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INTRODU(~TlON 

The fllC'\ that boron OCC'Ul"S naturally as a constituent of irrigation 
waters in southern California and oceusionally in such concentrations 
118 to be injurious to crop plants was disco~et'ed through investiga
tions by 1\.('11(>), find Brown (11) 1 in ] 926 and Hl27. Subsequent 
invesf.igll (iolm by til('. Bllrellll of Plfil1 t, IndIlR!ry, hpt'Pin rcpor.tcd, have 
amplified lind ('onfirIllcd 111(, PllrliP!' findings, lind hu,ve also sh{)\m 
(hnt horoB O(,('IlI'S in illjuriolll; ('\\I\('('II(.l'utions in (.he irrigatiou and 
Iludrrgrouud WIl ('t's of o[h('r purls of C'alifornia find in N e\'luill. 
Thl' information IlvfLilablc at th(' prrs(,llt time indicates that, aside 
from s('vel'(d I1I'(,US in southern C'nliforniu, boron injury occurs in a 
SllltlH arcn, sou theast of Bakersfield, in a, more extensiy(' area along 
th(' w('st. side of thp Ran ;Toaquin Valley, in an area of Cache Creek 
on til€' W('st si(\r of thc Sacramcnto VHiley, twd OIl the Newlands 
redllIlllltioll pl'oject. in Nevudn. 

I Italic numhers [II parentheses (efrr to lAteral ure ('[ted, p. 6{. 
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Th(' Pl't'St'llt l"(,POl't deals only with the boron areas in southern 
('ttl ifornj u,. Thesp may be CtHlmN'atecl as follows: (1) Thp ValLt'}' of 
tht' Santa Clara River, in Ventlu'u, County, where the boron is brought 
in f'hiefly by Pinl and Sespe Creeks; (2) thp Simi Valley, also in 
Ventura County, where the boron occurs jn tmderground waters that 
are pumped for irrigation; ~3) the Snn Fernando VaUey in Los Angeles 
COlmty, wh(,I'p the boron oerms in th(' water brought in tlu'ough the 
Los Augel(':-l Aquedllct from Owpns RiY('r; (4) the yieinity of San 
Bernnn\ino, where homn ocC'urs in the waters of .Arrowl1Pltd Hot 
Springs and in certain w('lis; and (5) the eOll:-ltill plain in southern 
Orange COllnty, wlH're horon (lC't'lirS in some of the lmderground 
\\ atprs pUfll])pd for irrigation. In addition to thesp arens, boron 
injury has heen obs('rnd in Il lluIlIlwr of other loralitip:-l, often inyoh"
ing only a few tret's or Ilt most a few tl(TP:-l. Some of tlLPse nre irrign.t('d 
from smail springs containing toxir quuntitit',; of boron. There have 
1)('C'n n. few cases of injury through the lise in irrigatioll of waste \\ at01""; 
('onbtining borax and also a few rasC's where the somre of thC' boron 
has not. b('C'n definit('ly established. 

By wa,y of SIlIl'fll!trizing the horon sitwltion in southern Cnliforniu, 
i [ mny bt, sllid Ll!11t in the aggregate the a.reas wlwre boron injury 
o("curs constitute only II small part of the. total irrigatpd area, and, 
furthermore, that within these areas the extent of the injm"y definitely 
Ilttributable til beron is often not In.rge. For the whole of the terri
Lory under cOIlsickmtion, the extC'nt. of crop injury clue to salts other 
than those of boron C'ontaiuC'd in irrigation water is much greater than 
may be chorgerl to boron olon('. In other words, horon is one oJ the 
(·onstitu(,lltp. of the salts that ocrllr in the irrigation wll.iC'rs of sout1wrn 
Californin. tlnd in n fC'w instllIlces this ('Iemeut, is found in such COll

('('nlrnlinns HS tn Iw [hp dOlllillllllt, calise of crop injury. III milny 
ollwI" <"nsC's ('I"OPS 1Ir<' injured or t1w physicill condition of Ill(' soil i:.. 
impli 11"p<l through III(' 1I(,(,lIlllldn lion j tl (\w ,.;oil solll tion of \.o:-;i(' ('on~ 
(,P!lITIl tions of oth('r {'1f'l1l{'rils or SIIU;,. 

Boron hilS 110(. lwpll. ~(,lH'rnlly l"('cogni%NI hpr('tofore fiS all illlpOitunt. 
('lrHlont in t·ho complf'x oJ slllts thllt occur ill irrigation wntp]" or jll 
lh{' soil solll tion. It has not tlSlUdly h('('n determined in the fillulyses 
oJ irrigntioll wat(']". It. has long hr('n kn0\\"11 that. t·he salts of boron 
nrC' highly toxir to mn.ny plants; but only reC'l'ntiy has it been rerog
nized thllt, in low COlll'pIl trlltions, boron is bl'nl'firilll, if not eRsen tin.I, 
to the gro\\ th of rertain plants. Tn ronnection with the prespn t 
im"pstigations it has bl't'Ollll' appllrpnt thfit, llithongh horon at }"C'la
li \"('ly low ('Ol1('entrn tions is toxk to plan ts, nt still lowel' or suhtoxic 
('()ll('Plltrntioll:-l it is stimulating t.o IllHl1;\" plants. 'rili:-l may iw true 
ulso for ollH'r elplll('nts thitt ()('Cllr ronunonl;\T in the Slllts of irrign.tioll 
Wf! tPI", b1l t iJ is not. so ('yiclPtl t with r hl0rinp, f01" l'XII III ph-, n,.; with 
bOl"On. 

In tIl(' prps(,1l1 r('porl. Ow point. is (,Itlphnsi;t,('<l Ihnt boroll illjury is 
dirpdlv trl\('('nble to (.11('. b01"011 ('!llTiedin irrigntion wuLp!". .It. is 
probal;ly NllUlHy true that most of the ('rOP inju'ry C'itus('(l by snIts on 
irrigatC'd lands is :-limilarly d ne to the salts C'arried ill the irrigation 
wat('r. Where the ('onclitions of irrigation are such that thC' salts, 
wh('tlH'l' of horon Ot· of any otllPr element, runied. in solution in til(' 
irrign.tioll wnt.C'I", aerumuln.te and remain in the soil solution of the 
root ZOIl(, , ultimlltp· rrop injury appears t.o b(' inp\-itable. Thp ron
('('I\tmlioll of ..:;n.lts in irrigation watN' is seldom, if p\'('r, ";0 high as to 
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hE' immediately injuriolls Co (TOP plants. BilL WlWIl irrigation wnLe]" 
containing sill ts is Itpplied to tlw Roil the water is ah;orlwd by the 
lJlunt" OJ" disRipttt.e<l by entpomtioll, while the sHlts remain in the soil 
solution (14). 

