the soil solution. It has not usually been determined in the analyses
of irrigatinn water. 1t has long heen known that the salts of boron
are highly toxic to many plants; but only recently has it been recog-
nized that, in low concentrations, boron 1s beneficial, if not essential,
to the growth of certain plants. In connection with the present
investigations it has hocome apparent that, although horon at rela-
tively low concenlrations is toxic to plants, at still lower or subtoxic
concenteations it is stimulating to nuny plants. This may be troe
also for other clements that oceur commonly n the salts of irrigation
water, but it is net so evident with chlorine, for example, ax with
Irorrom,

In the present repart the poinl is eimphasized thal horon injury i
direetly tracenble ta the horen earried in irrigation water. It is
probably equally true that most of the crap injury caused by salts on
rrigated lands 15 similarly due to the salts carried in the irrigation
water.  Where the conditions of brigation are such that the salts,
whether of boron or of any other element, carvied in solution in the
wrrigation water, accumulate and remain i the soil solution of the
root zone, wltimate erop injury appears ta he inevitable. The con-
centration ol salts in irrigation water is seldom, if ever, so high as {o



http:aerumuln.te

BORON LN TRICATION WATERS 3

be immedintely injurions to erop plants,  Bnt when frrigation water
containing salts iz applied to the soil the water is absorbed by the
plants or dissipated by evaporation, while the salts remain in the soil
solution (14).

iT ultinate injury 1s to be avoided, the methods of irrigation and
the conditions of drainage must be such that the salts brought to the
root zone by the wrigation water can be removed by leaching.  This
is true for the soalts of boron as well as for those of other elements.
It is pomnted out in the following pages that while for irrigation water
the eritical concentration with respect to boron may be as low as
0.5 p. p. i? the eritieal concentration for the soil solution is probably
above -LO p. p. o, even for the more sensttive crops.  This difference
between what is veferred to as the eritieal concentration of irrigation
water and of tie soll solulion implies recognition of the fact hat in
irrignted Jands the concentration of salis 10 the soil solution ol {he
rout zone is mueh higher than in the water wsed Tor trrigation.  Phe
imagnitade of this differenca depends apon the methods of irvigation
audd e conditions of drainage. Where the natural drainage is good
and the quantity of water applied, together with the rainfall, is sufli-
cient to displace occasionally a part of the more concentrated soil
solution of the rool zone, this difference in concentration may be con-
trofled and crop mjury avelded.  But il leaching of the root zone does
not tuke place, then the concentration of the soiy solution must increase
with each successive rigation until it reaches the limit of solubility
of cach selt.  The soubility of the borate and chloride salts is beyond
the lmit of tolerance of crop plants, as is also that of the sulphates of
sodium and magnesivm,  Caleium sulphate and caleinm carbonate
are precipitated from the soif selution before the limit of plant toler-
uriee s reached.

RORON INJURY IN PLANTS

EVIDENCES OF BORON INJURY

The oceurrence of boron in the seil solution in concentrations
imjurions to erops s manifested by specilic and characteristic reactions
in n number of plants.  Two such “indicator™ plants are the lenon
and the Persian or English walnut, Both these plants are extensive-
Iy growsn i southern Californin and have been useful in the survey
work here teported, in which it has been the aim to distingunish bo-
tween evop injury caused by boron and that due to other salis in
the soil solution or 1o other adverse conditions.  Other species of
Citrus, such as the orange and the grapefeuit, are only slightly less
sensitive Lo boren than the lemon, but thely symptoms of njury are
sometines less definite,

A lemon tree suffering from an inereasing concentration of boron
in the soil solution shows a characteristic type of yellowing of the
teaves.  This appears [irst on the more mature leaves, whose tissuc
along the murgins and hetween the veins loses its normal green color
and becomes yelow, sometines pale but more often a bright golden
yellow. s the symptoms progress, the marginal leal tissue may
die and tuen broww, but frequently the Teal falls off before that
stagre 18 reached. Typical examples of horon fnjury to eitrus leaves
ave fllustenfed in Plate 1 It &5 frequently observed that the leaves

¢ Paris por mdfion,
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falling from boron-injured lemon trees are detached from the petiole,
leaving the petiole attached to the stem, but this is not always true.

Normally henlthy lemon leaves often remain attached to the tree
for 20 to 30 months or longer, so that leaves representing five or
six successive cycles of growth are found on the longer branches.
When boron injury oceurs, the leaves often fall when only 8 to 10
months old, so that it may be hard to find leaves of the fourth or
even of the third growth cycle from the tip of the branch., This
premature leal shedding of boron-injured trees results in & marled
contrast between them and normal trees with their dense foliage.
An example of the thin foliage resulting from boron injury in & lemon
tree is shown in Figure 1, in which also may be seen the characteristic
diseoloration of the leaves and the absence of fruit, This is a 23-

Fiaten L—i omon teee showing typieal Doron ivincy chmeterized by absence of fruit, Lhin
foliyee, and yelluwing leaves,  Photogeaened by Fieklin Fehrugry, 1128

year-old tree in the grove at Rubidous, near Riverside, Calif. It
was making vigorous normal growth prior to 1926, when the first
applications ol borax were made. In March, 1926, a basin was made
around the tree, and with cach of the next 10 irrigations 50 grams of
horax was digsolved in the wrigation water, These treatiments were
concluded in May, 1927, when the tree showed symptoms of severe
injury. These symptoms were still pronounced when the photograph
wis made, m Februney, 1928,

It should be eruphnsized that the now lemon eaves do not ovdinarily
show the symptoms of hovon injury.  Itis only after the leal reaches
full size that the discoloration appears.  Consequently, a lemon
tree may have nearly every remnining leafl discolored in January or
February, and have an entively different appearance a few months
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later when these old leaves have fallen and the tree is covered with
new leaves not yet discelored.

1t is not uncommen for lemon trees to continue to bear fruit,
sometimes abundantly, for several years after the first leaf symptoms
ol boron injury appear. This is true, of course, only where conditions
are such that the boron concentration ol the soil solution is inereasing
very slowly. I the onset of the injury is rapid, the young fruit is
dropped as well as the older leaves. This shedding of the young
fruit also oceurs in the more advanced stages of injury that follow
the gradual increasec
in the conceniration .
of boron in the seil '
gnlulion,

T'he Persian walnut
develops lealf symp-
fons of  boron in-
jury, that, while very
different from  fhose
of the femon tree, are
no less vnmistakable, |-
As an  “indicator”
plant the walnut is
less uselul then the
Jemon beeause it i
deciduous and  con-
sequently leafless [or
[ive or six months of
the year.  Further-
more, i1s boron symp-
toms, lilse those of the
lemvant, appear only
when the leaves ap-
proach  maturity.
Thus it is only during
two or three months
of (he late summer
that the walnut
sorves to indicate the
cecurrence of exces-
slveconcentrations of
horon in the soil solu-
tion. “ hﬂ.l stich {‘(_}'I'l- stk 2—=Walnut lesl showing typicad severs Doton injury,
centrationisveryhigh Collectnd ut Sunts Sdsaan, Culil.
amul the econsequent
injury severe, the characteristic leal symptoms muay appear in mid-
duly, or earlier, but genevally they do not develop until mid-August.
These symptoms in the walnut leal appear at first at the margin of the
leaflets, where the leal tissue dies and furns brown. Then spoets of dead
brown tissue appear between the veins near the margin, Similar spots
develop hider between the veings In the divection of the midrib.  An
exnmple of Grpical Boron tnjury of wowalned leal is shown in Figare 2,

These symptoms of boron mjury in the leaves ol citrus and of
walhut are so charneteristie and so distinet that they can be dis-
tinguished from other leaf abnormalities, such, fur example, as result
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from exerssive conecentrations of salts other than those of horon in
the soil solution. On lemon trees injured by the high salt content of
the soil selution the lenves may become chlorotic, or, if the onset of
the njury is ncute, the maorginal leaf tissue may die and turn brown
and the Teaves [all prematurely.  In the walnut, saltinjury, partic-
ularly that caused by chloride, may be shown by a breaking down of
(e marginal lenl tissue without the oceurrence of the spots of dead
tissue between the veins.

The diagnosis of boron Injury in the lemon and in the walnut bas
been conlirmed in three wivs: (1) 1t has been shown that the symp-
toms of boron injury ean be induced by adding borax to the soil
in contart with thie roots of normal healthy trees; {2) it has been
demonstreated repeatedly that when these symptoms occur naturally
the soil solntion contuing more than the normal proporiion ol boron;
and (3) the dingnosis is supporied by the results of chemical onndysis
of the leat material.  Normal mature beaves ol the lemon gl of the
walnut confain about 100 p. p. m. ol boron hasel on the dry weight
of the muterial,  The propoction is abeut the same when the leaves
show injury [rom such enoses s drought or an excess of salts other
tlam those of boron in the soil solution.  In leal samples showing the
charaeteristic boron injury the boren content s muceh higher, vang-
ing up to 1,000 or 1,200 p. p. m., and is seldom less than 600 p. p. L.

Many plants other than lemon and walnut show definite and char-
acterisfic symptoms of leal injury when grown in situstions where
the boron content of the soil solution is above normal.  The grape-
fruit under certain conditions shows leal sympioms very similar to
those desceribed for the lemon, but in other situations the symptoms
may he different and due probably to other cuuses. Tn the orange 1t
is sometimes difficult to distinguish between slight boron injury and
other teal abaormalities, such as mottle leal.

Chapes of the Buropean type show ¢haracteristio leaf abnormalities
as u result of boron mjury. Sneh abnormalities may appear in the
voung leaves, which become cup shaped beeanuse their warginal
arawlh i testrieted while the growth of the tnner tissue contimues,
and which remaim smaller than normal, with some spetting ov break-
ing down of (he marginal tissue. In other plants an excess of boron
mwny produee in the Jewves marginul injury, the development ol pule
or dend spots in the tissue between the veins, reduced size, or pre-
mnfure fading and abseission,

BORON INJURY DUE TO IRRIGATION WATER

In attempting to areive al o correet understardling of the boron-
probles in southern California, i€ beenme necessary to decide whether
the injury was due chiefly to boron as an original constituent ol the
soil of certain areas or ws a constituent vecelved i the lertilizer or
the irrigation water, The present indications are that by far the
larger part of the injury is due Lo boron carried in the irrigation water.
Such injury was first identified (/1) us the result of the use for irviga-
tion of waste water from n eiteus pueking house where borex was used
in the wash water Tor eleaning the ruit,  The investigniion of the
conelitions in a number of loealities where boren injury has been
found has led to the conclusion that, while some eases of Injury may
be traced (o the use of fertilizer containing boron and while others
may be due to the vecurrence of boron in the svil us the result of na-

-~
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tural cnuses, the great majority of eases ure the result of the use of
irrigation water in which salts of boron are carried in solution.

Only a few places have been found where the evidence indicated
that the natural boron content of the soil was of the character and
quantity (o be mjurious to crops, In these places the aren of injury
was irregulnr in outline within the field, with the Hmils sharply de-
fined, and the boren content ol the irrigation waer in use was too
low to be injurious.  These boron Ioealities se far discovered have been
small, seldom nwore than an werve in extent, and it is assumed that
they represent the outlets of ancient springs or fumarcles through
which boron waters or gases reached the surfuce snd were precipitated
in thesoil. A number of boron minerals occur in the roeks of sonthern
California which have doubtless contributed to the formation of the
soil, but many of these yvield so slowly to the processes of decomposi-
tion by weathering that the propertion of water-soluble boron from
this source must be very small.

In view of certain experiences reported [rom the Kastern States,
during 1017 and 1918, where crop imjury was traced to the use of
rhemical fertilizers containing boron as an impurity, it was to be ex-
peeted that similar mstances would be jound in Calilornia, [t is
believed that n few examples of such injury have been Found, but the
evidenee s not very elear.  In a lew orchards where boron injury
has been found in ecertain rows and where this injury could not be
traced to the irvigntion water, it has scemed probable that the trouble
may have been due to contaminated fertilizer.  This beliel has been
supported by the knowledge that borax is a constitueni of some of
the compounds used o kill the lurvae of flies that breed in compost
henps nnd as o disinfectant in dairy bams or corrals from which or-
canie Teriilizers are obthined for orchards, 1t is possible also that
horon, earricd as an fopurity in chemiesl fertilizers, aoy have con-
triboted (o or aeecentunded the injury aseribed to the boron of irviga-
fion water in some orchards; but the present conelusion is that boron
containml in fortifizers, either organic or chemical, has been a very
small faetor in the boron problem of southern California,

With few exceptions it has been found that boron injury in fields
or orchards could be traced to the irrigation supply and that the ares
of injury is contorminous with the wse of that water, The contrast
in the appearance of adjscent groves of citrus lroits irrigated with
different water supplies is often very striking.  And the high correla-
lien that is found between the horon content of 2 water supply and
ihat ol the leaves of the trees trrigated with the waler is further con-
vineing evidence, ’

SODHOES OF BORON CONTAMINATION

Prioe to the discovery that horon was eausing injury (o cortsio
erops in sonthern California, very lew boron determinations had heen
made on the irvigation waters of that region, and there was very little
information with respeet to their boron content. [t was known that
boron compounds and minerals occurred in severat localities and that
borax amd bore weid had been produced in commercial quantities
from these deposits for more than half & century. Borate salts had
been reported as ocewrring in Clear Lake, Mono Lake, and Lake
Elsinore; numerous horax springs had been reported; the hrines ol
siich deserl lake boeds s Owens Lake, Searles Linke, and the fats
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of Death Valley were recognized as sources of boron; extensive de-
posits of horon minerels, sueh as colemanite and kernite, had heen
exploited; and boron had been identified in a nwmber of geysers, hot
springs, and mud volcances in the State.  Bub until 1925 no direcs
connectlon had been established between these boron deposits and
Crop injury.

In the investigations that have followed the discovery of this con-
nection it has heen found that boren is present in measurable quanti-
ties n all of the natural waters that have been exumined, except in
waters coming diverthy from high mountains and derived chiefiy from
motting snow.  In other words, boron appesrs to he s normal constit-
ueni of the salts found in the percolating waters of southorn (alifor-
nie.  [f occurs nsually i low concentrations of the order of 0.1 to
0.3 o poom, whieh s equavalend approximately o a selution of 2,5
fo 7.5 pounds of borax in an acre-Tool of water.  In silualions where
crops showed horon injury the boron content of the wrgalion waier
was fored to be much higher, frequently more than | p. p. o and
oeensiomilly as mueh as 7 or 8 p. p.

Where injurious quantities of boren have been found in an irrign-
tion supply an attempt has been made Lo determine its source. 1
has been assumed that, when the concentration s as low as (.3
p. p. Moo ess, it may represent the gradual dissolution, through
weathering, of highly resistant boron minerals widely distributed
through the soil.  The higher concentrations were thought to indicate
the existence within the drainage basin of deposits of more soluble
boron minerals or of springs or other outlets through which boron in
solution was dertved. A namber of suel investigations, reparted in
more detail in later sections of this bulletin, have shown that this is
frue. I the water of a stream s Tound to contain an excessive pro-
portion ol boraen, it s usually possible to (race Fhis excess lo s
souree or senress by testing samples of each fributary. Il is or-
dinnrily Tound that one oc more of thoese contribules most of {he
boron.  Sinilarly, when i rrigation supply is drawn Jrom s number
of wels, if the boron contenl of a composite sample s high, the well
or wells ot fault may be identified.  These surveys ol o number of
dramage basing have made it evident that the sources ol boron con-
tanmination are localized and usually ol small extent.

These sources appear to {adl into three groups: (1) Those in which
the boron is derived by the crosion and dissolution of exposed out-
erops of soluble bororn minerals, such as the colemanite deposits of
Lockwood Valley on the headwaters of Piru Creelk; (2) those in which
the boron i derived lrom subterranean deposits of soluble baron
minerals (rony whieh it reaches the surfaee, etther throngh springs or
wellsy and (3) those in which the horos, i the form ol a gas usislly
mined with superheated stema, reaches the surface hrough fomareies
or, eoining i conleel with pereolaling waler, emerges ws hotl springs
(1 ZEVHOTS,

This elassilication of sources, while convenient for corfain purposes,
ix probably not fundamentally important. Borie neid is known to
oceur commonly along with superheated steam in magmafic gases.
When such hol gases eoine in contaet with sorface or pereolating
waters and are condensed, the borie neid, rencting with dissolved min-
ernl salts, may remain in solution or may he precipitated.  YWhether
the borate salts remain in solution or are first preeipitated sand
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luter redissolved, or whether these reactions take place al the
surfuce of the ground or at some point below the surface is not a matter
of concern in the present connection.  Noris it of material importance
whether these emunations and reactions are going on now or ook
pluce long ago. The point to be emphasized is tst the borates now
found in brigation water probably origineled in magmatic vapors
resulling from voleanie sefivity.  Experience in tracing these salts ag
they oceur in strewmn and well waters leads the writers to conclude that
their sources are usunily localized in small areas and that it is often
possible to segregate these waters lrom the main supply.  Fortu-
nately, many of the lsrger sources of boron, including the principal
deposits of the more soluble boron minerals, oceur in the desert regions
of southern Claltfornia and southern Neveda and uot in the deainage
Busis [roan which the more unportant ireigation supplies are drawi.

CREITVICAL CONCENTRAVION OF BORON IN WATER AND IN THE HOIL SOLITION

I the survey of conditions where boron injury has been found in
orehards of femons amd walnuts in sonthern California, an nttenmpt hns
been nde to determine (he eritical concentrution of boron in (reiga-
toen water and i Uhe soil solution. By crilical concentraiion is meant
thal concentralion below which injury has not resulted in reduced
vield and shove which it has. Tt will be evident that several difficul-
tiew lie in the way of determiining this eritical concentration with re-
spect Lo either the frrigation water used on a particular orchard or the
soil solution in the root zone of that orchard.  First, as regards the
irrigation waler, the fact that its boron content may change from time
to tine must be recognized.  Samples taken once n week for & year or
more from certain sireams show that the boron content of & stream
may range in a year from 0.6 to 3.6 p. p.m. Binece the past Lrigation
history of an orchard or the past conditions of the stream are not
knawn accurately, the average boron content of the water applied can
nel be very closeiy determined.  Kven when i is found that in the
ease of & cortuin grove ivrigated from a certain well the boren content
of that well hag continned approximately constunt for the past year,
there may still be uncertainty as to the influence of other lactors.
IFer oxnmple, the boron content of the well may have been differentin
past vewrs, or olher water niny have heen used in the past, ov In one
sttuntion the soil may have been leached ocensionally by winter rains
nod not so leached In another ense, or the quantity of hrigation water
applied may have resulted in leaching the voot zone in one orchard and
not in another.  These points are brought out to indicate the nature
ol the uncertainties that attend the present atfempt to establish the
eritical concentration of boron in irrigation water and in the soil
sefution.

in the course of the present survey, the writers have examined many
orehards of lermons and walnuts; (hey have determined the boren con-
tent of more than 1,000 snmples of waler used to irrigate these orchards
and the boron content of more llmn 100 leal snmples; and i addition
they have observed the resulls of growing lemon seedlings in water
cultires containing known quantitios of boron and the results of -
plying definite qmmll(u's of huren as bornx to normal lemon treey
growing in soil.  FFrom these observations if has been concluded that
Tor femons s walnnts the eritiea) concentention of irrigznilon waier
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lies between 0.5 and 1.0 p. p. m. of horon. With respect to the soil
solution, it is believed that the eritieal concentration is between 4 and
8 p. p. m. of the solution, not ol the soil,

It may be helpful to an understanding of the quantitative relations
involved to give some other expressions of the proportions indicated.
The ratio of the weight ¢f clemental boron to that of borie acid (ervs-
ialline FLBOL) ises 1 tn 5.72 and fo that of horax (Na.13,0; 10E0) 1
fo&8.81. The weight of an acre-foot of waler is approximately 2,720,-
000 pounds.  Thus, if a sample of water contains 0.5 1. p. 1. of boron,
it is equivalent to 7.78 pounds of borie acid, ov 11.98 pounds of borax,
per acre-fooi.  From this it will be seen that when it is customary to
apply 2 acre-feet of irrigation water to an acre of land each year, the
corresponding application of horax is approximately 24 pounds per
acre when the water eontains 0.5 p. p. m. of horon.