]f Illtillltltp injury iK to be uvoided, the l1l€'thods of irrigation ilnd 
the conditions of dminage must he such that the snlts brought to the 
root zone by the' irrigation 'Vlll('1" can be removed by lellehing. rfhis 
is tnw for the slllts of boron as well IlS for those of other elements. 
It is pointed out in the following pagE'S thltL while for ilTign,tion water 
tlte cJ"itical eOlwE'ntmtion with resp€'('t to boron may he IlS low ns 
(Ui p. p, Ill./ til(' critienl ('oneentrntioIt [or the soil solution is probllbly 
n!lO\:(' ·LO p. p. m., en'll 1'01" Ow more RE'nsitivE' C'rops. This difference 
IH'twPl'n wltat is rel'el"J"('d to Its the' cl"itieal ('on('pn trn.tion of irrigatioll 
\\ nlpl' uwl or diP ~.;oil soilltion ill1]>lit's 1'('('ogHilioll of tlw fnet fJlllt ill 
il'rignl!'d IUIId~ {Iw ('OIW('IlLl'lItioll or ~Hlls ill thE' soiL solution or lilt' 
I·()()'t. Z(jlll' is llllU,1! hi~;Il('1' {hun ill till' wal!'I' us('d 1'01' il'l'ig-at iOIl. Tbn 
1I1IlgnillJ(\(' or {his dilrl'l'Plll'l\ dC'pPlIds "POll (II(' lllt'Lhods or il'rig-a(.ioll 
!llld tlH' ('ondili(Jl\s 01' dl'llillUg'('. 'Vht'l"(, til(' J\utul'!ll dl'llilluge is good 
and. t11(' (lllllllli fy of wHt('r applip<i, t.ogl'llwl' wit h the 1'I1i:n[u11, is sufli
dl'llt to displu('t' oC('ltslonnlly a purt of the more conc('utrnt('d soil 
solution oj' thC' root ZOIlP, this difrt'r(,llee in couccntmtioll may be con
tl'oU(,<L nnd ('I'Op in1lu-y Ilvoid('d. But if l(,Hching- of the root zone does 
not take' plu('t', tlwll the eouecntration of the soil solution lllust illCl'(,IlSC 

with (,Heh l'U('c('ssive lITigation until it 1't':1('hE's the limit of solubility 
of e!teh snIt. The soubility of the bomte tlnd chloride snIts is beyond 
til(' limit of tol(,l'Ill1ce of crop plauts, us is also thut of the sulphafes of 
sodiulIl and tnng'lH'sium. Calcium sulphate and calcium carbonate 
HI'e ]ll·('cipitnJ(·d from the soil solution hefore the limit of plant tolel'
HJ\('C' is rt'lu'h<'d. 

UORON INJURY IN PLANTS 

EVIDENCES (n" BOltON INJUH. 

'I'll(' O(,(,111TC'n('C' of blll'OIL in th(' soil solu tion in concentrlttions 
illj Ill'iOllS to ('j'ops i" 1l11Llufested by specific and charnctel'istie reactions 
ill Il lIumbl'L' o[ pl!lnts. Two sHeh "indicator" plants Ilre the lemon 
and til(' P('I'SiIlTl or English walnut. Both these plants tlre extensiYe
1y grown in southern Califomin, and hn.,'o bt't'n usdul in tll('. SlU'Vt'y 
work 1l('1"(, i'p[lol'led, in which it has bt'(,ll the aim to distinguish be
tw('('n CI"Op injllr~' caused by horon nnd tlult due to otll('r snlts in 
tb(, soil solution or to ot her acly(']'i'ie ('ondi tions. Other sp('cies of 
Citrus, stich as til(', ol'ltng'(' nnd the g-rnp<.'fruit, are only slightly less 
s('nsi t j"p. to bOWll thnn the lemon, but their symptollls of injlUT Ilre 
s()lllC'tinH'S It's8 dpfinil:e. 

A 1<'1110U tt'('P ~mlrt'l'ing from an increasing cOllcentmtioll of boron 
in tile soil soLution sho\\'s a ('hm'actC'ristic type of ydlowing of the 
IPll\'ps. This n.pppnrs first on th(' more matllrt' h'aY('s, whose tissue 
along tlw lIIHrgins nnd hl'twt't'n til(' \'('ins lost's i l:s normal grC'en color 
Ilnd bec()llH's }'C'How, sOHlt'fiIlH'S IHt\C' but mOl'e ofl<'n a brIght goldell 
ypUow. .\s the' sympto1l1s pl'Ogrt'ss, til(' 1ll1l.I'gillll1 1(,IlC tis:me may 
dit' and. (urn hrown, Inlt fl'NllI('nt1,v thl' lC'llf ralls 011.' h('/'()1'(' thllt 
slng(' is rpnC'lH'd. Typi("nl ('xnmplt':-; of' boron inj1l1T to citrus It'aYes 
111'(' illustl'nt(,ci in Plate l. It is rl'('qll('lltl~' oi>sl'rH'll thllt t\w 1<'1n'es 

1 Part.. (lcr l1ulliuu. 
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Itllling from bOI'on-inj lll'pd It'mon treE'S are dptached from the petiole, 
leaving the petiole attached to the stem, but this is not always true, 

Normally healtlw lemon leayes often remain attached to the tree 
fo1' 20 to 30 mont'hs or longer, so that leayes representing five or 
si.x successiye cycles of growth are found on the longer branches, 
vThen boron inj1ll'Y O('('1ll'S, the leaves often fall when only 8 to 10 
months old, so that it mlty be hard to find leaves of the [om'th or 
(W('ll of the third growth cycle from the tip of the branch, This 
prematUl'c leaf shedding of boron-injured trees results in a marked 
('on trast between them and normal trees with their dense foliage, 
An example of the thin foliage resulting from boron injury in a lemon 
tl'N~ is shown in Figure 1, in which also mn,y be seen the characteristic 
discoloration of the leaves find the abspnee of fruit. This is a 23