1t has been reported in connection with experiments in the eastern
part of the United States that where borax has been applied in ferti-
Reer mixlures it nse at the rate of 20 pounds ¥ per acre or more has
cansed mensurnble mjury and redveed vields with o nonber of crops
(5, {4). 1t is npparent that o given quantity of borou when applied
i solietion in irrigation water and thus distributed uniformly through
the soil sulution of the root zome s likely to couse less mjury thon
when applied in a chemical fertilizer from whieh it might be dissolved
by the moisture of the surface soil to form a solution of much higher
comeentration in the upper part of the root zone.

1t is to be assumed that the boron roncentration of the soil selution
in an orchard would become much higher than that of the water with
which the orehard is ivvigated. 1t 18 not easy to obtain definite infor-
mation as to these relative concentrations because of the difliculty of
obtaining representative samples of the soil solution in sulicient
auanlity for boron determinations.  Furthermore, the concentration
ol 1he soil solntion is probably extremely variable, even if that of the
rrigation water continues wniform.  The soil solufion is diluted by
each irvigntion or by rainfall, and heeonies more concentrited as water
i almorbed by the plant roots or lost by evaporation.  With cevtain
soils and cortuin ierigation progruns there is doubtiess some leaching
ol the vool zone with the eonsequent rensoval of boron, while in other
situntions, where the subsoil econditions are such that no leaching
acewrs or where the quantity of irvigation water applied is mevely
suflicient to replenish the eapaeity of the root zone, it is probahle that
the boron concentration ol the soil solution inercuses progressively
with each irrigation.  Kelley and Brown (47, p. 4533 reported on Gwo
samples ol soil selution, obtained by the displacement method, in
which they found 6.0 and 6.5 p. p. m. of boron. These soils were
[rom leton groves where the trees showed definite injury and where
the investigators found 1 p. p. ni. of boron in the irrigation water.

In giving the present opinton as to the eritical bovon eoncentration
i irrigalion water and soil solution the writers have assumed a ratin
between them of 1 to 8. In other words, with respeet to horon the
soll selution may be expected (o contain cight tinres as mueh a2s the
irvignGon supply. [t will be understood that in setiing these limits
for eritieal concentration the writers have Laken inte accounl various
metors of the environment, so that the imits may appear to be some-

A these tertilizee sxperiments s guantities of borus appiiod were gsunlly pupiresed neanhiydrous oy,
of whitell 20 pacnds Beopdvalent w7 % pounds af ceystalline boeay.
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times oo high and sometimes too low. Of these factors, time is, of
course, an important one, i, for exnmple, irrigation water contain-
ing 0.8 p. p. . of boron be applied to a tract of new land, it might
fnke 10 years of irvigation to necumulate enongh boron 1 the soil
solution to be injurious to the more sensitive crops.  Indeed, if the
soil conditions were favorable und enough water were applied ocea-
sionally to leach the root zone, crop injury might be postponed indefi-
nitely. Wherever it is possible to replace the more coneentrated soil
solution with o more dilute solution such as irrigation water or, better
still, rain water, there should be an improvement in conditions,

In presenting their views as to these criticul concentrations of boron
the writers have mdicated merely what conditious they have found in
orchards of lemons and walnuis i sounthern California where evi-
denices ol boron injury were apparent.  They do not wish to condemn
as unfit for use every water supply that contains more than 0.5 p. p. m,
of boron, ainy more than they would condemn as too salty any supply
thal contained more than 175 p. p. . of chloride,  But they do be-
Jieve that when irvigation waler containg wore than these proportions
of cither element 16 should be regarded us possibly injurious to such
sensitive crops s lemons andd walnuts in situations wheee the root
zong can not be leached occasionally.

In this counection it is desirable to emphasize two points. The
first is that, in both temons and walnuts, the writers find that definite
symptoms ol leal injury, including high boron coutent and premature
leaf shedding, often appear well in advance of measurable reduction
of crap yields.  ‘This appears to be particularly true where conditions
are such that the boron conecentration of the soil solution is increasing
very graduaily from year to year.  In fact, there is some cvidence to
support the view that, with a slowly increasing boron concentration,
the first evidences of leal injury may be accompanied by increased
vields.  On the other haud, there appesrs to be little doubt that, in
the more advanced stages of injury, vields are severely depressed.
Trees of both species may survive lor a long tiwne after boron injury
has become so severe thab crop production has practically ceased.
The second point is thal the critical boron concentrations given by
the writees Tor lemons and walnuts shoudd not be folen as applying
to other crops.  [& has been noled that the erange and possibly the
grapefriit are less sensitive than the lemon, and it has been found
that o number of the deciduous fruit trees nppenr to be less sensitive
than the walnut, Wide differences of tolerance have been observed
among the tield and garden crops.  In faet, some of these appear to
thrive on boron concentrations that are injurious or even fatal to
others.

TRREGATION METHODS AND CONDITIONS INFLUENCING BORON INJURY

ta view ol the lindings that boron injury to crops in southern
{alifornin is due chiefly Lo boron compounds dissolved in certain uvi-
gntion waters, 1L sests proper o discuss tho relation of irrigation
methods and of soil and climalic conditions to the onset of injury.
Fe has been Tound, lor example, that one lemon grove irtigated from a
cortain waler supply may show severe injury throughout, whereas an
scjacent grove irrigated from another water supply may show no evi-
dence of injury. On the other hand, differences in degree of injury
have been found in the same grove that are apparently due to differ-
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ences in the character of the soil. In some groves the injury, as evi-
denced by leal discoloration and premature shedding, is Hmited to
certain areas, although the analyses of leaf samples from trees that arc -
apparently uninjured show that the boron conteut is sbnormally high.
On the other hand, there are adjacent groves of approximately the
same age and of the same variety of lemon, spparently on the same
rootstock, and known to have been irrigated with the same water
supply, in one ol which the symptoms of boron injury may be very
pronounced and secarcely apparent in the other, although leaf analyses
may show that the boron content is above normal in the vninjured
trees. Sueh observaiions lead to the conclusion that differences of soil
type or differences in the methods of irrigation or of orchard manage-
ment, including fertilization, may influence the degree of injury from
the same guantity of boron in the irrigation water, particularly if that
quantity is near the critical concenbration.

With respect to soil type, 16 is manilestly cssential to consider not
only the texture of the surface soil but alko that of the subsoil, even
helow the root zone. The texture of the horizons of the subsoeil
influences the downward movement of irrigation water and conse-
quently the possibility of leaching the root zone. When the subsoil
condiftons are such that the root zone may be leached oceasionally,
either by raindall or by heavy irrigation, it should be possible io pre-
vent the accumulation of harmful conrentrations of boron in the soil
solution of that zone. On the other hand, where subsoil conditions
are such that 1t is nob possible to leach the root zone it seems nevitable
that the boron dissolved In the Irrigation water should accumulate in
the soil solution until heemivl concentrations are reached.

In one lemon orchard, where there were severe symptoms of horon
injury and where the surface soil was of sandy losm, it was found that
the subsoil at 4 to 6 feet below the surface was of compact silt, prae-
teally Impervious to the movement ol water. This thick layer ol silt
appeared to prevent or at least to retard the downward movement of
water so cffectively that the progressive concentration of horon in
the soil solution could not be prevented by leaching the root zone.
In other situations where the irrigation water contained substantinily
fhe sane quantity of boron but where more permeable subsoils per-
mitted root-aone lenching, the boron injury has been found to be much
less severe. 16 should be emphasized m this connection that il root-
zone leaching is to be accomplished, the quantity of water applied to
the soil must be somewhat in excess of that required for the erop and
for the unaveidable losses by surface evaporation. I the total quan-
tity of water applied is less than may be used by the plants or evap-
orated from the soil, leaching may not oecur even where the subsoil
vonditions are {avorable.

There 1s some cvidence to support the view that, with & given
concenlbrnbion of boren in the irnigation water and no root-zone leach-
g, the symploms of boron injury will develop more rapidiy in plants
grown on a sandy soil than in those grown on very heavy soil. A
given mass of sandy seil holds less water thun the same mass of »
finer soil, such as loam or elay, und consequently o given guantity of
boron ndded to the ighter soil would resell in a higher concentration
ol the soil solution.  Also, there may be some absorption of horon by
the soil from the soil solution, and this absorption may he greater
whoere the clay content of the soil is highee. 1t has been found by
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experiment that, when a given quantity of boron is added to the soil
solution and the solution is subsequently displaced by leaching,
smuller proportion of the boron is recovered from the clay soil than
from the sandy seil. The nature of the reactions involved in this
apparent absorption of horen has not been investigated.

While it is here indieated that a method of irrigation that results in
some leaching of the root zone may be expected to diminish the in-
tensity or retard the onset of boron injury resulting from the use of
contaminated irrigation water, it is not intended to imply that or-
chards should be irvigated more frequently or more copiously through-
out the vear.  The proper control of the supply of soil moisture during
the sensen of active plant growth is closely related to the more general
problenm of orchard munagement and to the health and preductivity
of the trees. Il conditions make it desirable to leach the root zone
from time to time, in order te diminish the concentration of borates
or other salts in the soil solution, it would seem advisable that this
leaching be done during the dormant period rather than by morc
frequient or more eopious irrigations during the growing season.

It is o matter of comnion observation that the evidences of boron
injury are more striking in lemon and walnut trees that are not well
cared for than in those groves where good cultural methods are fol-
lowed. 1t is possible that such differences may be due partly to the
more vigorous growth of the trees that are better cared lor and partly
to the speeilie effect of some constituent ol the fertilizer. It is fre-
quently suggested that some substance may be [ound in a fertilizer
to counteract the injurious effect of boron, either by precipitating it
from the geil solution, retarding its absorption by the plant roots, or
neutrulizing its effect in the plant itsell. The evidence at present
available does not warrant the hope of such o discovery. There cen
he no doubt that where the boron content of the water supply is at
or near the eritical coneentration, trees that are well lertilized and
eared for show less evidence of boron injury and produce very much
belter vields than trees that are neglected.  But these differences can
not be {raced definitely to any one factor, either of cultivation, 1rri-
gation, pest control, or fertilization. It might be added that no proc-
tieal method has yet heen lound to remove from irrigation water the
sinall quantity ol boron that is sufficient to cause crop injury.

YEGREGATION OF BORON CONTAMINATION

[t has been pointed out in a previous section on the sourees of horon
contwnination that where the boron content of an irrigation supply
is injuricus it is usually found to be derived from a single source.
This makes it possible, in some cases at least, to avoid further crop
injury by cutting the source off from the general supply. This
course is indieated where the boron content of the water from a spring
or & well is so high s to contaminate seriously the water with which it
is mixed. In order to cenl intelligently with the boron problem in
any given water supply it is necessary to learn the facts by a series of
analvses. Where the water is obtained from a natural stream each
tribtitary must he sampled to determine those that contribute the
horon. A series of samples along such tributaries should then reveal
the souree or sources of the boron.  When the source is found, the
problem is one of withholding or diverting the contaminated water
from the main supply. TFortunately these primary sources of the
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excess boron in natural streams often contribute only small quantites
of water with o high content of boron. This is illustrated by the
('Banion Spring on Paridn Creek {Table 12), which contained 17.3
P- p- m. of boren; the hot springs on Sespe Creck (Table §)
with 7.0 p. p. m,, and an artesion well near the heading of the Los
Angeles Aqeuduct (Table 16) that contuined 9.3 p. p. m. of horon.
The elimination from the main supply of such contiitbutions as these
should reduce correspondingly the boron content of that supply.

When the irrigation supply is obtained fron wells, either of two
sets of conditions may exist. In one case the water from several
wells may be blended into one supply. [T it is found that the boron
content of this supply is at or above the eriticul concentration, the
well or wells contributing the high boron water can . climinated.

On the other hand, there are situations in which the auter from each
well 13 used to irrigate one or more contiguous orchards. If it is
found that boron injury is produced by water from one of the wells
m such & group and not by that from others it may be possible to
overcome the difficulty by blending the witers Trom several wells
antl thus diliting the boron content of the whole supply to a poini
helow the eritical concentrution.

DIVERSITY OF BOKON TOLERANCE OF CROP PLANTS

The earlier obseyvations on the effects of boron in southern Cali-
fornia indieated that the cultivated species of Citrus and the Persian
walnut were more suseeptible (o injury than any other of the more
common crop species.  In faet itowas thought for sowe time (hat
citrug and waluut were the only crops injured by the concontrations
of boron found in Cafifornin soils. 1t was found that many of the
field and truck erops showed no symptoms of leal injury or evidence
of reduced growth when they were planted on land where the injury
to citrus was severe.  Notwithstanding these observations in Cali-
fornin, it was known that in the castern United States thore had heen
reports of mjury to a number of field und Iruck crops from the use of
chemical fertilizers eontaining small quantities of horon.

With the progress of the survey of the boron aress it has heeome
evident that there are (1) a number of species of crop plants only
slightly move toleeant than citrus and walnut to boren, (2) numerous
species that are apparently not seriousty injured by concentrations
of boron in the soil solution two or three 1imes as high as the concen-
trations known to bhe injurious to citrus, and (3) other species that
seem nol only to folerate relatively high conecentrations of horon,
but actually to thrive better on concentrations that arve fatal to citrus
and otherless tolerant cropys and injurious to erops of the second group.

It has heen shown by several investigators (1, 4, 10, 17), working
with different plants, that boron is essential to plant growth, The
quantity required is small, often much less than 1 p.p. m. of the cul-
ture soiution.  In faet, the minimum requirement of horen with many
plantsis so low that it may be met Ly the boron contained as bnpuei-
lies in the chemieals vsed in the culture solutions or inn the containers
used for the culture experiments.  1n order (o demonstrate that hoton
is essential to plant growth it has been neeessary for plant physiolo-
zisls to use for their control eultures chemienls that have heen care-
fully purified and containers that would not ¥ield boron to the culture
solutions,
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In their investigntion of the boron problem the writers have ace-
cepted as a fact the hypothesis that boron is essential to plant growth
and have noet sought to determine the minimum quantities necessary
to support normal growth in the various species. They have been
concerned rather with the upper linits of toleranes to boron of crop
species generelly grown in the boron arveas. Such information has
been sought partly by field observations and partly by controiled
expertments with culture solutions containing known concentrations
of horon. These investizations are as yet mmmplote and ean not
now be reported.  Ltis poambie however, to say, as has been indicated
nbove, that some speeies have a much higher critiesl concentration
than others,

As stated in an earlier section of this bulletin, the writers belicve
thal the eriiieal concentration of horon in the soil solution lies beiween

und 8 13 po oo for citrus and walnuts.  They find that European
varielics of grapes, while slightly more folerant than citrus, are
measurably injured in this same range.  Such fruit trees as apples,
apricols, wvoendos, peaches, pewrs, plums, snd persimmoss make
Better growth in Jow boron concentration than do grapes. The olive,
oi the other hand, appears (o tolerate high concentrutions. -

OF the garden or truek erops (hat have been under observation it
has boen Tound that navy beans and sweetpotatoes have a low toler-
anee. Lima heans and pumpking are somewhat more tolerant, and
peppers still mare so. Asparagus, eabbage, and tomato, while showing
some growth depression. are not seriously injured by concentrations
i to 20 p. p.om. in culture solution, and there is some evidence that
hoth eabhage and tomato are stimulated by concentrations of about
Hp.pom,

The cercal crops corn, milo, barley, and wheat show very slight de-
pression of growth in concentrations up to 15 or 20 p. p. m. Comn
appears Lo be the maost sensitive of those nomed and develops synmp-
tams of Ieal injury in the higher concentrations.  Cotton of both the
ipland and Egypiinn types scems somewhat more tolerant than the
ceceals named and Is apparently sibnulated by quantities of boron
that would be injurious to grapes and a number of deciduous fruit
trees,

Fortunately, from the standpoint of utilizing horen waters, alfalfa
ix highly folerant.  1ts eritienl eoncentration of boron is not yeb
known, So (ar no example has been {ound in the field of boron
injury Lo alfalfa. The character and diversity of the vegetalion that
is suppoerted around boren springs ard along streams of high horon
content conficm the impression that, while zome species are very sensi-
tive, muny others are not. [t seems highly probable that, as our
knowle e of the eritieal concentrations of species is 0\[omlecl it will
be possible e utilize effeetively, by the choice of resistant crops,
most of the water that now eauses trouble beenuse of its high boron
cuntend,

OCCTURRENCE OF BORON IN PLANTS
BORON AS & NATURAL CONSTITUENT OF PLANTS
In eamnection with this suevey of boren comtlitions in southern
(‘ulil'ulnil it has been found that boren occeurs in measurable guan-

(ities in 1he leaves of all the plants that have been eximined; but it
was fonnd also that boron is o constituent of the saltsin all Ih(‘ irriga-
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tion walers and that irrigation water is used on most of the cultivated
plants. In view of these findings it beecame a matter of interest to
learn the boron content of similar plants grown in the eastern part
of the United States under rainfall conditions. For this purpose a
number of leal sumples of Citrus species were obtained through the
courtesy of 'T. Ralph Robinson, from several places in Florida, from
Silverhill, Ale., and from Wesinco, Tex. In addition, Mr. Rebinson
collected the fruits of steing beans, eggplants, peppers, and tomuatoes
froin Terra Ceia, Fla. Lenves of the post oak, of sassalras, and of
wild grape were collectied at the end of August in Marviand., The
boron content of these snmnples was determined at Washington, D. C.,
by the same analyticul methods as are uwsed at the laboratory in
California.

The Flovida teaf sumples, of which there were 17, included sweet
orange, sour orange, sweet lemon, rough lemon, grapefruit, and lime.
The mean boron content was S84% p. p. m., ranging from 31 (o 161,
The samples from Sifverhill, Ala., three Satsumas and one eitrange-
quut, had a mean huron content of 80 p. p. m., and ranged lrom 55 to
132, "There were six samples from Weslaeo, Tex., in the valiey of
the lower Rio Grande, Their mean horon content was 124 p. p. m.,
rapging from 61 to 177, These included orange, grapefruit, and lemon.
Some ol the trees {rom which the Weslaco samples were taken were
saitd to show symptoms of salt injury, and these trees had been irri-
gated, whereas those in Florida and Alabame had not.

In addition to leal samples {vom Florida, reported gbove, there
were eight samples of leaves from trees of sour orange and rough
lemon that had been treated some four or five months previously
with borax or borate minerals, When these leal samples were taken
they showed the characteristic symptoms of boren injury.  For these
eight siumples the menn boron content was 712 p. p. m, ranging {rom
325 to 1,162,

The sumples of vegetnbles from Terra Ceiy, Fla,, had & moean boron
content of 20 popoomy, ranging from 16 1o 25, The leaves of post oak
fram Marviand contained 35 p. p. o, the sassalms leaves, 538 p. p.o m.
and the wild-grape leaves, 51 p. p. m,

These anlyses show that the leaves of citrus trees {rom Florida,
Alnbsma, and Texas contain practically as much boron as s found
m cifrus leaves o those nreas of (alifornin where the horon content
of the irrgntion water 1s well below the eritieal concentration.  Fur-
thermore, the sumples of vegetables from Florida and the leaves of
nutive trees in Marvland showed measurable «uantities of boron.
From these results it may be assumed that boron is absorbed nor-
mally by plunts even when it occurs in very smell quantities in the
soil solution.

The fuct that boron is a normal constiluent of plant material was
estnblished by Agulhon {7}, on the basis of the analyses of samples
of 27 speetes, representing 18 plant families, These ranged Trom
algae, colleeted in the English Channel, to olives, from {Carsiea,

Agulhon mnde his boron determinations on the ashed plant materind
und reported his cesulis as borie acid, as pereentage both of the ash
and of the orginal dey weight of the sample.  His material was
variows, including the teaves, stems, and bark of trees, the seeds of
cereals, and purts of whole plants of seaweeds.  He found the bhoron

-
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content as low as 7 p. p. m. in the young stems of fr trees and as
high as 168 p. p. m. in Fucus from the English Channel.

The horon content of & number of plant products, such as dried
fruits, eaeno beans, and eoffee, has also been reported quantitatively
hy Dodd (6,7}, who found this element occurring as a normal con-
stituent in measurable quantities in o wide variety of food materials
from many sources.

BORON CONTENT OF CITRUS AND WALNUT LEAVES

Tt has been noted that the leaves of citrus and walnut trees show
charncteristic symptemns when the boron content of the soil solution
is above a certain limit, referred to as the critical concentration.
While these symptoms are fairly distinet, it must be recognized that
other types of leaf injury, due to other causes, also oceur. It is not
alwavs possible to distinguish definitely by appearance alone hetween
the type of leal injury caused by excessive concentrations of boren
and those due to other enuses. The fact thut high boron content
ol the soil solution is accompanied by a corresponding Increase in
the boron content of the leaves of citrus and walnut trees makes it
possible to confirm by leal annlysis the evidence of boron injury,

In the cowrse of the presens survey the writers have collected and
annlyzod & number of leaf saniples of lemon, orange, grapefruit, and
welnut trees, from areas where the boron eontent of the soil solution
was known te be high and Irom other areas where it was known to
be low. The characteristic leal symptoms have been noted in each
case.  With very few exceptions the analytical results have con-
firmed the field diagnosis. It should be noted that there have been
exceptions,  In all four species the symptoms were semetimes rather
doubtful, and the boron content cither lower or higher than the
appurent degree of injury would indicate.

One cause of these differences in boron conteut may lie in the age
of the leaves collected, Tt has been observed that the symptoms
of boron injury rarely occur on young leaves of citttus and walnub
but become evident as the lenves approuch maturity, In collecting
leal’ samiples of citrus it has been customary to select leaves repre-
senting the third or if possible the fourth cyele of growth back of
the growing point,  This is not always possible, beeause, when boron
injury is severe the leaves of the older growth eycles may foll, leaving
only the older leaves ol the second cyele available. 1t has been
neted nlse that in eitrus the symptoms of boron injury are sometimes
more proncunced on the south or southwest side of the tree than on
the north side, 1t has been assumed that this difference is due to
the greater intensity ol light and consequently to greater transpira-
tion.  Such w condition was observed in a lemon grove near Sania
Panla, A sammple of leaves from the south side of @ row ol trees
collecled Pebrunry 20, 1929, contained 330 p. p. m. of horon bused
on dry weight, while a similur sainple collected at the same time
fron the north side of the trees contained 178 p. p. .

The walnut tree sheds all its leaves each autumn. The leaves
during the growing season usually show the first symptoms of boron
injury aboul the middle of August.  As the scasen advances the
sytiptoms beeome more pronouneesd, and i cases of severe boron
mjury the leaves begin to fall prematurely. The analytical results

$3925°—31 2
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given in Table 1 show that in walnut leaves the horon content in-
ereases as the jeaves approach maturity. Three sets of leaf samples
were collected late in August and again from the same trees in mid-
CGetober.  The boron content of the more mature leaves was neafly
50 per cent higher than that of the leaves collected late in August,
soon after the boron symptoms first appeared.

‘TanLk L~ [nerease in boron content of walnut leaves with advance of season
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In the conrse of the survey of boron areas in southern California,
127 lea! samples of lenon, orange, grapefruit, and walout trees have
heen collected and analyzed for boron.  As each sample was talen it
was classified as uninjured, doubtful, or injured, with respect to
horon symptoms. The analytmal results are given in Table 2. From
these results it may be seen that, while the horon content of leaves
classed as uninjured may range up to 300 p. p. m., the lowest boron
content of leaves elassed as injured was 460 p. p. m.  Of the whole
series, 15 samples were classed as doubtful, and in these the boron
content ranged [ren 302 to 522 p. p. m.
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In these field studies it has not been possible to establish a close
correlation between the horon content of the leaves and that of the
irrigition supply if the latter has been within or above the limits of
eritical concentintion. In other wor ds, the boron content of leaves
may he quite as high when the boron content of the irrigation water
is between 0.5 and 1.0 p. p. in. as when it ranges from 1 to 2 p- p. m.
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Such difficulties rarely occur in comparisons between leaves produced
with waters the boron content of which is well below the critical
concentration on the one hand and those produced with waters
the boron content of which is within or above those linits on the other.
It has been possible in several localities to obtain leaf sumples both
frum adjacent citrus and from adjacent walnut groves one of which
hud been irrigated with water having a boron content below the
critical concentration and the other with water having a boron con-
tent nbove 0.5 p. p. m.  In one such case the boron content of the
leaves of lemon trees was 68 p. p.m. in the uninjured grove and 638
popomin the injured grove.  In another case the leaves of walnut
trees from the uninjured grove contained 118 . p. m. ol boren, while
Lhose from the injured grove contained 878 p, p. m.

While the evidence obtained from these lield studies overwhelm-
ingly supports the view that boron injury is due to boron ecarried in
theirvigation wuter, certain exeeptions must benoted.  In two pluees—
one in the Conchelln Valley and one on the Y Mesa—severe boron
injury was found in restricted aceas in grapelruit groves that were
heing iergated with water contuining very little boron,  In both
these cases the injury appesred Lo be due to loeal boron contamina-
tiont, It was found that within each area the boron content of the
sotl solution was high.  [n neither case was it possible to determine
the source of the boron, but it was munifestly not derived Irom the
present brigation supply.

Several other cases have been lound where trees in limited areas
showed symptoms of boren injury but where the evidence indicated
that the boron had been applied with manure or fertilizer. Another
exceptional case was that ol a lemon grove in Santa Barbara County,
irvignied with water containing 0.8 p. p. m, of boron, in which the
horon content of the leaves was abnormally low. The trees in this
grove, ellthough well cared for, were not thrifty or highly productive.
The leaf symptoms were abnormal, and the boron content of three
leal siiples was 65, 70, and 88 p. p. m., respeetively,  This is the
only exanmple so far found where the exeessive boron content ol irri-
galion wiler was notb accompanicd by exeessive boren content in lemon
lewves,  This water had been used on the grove for three years, and
ik is possible that the boron content of the soil solution had not yet
reached the critical concentration.

ANALYSIS OF IRRIGATION WATERS
ANALYTICAL METHODSE
DETEMMINATION OF CONDUCTANCE

The writers used the conventional set-up for the determinaiion ol
conductunee.  Resistanee was measured with o Wheatstone bridge
supplied with a 1,000-cyecle alternating current [romn a G-volt dry
bhuttery through a microphone hummer. The writers have found
that for the waters encountered in this work an eleetrode vessel having
n cell econstant of gbout 1.3 is most uselul.  The cell constant for each
series of readings was determined by noting the resistance at 253° C.
of w 0L.0l-normal solution of sodium chloride.  The value 0.00110
reciprocal ohing (mhost has been used ns the speeific conductance
(42, v, &, p. 2331 ol this solution.' The determinations have been
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made at 26° +£0.1°, so that no temperature correction was necessary.
Two aliquots of each semple are placed in large test tubes and brought
to this temperature in & water bath. The electrode vessel is rinsed
seversl times in one of the tubes, then placed in the other. An immer-
sion electrode vessel has been used chiefly, though the pipette type
also was found very satisfactory. In using the immersion type it is
essential that the sample tubes be of uniform size and that they con-
tain a uniform guantity of the saumple.
Conduetance 15 caleulated from the ratio:

C
R

where R=conductance at 25° C. expressed as reciprocal ohms:
(' --eoll eonstant; und R =the resistance in ohms at 25°,

K=

DETERMINATION OF CARRONATE AND RICARBONATE

The carbonate and bicarbonate ions were titrated with 0.05-normal
sulphuric acid, phenolphthalein indicator being used for the carbonate
and methyl orange for the bicarbonate. The official method (2, 5. 93)
was [ollowoed.

DETEUMINATION OF CHLORIDE

Chloride was determined by adding 1 ¢, e, potassium chromate
indicalor to the neutral solution resulting from the rarbonate-bicar-
bonate titration, and then titrating with 0.05 normal silver nitrate
solution.  The officigl method was followed in this rlso.

DETERMINATION OF SULIHATE

Sulphate was determined gravimetrically as barium sulphate.
The official methad was {ollowed, except that silica was not removed
prior to the precipitation of the hartum sulphate. The relatively
smuall quantity of siliea does not appear to interfere so long gs the
vulume does not evaporate below 75 to 100 ¢. ¢,

DETHRMINATION OF CALCIUM AND MAGNESITM

The soap method (15, ». 2, p. 1439) was used to determine total
alkaline-carth buses, chiefly caleium and magnesium, in samples
Nos. | to 160,

Samples Nos, 161 o 500 were analyzed by the official *total hard-
ness” method (2, p. 107, 708).  An aliquot of the sample was treated
with n known volume of a sodium hydroxide-sodium ecarbonate
reagent, which precipitated the alkaline-earth bases. The precipi-
tate wis filt{‘z'e(} off and the excess reagent titrated in the filtrate.
The quantity of reagent used wus assumed to be equivalent to the
total alkaline-earth bases present.

Starting with No. 501 and continuing through No. 767, ealeium and
magnesiam were determined separately by the Clarke soap method
(%) as modified by Winkler €20). This method is described in detail
by Schreiner and Failyer (18, p. §6). Culcium is determined by
titration with a standard soap solution. Alkaline sodium potassium
tartrate solution is wdded befors the titration.  Magnesium is titrated
with soap in n separate aliquot. In this case, alkaline ammeonium
chloride sotution was added before the titration.
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For all samples alter No. 767 caleium has been precipitated as the
oxalate and titrated with permmanganate, lollowing the method
described by Blasdale (3).

“he writers continued to determine magnesium by the soap method
ol Winkler, through sample No. 2300. After No. 2300, magnesium
was precipitated as magnesiumt ammonium phosphate, which was
ignited and weighed as the pyrophosphate.

As may be inferred from the changes enumerated, the wiiters were
not entively satisfied with the soap methods.  In most cases the agree-
ment between the soap methods and the official methods was reason-
ably satisfactiory, but occasionally, when magnesium was high,
difficulty was encountered.

DETERMINATION OF ALRALINE BASES

No determination was made lor the alkaline bases, but the quan-
tity present was estimated by difference. From the sum of the
milligram ayuivalents of acid radicals the writers subtracted the
milligram equivalents of eslcium and magnesium.  The difference,
expressed as milligram equivalents, is reported as alkkaline bases.

DETERMINATION OF BORON

A modifieation of the Chapin method (18) as deseribed hy the
junior writer ({8) was used for the determination of boron. The
boron compound was separafed from the other salts by treating the
evaporated residue with methy! aleahol and distilling it.  The boron
thus separated was converied into orthoboric acid and fitrated with
soedliuin hydroxide in the presence of mannite.

In some eases, noted in the text, & turmeric method (8) was used.
This s primarily qualitative, but approximately guantitative results
nre obtainable,

INTERPRETATION OF ANALYTICAL RESULTS
CUNDTCTANCE

in these investigntions the writers have used the specific conduct-
anee (A7) of the water snmples as the measure of the total salinity, or
total dissolved electrolytes. This is regarded as & measwement of a
definite physical property of the water, quite as significant and
probably more accurate than the gravinetric determination of total
cdissolved solids, The specific conduetance is the reciproeal (mhos)
ol the clectrical resistance of the solution as mensured 1n ohms.  For
vonvenenece of expression the idlecimal point is moved five places to
the right; shus, K =0.00129 is the same as KX 10°=129,

The specilie conduetance of a solution varies directly with its con-
centration, although the ratio of conductance to total dissolved saits
is not a constant,  Variations [rom a constant ratio are due partly to
differences in the degree of dissociation of the salts at different
solution coneentrations and prretly to dilferences in the atomie weight
and the motility ol the lons in solutions of mixed salts such as oceur
in irrigation water.

Where desitable, the total salt content may be estinated as parts
per million Trom a conductance determination by the use of suitable
conversion lactors.  For approximate estimates with irrigation
waters having o conductance of 100 or more, in which sulphates
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predominate, the conductance multiplied by 7 will give a Rgure
fairly elose to the total salt content in parts per nullion. If the
conductance is much below 100 or if chlorides predominate in the
salt complex, then the conductance multiplied by 6 will be nearer
the true value for total salt content. Il it 15 desired to estimate the
salt content of water in terms of tons of salt per acre-foot of water
it may be assumed that & conductance of 108 is approximately equiv-
alent (o 1 ton of salt per acre-loot. The writers prefer, however, Lo
use the conduetance for comparative purposes, as en accurate messure
of o signtfieant and definite plivsical property ol rigation water,

HORON

The horon cobleni s expressed as parts per million of elemental
boron in the solution.  Although the writers have reporled it their
fables values earrted to the second decimal plaee they do not mean
to tnply full conflidence in the lnst higure. The aliquots and the
titrating solutlon are of such proportions that 0.05 ¢. ¢, of the latter
is equivalent o .01 popo my of boron, and, while the error of such
burelte reading 1s not great, there are other sourees of possible erear
in the proeess of analysis,

MILLIGHRAM BEQUIVALENTS

The writers have elected to express the salt constituents other
than boren in ferms of milligran equivalenty, or reacting units, rather
than in parts per million, beeause they believe that the relative con-
centbrations are better shown in this way. In the {ollowing paragraphs
is given the alomic or combining weight of ench constituent, so that
iar s desired o compute the writers’ results as parts per million,
it muy be done by multiplying the number of milligram eguivalents
by the weight given.

CANRONATE AND BICARDONATE

The carbonate and hiearbonate ions have heen grouped together
beeanse rebutively few irrigation waters contain nppreciable quantities
of normal earbonates.  Furthermore, the carbonate-bicarbonate
balence in s water sample is inflluenced by the conditions of tempera-
ture und acration to which it has heen subjected, through the absorp-
tion or liberation of carhon dioxide. Tu the titrstions 50 ¢ ¢, aliquots
and 0.05-normal acid wore used, so that a burette reading of 0.05
¢, ¢. corresponds to 0.04 millieram cquivalent. The eombining weight
of the bicarbonate ion is 61, and this factor should be used 1n con-
verting milligram equivalents of CO,+HCO; to parts per million,

CHLORIDE

In the chioride titration the same aliquot is used as in the bicar-
bonate titration, and the silver nitrate is also 0.05 normal. The
combining weight of the ehloride ion is 35.5. 111t is desired to com-
pute the eqoivalent sodium chloride, the Taetor 58.5 should be used.

sULETATE

Tn the sulphate determinution an aliquot of 200 ¢, ¢, is used and
the precipitate as bariwm sulphate is weighed to 0.1 milligram. This
corresponds to 0.0043 milligram equivalent per liter. The combining
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weighl ol the hydrogen equivalent of sulphnle ion is 48, or the sulphate
eontent may be computed as caletum sulphate by multiplylng the
milligram equivalents by 68.

CALCIUM AND MAGNESIOM

Caleium and magnesium have been determined sometimes togethsr
and sometimes scparately, Talen together, they may be referred to
as the alkaline-carth bhases. ‘The eombining woight of calelum is 20
and that of magnesium 12,15, Where they are reported together,
the Taclor 20 should be used to obtain the corresponding parts per

million.
ALKALINE BABES

The alkaline bases include the sodivin and polasstum contained in
the vater. These constituents have not bheen defermined except for
a few samples. The figures reported in the tables are obtained by
adding together the mulligram equivalents of hicarbonate, chioride,
and sulphate, and from that sum subtracting the sum ol the calelum
and magnesium.  Since it is known that sodium is the predominant
element in this eroup, 14 s customary to use its combining weight,
23, as the factor for computing parts per million.

TOTAL Halls

One of the methods sometimes used as a basis for ¢xtimating the
totnl salls in irrigntion water is to add together the products of the
milligrnm equivalents by their combining weights.  When this is
done i is customary to include for the bicarbonate ounly haifl its
product because of the loss of earbon dioxide that oceurs when the
atkaline-earth carbunates are precipitated by evaporalion.

AN ESS

The tofsl bardoess of water, as (his term Is used i relaiion to
domestie ov indusirisl waters, implies the quantity of the alkaline-
earth bases computed as caleimn carbonaie in parts per million.
Thus the sum ol the milligram equivalents of caleium and magnesiunt
multiplied by 50 gives the total hardness,

In water for domestic or industrinl use n high degree of hardness is
not desirabie, but for rrigation hardness s no disadvantage. In
lact, hard water is deflinitely beneficial in its elfect on the physical
condition of the seil.  This 1s because of the reactions of base exchange
thnb take place between the soil and the salts of the soil solution.
As the sodium salts of the soil solution become more concentrated
through the applieation of soft water the reactions of base exchange
tend fo unite the sodium with the soil and to release equivalent quan-
{ities of caleium from soil compounds into the solution, Such reac-
lions impair the physieal condition of the soil, making it impermenble
to water. On the other hand, il the soil solution contains more cal-
cium than sodium, the results of reactions of base exchange are notb
likely to be lujurious to the physical condifion of the soil, and may be
bencficial.  For this renson the degree of hardness inirrigation water
ean not properly be judged except in reference to the quantity ol the
allcaline bases with which it is associnted. Thus, i the quantity of
alkaline-earth bases, expressed ns milligram equivalents of calcivm and
magnesium, is much in excess of the alkaline bases, expressed as
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milligram equivalents of sodium, the water would be described a5
hard and desirable for irrigation. Butif these proportions are reversed
s0 thatl the alkaline bases are in excess, the water would be relorred
to as soft, even though it contnined so much ealeium and magne-
st a8 to be unsatisfactory for domestic or industrial use.

SURFACE WATERS OF THE SANTA CLARA YALLEY

The Santa Clara River rires near Acton, Calif,, at the head of
Soledad Canyon, north of the San Gabriel Mountains. It flows west-
ward about 75 miles into the Pucific Ocean near Ventura, Its chiof
lributaries enter from the north. (Fig. 3.) From Soledad Canyon
to its delta, the llood plain is generally broad and composed of sand
and gravel, The downstream movement of watoer through the porous
material of the flood pliin is impeded by several subsurface diles af
rock or other impermeable material, so that while the surfuce of the
stream bed is usually dry in long sections, except at flood time, there
are several sections in which there are pools or slupgish streams
throughout the year. Practically all the surfuce flow excepl that
from oceasional {loods is diverted for irrigation.

The guality of the surface water of the main streat and of some of
its tributnries is shown in Table 3. The loeations in this table are to
be found on the map, Figure 3, being the numbers inclosed in circles.
The first five locations listed in the table represent conditions above
the junction of Piru Creek, where analvses show that very little
horon is contributed to the main strenm. The ellect of boron con-
tributed by Piru ('reck is shown hy the inerease in the mean boron
content of the samiples collected at location 8, the highway bridee
hetween Fillmore and Bardsdale (0.99 p. p. m.), as compared with the
mean of those ecollected at loention 3, Newhall ranch bridge (0.49
[ p- L), an inerease of 040 p. p.m, Piru Creek (loeation G), with
an annual mean boron content of 1.56 p. p. m., and Sespe Creek
(locution 93, with an unnual mean of 2,01 p, p. o1, appear to be the
chiel sources of boron in the Santa Clarn drainnge syston. The
waters of Hopper Creek (location 7Y and of Santa Paula Creek (inea-
tion 12}, though represented in the table by only one snmple in cacely
case, appear to carry very little boron.