• 

r~lt.l)fn.. t.-,i ell10n tree showing lvpir-nl horon biUl"V cimn\('leri1.cd hv absence of fruit, thin 

foli.\gc, and ycllowinq Ic·an'.". Photo~rai'i1cd h~ Fil'!d in .Fcll,'unry. 1H:!9 


YNlr-old trce in the grove at RubidolL'i:, ncar Hiversidc, Calif. It 
wus making vigorous normal growth prior to 1926, when the first 
applications of borax were made, In 11arch, 1926, a basin was made 
around the trec, llnd with ('(t('h of the next 10 irrigations 50 grams of 
l)(JI'lLX Wtls dissoln'd in the irrigation water, Tlwse treatments were 
('on('luded in ).f Ity, 11.)27, whrn the tl'(,(> showed symptoms of severe 
inj1lI'Y, 'l'lwtlc sym p toms w('/'(\ still p rollOll n('Nt \\' h('n thc pho togl'aph 
WitS mltd(', in }i'phl'llury, 1D2!),

It should be eJllphnsiy.pd thllt tlte new jpmonh'H,n's do not ordinarily 
show the symptoms of hOl'on injllry, It is only aftel' the leaf reaches 
fun siy.p [hat. tho dis('olol'll tion appenl's, Consequently, a lemon 
tn'(' mll,y ha\'(~ l1('nrly ('\'NY ]'('lllflining leaf discolored. in Jilnufl]'y or 
FphI'll IlI'Y, Hnd helve nil entirely diirel'ent appearance it few months 

http:eJllphnsiy.pd
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('llru:· h·'IVf .... hOWUl)! (1' Ilil'~d st\n~rp Imrnn InJIJO·, (Nut,uml !\IZP. I hlllOf:rH.phf"d hy F'wld.) ('ollt't'ted 
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latcl' when thcse old 1cu.\'rs hl1Y(' failcH and til(\, h'rr is con>re(l with 
ncw leavrs not yet discolol'ccl, 

] t is not unconunon for lrUton trees to continue to beHr fruit, 
sometimes abundantly, foT' seveml years after the first lca£ symptoms 
of boron injury appt'IU', This is truc, of C0111'SC, only where conditions 

.... m'p such thn,t the boron con('('ntration of the soil solution is incrensing 
vCl'y slowly, If the onset of the injury is mpid, the young fruit is 

. ~ 	 dl'Oppcd ns well ns the older len;n~s. This shedding of the young 
fruit also occurs in the more advanced stagcs of injmy that follow 
the gl'lldual incrense 
in the concentrntion 
or boron ill the soil 
solu t ion. 

'1'1[(' ]>(,1'8i fln wainll t 

<I('\('lops lellf 8YIllP

IOIll!,; of boron in

j1ll'Y, thnt, whi1(\ wry 

dill'rl'PIlt. fl'lllll those 

or the lemon tl'eo, nre 

no less ullmistalmblc, 

AD nIl "indicll,tol''' 

pltmt the WIllullt is 

h'ss useful thnn the 

lrTllon becttUse it is 

drciduous and con

SCIt uently leafless for 

fiye or six mouths or 

t lIP V(,Hl'. Furthcl' 
11101'(:, itl'> hO('(J1l symp

toms, like those of the 

I(,l1l0 II , apppm' onlY 

\\' hen the It'll \'('5 ltj; 

proa('h mlLturitv, 

Thusi t is only dUl'iilg 

two 01' threc months 

or the Inte SUllunel' 

thtLt thn walnut 

SPI'V('s to indicate thl' 

o(,('Ul'r'('ll('(', of ex('Ps

:-;iYeCOlH'<'Tltratiolls or 

hOl'On in the soil solu
tion· 't':'hP:l such IP~mh- Fll,l'ItE 2,-"'lIlnU1 leM showing t;Ollieal ,e\:ere horon injury. 
('I'll tTil 1011 IS ypry l1g Collal'le,1 IlL ""11111 t'tlS!lU!I, CalIf. 

lind thc COllSt'q lIcnt 
injury S('YPl'(', the chal'act('\"isti(' h'll[ symptoms mny nppel1r in 111id
,July, or ('urli('l', but genprnJly tlwy do IlOt clevdop until mid-August. 
These sym ptOIl1S in the wnlnut It'd npppal' at first at the l1l1ll'gin of the 
IPldlds, wlH'l'e thelt'HC tissue dips und tUl'llS hrown. Tht'll spots of d('ncl 
brown tissue 11PIH'Hl'lwt\\'('t'll the \'('inl'> llPlU' tl\(' lllllrgin. Similar spots 
<I('\'('lop tlllt'I' l)('tw('('1l til(' Y('im; in the diI'('dioll o[ the midrih. An 
('xnmpII' () r typiclIl hoJ'()lI. inj 1It',\' () r It wnlllll t I('ttl' is shown in Figllrc 2. 

'l'hesp SyIllptOlllS o[ hOl'o1l iuju]'.\' ill tl)(' lellY(,s of citrlls and or 
wlllnut nr(' so ('hm'lIctpristic Hlld so distinc'!, that, they ('nIl be dis
tinguished from other leuf abnormalities, sueh, 1'1)1' eXaIJlple, tiS l'('Hult 
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from ex('essive ronrtmtrn,tiom; of salts other than tllOS(, of h01'on in 
the Roil solution. OIl klllOJl trees injured by t11t' high sult cOlltpnt of 
the soil solution til(' IPllVeS llllly b('('ODW rhioJ'Otie, or, if tlw Ollspt or 
the injury is u('uH" thp mHl'gil1ulll>!lf tissup mUT die and turn brow1I 
!tlld (Itl' lPan's fall JH'('mntul'l'ly, lIt thr wulnllt,snltinjuI'Y, purtie
ulndy tllUt NLllsed hy ('hlol'ide, llULY b(' Sh()\\11 by tt breaking down or 
[ltr llHlrgill!tl I('ill' tisSlj(1 'witiloll t tIl(' oeelUTrlH'C of the spots of dead 
tisstle bC'twePll the VPi1IS. 