Tanvy 3. -Quality of serfaee walers of the Santae Clara River and its Irilndaries
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Flclima 3.—Maup of the Santa Clara Valletg and vicinity in Ventura County, Calif.,, showing locations of water samples taken during boron survey in

925-29. The numbers in circles along the Santa Clara River refer to Table 3; those on the same stream but not in circles refer to Table 4; the numbers
along the Ventura River refer to Table 11;-and those along Calleguas Creek refer to Table 15
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Locations 10 and 11 are on the main stream below the junction of
Sespe Creel. While the mean boron content reported for these two
loeations is somewhat lower than that reported for location 8, it seems
probable that the differences are due to variations in discharge af the
time of sampling. 1t 1s to be noted that the waters of the Santa Clara
River are relatively low in chlorides and high in bicarhonates, sul-
phates, and alkaline-carth bases. The water of Sespe Creek is excep-
tional in having less bicarbonates and sulphates and more chlorides
than the other sources.

With respect to the values for discharge given in Table 3, and in the
descriptions of locations it should be said that these are based on esti-
mates made whon the sanples were taken, [t should not be assumed
that they may be used ns a basis for estimating the total discharge or
the mean annual discharge of the stream, The subject of the stream
flow of this drainage basin has been under investigation sinee 1927 by
Richard I1. Jamison, of the division of water resources of the Californin
Depurtmient of Public Works, and two reports have been issued

LOCATIONS TISTED (N TARLF 3
{See fig. 3)

1. The Banta Clara River, near ils headwaters, in the Solednd Canyon east of
Lang; sampled July 15, 1928,

2. The Santa Clare River, near the junetion of San Francisquito Creek, 2 miles
west of Saugus; sempled July 15, 1925,

3. San Franecisquito Creck, above the junction with Clearwater Creek; sampled
April 18, 1929.

4. Clearwater Creek, above its junction with San Francisquito Creek; sampled
April 18, 1629,

3. The Santa Clara River at Newhall Ranch Bridge, 4 miles above Piru; sam-
pled Tor 20 consecutive weeks from February 19 to July 16, 1029, During that
period the discharge ranged from 20 to 0.25 vubie feot per seeond, and the baron
content From 0,34 to .84 p. p. m.

6. Piru Creek, atithe diversion dam, 1.2 miles above Piru; sampled weekly
front July 18, 1928, to August 6, 1929. During that period the discharge rauged
from 20 fu 1 cubic foot per second and the boron content frous .92 to 2.35
Jhopm.

7. Hopper Creek, af the erossing of the State highway, 2.5 miles west of Piru
aned 1nile above ity junetion with the Santa Clara River. ‘The creek is ordinarily
dry af this point, but earried some water following the spring raine, Samplec
April 8, 1926,

8. The Banta Clara River, at the highway bridge between Fillinore and Bards-
dele. ‘This iy below the juuction of Pira and Hopper Creeks, but 2 miles above
the junetion of Sespe Creek. The river {s usually dry at this point except during
the spring. Sampled weekly from February 5 to May 7, 1920, The discharge
during that period ranged from 13 to 2 eubie feet per seeond and the boren gontent
from LG4 to .31 p. .o

9. Sespe Creek, at the diversion dam, 4.5 miles above the junetion with the
Santa Clara River, and above the town of Fillmore. The discharge as reported
[n the table is the mean of weekly cstitnates made ot the diversion dam, During
the same period the diseharge of the sfream wus measured 17 tunes hy Riehard
H. Jumison of the division af water resources of the State of Californin.  These
ineasurements were made both at the diversion dam and at the highway bridge
wesl of Fillmore.  The mean of the Jamisan mensurements—iotal discharge,
ineluding diversion s 13,78 cubie foet per second. The samples here roported
were taken weekly from July 18, 1998, to August 6, 1920, The range of discharge
was from 25 {o 2 eubie feel per second, and the rapge of horon conlent was [roiy
ekl 1o 366 . poom.

Blaumny, OH. CENTURA COUNTY INVESTIGATION,  REPORT FOR TR PERIGD AUGUST w0, 17, T JULY
a1, Jl!iﬂ-"- | Uit Diept. Pob Warks, Div, Warer Rights, 23 0, s, Saemientn, Ceblf 09, [Mifea-
gripabieal,

oty EETUI (DT STY INVESTIGATION.  REPURT FOR TIE PERION ACGEST 1, e, Fo JULY 81, 62,
t ;mr}. l)okpl. Pute Works, Hlv, Water Resources Rpds. 163 pu, ilus,  Sierinendo, Calif, 19200 [3ingw-
e,
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10. The Sania Clare River, above Dent's Siough, the point of diversion far the
diteh of the Furmers' Irrigation Co. loeated about 3 miles upstream from the
highway bridge neross the river at Sunta Paula, The samples were tuken during
the period January 3 to June 11, 1929, The estimated discharge ranged from 50
toy 16 eubic feof per second and the boron content from ¢.58 fo L12 p. p. m,

t1 The Sante Clure River, at the point of diversion for the diteh of the South
Mountein Lemon Co. loeated about theee-fourths of a mile upstream from tho
highway bridge seross {he river at Banta Paula. Of the eight sumples included
in the table, seven were taken weekly from December 26, 1928, to February 12,
1929, and one on August 8, 1929. The estimated discharge ranged from 25 to
10 eubie feet per seeond, sod the boron content from ©.52 10 0.96 p. p. m.

i2, ..)S:mm Paula Creek, above its junction with Sisar Creck; sampled December
29, 1928. UNDERGHOUND WATERS OF THE SANTA CLARA VALLEY

The irrigation sgriculture of the Santa Clara Valley is supported
partly by the surface waters diverted from that stream and its tribu-
laries, and purtly by waters drawn from the underground supplics of
the valley. Itis to be ussumed that these underground water supplies
are replenished hoth by percolation from the stream channels and hy
the ungollected run-ofl from the hills on either side of the valley.
Since these well waters constitute an important part of the loeal irri-
antion supply, it seemed desirable to undertake a detailed survey of
them, not only to obtain evidence as to whut concentration of boron
in irrdgation water causes injury to the various crop plants, but also
to learn whut variations occur in boron concentration in what ap-
penrs to be a connected body of underground water.

In this survey samples were taken from 20 wells, all of which are
used for irrigation.  These wells represent an area extending from a
short distance enst of Pirut to Moatalvo on the delta pluin of the Santa
Clara River, o distance of approximately 30 miles.  (See fig. 3,in which
the numbers along the Sunta Clara River, not in circles, correspond to
the locatious in Table 1) Altogether, 173 samples were analyzed in
connection with this survey. (Table 4.) With one exception the
results for cach well arce based on the analyses of four or more samples.
These samples were taken usually during the irrigation season, with
intervuls of four weeks between the dates of sainphing.

Panni - - Quality of wndergronnd waler as ebtained from irvigation wells in the
vadley of the Sante Clara River
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An inspection of Table 4 shows at once that there is 2 very low
correlation between the total salt content and the boron concentration.
Nor is there high correlation hetween the horon and the chloride con-
cententions, such as is noted later in the deseription of the Qwens
River urea. These results uppear to warrant the inference that the
boron centained in these underground waters is not derived loeully
by solution [rom material in the water-bearing strata but is brought
in by the percoluting waters from sources vntside the valley,

1t was noted in the section dealing with the surflace waters of this
valley that the horon content was low in the waters above the junction
of Piru Creek.  In the present series the water from location 1, which
is 2 miles above this junction, hus a boron content of 0.51 p. p. m,,
while that from loeation 2, just below Piru Creek, contains 1.24 p. p. m,
With respect to the other conatituents, these two waters are not very
different. FLocafions 2, 3, nnd 4 arc in the valley below the junetion
of Piru Creek, and all three contain more than 1 p. p. m. of boron.
Lecations 5 and 6, although in the mune urea, wre niore to the west and
nearee Hopper Creek, the eflect of which nwy be to reduee the horon
content by dilution, though the water at locution 6 is very high in
Lotal salts,

The well ut loeation 7 is elose to the bed of Pole Creel, Here the
water is low in boron though not essentially different from many
ather wells in the valley with respect to the other salt constituents.
The well at loration 8 is sonth of the Santa Clars River, near the
mouth of Grimes Canyon,  The boron content of this is low as com-
pared with that of either the surface or subsurface waters of the main
strenin above this puint. It is known that some of the ground waters
of Grimes Canyon, us 1t Dryden Spring, are very low in boron and in
othersults alsa.  Individual smmples from olther wells in the Bardsdale
aren indicate that not all the underground water south of the river
at this point is low in heren.  This avea is opposite the delta of Sespe
Creels, the boron content of which is high, and there is a possibility
that some ol the wells on the south side ol the river tap strata that are
replenished in part fron this ereek,

The well at location 9 15 west of Sespe Creek but close to the flood
plain of the Santa (lara River. 1t was instulled to provide an irri-
gation supply in place of surlzee water from Sespe Creck that was
believed to have enuse injury to citrus and walnut trees. The
weter from this well when compared with that of Sespe Creek (loca-
tion 9, Table 2} is secn to contain much less boron.  Its average is
0.97 p. p. m., while Sespe (‘reck averaged 2.91 p. p. m.  The nther
constituents wre slightly different nlso.  The hizarbonate and sulphate
content of the well water is higher and the chloride content is lower
than that of the ereek water, indicnting that the well dravs on some
of the percolating walers of the Santa Clara River, which are charac-
teristically high in bicarbonates and sulphates. The well at loeation
11 yvields water very similar to that at location 9. The wells are only
I mile apart, and-both are at the edze of the finod plain of the river.

The well at location 10 is one that merits special consideration.
It isin the same eeneral aren as locations 9 and L1, but is ahout one-
fourth mile north of the river hed and near the foothills. The water
supply is not large, ahout 0.4 cubic foot per second, and is used to
irrigate a small citrus orchard. The trees on either side of this
orchard have been irrigated either with Sespe Creck water or water

nt
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from the well at loeation 0. In these the evidences of horon injury
are very plain, while the trees irigated from this well show no
svimptoms of boron injury. 1t seems probable that this well taps a
supply of underground water that is largely replenished by tun-ofl
from the udjacent hills containing much less horon than the under-
ground waters of the center of the valley.  The conditions surratind-
ing the well tend to support the view that if irrigation water contains
less Lhan one-hull p. p. m. of boron its use on citrus and walnut trees
is not likely {o cause serious boron injury.

The wells at locations 12 and 13 are both situated close to the
flood plain of the Santa Clara River, some distance downsieam
from the well at loeation 11, The water from these two wells is of
the same quality, but differs from thai at location 11 in having
slightly more salt and slightly less bhoren. The next three wells
Nsted in the fable, those at loentions 14, 15, and 16, are loeated still
larther downstream toward the delta of Sant: Puula Creck.  The
run-off of this stream and of Timber Canyon deubtless contributes
water of low horon cootenl ihat tends to dilnte the underground
supply of this nrea with respect to that element.  The well at loca-
Gon 17 is sitrated west of the delta of Santa Prula Creek and close
to the north edge of the valley at the wouth of Tagan Canyon.  The
horon content of its water is the lowest of any in this series. The
gurface water of Santa Paula Creck (location 12, Table 3) s very
low in boron rnd may contribute to the supply drawn upon by this well.

The last two wells, those at locations 19 and 20, reported in Table
4 are loeated in the flood plain near the mouth of the Santa Clara
River, and these waters should represent a composite sample of what
may be referred to as the “underflow™ of that stream. With respect
to totul salts as measured by conductance, these waters are very
litile above the average of the upstream samples.  The boron content
is less than that fonund af several points above, which indicaics thab
the effect of the run-oll below Sespe Creek is Lo dilute the underflow
with respect to that element,

LOCATIONS OF WELLS LISTED IN TABLE 4
{wee fig. 3)

1. Camulas ranch, domestic well, 20 mites east of Ping, ane-ruarler mile soulh
of highway; depth, 134 feet; discharge, 0.4 rubic fret per soenn.

2. Warring well, .1 mile north of the packing house of the Piru (itrus Assovia-
tion, Piru, depth, 273 feot; discharge, 1.8 cubie feet per scecond.

2’ Padelford well No. 1, 2 wmiles west of Piru, 0.3 mile north of highway, NE.
1 osee. 25, T. 4 N, R. 1% W.; depth, 223 feet, perforated below 173 feet; dis-
charge, 0.5 enbic feet per sceond. :

4. Citroke ranel well, 2 miles west of Piry, 100 feet south of highway, ION
1, see. 25, F. 4 N, 119 W depth, 220 feet; discharge, 1.5 cubie fect per seconcl

5. Carler ruuch well, 2.1 oiles west of Piru; 0.2 mile south of highway, RE. K
see, 24, 1L 4 N., I 10W; depth, 200 Teet; discharoe, 2.5 cubie feel per seeond.

6. Phdolford well Xo. 2, 2.4 wiles west of Piru; 0.2 mile north of highway on
cast hank of Hopper Creek; depth, 215 feet; discharge, 9 pubie feel poer secound.

7. Texas Refinery well No. 8, one-half mile east of Filimaore; 50 feet north of
Lighway, an the cast bank o7 Pole Creek; depth, 750 feet; discharge, 2.4 vubic
feet per sceonc.

8. King raneh well, west of Bardsdale, ane-fourth mile wost on first road from
sonth end of hridge belween Fillore and Bardsdale; depth, 263 feet; discharge,
1.5 cubic feet per second.

5. Brownstane well, on the west bank of Sespe Creck, Bz miles west of Fill-
nwore :lmd 0.2 il south of highway; depth, 260 fect; discharge, § eubic feet per
second.
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10. Lombard raneh well, 21 miles west of Fillmore; 400 yvards north of highway
on Oak Road; depth, 150 feet; discharge, 0.4 cubie feet per seeond.

11. Mespe runch well No. 3, 2.5 miles west of Fillimore on the north bank of
Bespe Creck; deplh, 404 feet; discharge, 3.8 cubic feet per second.

12, Hespe runch well No. 2, 4.5 miles west of Fillmore-Bardsdale bridge on
the north side of the Santa Clara River at the edge of the flued plain; depth,
375 Teet; discharge, 2.2 cubie feet per seecond.

13. Respe ranch well No. 1, 3 miles west of Fillmore-Bardsdale bridege on the
north side of the Santa Clara River sear ranch headguarters, at the edge of the
Hoodd plain of the river; depth, 320 feet; discharge, 4 cubic feet per sccondl.

i4. Hardserabble Water Co. well, eu delta cone of Timber Cunyan, 1,65 miles
enst of Highway Bridee aeross Sunta Pada Creek, (03 mile sonth of highway;
depth, 360 feet; discharge, 3 cubic feet per seeond.  The statie lovel is at the
gronnd surface; the draw down Is 12 feet for 3 cubie feet per seeond discharpe.

13. Parmwers’ Irrigation Co. weil No. 7, NI iisce. 12, 1. 3 N, R. 21 W, 0.6
mile enst of highway bridge aeross Santa Panla Creek nnd 0.3 mile south of high-
way.  Depth, 260 feet; discharge, 5 cubic feet per seeone.

16, Teprire-MeRevetD well, .55 mile cast of Highway Bridge across Sanla
Fanla yCreek and (0.2 mile north of highway; depth, 381 feet; discharge, 3 cuhic
Ivet per seconed, _

170 Blanchard well, Banta Paula, 0.6 mile north of dain Strect at Palin Sireel
en the east bank of Fagan Canyon; depth, 394 Teet; discharge, 1.2 cubic foel per
."«l’(‘(!}'l(i-

IS Venturs County Country Club well, 0.3 mile northwest of Saticoy; deplh,
10 feet: discharge, .8 cubic feet per sccond.

P Ak nwrtusl wells, Saticoy, in flood plain of the Santa Clarn River, 0.35
mile southeast of hyghway erossing of railroad; depth, 665 feetl; discharge, 5.4
vubie feet per second Tor four wells,

2 Montalve mutual wells, 1 wmile sonthwest of Montalve, in the flaad plain
of the Santa Clare River; depth, 586 feet; discharge, 9 cabie feet per second for
fwo wells,

SUCCESSIVE HORIZONS OF UNDERGROUND WATER

In making a survey of the underground waters of the Santa Clara
Valley it was found that the valley fiil is composed of irregulur strata
of wravel, sand, and elay.  Some of these strata vield water readily
and abundantly, others are impermeable, or “dry.””  When wells are
drifled it is customary 1o keep a record of strata encountered arid sub-
sorquenty fo pecforate the casing opposite the seetinns of water-beni-
ing gravel. When the pump is finally installed, the water may be
cdrawn in part from all these steata and thus represent a composiie
of all, ] o

In view of the possible localization of boron contamination, it
seemed desirnble [o determine whether there were differences in the
gquality of the water from the stecessive horizons encountered in
drilling deep wells.  An opportunity for nmking this investigation
wax ufforded during the spring of 1029 swhen live wells were being
drilled in the vicinity of Santa Paula. As each well was duilled,
samples of water were tuken from time to time for analvsis. The
results of these analyses from two of the wells are reported in Tuables
5 and G The conditions found in the other three wells were nni
essentindly different from those i these two.  In the case of the well
known as Citrus Noo L (Table 51 the successive snmples were ossen-
tally the same with respect to their salts, ineluding the baron.  [n
the othier well, Chareh No, 2 (Tuble 63, the lirst water encountoered
was higher in salts and in boron than the deeper water. The third
sanmiple, taken at 270 feet, was also higher in boron than the deeper
water, but the total salt content, as measured by conductanee, was
only slightly higher. In this well the casing was perfarated only
al the lower sieata.
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TasLE §5—Quality of rwater from succeysive Lorizons encountered in drilling @
wetl, {itrus Nol 1, in Santa Paula in February, 1929

[Depih, 34 feot; discharpe, ¢ cuble fect por second]

!r I M lligram equivalents
Sampile Date  Depth I‘.?Cam"“ ligren . §
o, -_ e 2S" Lok | o 500 | Caiatg Alkaline
i ! I p UCOs ¢ AT Thases
E . L
L 194p Fet i l
M. .oaea Febo 2 104 | 1.65 L18 3L LW . 3.3l
| LI Felr, & . 5,00 l .30 5760 .06 ¢ A
M8 . ee. Feb, 4 1 1) i 4. 80 1, 3% 578, 1L 50 g
86 . ... Feh 3 o2 | ale) L1 L R 5.7
67 .. Feb, 25 255 - 510 [y 1t} AT 827 s.58
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™ ..., Mar, 3 it I 500 L20 3,81 502 A4
05 . .....] Mar 2 43 L] 20 551 5. 47 i34
T oL Mar, # it A 5025 L 1.4 0. 25 10, 53 2T
RO T Ape ) Taw | samlonn 580 1002 ¥ 43
i elay Tiwlow 172 feet, # Puymp installed nod starked,

TanLe 6—Caalify of waler from successive horizons encouniered in deilling a
well, (hurch Nu. i, in Nunle Pawle

[Lepth, 411 feer; discharge, 4 cubie feet per seeoned]

, i MIlligram vrulvalents
Q H S i K
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By er 2 houe!' puiaping,

These ohservations indicate that, in this area at least, the differ-
ences in the guality of the water in the successive strata are not very
pronounced. It is to be assumed that there is ample communica-
tion vertically as well as laterally to permit approximate equilibrium
with respect to its dissolved salts to be cstablished in time throughout

the whole body of underground water.

WATERS OF SESFE CREEK

Sespe C'reek joins the Santa Clara River near Tilimore, Calif, It
is n perenninl stream, but the flow is usually not more than 4 or
eubic feet per second except during the rainy season, There is no-
sturage on the stream at present, but there is A small diversion dam
aboul 5 miles above its mouth, The samples reported in Table 7
wore taken st this dam.  There is little if any irvigaled lund above
this dam, where The water is diverted info » distribution system for
irrgating lunds near Fillmore.