The diagnosis of boron injury in the le1110n and in the walnut Ims 
bp('Jl eoufirmpd in thrpp wllyS: (l) It bus bepnshown thnt the symp . 
~()lnS of bOl'~m i11j Ul'Y can be in<luc('cl b~' adding borax to the soil 
m contnrt with the roots of normal h('allhy tI'N'S; (2) it hns bren 
drmonstl'H,tNIl'rpNltedly that wlu'Jl tlH':ir symptoms O(,CIl1' lUliu1'lllly 
the soil solll.lioll ('olltuins W01'r lIlan the' llol'mnl pl'Opol'iiOl1 or boroll; 
lind (:~) til(' diagnosis is :"HI()POI'it'd by the l'Pslilts of eill'mi('ni !1nHlysis 
or til(' [PHi' mlliprint. ?\'O 1'1 11 11 I Illllllll.'(' 1t':l\,('S \11' till' 1t'1110l1 awl or thp 
wnllluL ('ollinill uhout, 10() p, p. 111. of iH)I'OIl bused 011 the <iI',\' wpilJ;lll 
or lit!' llllltl'!'inl. '1'h(' ]H'ojlol'tioll is abollt. til(' Slllllr ",hpll thp letl\,('s 

show injury frolll such e:lUst's us dl'Ollghl Of' nn ('X('pss of salts otiwr 
ihnn thosp of boron ill tlte soil solutiOlI. 1n Iruf Slll11p[('S showinlJ; the 
~'hH l'ilct('l'islir boron inj lll'y the boron contrnt is mueh higher, rnng
mg up to 1,000 or 1,200 p, p, m" und is sddoJU lrss than GOO p. p, m, 

~I~1:111Y plnnts othpr thnn \Plllon and walnut show definite IUlCl char
aet('risLie symptoll1s of Jraf injlll",V wlwn grOlvH in situations wh0re 
the boron ('Olltellt of the soil solutioni:;; lthOYl' ])orma1. The grape
fruit llluler certain conditions shows l('nr s5Tmptoms vpry similar to 
those dpsl'rihN\ for thE' lel\)()]1, but in ot1wr situations the symptoms 
muy he difl'E'l'cnt l.md 11ue probably to othrr CaUsrs, In tIl(' orange it 
is BOJlwtlllleB dlfTieult to di;;tin~ui,;h !wt"\Y(,Pll slight boron injury find 
otl\('1' Il'ni' nbnorlllnlitie'B, such tlS mottle lrnl'. 

(\I'l\l)(I;; or till' 1':lll'Ojll'!\1\ typP show ('hlll'ad('ri-;tie Iraf nhnormnlitirs 
ns a l'psllII oj' honlll injury, SIlf'h nhrHJl'lllldili('s ltlHy nppPllt' jn tIl(' 
yonl1~ ll'llY('s, whi('\t IWt'oIlH' ('UP shnprd !J('(,t\u;;p thpir mal'gllUll 
gl'owth is 1.'(lsl1'i('('<I. while thp IJ;I'owt.h (11' th(l innrr tissue' ('ontinut's, 
nlld 'wllielt remain smnlll't' than 110l'mnl, withsmuc spotting or bt'{'nk
iug: dOWll or the l\1ilrginlll ii;;;;llr, In othrl' plnnis :1n ('xC'ess of boron 
may pl'Odm'p in thr lrav('s mar~innl injurv, the deW'lopl1l('ut of pale 
or (1('1\([ spots in the ti;;;;ue betwrcn the "~'t'jns, reduced size, or pre
nUl.tul'l' tading ttnd llbHt'isHion. 

IIOltON I:-;Jtjl!\' DUE 'I'Q lRmf:ATJON WATEI( 

In nttempting to nrri v(' nl tL ('ort'r('t llI1dpl'standing of the Ij()l"oll" 

pl'obkmin ;;outhe111, Clllil'ol11in" it hl'Cnmel\N'('s:;;nl'Y to deeide whether 

the injury wns due chi(,fly to hOl'On as nn original eOllstiLuPllt of thr 

soil of c('rtnin n.rrns 01' as U ('onstitucnt rr('eiv('<1 ill the frl'tiliz('l' or 

the irrilJ;ltlioll WlltPt". The p!,psrnt. jn(ii('atiol1s arp that by ftn' tIl<' 

lnl'g('l' PlIl't or til(' injnr~' i" dlW to boron clll'T"il'd in the jrrigllt.ioll wnt('r. 

Such inj1ll'Y Was fil'~t. identifi('(l (11) U8 till' rr:-lult or til(' U:le for ilTign

tion or waste' water froll! H ci t rllS plI('king hous(· where borux WllS ll:-led 

in tlw wII8h Wn«'l' 1'01' eit'llllitlg lhl' Jrllit~, Tllp im'cstigniioll or thr 

('on(litiollS ill llllUllll)('!' of loc:tliti('s l':h('l'r boron injlll'Y hus IWrll 

found hilS It'd to Iht' ('olll'lusioll thal, whilP S()IlH' ens('s or injlll'Y mny 

b<, (1':\('('<1 to til(' liSP or rl'l'tili:oPt' COJlttllllillg horon Hlld while OLlH't'S 

HUl~' be d lie to tho Oc.eUlTCll('e of boron in the soil us the rcsult of nn

, 
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tlll'lt! causes, til(' grC'ut majority of rases arC' thc rcsult, o[ till' usc of 
h-rigation water in ,,,-h1('h snits of boron Hr(' ctll'ri('d in solution" 