32 ECINICAL BULLETIN 264, U. S. DEPT. OF AGRICULTURE

TasLe 7.—Quality of the water of Sespe Creek, as sampled u! the diversion dam 40
miles above ity mouth

{Munthly meuns of weekly analyses)

MIHgram vouivadents
"l;:gn'm'l Anntyses | Discharge n{‘.,?.fg 1([-'.l TRoron
e Cép ol 80 Cat My Alkallne
ENC 0y ath ME | hases
1578 Nuwmber | (. fn, P op o
August. . & 4 98. 1 348 270 3.60 3,97 .45 4,52
Haptotaber_ 4 -+ 1511 2.8l 2 +.07 3,13 477 L
Qctober.__ b 4 104 1 419 202 4. 52 L 13 505 871
November, 3 [ a7 3.2 3.30 1.20 4.2 5. 40 032
I}el‘l'&ﬂ‘?ur- -+ 11 e d LM 3N 277 540 404 597
L1
Juonhry..., O 12 14.2 2,00 433 253 038 00 1.18
Felroary 4 15 5.0 .08 4 L 12 50T .60 L4
Moreh, 4 ir 445 .l 31 .03 .77 181 L 4n
A}Jril-,_, ) 12 .3 =i 3m .07 4.41 0.4 1.9
Muy. . 4 ] K78 153 X275 1.25 4. 42 [ | 241
Jine 4 7 90 134 28 195 4.4 583 44l
July O ki Kb 1. 6% 2,693 A5 3.8 hlh A7l
Meun .fi ar.a 1. 9% 211 L0 4.44 191 d4.u2

The analyses reported in Table 7 represent water samples taken
each week from August 1, 1928, to July 30, 1929. The discharge of
the stream was estimated, not measured, st the time esch sample
was taken, and these discherge figures are not to be considered as
more than approximately correct. It will be observed that in the
course of the year the salt content, as measured by electrical conduct-
ance, ranged from 84.3 to 116.7 for the month y means., For the
individual determinations the range was from a minimum of 60.1 to
a maximum of 127, There is not s close correlation, either direct or
inverse, between the total salt content and the volume of discharge,
It is probable that the heavier and more general rains, such as coun-
tributed to the high discharge volumes of January, February, and
March, caused enough direct run-off to reduce the salt content appre-
ciably.  However, the winter season is charneterized by irregularity
in the salt content, probably because some of the run-off from the
lighter showers found its way gradually into the stream as seepage of
bigher salt content. The mean of the conductances, 97 X 10~ at
25° C., indlientes a salt content of approximately 700 parts per mil-
lion. With an average discharge of 8.6 cubie feet per second, this is
cquivalent to 16,25 tons of salt per day.

The horon content of this stream, taking the average of 53 deter-
minations for the year, was 2.01 p. p. m., ranging {rom a minimum of
0.45 to a maximum of 3.66. For the monthly means the average
was 1.98, ranging from 0.81 to 3.29. There was an upward trend in
the boron content from midsummer to the end of November, when n
break occurred following the firnt nutumn rains. Through the winter
and well into the spring the borun content was well below the mean,
This is teken as confirming the opinion, supported also by other
evidence, that most of the boron carried hy this stream is contributed
by springs having fairly uniform flow and high boren content. During
perieds when the discharge of the stream is low these s rings con-
tribute a larger proportion of the total than when the ischarge is
incrensed as a vesult of rains. I it muy be assumed that 8.6 cubic
fect per serond is the mean discharge for this stream and that the
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horen content of the water is 2.01 p. p. m., and if this boron he com-
puted to its equivalent of borax, then the average daily discharge of
horax is 824 pounds.

The composition of the selts other than those of boron carried by
the water of Sespe ('reck is shown in the last five columns of Table 7,
expressed as reaction values, or milligram equivalents.

The carbonates and bicarbonates, though determined separately,
are here reported together. The mean for the year Is 2.99 milligram
equivalents, which is equivalent to 182 p. p. . of HCO,. It may be
observed that the figures for the CO;+ 1300, show much less varip-
tion for the year than is shown, {or example, by the boron on one hand
or by the chiorides on the other. It is generally true that with respect
to any given water supply the carbonate-bicarbonate content is less
variable than that of the other ions,

The chioride content averaged for the year 2.54 milligram equiva-
lents, or 90 p. p. m. Jt will be observed that there is a close
correlation between the chlotide content and the boron content,
which probably indicates that the same sources that contribute the
horon also contribute the chlorides. In proportion to its total salt
content the water of Sespe Creck contains more chlorides than any of
the other waters of the Santa Clars Valley,

The sulphate content averaged for the year 4.44 milligram equiva-
lents, or 213 p. p. m. The range during the vear was greater than
that of the carbonates hut less than that of the chlorides. During the
winter, or rainy season, the proportion of sulphates to chlorides was
much greater than during the sumimer, indieating that the salts con-
tributed by leaching the surface soils of the drainage area are largely
sulphates.

The alkaline-carth bases, ealeium and magnestum, averaged for the
year §.05 midligram equivalents, equivalent to 121 p. p. m. of ealeium.
Lile the sulphates, the ealeium and magnesium ran somewhat above
the mean during the winter months and probably lor the same reason.
For the period during which the caleinm and magnesium were sepa-
rately determined, the mean for the ealeium was 4.38 and for the
magnesiuny 2.29 nilligram equivalents, or nearly twice as much cal-
eium us magnesiun:,

The alkuline bases, shown in the last column of Tabie 4, are assumed
to inelude both sodiun: and potassium but to consist chiefly of sodium.
These elements were not determined by analysis, but the figures given
in the tabde are computed by subtracting the sum of the millioram
equivalents for the snlkaline-carth bases, calcivm and magnesium,
from the sun of the milligram equivalents of the acid lons, carbonates,
hicarbonates, chlorides, and sulphates. The mean of the alkaline
bases for the year is 3.92 milligram eqguivalents, equivalent to 90 p. p.
s, when computed as sodium. The ratio of alkaline-earth bases to
alkaline bases s approximately 6 to 4, which indicates that this water
should not unpair the physiesl condition of the soil through reactions
of hase exchange.

The analyvticul resulta for the water of Sespe Crreelk show that, except
for its high boran content, this water might he regarded as of good
quality and ¢uite safe to use for Drrigation.  During the winter and
enrly spring the horen countent is velatively low; and if conditions as
observed during the past yeac are typieal of the regimen of the stream,

f3823° % -3
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it might be possible to utilize the flood waters during the spring with
less danger of boron injury than would follow the use of the summer
Hfow.

In view of the fact that the water of Sespe Creck, except for its
high boron content, would he of excellent quality for irrigation, it
seemed desirable to attempt to locate the souree of boron contamina-~
tion. The stream draing an area of rough topography north of the
Santa Clara Velley, and its upper basin is somewhat dillicult of
access. Through the cooperation of Walter ¥. Emerick, of Santa
Paula, and Guerdon Eilis, district forest ranger at Ojai, arrangements
were made in the autumn of 1928 [or the colleetion of samples of water
from the upper strean and some of its trihutaries.  Samples from the
Leadwaters down to Bear Canyon were collected on October 18 and
26, 1628, by Ralph Wallon, a forest guard, while samples from [lot
Springs Creek to Timber Canyon Creek were colleeted on October
25 amd 26, 1928, by J. N. Johns, also a forest guard.  Owing to the
diflicwdty of transport, the samples obtrined at this time were only
250 ¢. . each, & quantity too small to utilize lor quantitative deter-
minations ol boron snd sufliclent only for an estimate of the boron
concentration by the turmerie method.

The results of this preliminarny survey indicated that the boron
contamination came [rony two hot springs tributary {o the stream
north of Topatopa Mountain and only a lew miles above the diversion
dunt.  1f this should prove to be true it would apparently be possible
to prevent condamination by storing the floed walers of the stream
ahove these springs, which would thus be segregated from the main
supply.

In the spring of 1930, from March 31 to April 3, V. AL Freeman,
managing eagincer of the Sunta Clara water conservation district, wont
into the upper basin and collected a series of 5-gallon samples [rom
the headwaters to the mouth, measuring aceurately the discharge at
each sampling point,  These samples were analyzed at the Limoneira
laboratory, the boron determinations being made in duplicate by
the gnantilative method. The results of the analyses of the
saniples obtained in the autumn ol 1928 and in the spring of 1930
are given in Table 8.

Tanne 5. Qualily of the waler of Scspe Creels and s fributaries, as sempled in

Ovtober, 1128, und o March and 3 pril, 1930
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Tanne 8.—Quality of the waler of Seape Creek end s tributaries, as sampled in
Oclober, 1948, and in March and April, 1930—Countinued

i Milligrm equivalents
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t Boron estinnted by the tirmerio methml,

[t should be kept in mind that the samples of 1928 were taken in
the autumn, when the discharge of the stream was near its lowest
point, while those of 1930 were faken in the spring, when the dis-
charge was high,  Furthermore, the values for the boron concentra-
tion of the 1828 samples are at best only approximate, while those of
the 1930 samples sre probably very close fo the truth.

The results given in Table § show that above Willett Hot Springs
(loration 15), the boron content of the wrter is below the critical
concentration. Iven at this point the quantity of water contributed
to the main stream is so sull, 0.01 c. f. s, that the boron contam-
ination i3 not sertous. The major contribution of boron appears to
come from the Sespe Hot Springs Creek {location 17) which on April
2 was discharging 2.2 c¢. f. s, containing 6.69 p. p. m. boron.
This is equivalent to 700 pounds of borax per day, which may be
compared with the 824 pounds computed as the average daily quantity
carried by Sespe (reek at the diversion dam. In other words, 1t
scems clear that if it is found practicable to segregate or by-pass
the high-boron water coming from Sespe Hot Springs, the water of
Sespe ('reck could be used for irrigation without danger of injury.

LOCATIONS ON SESPE CREEK LINTED IN TADLES

{. Sespe Creek, al Cold Springs about 13 miles above the junclion of Howard
Creek snd near northwest corner T, 5 N, R. 22 W, 8an Beraardino base and
merigian.

2. Hownrd Creek, aboul 200 rards above its junetion with Sespe Creck.

3. Rock Ureek, above its jusclion with Sespe Creek,

4. Bespe Creck, below the junclions of Howard Creek and Rock Creek.

5. Liou Canvon Creck, above its junetion with Sespe Creek,

. Hespe Creek, about 300 yards below the jusetion of Lion Canvon Creek.

7. Piedra Blunen Creek, above its junction with Sespe Creek near southeast
corper see. 36, T, 6 N, R, 22 W, _

8. Bespe Creek, ahout 300 yards below the junction of Piedru Blanen Creek.,

8. Sespe Creek, above junction of Bear Canyvon Creek.
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10. Bear Canyon Creek, nhove its junction with Sespe Creck.

11, Sespe Cresk, 100 yards below the junction of Bear Canvon Creew,

12, Timber Canyon Creek, nbove its junction with Sespe Creck.

13. Bewpe Croek, one-fourth mile below the junction of Timber Car yon Croek,

14. Red Reef Cunyoen Creck, above its junetion with Sespe Creek near the
southeasl eorner see. 36, T, 6 N, R. 21 W,

15, Willett Hot Springs Creck, above its junction with Sespe Creck, abont |
inile below the junetion of Red Reel Canyon Creek.

16, Sespe Creek at Hariman’s, about 1 mile below the junction of Willelt ot
Springs Creek.

17. Sespe Hot Springs Creek, above its junction with Bespe Creek, near south-
vast corner sec. 27,1, 6 N, R, 20 WL

18. Hespe Creek, 100 yards below the junction of Sespe Hot Springs Creck.

19, Alder Creck, nbave its junetion with Sespe Creek, near the eenter of see. 35,
TGN, 20w,

20, Sidewatk Creek, above its junction with Sespe Creek, aboul 2 miles below
thnt of Alder Creek.,

21. West Fork of Bespe Creek, above its junetion with Sespe Creck.,  This
ereek drains the southern stope of Topatopa Monutains, while the drainage of the
noelhern slopes reschos Hespe Creek through Thnber Canyou Creek and Red
Reel Canyon.

29, Henven Springs Creek, above Its junetion with Sespe Creck.

23. Tar Creok, above its junelion with Nespe Creek, Thiy i a treibotary Trom
the east ninl draing the arca north of Little Sespe Creek.

24, Coldwalor Cunvon Croek, above its junction with Sespe Creck.

25, Pine Creck, shove its junciion with Sespe Creek, This and Coldwater
Canyon Creek drain the rugged enstern stope of San Cayetano Mountain, just
nhove the diversion dam of Sespe Creek,

26, Litile Sespe Creek, above ifs junction with Sespe Creek, which is o half-
mile bolow Lhe diversion dam,

27. Sespe Creek ol Lhe highway bridge, 312 miles below the diversion dam, amd
{13 iniles above (s junclion with the Santa Clara River,

WATEHRS OF I'[RU CHEEK

Piru Creele is, ke Sespe Creck, an important tributary of the
Santn Clars River. Its water is not stored but is diverted for the
irrigation of Iand west of the town ol Piru, where the surface flow
is supplemented by wells,  The quality of this surface flow is shown
in Table 8, which 1s based on samples taken erch week from August
1, 1928, to July 30, 1929,

Tanne O-—uality of the waler af Pive Creek, ax sumpled at the dirersion dumn vhare
Biru, Calif.
[Montdy menns of weekly anplyses]
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The salt content of this water, as measured by elecérical conduct-
ance, is mueh higher than that of Sespé Creek, ranging for the indi-
vidual observations [rom 98 to 312 and for the monthly means from
127 to 275, with an annual mean of 18931072 at 25° (., which indi-
ciales approximately 1,500 p. p. m. of total salts.  With a mean
annnal discharge estimated at 6.3 ¢, [ 5., this is equivalent to 25.5
funs of salt per day.

The boron content of the stream is less than that of Sespe Creek.
The range for the individual observations was from 092 to 2.35
p. p. m. For the monthly means the range was from 1.35 to 2.21
P. p. ., with an average for the year of 1.54 p. p. m.  There appears
te be aslight correlation between the boron and the total salt content,

If the boren be computed as borax, then the daily discharge as
borax is 233 pounds,

The compasition of the salts other than those of boron shows a
preponderance ol sulphates, with n high propoertion of alkaline-earth
hases,  Ior the Intter part of the year, when the calcium and mag-
nesium weee determined separately, the proportions were approxi-
mately 8 milligram equivalents of ealeium to 7 of magnesium. The
rutio of alkuline-cnrth bases to vlkaline bases is almost 2 to 1, indi-
cating that this water, though salty, should not impair the physical
candition ol the soil. ’

The drainage basin of Piru Creck lies north and east of that of
Seape Creek. Its headwaters drain the castern foothills of Pine
Mountnin, the southern slopes of which are drained by Sespe Creek
and the northern slopes by Cuyamn River, About 12 miles north-
east of Pine Mountain is Lockwood Valley, on the northern side of
which pecur outeroppings of a borate mineral known as colemanite.
These deposits were [ornerly mined on a commercial scale as & source
of horax. The drainage of Loclkweod Valley is collected in Lock-
wood Creel, which is an important tributary of Piru Creek.

A sertes of water samples from Piru Creck and its more important
tribntaries was obtained in the spring of 1930 by V. M. Freeman,
managing engincer of the Santa Clarn water conservation distriet,
and (Tischnrgc measurements were made ab the places where the
swmples were taken, These samples were analyzed in duplicate at
the Limoneira laboratory, and the results are given in Table 10,
The nnalyses show that the stream waters above the junction of
Lockwood Creck econtain very little boron. This was found to be
the case also with the headwaters of Sespe Creel and muy be taken
to indivate that the soils and rocks of Pine AMountain do not yield
much boron.
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TanLke W0—Quelity of the water of Pirn Creek and ils fefbutaries a3 sumpled in
LYprit, 1930

[Sumples tuken by V., A, Freemun]
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Lockwood Creek, on the other hand, earries a large quantity of
boren, doubtless obtained from the gradual! solution of the borate
minerals, chiefly calcium borate, exposed along the northern side of
the valley.  On April 12, 1930, when Lockwood Creel was sampled
near its junction with Piru Creck its discharge was 1.56 ¢, {. s.
and its boron eontent was 4.95 p. p. m.  This discharge and boron
content are equivalent to 367 pounds of borax per day. Tt is highly
probable that the discharge and daily boron contribution of this
streatn 1s nutich less during the sumnier.

The tributaries immediately below Lockwood Crock do not contain
ninch boron but lower down the waters of Fish Creek and Agua
Blanca Creeck bring substantial contributions. These streams drain
broken country immediately east of Sespe Hot Springs, and there may
be similar springs in their drainage basins,

Severalof thesmaller tributaries, notably Liebre Guleh and Reasoner
nd Modele ('recks, are very salty, as is indicated by the high electrical
conductance, These contributions may sccount for the high salt
content of Piru Creek during the low-water period.

It seems probable that in addition to the surface flow of Piru Creck
n substantial quantity of water is contributed to the underlying gravels
of its delta through deep percolation. The guality afl this under-
ground water is shown in Table 4, locations 2 to 6, inclusive. These
wells are so situsted as to draw largely from the underflow of Piru
Creek, though probably some water is deawn by them from the Santa
Clara River or from Hopper Creek.

LOCATIONS ON VPIRU CHEEK LISTED INX TABLE I0 AND DATES DF BAMPLING

I. Pirn Creek, 25 vards ahove Lhe junetion of Mutay Creck, see. 20, T, 7 X,
1. 200 W, San Bernarding base and mervidlun; April 12, 1940,
Lo Mutan Creek, abuve its Junction with Pirn Creek: April L, 100,
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3. Lockwood Creek, above its junetion with Piru Creck, at east cenlor sce. 18,
T.7 N, R. 20 W.; Aprit 172, 1930.

4. Snowy Creek, sbove its junetion with Piru Creek, at north center sec. 23,
T.7 N, R 19 W.; April 11, 1930.

5. Buck Creck, nbove its junction with Firu Creck, at north center sce, 31,
T.7 N, R, 18 W.: April 10, 1930.

6. A small creek entering Piru Creck from the south, 2 miles east of Buck
Creek; April 10, 1930,

7. éatlﬂ.(l{l de Log Alumaos Creek, above its junetion with Piru Creek near conter
sec. 34, T. 7 N., R. 18 W.; April 10, 1930.

8. Liechre Guleh Creek, above its junetion with Piry Creck, northoast corner
see. 2, T. 6 N., R. 18 W.; April 10, 1930.

9. Piru Creek, at Frenck Flats, see. 13, T. 6 N., R, 18 W, Stream measure-
ment but no sample, April 10, 1930.

16. Piru Creck, above the junetion of Fish Creek, 3 miles bolow loeation a;
April 9, 1930,

L1. Fish Creek, nbove its junetion with Pirt Creek; April 0, 19306,

12 A small stream, joining Pire Creek from the west, 1 mile below Fish Creek;
April 9, 1930,

13. A small stream, joining Piru Creek from the casl, 3 miles Lelow Fish
Creek; April 9, 1930.

L4, Piru Creck, abgve the junction of Agua Blanes Creek; April §, 1430,

15. Agnn Blanen Creek, sbuve its junction with Pirg Creck, nenr southeast
corner see. 4, T 5 N, R I8 W.; April 8, 1930,

L6, Canton Creek, above its funetion with Piru Creek, 2 miles helow (he June-
Liovw of Agua Blanea Creck; April 8, 1930,

t7. A smali creek, joining Piru Creek from the west, near the James ranch, sec.
26, T. 5 N, R 18 W.; April B, 1930,

8. Rensoner Creek, sbove its junction with Piru Creck; April 8, 1930.

19. Lime Creek, above its junetion with Pira Creek; April 8, 1930,

20. Modelo Creek, shove ils junetion with Pira Creek; April 8, 1930,

21, Piru Creck, at railrowd bridge near Pivu; April 8, 1930.