Only It f('w piIlCl'S havC' been found when> the e\'idenee indicut('d 
thM thp mtturnl boron content of tilt' soil wus of the ehnraeter and 
quantity to be injurious to erops, In these pla('C's the al'efl of injury 
WitS il'l'C'gulul- in outline within the {iC'ld, with til(' limits shurply de
fined, HIHI the' horon {'ontC'l1{ of tlU' irrigation WHlel" in use was too 
Inw to b(1 inj uriolls" ThC'sc bOl"(llllo('llJitics so far dis('()"Pl"NI. have been 
small, spldolll mOl"P thull an lIt'l"(' ill extent, llml it is assumed that 
IIH'Y l'P(ln's(,lIt tilp outlcts or mwit'nt springs or fUlllnrol('s through 
whi('h boron W:\{('I1' Ol" gllS(,S 1'('lIchNI thl' slIrfncp lind WPI"P preeipitatNl 
in thp soil. A llllmi)('r o[ boron millPruls 0('('111" in til<' l"()('ks of sOllthern 
('ulifol"llia which haY(' doubtl(,ss ('ol1triblltpd to til(' fOt"lllU.tioll of the 
soil, bllt mlluy of t\H's(' yipld so slowly to the pl"O('essps of d('('omposi
lion by wC'tli1H'ring that the proP(l,'tlon of water-soluble boron from 
Ihis SOUI"('C must hp V(,IT sIllal1. 

Tn \'iew of ('pdain pxperien('Ps l'eportpcl from the East(,l'll States, 
<11' ring IfliT and Ull!), WhNl' crop inj my was trncpd to the use of 
('lwlllie-al fcrtili;r.rrs contailling boron as an impmity, it was to be ex
pC'dt'd tha t similar instances would bp found in California. It is 
beli('\'NL t.1l1tt It few ('xilltlpl('s of' such injury hftYc b(,pn found, hut the 
pddNl('(' is not \'pry ('kHr, Tn n, few (JI'('hards wl1('I'c boron injury 
hilS I)PPIt found in ('('rutin r{)ws ml(l wl1('rc this injury c'ould not be 
11"11('('(1 to till' irrigMio[J \\"Itt('r, it has s(,pnu'd probable thut the trouble 
Illav hl1vo b('('/t ell/(' to ('ontnminll t('d f('rtiliz('l". TillS belief has been 
sliriportpd b)' tilt' kllow[rdgl' that borax is a ('o/l:;titucnt of some of 
Ilw ('om poulHI:; ll:;nd to kill Ihe larYl\p of flics that bJ"Ppd in ('ompost 
JH'IIPS Hncl. n:; !l disinfectullt ill duiry burns or ('oITnl:; from whi('h 01'
;!Ilnic fprlilizl'r:> HI"(' oi>lhilWd for or('hHI"<I:;" It. is possiblp n\:.;o thnG 
horoll, c'ulTipd as HIl illlpllrity in c1wIllLc'IIL f(\l"lili;r.e/";;, IllIlY Iw\'{' C'OIl

trihlllpcl to or uC('('llluH.INI Ow injury ascribed to the boron of irJ'ign
lion \\Il{('r in SOIH(, ol"(,hards; blllthC' p!"espnt (,o/lclu~ion is th!lt boroll 
cO/llninpci ill [pl"ti!i;r.Pl"s, ('ithpl" organi(' or chemical, hilS been lL yery 
smull factor in til(' boroll problem of SOli tbern California_ 

With fcw C'xc('ptionR it hus hepn found thut boron injury in fields 
or ol"chards ('oul(l be tmced 10 the irrignJio/l supply and that tl1(' fil'ea 
0)' inj my is ('ontpl"minouH wi th the use of that wa tel'" The COIl trust 
in tilC' IlPp£'IU"IUl('e of IHlju('('nt gro\'PH of ('itl'Us fruits irrigated with 
ciill"el"cnt, waiN' Hnpplies is oftPIl vcry striking" And the high eorJ"ela
lion that is fOllnd b(,tw('CH Ih(' b01"011 contpnl of It wfllpJ" supply and 
Ihlll of til(' \(,I1\'('S of the (I"(,('S irrigatcd with the wllt£'r is further ('0/1

\'illeing p\"idpl1(,('" . 

SOl!l{('ES OF BOltON ('ON"",\;\HN,\"ION 

P('iOl' 10 lil£' dis('O\'pr.\' Iha! boron WlI;; (':tusing InJUI"Y 10 certnill 
CI"OPS in s()u(ilprll Califol"llin, \"pry frw boron d.e.lprlllinntions had b('cll 
lluHlp on t.1H' ilTiglltion watprs of t,hat. I'("\gion, llnd th('I'e was Yel'y littl£, 
information with r('sped to theu" boron content, It was known that 
boron COl1l()(HlIlds Imtl miJ1('l'llls O('('uITed in sc\'cnlL 10('n1iti('s and that 
borax Iltld. boric llcid hnd 1>('en Pl'o<iucpci ill commelTinl quantities 
from thl's!' dl'posit:; for mOl"(' than half :l ('pntul"""" l30rate salts had 
bC'PIl (,ppol'tI'd ItS O('('IIlTing in C'lelll" Lakp, ~\lon() LnkC', and Lake 
g[sinol"(': llllIlH'I"OII!'i hol'llx spl'ings hnci bpPIl rppol't.pd; the hrines of 
suC'h c!P;;PI'C Inke Iw<i!'i IlS Owens Lako, S('UI'it's Lltkc, and the flat::; 
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of D('Hlh Vnll(\y WC1'e I'ccognir.cd as sources of boronj extellsive <ll'
posit~ of boron minerals, such fiS colemallitefindkel.nite.hadbe(.11 
C'xploitccIj and boron hud been identified ill a number of geysers, hot 
springs, und mud vokanocs in the Bbtte. But until 1925 no dit'Ccf; 
COllllc('tion had been established between these boron deposits and 
crop injtu-y. 

In the invc8tigatiom; t,hat have followed the cli8co,'ery of this ('011

nectioll it, hitS b('('11 found that boron i8 l)1"e8PIl tin 1l1easllmble quanti 
tiCR in nil of til(' llIttul'nl wnU'l'S that hnvl' b('('ll, ('xamined, except in 
watel'S coming dirrf'tl," frolll Iti~h mountllills nn(l drl'i\'ed (,hiefly fl'OllI 
melting SIlOW. In otlH'1' w()l'ds, bOl'OJl npPpill'S to hr It nOl'ntnL <'ollsti t
11('llt or till' snlts rOlllld in tlH' I)('l'('olu till~ Wlttl'l'S o[ sou them ('alifol'
nift. It OCeltl'R usltitlh- in low ('Oll('en tmtiolls o[ t.he ol'dN' of 0,1 to 
o,:{ p, p, m" whieh i~ l'(Lui\"ltlPllt approximately to Il solution of 2,5 
fn 'i,;'j POIIlI(i>; of hol'llx in lUI IICI'('-root. of wate:'r. In situations whcre 
(,I'OP:-' :-.howl'd horon injury til(' boron cont(,llt of [Ill' il'l'jgnt,ioll wufl'l' 
wn~ found to 1)(, Illueh hil-dwr, fl'e(lIwntiy more than 1 p, p. lll, Illld 
oCCIlSiOllllll.v liS 111IIch as 7 or H p, p, Ill. 

"11cI'e injlll'ious (tultlltiti('s of boron luwe bet'll [ouml in nn irriga
tion supply nil ntt.Plllpt hilS b('('n J1111dc to cl('termine its SOutT(', 1t 
has bcrll nssuJlwd ttUtt, when tlw eOlH'elltnttion i::; liS low IlS 0,:3 
p, p, m, 0[' 10ss, it mny l'ept'Psent. thl' gradual dissolution, t.hrough 
w('attwt'ing, o[ highly resistnnt boron mineI'nls widely distributed 
1hrough the soil. Th(' higl1l'r conc('utrations wCl'e thought to indicate 
1Ill' ('xisten('e within the dminnge basin of deposits of more soluble 
hOl'on llIilwmls 01' of Sprill~S 01' othel' outlPts through \\'hieh boron in 
solution WIIS d(,l'in'd. A lllUnbpl' of sueh inv('stigntiolls, repol'tcd in 
mot'C detnil in 1Mi'!' spctions of fhis hulll'tin, ha\'e shown th!Lt this is 
Irllc, 11' n1('. Wille" of fL :-;t.I'l'l1lll is foun(l lo ('ontnin nn cX(,l's:-;in~ pro
pOI,tion of hOI'OIl, it is llsually possiblc .to tl'lH'P f·his (,X('PSS to its 
SOIlI'C'C 01' SI'III'('('8 h,v l('still~ sal1lple~ o[ (I/wit triblltary. 1t is 01' 
<IinHrilv round thllL OIl(', or lllOI'(' or tll('S(, con f.l'ihu[ps 11l0St. or lhe 
horon: ~illlilllrl.v, wh('tI, an irri~tlti()n supply is dl'it\\"n frolH II. llU III 1)('1' 
of wrll~, if thp h01'01l ('on tPIl t of n, ('ompositn sam pLp is high, tlw w<,l1 
or wplL" Itt, filult IlUty be idpnlifird, Thesp s\U','ovs or 11 numlwr of 
dl'u.lullg<' bll8U1S h!we nutde j t e"ieicnt that t.ho sOli'rccs of boron COll
[amilHttion nrc localir.od and uSllnlly of small extent 

These ROllrc('s ilppNU' to fILII into 'three groups: (1) Those in which 
thl' boron is <1eri,'('d by the cl'osion Imel clissolutioll of exposed out
crops of soluhle bOI'OIl min('rals, sueh as the colpmnnit.c deposit..c:; of 
Loc'kwood VaUp.\, on the J1Pndwfttcl's of PiT'll Crp('kj (2) those in which 
11ll' boron is dNj\'('(1 rrOll1 slIhtl'lTII.IlPUn d('posits of solublp hOl'on 
lI1il)(,l'ol:-; frolll which it J'P:l!'iJos tlH', slIrfll('(~, pit-hpI' tilJ'()ll~h spl'ing's 01' 

\ll'lIs: lind (:~) tltos!' ill ",1,i('1l th(' horon, ill fill' f01'1ll o{' n. gas IIslInlly 
mi,,('d \\'ifh :-.1 I IH'rill'll fed SI('lIlll, J'{'Hl'IH's lhl' Sllrrll('(~ (,IIrollgh fllllllll'olps 
0)', ('ollliJl).; in <'ouLad \I ilh lH'n'olntil1~ wafer, ('lllPl'ges as hot :-:pril1~s 
01' ~('\'s<'rs, 

'niis ('llIs:-:ificatiol\ or :-;OIlITps, whilp ('OIlYl'lliPIlt. 1'01.' ('l'I'fuill IlllI'POHpS, 
is pl'Obllbly not fundlllllPntnlly impoI'tanL Bori(' aciei is known to 
occur cOllUlJOnly alon~ with stl]><,l'iH'lltpd stel1m in magmatic gases. 
\rh(,ll sttC'h hot gasps COlll(' in l'()ntrH~t. with slIrraec 01' percolating 
watt'l's and IlI'P ('0 11(1 ('lIs('(1, Ih(' boric Heid, l'l'Hcting with di8solvwl min
('('It! suits, lllll,\' rPlIInill ill ~ollltioll 01' may lw pr('cipitlltNl. 'Vhethcl' 
tlH' bol'H[p snltH I'l'Jllltin in solution or urc first precipitated nnd 
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laU'1' [,pdiHHolvpd, or whptiH'1' tilPf;P l'l'a<'li0 lUl takC' plnep Itt the 
HUI'fal'c or the gl"Ound or Ilt l-l0l1H' point below tlH\ 8urfHc(' is not. a matter 
of ronc(,l'n in tll(' prcsen t conneetion, Nor is it of materinl impo.'tance 
whpthpr' UIC'l-lC' PlIHLnntionH and reactions are going on now 01' took 
plllce IOllg Ilgo, The poin t to be emphasized is [hnt the born (es now 
found in irrigntioll Willer probably originuted ill JIlllgmRtic vapors 
It'l-llIiling fmlll VOICllJlic activity, Expel"ience in tracing these silits itS 
the'Y OCCUI" in strefun llnd well witters lends the writers to conclude that 
their s()urC'es Ilre tlslIullv lo("nli7.ed in smllll Ilrelts Hnd that it is often 
pOH8ibie to 8C'grpgnt0 tilC'8C' watNH f!"Om the moin 8upply, Fortu
nutely, mnny of the lnrgN H01lrC'es of boron, induding the principal 
dt'po8its of the 11101"(\ 801uble boronlllilH?rnI8, occur in the desert regions 
of Houthcrn C'alifol'nia tLnd Houthern Nf'Ytlda and not in the drainage 
IJllHiH fl'ow which the 11101'(' illlpOl't!lnt il'riglttion sllppli('s un' dl'awll. 