0JAF VALLEY AND YENTURA RIVER

Ojoi Valley is & small valley located about 12 miles northwest of
the Santa Clara Vailey on the north side of Sulphur Mountain. Its
drainage outlet is through San Antonio Creek, which is a tributary of
Ventura River. There are a number of citrus plantings in the
Ojni Valley, and these trees are free from the symptoms of boron
injury that occur so commonly in the Santa. Clara Valley.

Water samples were obtained from two sources near the upper or
cast end of Ojai Valley. (Table 11 and fig. 3.)  One of these (from
loration 1) represents surface and spring water draining from the
hlls into Horn Canyon, and the other (from leeation 2) is from a
deep well on the delta cone of that canyon. In both these waters
the boron content is very low.

Taste {L-—Qualily of the waler of the Njai Volley and of Venture River

1: Milligram equivalents
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The other scurces sampled Jor this area represent the combined
drainage of Lhe Ventura River.  The water from location 3 represents
the surleee flow of that stream at a point about 5 miles above its
mouth. That at location 4 represents underground water close to
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the strecm bed. The water from hoth these locations contains some-
whut more salt and more boron than the water from the upper Qjat
Velley. It may be noted that the chloride content also is higher.
This higher cantent of boron and ol chloride may be due to the effect
af o number of hot springs that oceur in the feethills along the Ven-
tura River above the point where the samples were taken.

LOCATIONH LISTED LN TABLE 1l
(Ben fig, 3)

L. Ouilat of pipe line from Horn Canyon on Topakopa ranch ab cast end of
(ui Valley, near southwest corner sec. 34, T. 5§ N., R, 22 W, Mount Diablo hase
and meridian, These sumples represent surface and spring wabers.

2, Tapatopa ranch well, near northenst corner see. 4, T. 4 N., R. 22 W.; depth,
407 feet; discharge, 0.83 cubic foot per second.

3, Veonturs River, ab Fosicr Park, ashout 5 miles north of the ¢ity of Venbura,

4. Berger's well near the bed of the Ventura River, ab Foster Park,  An open
pil'-,fS fect square and 30 feel deep; statie level of water, aubout 12 feet below
BUTRLE,

: PARIDA CREEK AND VICINITY

On the constal plain between Carpinterin and  Summetland,
northwest of Ventura, there are a number of groves ol citrus frees
irrignted pactly by surface waters {rom tho slopes of the Santa Ynes
Mountains and partly by water {from wells. It was found that in an
arca located aboud 2 miles northwest of Carpinteria a number of
citrus trees showed pronounced symptoms of beron injury. An
investigation of this area resulted in finding a spring, known locally
as the ("Banion Spring, in which the water contained the highest
proportion of boron so far found in any water in southern California—
17.3 p. p. m. This spring is located at the eastern end of s hill that
lies between Santa Monica Canyon and Toro Canyon. The hill is
sepasated from the main foothills by & narrow valley which follows
n Mult line known as the Parida fault. (Fig.4.) Through this valley
flows Parida Creek, whose discharge is ahsorbed in its gruvel delta
close to the hiils,

Parida Creck has one important tribuiary that drains Qil Canyon
and joins the main strean just above the Tault line.  Samples of waber
obtained on February 15, 1920, [rom the upper soction of Parida
("roek, showed low boron content. (Table 12.) No. 642, faken
from the stream in Oil Canyon above its junction with Parida Creek,
contained 0.23 p. p. m. of boron, while No. 641, taken from the stream
near the fault fine, contained 0.48 p. p. m.

PasLi 12.- -Quality of the weier of Paride Creck arca aboye Curpinieria, Calif.
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The sample from O’Banion Spring, No. 422, talen on November 20,
1928, had a high speeific conductance and, in addition to a boron
confent of 17.3 p. p. m., only & trace of sulphate, the salts being
chiefly sodinm chloride sand sodium bicarbonate. Agasin it is to be
observed that high horon content appears to be associated with high
chloride content. It seems probable thai the boron appearing in this

Fiavrg 4.- Map of n piortion of the Santn Barbam arcs on tho coash of sottthern Californin,
showiug by wmnber the lacation af Parida Creek and of the water sangles reported in ‘Tuble 12

spring water is derived from sone form of voleanic activity connected
with the formation of the adjacent fault.

Three samples of water taken from Parida Creek below the location
of the (F’'Banion Spring showed high boron content, No. 420, taken
on November 20, 1928, from the main stream as piped to & dairy
ranch, contained 6.6 p. p. m., while No. 421, taken on the same date
from the main stream ut the 250-foot contour line, contained §.84
D p.m.  The third sample, No. 311, was taken on October 24, 1928,
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farther downstream where the water is diverted for irrigation.  This
sample contained 7.74 p. p. m.  This water, which is available only
during the winter months following rains, is said to have been very
injurious £0 the orchard trees on which it was used.

The last sample of this series, No. 208, 15 from a well located on the
delta cone of Parida Creek, from which water is taken for irrigation
during the suminer when the creck supply is low. This well water,
while much less salty than the creek water and containing much less
horon, 1.88 p. p. m., shows the influence of the creek water in both
its boron and chloride content, which are much higher than is usual
in the wells of the Ventura srea.  The lemon and walnut trees that
had been irrigated partly with the creek water and partly with
water from thiswell showed prorounced syniptoms of Injury not only
in their leaves but akso in general growth conditions.

The conditions that have resulted in the occurrence of the high
content of boron in the waters of Parida Creek appear to be local.
No evidence of horon njury has been found in groves on cither side
of those watered by 16, Furthermore, a sample of water from Santn
Meonica Creek, the next stream east of Parida Cveek, showed only
0.14 p. p. m. of horon, while a sample [rom Rineon Creek, still farther
east, contained only 0.27 pop.om.

The influenre of the salts contributed by Parida Creek to the under-
ground waters below its delta cone is to be seen in a series of samples
obtained from another well in that area. These samples {Table 13)
are from a well located within a few hundred feet of the beach at
Serena, about 1 mile from the delta of Parida Creelc. The tuble shows
in detail the analyses of siv samples taken on suceessive dates.
These nnalyses show how slight are the variations *hat oceur in such
u series nndl the consequent probability that a single sample from a
well wilt give dependable information as to the quality of the water.

Tanig VA —Quality of the water of the Serena well of the Torn Canyen ranch,
tacabed wewr the beack af the Pocific ol the della of Porida (reck
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The water of the Serena well contains mueh less salt than that of
Paricla Creelkk nnd also mueh loss borons vet in both boron and chloride
ils content is higher than that of waters from outside the arex imme-
diately inlluenced by Parida Creek. The samples from Santa Moniea
and Rincon {'reeks to the eastward have been referred to in a lore-
coing paragraph.  Waters to the westward were likewise found to be

oty
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free from injurious boron contamination. A series of samples was
obtained from the supply line of the Montecito water district, the
anslvses of which are given in Table 14, The water supply for this
district has been developed in the vourse of driving a tunnel through
the Santa Ynez Mountains, by which it i intended ultimately to
conduet surplus {lood waters stored by a reservoir on the Santa Ynex
Hiver, which drains the region north of these mountains. The samples
reported in the table represent water developed in the tunnel and not
the water of the Santa Ynez River. This water is not only low in
totsl salts {conductance 663 10-% but is also low in horon, 0.20
p. p.m. A sumple {(No. 293) obtained from & well used [or irrigation
1 the vieinity of Golets, still farther west beyond Santn Barbara,
was found to have a condoctance of 187 ¥ 107 and a boron content
of .26 p.op.om.

Taner 18 Qualily of the weler of the Mondeeilo waler district, as sampled wd the
pepe dine fron the Lol leading to the Santa Yoez River
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It should not be inferred from the foregoing statements that there
nre no other oeeurrences of injurieus quantities of boron in waters to
the wost and northwest along the coast above Santa Barbara.  That
region bas oot vet been examined evitieally.  The potnt it is desired
Lo emphasize i~ that the oceurrence of boron in n stream sweh o
Parida ('reek niny be due (o loend conditions and may be conlined {o

& smail nwren.
SIMI AND LAS POSAS VALLEYS

St and Las Posns Vallevs, which are connected end to end, lie to
the south of the Santa Clarn Valley amd arve separated from it by hills
known as Oak Ridge and Seuth Mountain,  The valleys include the
towns of Santa Swiung, Stai, Moeorpark, end Somis.  The dreinage
1= ot sufliciont (o maintaip o perenmal surface flow from the valleys,
und there s ne defined strenm channel at the western end, whieh is
the natural ontlet.

The irrigntion supply of the two vallevs s largely obtuined from
wells lueated in the valley trough or near the deftus of the tributary
vallevs. The salt constituents of the underground waters taken
Trom some of these wells aee shown in Table 15, (1%, 3.)  The welirs
ure »¢ selected s 1o be representative of most of the brrigation waters
in this section. Al the waters sompled are eelatively high in total
sult content as measured by specific conduetanee, and the horon eon-
tent is elose to or shove the critdeal imit of 0.5 popome The supply
nt loeation 2 s well above that limit, snd 10 was noted that the lenves
of the wabht trees ek ted with that water sbowed the chiwrneter-
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istic L;lype of injury and the high boron content that have been ob-
served in other areas where the boron content of the irrication water
is much above 0.5 p. p. m. These waters are also characterized by
relatively high proportions of sulphates and alkaline-carth bases, in
which they resemble the waters of the Santa (Mara Valley.

TasLe 15, —Quality of the underground water of the Simy Valley -
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JOCATIONS OF WELLS LISTED IN TARLE 15

1. Wells of the Tapo Mutual Water Co,, on the north side of the Simi Valley
near the outlet of Tape Canyon, about 2.5 miles northwest of Santa Susana.
These samples represent & number of different wells and possibly some gravity
whater.

2. Wollf ranch well, 0.25 mile north of the highway, 1 mile west of Santa
Susana; depih, 433 feet; discharge, 1.8 cubic feet per second.

3. blml ranch well, 0.2 mile north of Simi, near the hed of the a.rroyo,
rIL‘ptl 27 [eet; dth]lu!’g’E 0.8 cubic foot per second.
lllamenda Sinalon wells, 0.5 niile southwest of Bimi; depth of three wells,
'7(](] to 222 feet; combined discharge, 3.5 cubic feet per second.

5. Zone Mutual Water Co, wells, 1 mile east of Somis, and 0.1 mile south of
highway near channel of Arroyo Las Posas; approximate depth, 790 feet; dis-
charge, 4.5 cubic feet per second.

4, el Norte Water Co. well, 2.5 miles southeast of Saticoy, near the junetion
of Las Posus Valley with the Santa Clary Vulley.

LOS ANGELES AQUEDUCT

In view of the fact that symptoms of boron injury on citrus and
wainut trees had been observed in the San Fernando Vatley, it seemed
advisable to investigate the water supplies used for irrigation in that
valley. These uufrntmu waters are obtained partly hy pumping
frem the under, <Y10und waters ol {he velley, but mostly fvom the Los
Angeles A(;ur:(luv Whater from the aquodm't beeatie available for
irrigatinn in the San Fernando Valley 11 1916, and since that time
its distribution and use have been extended wuntil at present it forms
by far the chiel supply.

The Los Angeles or Owens River Aqueduct draws its water supply
chiefly from Owens River. The aquedict heading i is located in Gwens
Valley near the southwest corner of see. 13, T. 11 , R. 34 E.; Mount
Diablo base and meridian. From this diversion pmnt the water of
Chvens River 1s carried south through the valley in an open, unlined
cunal for 24 miles to a point known as Alabama Gates. Some ereeks
and springs discharge into the capal along this section, and the
natural flow is supplemented by a number of wells (about 60) that
are dreawn upon during the summer as additional water is needed.

From Alsbama Gates the water is earried in an open, conerete-lined
eanal nlone the castern buse of AMdabsma Hills and the Sterras, in a
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southerly direction for 25 wmiles, whore it is dischurged into the north
end of Haiwer Reservolr. A lew streams [rom the mouniatny,
notably Cottonwood Creck, contribute some water to the canal in
this seetion,  Throughout this section the vanal is carried ahove (he
level of the valley floor und the dry bed thal was formerly Owens
Linke. )

Huiwee Reservoir is located on g low ridge that separates Owens
Valley from the Mohave Desert and drainage basin, It arcupies a
narrow trough across this ridge with o dam at the north end as well
as al the south end.  Its capacity is 63,000 acre-leet, and it serves to
egualize the varinble discharge of the upper eanal.

At the south end of Haiwee Reservolr the waler is enrried through
& penstock and power heuse, from which it passes info the main
section of the squeduct, a lined and covered section that discharges
finaliy, through a power house, into & reservoir in the San Fernando
Valley just north of the city of Los Angeles,

For the examination of the water of the aqueduct here reported,
sumples were (aken each week for one year at five points as follows:

(1 At the hewding near Aberdeen, where the simples reprosont the surfnce
walers reaching the Owens 1iver above that puint,

t2 AL Alalwena Gates, north of Lone Pine, where the samples represent nob
only the surface wolers diverted from the river at the heading but also Lhe acldi-
tong contributed by springs amd Dby secpage wlong the unlined section of the
canal and by the wells loeated in the valiey on both sides of Lhe canal.

t3: Al Noeth Haiweo, near Olancha, where the waler is discharged from the
lingd section of the ennal ioto the Haiwee Reservoir, Samiples taken at this
point were expeeted to serve as cheeks on the samples faken af Alabama Cates,
eseepl s nfiienecd by the smudl or oveasional conlributions from the erceks
that drain the eastern slopes of the Sierras in this seelion.,

rEE AL Soutle Hadwoee, witere tie mixed waters of 1he reservoir are discharged
into the covered seetion of the aguednet,

13y At the Sun Permundo power house, where the waler from the agneduct iy
tischarged inlo 4 reservoir from which it pusses info conduils, partly for domes-
e and industeinl nses in Los Angeles and partly for irrigation in the Sun Fer-
natnedo Valley,

It was thought that by means of this scries of samples tnken ouch
week thronghout the yoar it wonid be possible tordetermine whether
the boren in this supply was contributed largely from the drainage
ares above the heading or lrom the area below that point, and, Tur-
thermore, that these samples would alford an opportumity fo check
the nccuracy of the analytieal determinations.

I'n addition, it was deckded to obtain samples from the underground
supply In the San Fernando Valley, It had been observed that the
symptoms of horon Injury were not to he lound everywhere through-
out the valley and that some of this underground water was used for
tragation. For purposes of comparison with the aqueduct supply, n
sepies ol weekly saniples was obtained from one of the wells supplying
the city of San Fernando, and smnples were also oblained Tor short
pertods Trom one of the mission wells and from one of the Lankershin
wells.

CWENS RIVER ABOVE THE AQUEDUCT HEADING

Owens River ix formed by the union of its upper tributaries in Long
Vidlew, nhout 20 miles sontheast of Mona Lake. This valley is about
12 miles ome by 7 miles wide, sloping (o the southenst. {13 SWHINPY
flsewr is 7,008 Teet above sen lovel, The more inportaul tribuytaries

deain the high Siereas that bound the valley on the south and west.
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(Fig. 5.) In the valley there are & number of hot springs and small
geysers, which yield only small quantities of water; but these waters
sre relatively rich in boron salts.

The waters collecting in Long Valley to form Owens River are dis-
charged through & narrow gorge at the southeast corner of the valley,
emerging into the northwest corner of the upper Owens or Bishop
Valley at an elevation of 4,500 feet. In Bishop Valley numerous other
creeks contribute to Owens River, notably Rock Creck and Bishop
(reck. The waters of these crecks and of Owens River are exten-
sively diverted for irvigation in the Bishop Valley, the floor of which 18
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s 50 Map af Leng Villey, Calif, showing tributaries of Owens Riverat its hoad and loea-
tians of woter sainples colleeted 1 Aupst, 1525 The nuunebees refer (o those listed i Tablc 16

fInt and poorly drnined.  Thesurplus watersnot usedinerop produclion
or dissipated by evaporation from the valley swamps find theie wny
intn the min channel of Owens River and pass lrom Bishop Valley
into the main or lower Owens Valley (o be diverted into the aqueduct,

In the summer of 1828 numerous samples of water were colleeted
from streams and springs tributary (o Owens River above the aque-
duct headimz, The first series of samples collected in July was tested
qualitatively for boron. Tt was found that in the mountain streams
and in many of the springs (he boron content was very low but that
the waier of the main stream as it lenves Long Valley gave a strong
boron reaction. 1t was louwnd also that the waters from the hot
springs and geysers in Long Valtey were vich in boron, and the indi-
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cations were thal these were the chiel souree of the boron esrried in
Owens River,

[n August of the same year, 1928, a series ol larger samples of
water was collected from this area for the quantitalive determination
of the boron content. The results o the analyses of these samples are
given In Table 162 The first live samples Disted in the table repre-
sent crecks that discharge into Long Valley from the mountains,
These waters are all very pure and contain very little horon. They
I[tmy be tuken us typieal of most of the water contributed to Owens
River,

Tawnr 1o—Quality of the wnder of Qv ens fiver and Ity brlbularies abore Hre hewling
of the Lo ngeles dgueduct, ux aempled T August, {028
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Of these five samples the Iast bwo, Nos, 101 and 100, were taken
fraom the upper section of Manmoth Creek.  This ereek was given
spocint wttention beeause it had been found in the eartier survey (hat
the water near Hs lower end gave » strong reaction for boron.  The
difference in the quality of the waters of this ereek has heen recognized
loeully, the same stream that is known as Mammoth Creek slong its
upper seetion being ealted Hot Creek along its lower seetion,  When
the samples were taken on August 17, 1028, the tempernture of the
wiker nt the town of Mammoth was 16.5° (8 (62° 10 nt the highway
crossing 10 was 18° O, {66° 1IN); while In the lower section, below the
bot springs {sample No. 98), it was 34.5% . (64° ). The hot
springs and goeysers that appear to be largely respouosible for the
hgher temperature and the increased boron content of the water
are lpeated along the creck in n eanvon in see, 25, 1. 3 5, R, 28 [5.
The quantity of water contrilrsted by these goysers appears to be
small, but its salt snd boron content must he high, sinee the eon-
dustance of the water above them 49 - 1073 while below them i is
341075 The horon content of the whole stream, which had an
estimuted diselnrge of 30 cubie fect per secend ubove the geysers, is
terensed from less than 000 o 242 p. p. o

The water ol (hwens River as sampled near the Ford ranch above
the junetion of Hot Creek {sample No. 99), had o conducinnee of

b Dt fate stanyprbes fsBeed ma Do Gabibe are frenn The Hishop Vallpy, amd the loeations nre nol shown

il the g, Poaaere 5
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21 »107% and a boron content of 041 p. p. m.  The same stream, as
sampled at the head of the gorge where it leaves Long Valley (sample
No. 83}, had a conductance of 37~ 107 and a boron content of
Lpop.om. At the lower end of the gorge Gsumple No. 92), the con-
ductance was 31 <107% aad the boron conteat 0.92 p. poom., indi-
eating that there was some dilution in that section of the stream.

The loregoing observations as to conditions in Long Valley indicate
that the boron carried out of the valley by Owens River s derived
largely from the hot springs that oceur at several places on the valley
loor.  Among these, the ones loeated along the channel of Mammoth
Creelk appear to he the most important.  But there are known to
bo others, as at Casa Diablo and at Whitmore’s Tub. A sample of
water obtained at the latter place (sumple No. 97), had a conductanee
of 649~ 1077 und n buron content of 2.94 p. p.om.

In view of the fuet that the quantities of water delivered by these
high-horon hot springs are relativewy small, it might be possible to
isplate some or vl of them from the main drainage system and thereby
reduee materially the quantity of boron carried by the main stream.