("III'I'WAL ('ONc'J.:NTUA'I'ION (n' 1I0lWN IN WA'I'I,U ANI) IN 'rilE HOIL HOI.IITION 

1 n tllf' 14111'VPY of eOllditioJlK whp,'p horoninjlll'Y IWi; hN'1l .foulld in 
(JlTllnrds of Il'lllOIlS Hlld \\ alnuls ill sOlltlwm ('Hlifomia, lUI allelllpl haR 
\)('('11 llIadC' to dC'ter.lllirH' tIl(' critieul ('oncentmtion of bomu in iJTiga
lion WlttCl" Itud ill t1H' 80il HollltiOll. 13y critical concentration is meant", 
thllt cO!lcC'ntmtioll Iwlow which inju'}"y has !lot resulted in reduced 
ri('ld and nbovn whieh it hn8, 1twill bC' evidcnt thilt sen'ral diJHcul
'tips lie in the wily of determining this critical eonccntmtion with 1'e
spC'ct to either the irrigation watC'r used on a particular orchard OL" the 
Hoil solution in the root zone of thut orchard, First, as regltrds the 
irrigation witter, tlH' fact thllt its boron eontC'ut mny chnnge from time 
to time must be recognized. SmHples taken once It week for a yeltr 01' 

1110.'(' from certain strelUllS Hhow that the boron content of a streml1 
Illa,\' !"!lnge in II, .V('IU' from 0,0 to ~Hi p, p, In, ::liuce the past irrigution 
lristor'y of an orcluml 01' the pltst conditions of the stream arc not 
k[Jown (teemfLU'ly, the ilve"llge boron conten t of the wat('r applied Cflll 

!lilt IH' V(,1"y dOHt'ly dt'l('rmined, gV('!1 when it is found that ill the 
('/lSP or II. certain grovC' irrigat('d from a ("t'rUtin well the boron content 
of that well hltR eontirllled. npproxilllfltely constant for the past yCCtI', 
HlP!"l' J1111V still be ulw('rtaintv ItH to the influC'nc(' of other factors, 
For pXlun:ple, the boroll (,(Hlt(>J1't of the well may have been different in .. 
Pllxt Y('lU'S, or other wutN lIIity hfl\'(' been uscd in the pnst, or in one 
::;i tulttion the 80il nnw hitv(' b(,(,11 JeachC'd o("cllsionltlly by winter rains 
Itnd not so lCltehed iri another ('II.St', or the qUHntity of irj'igntion wlltel' 
appliN] m(~y have resul ted in leHching the root 7.one in OIle orchard itnd 
not in II.nother, 'l'hesp points nrc brought out to indicate the nature 
of the unce1"brintics that ntlend the pr('<;ent, nJt('mpt to ('stabJish the 
eritiel1J concC'ntmtion of boron in irrigntioll wnt(,l" and in tlll.' soil 
Hoill tioll, 

I n the course of till' presen t sm'v(')" the \\Tit('rs hllve exnmiIlNlllllUlY 
ol'('hnni.s of' lPIll0l.1S lind wldllUtH; tllI.'Y hay(' tl('t('nnined the boron ('011

tpllt or mOI'(, thllll ] ,oon Hllmples of wit!NuHed to ilTigut(' rh('sp Ol"chnrdR 
nlld the huron ("ont('nt oj' mOl'(' than 100 It'll!' sllmpleH; !llld in addition 
th!'.\' hitYP ohH('J"YNI thl' !"C's111tH or growing lemon HC'eellings in wute.' 
('ulturC'H tontuining kllowll qUHntitil'H or boron lind the !"L'HlIltH of ap
plying (klini(' qUHnt.iti('s of boron ItS bomx {on0l1111l1 lemon t"ees 
gl'owing in soil. l<'mJll tl}('s(\ ohs{'l'\'nlillll;; it IIns I)('en coneiudecl that 
for' 1(,1I101lH HIltI wHlnut:; thp c"itit'ul ('OlH'pntl'lI.tioll or irriglltioll W!liN 
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lies between 0.5 and 1.0 p. p. m. of horon. With respect to the soil 
Rolution, it iR believed that the critical concentration is between 4 anrl 
8 p. p. m. of the 801u tion, not of the soil. ...

It may be h<'1pfu1 to :11l understanding of the quantitative l'e1rttiollR 
involved to give some oLher exp,'essions of the proportions indicnted. 
Thr mtio of the weight or elelllE'ntal boron to tllU,t of' boric add (crys
ialline 1I3BOa) is us 1 to 5,72 and to that or bOl'tLX (Nil.2B,,07,lOII20) 1 
to 8.81. The wright of an acre-foot of water is Ilppl'oximn,tely 2,720,
000 pounds, T1111s, if 1.1 sumple oj' water con tains 0,5 p, p, m, of boron, 
if' is equivalent to 7.7S pOllnds oj' boric acid, 01' 11,98 pounds of borax, 
prl' nCl'C-J'ooi, From this it will be seen that when it is customary to 
apply 2 acre-fect ofil'rign,tion water to an acre of Illnd each year, the 
('OlTcsponding application .of bol'flx is llppl'oximately 24 POllllds pel' 
1t('I'(' w})(·n thr walr!' contlllllR 0.5 p, p, m. of horon, 

It hns l)('r11 rppo['t('(1. in COTllH'dioll wi tIt exprl'illwnts in the eastern 
pn.l't of the UlIitNl Stnt('s that wh(,1'e bo1'ltx has been nppliecl in fel'ti
li:t.p/, llJixtuf'('s it,; liSP ILt, the rat<' ol':W pOlillds:l P(,l' He/'(' Ol' morr hnB 
t'flllS('(l IllPURl1I'ublo injllry lllld. 1'('<1l«'<,d ,yidtl:\ with n IllLllllwl' of ('['op,.; 
(:i, /(1), lL is lIpp:u'PIlL tll!lt II g-ivl'll qlllllltit,Y of bOl'Oll I\'.lwn np'plipd 

.....ill ";(llulioll ill irrigation \\'lIll'l' and Lllllt-l dit-ltl'iilutl·d llllil'ol'lllly thl'Ol1gh 
till' soil ';(Jlution of thp l'Oot %01\1' is likpl.Y to ('allRt' kss injur.v thllll 
\\'111'11 npplipd in 1\, ('hpmi('al f('rtilizl'l' fl'om which it, might he dissolvl'd 
by tIl(' moistul'r or tilt' RUI'Jnc'p soil to form a solution of much hight'" 
(,(l1l('rn trillion ill tlw Uppt'" part o[ thl' root %01H'. 