The surveys of the summer of 1925 did not disclose any important
source of horon confamination in the Owens Hiver dramnege below
Long Valley. A sample of water from Fish Slough, north of Bishop
(sumph‘ No. 81), contained only 0.25 p. p. m., w hile a satple of
water from a desinnge canal south of Bishop and below the delta of
Bishop Creek (sample No, 102) contained only 0.38 p. p. m. of horon.
The Intter sample 1s signilieant in that it represents in part drainage
[rom lands ireignted by diversion {rom Owens River, and its com-
pusition shows that the buron content of the underground water is
lower than that of Owens River, probably beenuse of dilution by the
relatively pure water from Bishop Creek.

The last sample Hsted fn Table 18 Gample No. 90) s feam an
arlesinn well just south of the aqueduet beading in Owens Valley,
The water from this well is warm and very salty, with o conductanee
of 480 7 107%; and the boron content of 9.28 p. p. m. is very high.
The discharge of 8,6 cubie feet per second is so small, however, that
the tolal quantity of baron contributed to the nqueduet supply (rom
[his souree is smndl as conpared with the quantities derived from the
hol springs in Long Valley,  Thus, il the boron content of the water
from (his artesinn well be computed as borax, on the basis of the
annlysis and discharge veported from sample No, 90 in the table, the
duily output of borax from this weil would be 265 pounds. B\’ a
u\umi:u computution for Hot Creek {snmple No. 98), o dise h.urrv of

345 eubie feet per seeond, with a boren conient of 932 P p.oang is
u|||1nx|vnt to 3,839 pounds of borux per day.

These survess of the tributaries of Owens River above the squeduct
hewding tnlicate that the horon entering the agqueduet wator supply
ix Jurgely contributed by the hot springs and gevsers in Long Valley,
These gevsers nnd hot springs yiekl a relative I\' small part ol the {ofal
waler supply abtained from that valley, wd inso far as it may be
Fensible to izolate them and withhold their walers there shoald result
u roreesponding decrease i the boron content of the agueduct water.
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LGCATIONS LISTED BY LABORATORY NUMBERS IN TABLE 14

04. Hilfon Creek, in Long Valley, about 1 mile above its junetion with Owens
River: sec, 23, 1. 4 8., R. 26 1., Mount Diablo base and meridian; sample taken
August 17, 1925; temperature, 18° G,

85, MeGee Creek, 1n Long Valley, sbont 3 miles above its junction with Owens
Ri\'(*(r; see. 21, T. 4 =, R. 20 E,; sample faken August 17, 1928; temperature,
13° (L

9. Conviet Creek, in Long Valley, about 5 miles above its junction with
())[;w-us( River; sec. 6, L. 4 5., 1. 29 E.; sample tnken August 17, 1028; temiperature,
20.5% €.

101. Mammoth Creek (Hot Creek), in Long Valley, at Mmunmoth, about
13 miles abuove its junction with Owens River; sec, 2, T. 4 5., R, 27 E.; sample
taken August 17, 1928; temperature, 16.5° C.

100, Manuueth Creek {Hot Creek), in Long Valley ad highway crossing, about
9 miles above ity junetion with Owens River; gee, 32, 1. 3 &, R. 28 E.; samnple
tnken August 17, 1925; temperatore, 197 C.

098, Het Creek (Manmoth Creck}, in Long Valley at bridge, about 3 miles
above its junction with Gwens River) sce. 19, T 3 N, R 29 L; sample taken
August 17, 192%; temperature, 34.5° C.

097, Whitiwore Tub Springs, in Long Valley: sec. §, T. 4 8., R. 29 E.; sample
tadeen August 17, 1928; termperature, 36° O,

0%, Owens River, in Long Valley, at Ford raneh, & miles above junetion of
Hot (;r[éc}(;-_’. see. 25, 1.2 8, 1. 28 1) smnple tuken Auvgust 17, 1928; tempera-
iure, 21° (3,

3. Owens River, ut outiet of Long Valley, one-fourth mile below the junction
of Crooked Creek; see. 19, TU 4 5., R, 30 Ii; samnple token August 17, 1925;
temperafure, 17.5% ¢

92, Owens River, at mouth of gorge into Round Valley, one-half mile above
junction of Rock ¢reek; see. 10, T, 6 5., R, 31 15,; sample taken August 16, 1925,
lemperature, 21° . .
8L, Fish Slough, Bishop Valley, abont 2 miles above its junction with Owens
Rj:or; sce. 13, T, G 8, R. 33 L.; sample taken August 16, 1928; temperature,
o |

102, Drainuge diteh, Owens Valley, 4 miles south of Bishop; sample taken
August 17, 1028; temperature, 19° .

00, Artesion well, Aberdeen; one-fourth mile south of the heading ol the Los
Augehes Aquetfuet; sumple taken Aagust 16, 1928; temperature, 25°

QUALITY OF THE AQUEDUCT WATER

The general features of the Owens River Aqueduct and the loca-
tions of the places where its waters were sampled have been described
above. 1t remains to report and discuss the results ol the analyses ol
these samples. The samples Trom the heading, Alabama Gates,
North Haiwee, and South Haiwee were taken each week throughout
the year by local employees ol the bureau of water and power of the
city of Los Angeles.® "The samples were taken in 1-gallon glass bot-
tles. These were labeled ns to date, location, and volume of dis-
charge, and were shipped by parcel post to the Limoncira laboratory
al Santa Paula.  The samples rom the Ban Fernando power house
were tuken by persons connected with the Limoneira Inhoratory until
April 0, 1920, alter which dute they were taken by R. L. Rich, n
power-house employee, and sent to the laboratory by niuil.

The quality of the water at the aqueduct heading lor the year ended
August 2, 1029, 38 shown in Table 17, At this peint the volume ol
dischurge is more variable from month to month than it is at the other
points where saples were taken. [ was at its lowest in August,
1028, incrensing rapidly in October with the advent of winter rains and

The snnples from tho aquednet hending were [1ken by Juhn [ Tones; thase from Alabumte {intes by

Pmitk Iﬂmkuy; Ll friem North Hplweo by Willaun Cucter; wnd Uwse from South Lialwee by J. L, M-
Cuilengh,

43025%— 31—q
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the end of the irrigation season in Bishop Valley. It should be noted
with respect to these discharge records that the figures reported in this -
and the following tables for the aqueduct are the means of reports
made each week at the time of sampling. These figures should not be
taken as representing the actual mean daily discharge of the aqueduct
at the points named, because of Huctuations that may have occurred h
between the times of sampling. The peak of the discharge at the
heading for the year occurred during the winter months, December to
February., The total salt content as measured by specific electrical -
eonduectance (at 25° C.) was always low as compared with muany of
the rrigntion supplies of southern California. -

Tanta 17.-- Quidity of the waler of the Los ngeles clgueduct as sumpled af the 4
hending pear Sberdeen, (alif., August, 1525, lo July, 1920
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The mean monthly boron content at the aqueduct heading ranged
from o low point of 0.47 p. p. me in August, 1928, to 1.26 p. p. m. in
March, 1929, with 2 inean of 0.77 lor the vear. The discharge ol <
Owens River as sampled at the nqueduct heading shows a condition
with respect to the relation of salt eontent fo discharge that is differens ¥
from that of some of the ather streamns in southern California.  The
salt content of Owens Kiver tends (o inerease with the discharge, par- .
tirularly toward the end of the flood season.  The salt content of the N
Colorado River, on the other hand, is much lower during the flood
season than during the period of low discharge. [t will be observed
also that there is an apparent relationship belween the horon content
nned the chioride content of the water entering the aqueduct. .\ .
siinilar relationship is to be seen in Table 18, which includes the anal-
yses of waters from Long Valley and from an artesian well in Owens .
Valley. The boron content of the water al the aqueduet heading
when computed as borax is equivalent to an average of 3.8¢ tons per
day,

The conditions st Mabsina Gates are shown in Table 18, [t may
be reealled that the agueduct water is condueted from the heading to
Muabanma Gates in un open, unlined canal into which springs, streams,
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and wells discharge. There i3 somewhat less variation in the dis-
charge from month to menth at Alabama Gates than at the heading.
Both the salt content, as measured by conductance, and the boron
content are lower. This fact indicates that the water econtributed
along this section, a dail y average for the year of 63 c. f. 5., adds very
little salt or boron to the system. The computed borax content of
the aqueduct at this point 15 equivalent to 4.06 tons per day.

Tanve \8.—Qualily of the water of the Los Angeles Aqueduct as sempled ¢f Alabume
Gates, near Lone Pine, Culif., August, 1928, lo July, 1929

[Monthly mesns of weekly analyses]

- Alliligrm enuivalonts
Yeur ﬂi!ll H:ltmv }I‘Hs- K anl)‘ Boron | T . o ——
e Lh ples | rharge [al 25% §°. Ot . . Alkaline
rats Cl a0 1 Ca+ilg hases
N

15528 ber | (. f A o,
Apnst 1 153 3.0 0,30 252 [ 0.82 150 1.87
woptembor. 4 173 3.0 AR 246 L L33 L34 2,00
Orloher 3 205 39,3 N 232 B .88 1.5 22
Novombor |, . 1 36 35.0 N 247 L -5 1.3 Z 42
Pecembwr 5! e H.8 63 238 .50 o 14t 13

10
Juntnry . 4 ik 3. LT 2,28 L .50 107 170
Fehrunry H 3 4.6 W07 ¢ 2 54 N in) L 74 w1l
Mnreh_ | 1 s 443 .00 A 70 .60 1,71 2,74
Al 1 13 4.1 i 3.0l 83 N 213 205
Alay. ... 4| N LB Nk 2,40 fil .52 Z.m 1.7l
June... 3 27 ! SR .56 490 49 A8 1.82 1,45
July, . 1 H L4 A0 i 2.2 1] I L34 1.33
. N R B K I O R

Mean., . T i [ B0 £y} 60 1.68 50l

The samples tnken at Narth Haiwee (Table 19) should show can-
ditions closely similar (o those found at Alabama Gates.  The eanal
beiween these two points is concerete lined, and the total contribution
ltom the creeks discharging into this seetion is not large.  In view of
the fnet that the smnpres were taken ut the two points on different
days of the week and might represent different conditions of discharge,
1t 1s not to he expeeted that there would be exact agreement in the
analytieal results.  There is, however, a close agreement between the
two stutlons in the annual means. The discharge at North Haiwee
is stightly higher, by a daily average of 7 ¢. f. 5. The total salt con-
tent as measurced by conductanee is slightly lower, indieating that o
measurnble quantity of salt is not contnbuted to this section of the
eanal,  The menan horen content is sfightly higher, but n critical
examination of the detailed avalyvtical resulls leads to the conclusion
(hat this higher mean is due to the chance irregularitics of sarpling
rother than to uniformly higher boron content st Novth 1{siwee.
Differences of similur magnitude vecur in Lhe resulls Tor the other
constituents reporled in the tables.
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TasLe 19— Qualily of the woter of the Las Angeles Aqueducl es sampled at North
Hatwee, near Qlancha, Calif., dugust, 18028, to July, 1929

[AMonthly weans of weekly analysas
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The analvtieal results for the samples taken at South Haiwee are
given in Table 20, The samples taken at this station represent water
that has been mixed in the Haiwee Reservoir and consequently should
be, as shown in the table, less variable [rom month to month then
sumples taken [rom stations above the reservoir. The discharge for
the vear at South Haiwee nveraged very close to that at North Haiwee,
and the average boron content was the same, which affords a basisfor
confidence in the acvuracy of these determinations.

PasLe H0.--Quality of the water of the Los Angeles Aqueduel as sampled of Sunih
Haiwee, near Qlancha, Calif., \ugust, 1528, In July, 1820

[3Tonthly means of weekly analyses]

ALilligeam cepuivalenls
Yearaml  jSon-| 0 Dis- KL
Pt furom
mrgnl b fihe | ochrge §abd® L, e e
3+ . 1| Alkaline
117y a 500 | Catdle | Ve
Niin- -
1024 ber Cfa £op.on.
August .. 4 37h 3.2 64 2.4 0. 72 065 .37 2.M
Seplember i 30 36.9 ;i 2.62 L2 .78 .3 276
Melnher. . ..., 4 i 36,0 .58 247 ) .10 L.38 2
Novomher 5] Wy 36.0 .61 268 56 .72 L2 Tl
Trecember S 275 332 . 56 49 il .68 1.62 2.14
11
Janmry . I iy i .67 . 1,78 1.59
Fpbrinry 4 pet] ErAn L - ikl 1. 00
Mfarch 1 ) D] L i) 1.7 eI}
Aprl 1 jirid] 41.0 ] M) 1. 7R Pl
My i KiE) 4. 1} LK1 . N L.t ]
June 4 Hi ] 4003 1 BT 200 25
RATHR 0 fFL ] M7 B8 I 1, &7 217
Mean . A 285 8.2 BT i 55 68 L 250

The fifth series of samples of agueduet water eame from the outfall
ol the vlosed section of the nqueduct 2t the San Fernando power house
aboub 1 niile north of San Fernando, Calif.  The results of the anajyses

»
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of these samples are shown in Table 21, The mean discharge as
reported for the S8an Fernando power house is somewhat lower than
thet reported for three of the upper stations, but this may be due to
aeeidental differences in discharge conditions at the time of sampling
rather than to sctual losses of water from the systemi. The salt
content as measured by conduetance is slightly higher than at the
other three stations below the heading, but the boron content is
upproximately the same as al North Haiwee and South Haiwee.
The discharge and salt-conteut conditions of the agueduct are sum-
marized in Table 22, The results brought together in that table
appear to indicate that the water supply brought into the Los Angeles
district by the Owens River Aqueduct carries the boron equivalent of
approximately 4 tons ol borax per day and that practically all of this
boron is voniributed to the system above the heading at Aberdeen.
In view of the close agreement of the mean results of the boron
detorminution {or the stations of North Haiwee, South Haiwee, and
the Ban Fesnando power house, involving o lotal of 162 guentitative
anufises, it s believed that the boron content of the agueduet water
For 1428 29 was approximately 0.68 p. p. m.

Taver 2. - Quality of the water of the Los Angeles Agueduel as sampled al the Sun
Fernande power house, near Sun Fernando, Colif., Suly, 1528, ta July, 198
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UNDERGROUND WATERS OF THE SAN FERNANDD VALLEY

The San Fernando Valley, which lies north of the ‘eity of Los
Angeles, is almost entirely surrounded by low mountaing. From the
San Gabriel Mountains on the northeast, it receives flood waters
through the Tujungas and Pacoima washes. These Hood waters,
Logether with the dratnage from the Sunta Monien Mountains to
the south of the wvalley, unite to form the Log Angeles River,
which draing the valley at its southeast corner,

EUnder present conditions there is seldom any surface flow in the
streams mentioned. The underground waters are drawn upon lor
use hy the city of Los Angeles by means of wells, of which some are
located in or near the bed of the Los Angeles River, some in the eenter
of the valley near Lankershimn, and some at the north edge of the
valley near the San Fernando Mission, The water supply for San
Fernando is drawn from wells on the north side of the town, a short
distence east of the mission wells.

In view of the fuet thal water from the San Fernando eity wells
and the mission wells is used (o some eoxtent lor  Lrrigation, these
wells were siopled and analyzsl for comparison with the water of
the Owens River Ayneduct.,  Snmples were obtained also from one
of the Lankershim wells, but the wells further south along the bed
ol the Los Angeles River were not sampled.

The results of the observations on the water from well No. 1 of
the city of San Fernando are shown in Table 23. To facilitate divect
comparison with the squeduct weter, as sainpled at the San I'ernando
power house (Table 21), these results are given as monthly means
and summarized for the year. The San Fernando city water is
shghtly higher in tofal snlt content, as measwred by conductance
(32.7), than the aqueduet water (40). The boron content is 0.31
. p.om, us compared with 0.68 Tor the aguednet. The bicarbonate,
silphate, nnd ealeinm-magnesium eontent is higher, but the chloride
e sedivin-polassium content s lowoer.

Tannn 23, —Quality of the waler frane well No. | of the eity of Sen Fernando, Cnlif.
[Pisebmege, 1,25 cubie foel per seepod
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fn view of the fact, diseussed in more detatl i1 another section, that
sytnploms of bhoren injury were not found on plants irvigeted with
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witfer from the San Fernando city supply but genersliy on lemons
irrignted with aqueduet water, it might be inferved that the critical
limit for boron in mrrigation water lies between 0.31 and 0.68 p.p.m

but. the evidence is not conclusive. The results here reported deal
with conditions for onlv one year. It is possible that in previous
years the boron content of the aqueduct water may have heen higher.
It is also possible that conditions with respect to the soil, metheds of
irrigation, or queniities of water applied may be (-ssentmllv different
in the city of San Fernando Irom the corresponding factors in the
valley outside the city.

The quality of the water used in San Fernando is compared in
Tuble 24 with that of water from the mission and Lankershim wells.
The water of the mission well is slightly higher in conductance, in
sulphate, and in alkaline bases (sodium and potn%snun) than that of
the San Fernando city well.  The boron content is approximately the
same,  The water of the Lankershim wells is much]l) werin conduet-
anee ansd sonewhat lower in all the salé constituents, ineluding horon,
These Lankershim wells are Tocated in the dela of the Tujunga wash,
and the indications are that the Hood waters [rom the San Gubriel
Mountaing and the Verdugo Hills that contribute largely to the under-

ground supply of the San “Fernando V “alley coutain very little boron.
Tt seems highly probable that whatever boron injury occurs to the
orehard erops i the San Ferminde Valley is due to the use of water
brought in through (he Owens River Aqueduct and that this boron is
(miu mbuted to that supply by the lwinareles and hot springs in Long
Valley.

Tavey 24 —~Qualily of underground waler of the San Fernande Valley, as sampled
al three patnls during 1928 and 1929
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ARBROWHEAD HOT SPRINGS

Evidences of boron injury discovered in o limited area northenst of
San Bernarding, Calif, led to an investigation of the nrigation waters
origimting in the adjacent foothills of the San Bernardino Mountains.
The Sun Andreas fault line here makes the dividing line between the
Sun Bemardine Plain and the massive uplift (o the north.  The local
run-ofl from the mountaing is collected In a number of small streams
whose delty cones cross the Taulted zone at vight angles and whose
flood waters Join the Santa Ans River,  The surluce waters of these
strenms and of the cold-water springs above the fault line mntmn very
Little boren, s may he seen in the lirst four entries in Table 2 The
hot springs of the Arrowhead area vield more boron as well .i‘-» mich
wore chloride and suiphate than the sirfnee waters.  These hot waters
diselinrge into Watertnan Creek to the west and info ast Twin Creek
to the east. The Intter is joined by Strawberry Creck [rom the north-
cast al o point just above the hot-springs nrea.
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TaBLE 25.—Quulity of the waler Tn the vicinily of Arrowhead Heol Springs
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The waters of hoth Waterman Creek and East Twin Creek ave
diverted for irrigation helow where the hot springs discharge into
them. The horon concentration of the diverted waters depends
upon the relative proportions of surlace water and of hot-spring water
nt the time of sampling. ‘The discharge from the hot springs is said to
be fairly constant throughout the year, while the surface run-oft is
greater during the winter and spring.  Tae two samples of irtfsation
water, Nos. 2438 and 2441, were taken on March 12, 1930, while
the corresponding semples, Nos. 548 and 547, were taken early in
January, 1929

Two other creeks east of the Arrowhead arves have their deltas
across the fault zone. These are Harrison Creek and City Creek.
There are a number of shallow flowing wells at the apex of the delta
cone of Harnson Creek. .\ sample of water from these (Nn. 549)
shows some boron contamination. A number of samples from cold
springs adjacent to these wells, when tested qualitatively, showed
appr o\mmlclv the same horon content. Water from deep well in
the delta of City Creek, northeast of Highland (No. 2496) contained
0.92 p. p. m. of horon.

The conditions along the line of the San Andreas fault in the vieinity
of San Bernardino appear to support the view that the boron lound
in these waters conmes up through the fractured zone, probably as
volatilized boric acid. It seems probable that as it emanabes from
its deep source it is associated with other gases, including steam and
Liydrochloric and sulphuric acids. These gases at high tempm ature
may come in contact with percolat.mg w ntcl (]l‘:‘-‘:(}l\(‘ in it, raise its
temperature, and react with 1t=; mineral constituents to form saits.
[t will be ohserved in Table 25 that while the hot-spring waters con-
Eain more horon, chioride, and sulphate than the waters rom above,
ihe content of caleium and magnesium is substantially the same,
while the content of hicarbonate (HCQ,) is somewhat less.  For-
tunately, the quantity of boren-contaminated water in the Arrow-
head srea is nol large, and under present conditions compuratively
litle of it is carried into the general drainage of the Santa Ana
River.




v

v

o

r

BORON IN 1RIUIGATION WATERS a7

LOCATIONS LISTED BY LABOHRATORY NUMBERS IN TABLE 25 AND DATES OF SAMPLING

No. "43! Waterman Creek, asbout 100 vards above Steam Caves Spring; dis-
charge 1.25 cubic feet per second; collecind Mareh 12, 1930.

No. 2439, Last, Twin Creek, about 300 yards abave the Junction of Struwberry
Creek and ahove the hot- -\-,pl‘llu., arca: discharge, 2 cubie feet per second; col-
legted Marceh 14, 1930,

No. 2440, Sirawherry Creek, about 300 yards above ity junetion with East
Twin Creek and above the hot-spring area; discharge, 3 cubic feet per sceond;
colleeted Mareh 14, 1630,

No, 2442, ;\rro\\ head cold-spring water from pipe line lesding from springs
abO\(' the hot-spring srea; collected March 12, 1930.

No. 24306, Steam Caves Hot Horings; discharge, £.02 cubic foot per second;
collected Murih 12, 1930,

No. 2443, Arrowhead tiotel Hot Spring; discharge, 0.07 eubic foot poer seeond;
collected March 12, 1930,

No. 2444, Granite Hot Spring; diseharge, 0.068 cubie foot per second; col-
lected Marrh 112, 19340,

Noa. 2415, Penyugnal Hot Spring; discharge, 0.02 cubic oot per second; enl-
leeted Mareh 12, 1930,

No. 2438, irrigation water fromm Waterman Creek, below the hol springs;
coliceied Mareh 12, 1930,

No. 2441, drrigation water from Eist Twin Creek, below the hot springs; vol-
levterl March 120 1938,

No. 847, drrigation water from Waterman Creek, helow the hot springs; dis-
(Imr;.,r- 1 cubie foot yrer serond; collected Jdannary ‘l 1024,

348, irrigation water from East Twin Creek below the hot aprings; col-
loe l(‘d l(muun 12, 1920,

Na. 540, shallow flowing wells at the mouth of Harrison Canvon; discharge,
0.2 cuthic fool per seeosnd; enllected January 12, 1920,

No. 2498, deep well in the delta of City (‘re-ck, northeast of Highland, used
for domestic purposes; depth, 308 feet; disehorge, 0.7 eubic foot per second;
collected March 23, 1030,

COLURADO RIVER

From the stundpoint of the extent of acreage served, the Colorado
River s the most important source of irrigation water in southern
Culifornin. In view of this faet and also bee-ase its water may be
earried in the [uture outside of its basin to be used In areas where
citrus crops are mivnmwl\' arown, it has seemed desirable to male a
series of analyses of it in the 1 esent survey.  These analyses, which
cover a period of 12 months, are reported in detail in Table 26,

Tanne 26, Quadity of the waler of the Calaradn River as sampied al Yuma, Ariz,
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TasLe 26.— Qualily of the waler of the Uolorade River as sampled af Yeumn, Ariz—
Continued
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The Colorade River has a large drainage area, about 242,000
suare miles, but much of this is arid land having little rainfalt, and
that of trregular distribution, so that 4 large part of the total run-ofl
comes frow the melting snows {rom the high mountams of the uppes
purtof the basin.  Loeal torrentinl rains, falling now inone partof the
basin and now in another, contribute irregularly.  The melting of the
snow catses wn inerease in the diseharge of the river during May,
June, and July.  Loeal rains may enuse o temporary inerease or < fesh
Nlood ™ at uny time of the yeur. These conditions make for great vari-
ation, not only in the volume of the discharge throughout the year
bul also in the quantity and chargeter of the salts in the water. In
senernd, the salt content varies inversely with the discharge. That is
to say, the selt concentration is mueh less when the river s in llood
than when it is low. This is due to the fact that the summer llood
waters comv chietly direet from the melting snow. The flash floods
that come from rains fulling on the desert may earry a large proportion
of sult dissolved Trom the desert sell.  Muel of the salt exrried by the
river nt its low slages represents the drainage from ferigated fands
npstream, logether with return llow by seepage from lowlands adjacent
Ly Lhe river (hat wee vyverilowsd gt fowd tlnes,

The detailed values inTable 26 show that while the average discharge
of the river ut Yumu for the dates sampled was 19,054 ¢. fL s, the
dizelhiaree ranged from a low point of 1,000 ¢. [ s on January 4 to o
hight point of 88,000 ¢ . s onJune 6, 1929, 1t should be noted in this
conrection that the diseharge values apply only to the days on which
the water swmples were taken, and they should not be considered as
representing the full vange of varintion or the true mean discharcge lor
the vear. The results siven as the means of the individual elwservations
are also shghtly distorted beeause there were only two samples taken
inJune, when the river was in ilood. For this reason it is believed that
the means of the monthly means give a truer expression of the salt
onditions of the river for the year.

The total salt content as measured by eleetrieal conduetance ranges
from o low point of 41.5.7 1072 on June 27 to a ligh poing of 100102
reciproesl olums a 257 O an November 1, The mean of the monthly
means s 126 - 107 which is approximately equivelent to 840 p. p. .
ol total dissolved eleetrolyies.

The boron content is relatively low, averaging only 0.19 p. p. m.
This is prubably below the imit of possible danger even to the more
sensitive erop plants and even when eoncentrated in the soil solution
(hrough ovaporstion losses.  The propertion of other salts in this
water s sueh that if concentrafion were to inerease to a point at which
boron beesme injurious, then there would probably be even greater
injury [rom the other salts,

1t should be remarked that in the water of the Colorado River the
rtio of chloritles te sulplntes is as 0.4 to 1.0, which is a mueh lower
paliv than that which characterizes the waters ol same ol the moee
inpartant irvigation supplies of Arizona and southern Califurain,

MISUELLANEOUS WATERS

To addition e the analyses reported in the preceding tables a nnum-
Ber of samples ol water lrom various sourees in southern California and
Arizona have been analyzed, and ave reported in Table 27, The areas
represented are: (1) Riverside, Calll,, and vieinity; (23 southern Orange
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County, Calif.; (3) the Salton Sink area, Calif.; and {(4) the Salt River
Valley, Ariz.
Tawne 27.—Qualily of miscellaneous water samples collected 1n gounthern Colifornia
und in Arizong
RIVERSIDE, CALIF, AND VICINITY
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Of the samples from the Riverside area, only three show high’

horon content. The water of Lake Elsinore (focation 5) has long been
known to be unsuited [or Trrigation use. Neot only is its boron con-
tent high, 1.44 p. p. m., but its total salt content is high and the
water is alkaline and very solt, that is, it has a very low proportion
of caleinm and magnesium. The water supply of Elsinore city (loca-
tion 4) is drawn from wells not far from the lake shore. While the
iotal salt content is low, the horon content is relatively high, and
this water also is very soft. The well ut loention G, south ol Lake
[lsinore, is used for irrigation. Tis salt content is approximately
the sume as that of the Elsinore city supply, but the boron conlent
is low, and the ealetuni-muagneston content is much higher.  Beuluh

&
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Spring {loeation 8) is south of Riverside. [t ts & smull spring and
i of interest chielly in that its overflow has been used on purt of
a near-by walnut orchard and that the trees on which it has been used
have shown definite symptoms of boron injury.

The last two waters of the group (locations ¢ and 10) represent
Warm Creek near San Bernnrdine, above and below the outfall of the
sewage plant. 1t might be expected that city sewage water would
contribute appreciable quantities of boron, resulting from the domes-
tie use of horax washing powders, but these results indiente that such
contamination is very slicht,

The irrigation wells in southern Orange County (oeations 11 to 18)
were sampled afler & prefiminary sorvey had shown evidenee of some
boron injury in citrus and walnut trees in this area.  This preliminary
survey indiented that while most of the wells in the area were giving
wiler of low boron content, a few of them were causing trouble.
The evidence of injury was not definite except for locations 13 and 15,
breanse some of these wells wore used to irrigate crops less sensitive
to boren injury than citrus and walnut, and in other crses the waters
of several wells were blended and the boron conten$ of the mixture
was below the eritical concentration for citrus.

Of the sainples from the Salten Sink area, one (ocation 19)isfrom an
irrigation well north of Salton Sea in the lower end of the Coachella
Valley. Some of the grapefruit on which this water was used showed
symptoms of boron injury, confirmed by leaf analysis; but, as other
trees in the grove were nob Injured, it is assumed that the boron
oveurred in spots in the soil.  The other four samples in this group
(from forations 20 to 23) are from artesian wellsin the vicinity of Holt-
ville, south of Salton Sea.  These wuters are not used for irrigation,
Pire frriga tion supply of the Emperial Vallevisdrawn from the Colorado
River, of which the boron content is low (Cable 263, und no definile
evidence of boron injury has been seen in the vallev.  All artesian
wells are in an aren on the east side of the valley from Holtville north.
In nddition to the wells here reported, 10 others have been tested
qualitativoly for horou with positive results. It scoms probable that
sl the deep water in this artesian belt is contaminated with boron
from some subterranesn source.  The wells ot locations 20, 21, and 22
are in the eity of Heoltville.  No. 20 is 363 feet deep and contains 1.88
p. p. m. of boron.  No. 21 is located only a few feet from No. 20, but
18 811 feet deep and containg 2.34 p. p. m. of boron.  No. 22 is about
one-fourth mile from the first two wells and is 1,100 feet deep and
contains 3.86 p. p.m, of boron.  The waters from the deeper wells are
very soft, while that of the {irst well is not only more salty but also
contuins so muoch ealeium and magnesinm as fo indicate the possi-
bility of the influenee of deep percolntion from the surrounding irri-
galed land.  Loeation 23 2 ahont 5 miles north of Holiville,

The four semples froin the Sali River Valley in Arizona (oestions
21 ta27) do not include o representation of Salt River water as siored
in the Roosevelt Reservoir and used chiefty on the Salt River project.
No. 24 is water of the Gila River as diverted Trom that stream nbove
Florenee, Ariz., No. 25, although taken from one of the canals of the
Salt River project, represents lood water of the Verde River follow-
ing o loeal torrentinl rain. No. 20 represents an irrigation supply
obtained chiefly by pumping (vom that part of the Salt’ River project
west of Phoentx, Ariz. No. 27 is from the Gile River at Gillespic
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Dam below the Salt River project and represents partly return flow
rom the irrigated lands above this point and partly surface run-off
fram the Verde flood just mentioned. [t should be noted thet no
definite ovidences of boron injury have been observed in the Salt
River Valley.

LOCATHONS LISTED IN TAULLE 27 AND DATES OF SAMPLING

Riverside eity waler; Fobruary 17, 1024,
Rivorside Cannd, freigation water; November 19, 1928,
Cinge anal, irripgation water; November 19, 1928,
Fisinore ¢ify water; Novenber o, 1928,
Lake Elsinore; November £ 1828,
breigution well south of Lake Bisinore; Febroary 13, 1824,
. Terigation water, Hemet Lake; May 25, 1929,
Boulah Spring water, south of Riverside; December §, 1924,

9. Warin Creck, near San Bernapdinn, above Lhe sewage outfally January and
Fobiruary, 1926,

1L Waem {reek, nesr Sun Bernardine, belaw {he sewage outfuil; January and
February, 1920,

11, Trrigation well, Browning ranech, Tusting April 24, 1629,

12, Irelgation well; Townsend ranch, Cosia Mesn; May 3, 1920,

13, Irrigation well, Itvine mrceh No, 10, Tusting May te July, 19249,

b4, Drrigation well, [rvine raneh, Noo 11, Tuasting May to July, 1920,

18, Ireigution well, Irvine ranch, Nuo. 25, Tusting May to July, 1929

16, Trrigation well, Ievine rouch, No, 44, Tusting May to July, 1929,

17, lrrigation well, Irvine ranch, No. 3, Tustin; May to July, 1929,

18. lrrigntion well, Trvine raneh, No, 63, Tusting May to Joly, 1929,

10, Irrigalion weil, Blster ranch, Ousis; November 30, 1028,

20, Artesian weil, Holtville Naizlorivm; 363 leet deep; Junuary 23, 1920,

Tt Artesian woll, Hotlville Natalorium; 810 feel deepy; January 23, 1929,

2 Arfesian well, Holiville Tee Cooy 1,108 feel deep; January 23, 1629,

23, Artesinn well, Robipson ranch; 620 feet deep; February 26, 1930,

UL (il River watier, from an irciguiion eanad near Florence, Arla; Mareb 13,
{1120

25, Verde River, Hood weier, from an freigalion esnel oear Phoonix, Ariz;
Mareh 13, 1920,

26, Irrigalion water, Roosevelt irvigalion distriel casal nesy Litelifield Pash,
Mrize; Mareh T, 09200

97, (iiln River, at Gillespic Dum, near Gil Bened, Ardz.; Mareh 11, 19289,

R E R
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SUMMARY

it has been demonstratad that boron as a natural constituent of
the salts of irrigation water is the cause ol injury to crops in certain
wrens in sowthern Califormia.  While the aggregate of the areas
involved is not large, the injury in some of them is serious.  This
hulletin deals with boron conditions in southern Californin, but it
has beon found that similar troubles ocenr also in the Ban Joaguin
and Speramento Valleys and in western Nevada,

The offect of boron injury is manifested in vitrns and wainul trees
by eharacteristic discolorntions of the leal tissue and by the excessive
aecwmbplation of boren in the leaves. Senewhat similar but offen
tess definite symploms develop in other species.

With only onc or two exceptions, it has been found ihat boron
injury in southern Californis is the result of the use of brrigation water
containing horate sults.

The boron that occurs in injurious eoncentrations in urigation
water may be devived either from the solution of exposed outerops
of soluble boron minerals, lrom sibterranean deposits of such minerals
in contnet with underground waters, or diveetly from voleanie gases
dissolved in percoluting waters,
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Tt has been found that if the boron content ol irrigation water is
more than 8.5 p. poom, its use may eause mjury to such crops ns
ferons or walnuts, afthough under certain econditions, with conceu-
trations ranglyg up to 1 op. p.om, the injury may not be very serious.
I the boron eontent is more than 1 p. p.m., injury to tie more sen-
sitive crops is likely to result.

The severity of erop injury vesulting from boron may be influenced
by locul suil conditions, by elimatic conditions, by the method or
quunlity of irrigntion, or by the program of fertilization,

In some situstions it is poessible to segregate from an irrigation
supply the ehief source ol boron contumination. 1t inay also be
possible to blend o contaminated supply with a larger quantity of
water from other sources and thus reduce the concentration to a
point below the danger limit.

There wre pronounced dilferences anong erop plants with respect to
Loron teleranes,  When the basic faets as to these dilfereaces have
Been ascertained, 1L may be possible to ntilize for certain groups of
erops waters thnl would be injurions (o more sensitive crops.

Boron oveurs i plents probably as o normal constituent. Tt has
been found in small but measurable quantities in o wide variety of
plans net only in Celifornin but elsewhere in the United States and
i Europe,

In many planis the boron appears to aceumulate in the leaves
rather than in the stems or fruit. The normal mature leaves of
citrus or walnut trees may contein as much &s 100 p. p. m. ol boron,
based on the dry weight of the leal material,  Leaves of the same
speries, injured by boron, (requently contain more than 1,000 p. p.
m. ‘The boron aceumulates gradually, reaching its maxitmum as the
lenves mature.

The sumples of water collected for boron determination were also
mnalyzed for the other jons or elements commenly reported for
trrigation walers, and the conductanee, as a measure ol total sulinity,
was determined, :

A survey ol the sorfuee waters of the Santa Clara Valley shows
thal most of the boron earried in Santa Clara River is derived from
Piru and Sespe Crecks.

The underground waters of the Santa Clara Valley as developed
by irvigation wells show that boron contamination is localized and is
derived Itom persolation Trom Piro and Sespe Creeks,

In connertion with the drilling of two irmgation wells in the Santa
Clara Valley, nnalyses were made of the suecessive horizons of under-
eround water, and it was found that while these dillered slightly in
quality the dilferences were not pronounced.

A dotuiled study was made of the water discharged by Sespe Creek
in one yvesr. ‘This shows that the concentration ol boron is not con-
stant but varies inversely with the volume of discharge. A survey
ol the stream throughout its cowse showed that the boron is con-
tributed ehielly from twa groups af hot springs that discharge into
the creek.

Asimilar deisiled study of Pirn Creek showed that its waier has o
higher salinity but o lower boron content than that of Sespe C'reek.
[t 35 also somewhnt less vaciable 1o quality. The survey of the upper
siream of Pirie Creek showed (hat the boron is deriy ed Targely [rom
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Lockwood Valley, in which there are outernps of colemanite, a boron
mineral,

The waters of Ojai Valley contain very little boren, and the boron
content of Ventura River appears to be below the critieal concentra-
tion. There is no evidence of boron injury in these valleys, which
he northwest of the Santn Clara Vallex.

“Ihe waters of Parida Creck near Carpinterta are contaminated
with boron hy a spring located near an earthqualke Tault.  This con-
tamination of the irrigntion water has resalted In severe local injury
(o citrus and walnut trees.

In the Simi Valley, south of the Santa Clara Valley, there is some
pviclenee ol boron injury, chiefly to walnut trees. A survey of the
irvigation wells of that valley showed that some of them vield water
(tmlulnmlf eritical concentrations Ul boran,

The Los Angeies Aqueduet earries water Iram Owens River to the
Sun Fernundo Villey, where 1is nzed partly Tor trvigation but ehielly
as a manicipal water supply, There i some evidenee of boron in-
jury in citrus and walnut groves in the San Kernnndo Valley, appar-
enlly resulting from the use of aqueduct waler.

A survey of the tributaries of Owens River above the aqueduct
heading showed that one artesinn well near the heading and one
strenm in Long Valley were eontributing most of the horon lound in
the aqueduct snppl_\.

A detniled study ol the waters of the Los Angeles Aquediet earried
on for a year H}m\\a that the average horon content is 0.68 p. p. m.
and that there is not mueh seasonal variation in the quality of the
waler us doelivered ot San Fernando.

Conditions in the Sun Fernando Valley indicate that there is less
tanger of boren injury from the use of foeal underground water for
irriglion than frem the use of agueduet waler.  Analyses of those
tindergrennd waters show thar their boron content is mueh less Hinn
that of the aqueduct water.

Certain hot springs located near the Sen Andreas Tnult near San
Bernanlino contribute boron to ereeks Howing across the lault zone,
Where these contaminated ereck waters are used for irrigation,
injury has resilied to ciirus trees, and to ecertain other erops.

The Colorado River, as sampled at Yuma each week for a year,
shiows & mucked seasonal varintion in total salts, but the beron con-
lent s low, aversging 0.1 p, p.m

A series of snmples of ierigntion waters from several other nvens
in =ounthem (alifornia and in Arizona show that beron contamination
oeenrs {o a limited extent in a number of places, but in none of those
[sted B 10 1 mutier of serons economie conceri,
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