I t is to br nsslllllNI that thr boron ('on('('utmtioll of the soil solution 
in nn or(,hunt would. hepomp 111ueh higher than thnt of the wntp]' -with 
which thf orc'hard iR il'l'igntrd, It is not ('nsy to obtain ddinitf'infor
mntion ns to thest' relativr ('ol1(,f.'ntl'atiollB bN'fluse of the difIkulty of 
obtaining ['ppl'rsPlltative sumples of the soil solution in sufficient 
'lunntity I'm' boron dl'tl'1'1llinati011s, Fll]'th('J'mo1'(~, the ('on(,(,lltl'fttioll 
or thl' soil Rolutioll is pl'Obn hly ('xtI'l'mrly y:triable, ('ven if thilt 01' till' 
irrigation wutei' ('ontinllrs uniform. Th(' soil solution is diluted by 
(,H('II il'l'igutio/l 01' by rainfall, and hl'r011H'S lllorc ('oll('('lltl'llt('(l itS \\'uf('I' 
is Ilbsor\wd by the plant \'001" 0(' lo::;t. hy {\\'npol'll.tion, With ('t'l'tuill 
soils ;nu] ('PI'tuin irrigation pl'og/'lll!lS thrl'(, is clOllbt\pss somr Ira('hing 
of tlw mot WI\(' with thr ('onsP(jlwnt ]'('lllo\'n.l of bOI'on, whilr in oth('1' 
~sitllntiolls, \\,]1('1'(' thr RlIbsoil ('onditions al'(> sueh that no leaehing 
O{'('lll'g 01' w!ll'n' t\w q\lantity of irrigation wnler llppliNl is mN('\y 
slIfIicil'llt· to I'Pph'llish the' enpaeity of thr root 7.onl', it is pl'Ohnhk thn!; 
tl1<' bo\'o\l ('OI\('Plltrntion of thl' soil soLlltion ill('n'HS('S progl'l'ssivdy 
with (,H('h il'rigatioll, Ke'lIl'Y nnd BI'OWTl (11,1',466) I'Ppo['trd on two 
sHmpl('" of soiL l"loLution, obtnirwcl by thp displH(,PlIlPllt method, in 
\\'hi(,h tlwy [ountl G,O and G.5 p. p, 111. of boron, These soils \\,('1'0 

('rom LrlHon f!;l'Oves whel'r the tr('l'S showrd definitt> injUl'y and",hrl'e 
thr invE'stign.tors found 1 p, p, m, of boron in the il'rigation watpl'. 

III giyillg t!lp prpsent opinion flS to thr criticul boron concentl'l1.tioll 
in il'l'igation W:ltl'1' and soil solution the \\'I'it('l's hnvp nssullled Il 1"1.lio 
1){'!W('PIl tlH'1lI of 1 to K, J11 othl'1' wonls, with l'rRpect to boron UI(' 
suil solution lIlay 1)(' ('xpr\'tpd (0 ('ontnill ('ight time'S ns much as Ule 
il'l'iglllioll supply, It will t)(' uncl('l'stood thnt ill splling thesl' limits 
f(J1' ('I'il i('11 I ('OIH'PlltI'H{ioll till' write",); hllv(' Inkl'1I iJlto ,1('COUlIL Vttl'iolls 
fn('[ol's of till' ('II vi 1'011 1Il('1I I, so fllllt thp limits IIIHy npp£,HI' to be 150111('

1 In tlJl'Stl rprfihl,prl\\pl~rin]{lllt;{ thl' fllJ!lntitit'!:\uf burux npplird W£"[(t ltsunll}' 1'\pn'''''h11l nft nnh:rdrOllS 1Jorux, 

of whll'b ~O pmltUb!, ,'qulv,,\(,tI' lU :l7 ~ (l(u/[ul, of ['q','nllirlt' bortl\, 
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tinl('R foo high nnd Rometimes too low. Of these {nctol's, time is, of 
('0 lITS!' , an illlPortant one. 11', for example,irrigation wnt('J' ('ontuin
ing 0.6 p. p. m. of boron be nppliC'd to a tL'(wt of new land, it might; 
takt' 10 years of irrigation to ll('('Ulllllln.te enough boron in the soil 
solution to be inj urious to tll<' mort' s('l1si tive crops. Indeed, if the 
soil ('on<i.itions w(,l'e [n,vornbl"" and ('llough wa,tC'r were applied occa
sionally to leach the root zone, crop injury might be postponed indefi
n i t('ly. 'IYhel'evcr it is possible to l'('plnce the more concentrated soil 
solution with n. morc dilute solution such as irrigation wn.ter or, better 
still, rain ·wntcr, there should be an improvement in conditions. 

In prcsenting their views as to these critical concentrations of boron 
the \vTiters have indicated merely what conditions they hlLve Immd in 
on'bards of klllOllS and wulnuts in southel'U CnJifornin. where evi
d('l1<'(,S of boron inj my WNe appnren t. They do not wish to condemn 
al:lllllfit for usc ('Ycry water supplY thai; contains lllore than 0.5 p. p. m. 
or hOl'On, any more 'than thoy wollle!. ('ondemn as too salty flnysupply 
Ihnt ('ontuiu!'d morp thun 175 p. p. 1lI. of ehloride. Hut. they do be
Jil'vP tha~ whpll ilTigation wator ('on tn illS morc llUl1l t.hcs(' proportions 
of pi ther el(,lllcnt it should. be rega rci('(l as possibly injurious to such 
sensitive ('rops HS lemons and wnllluts in situations ,rhel'e the root 
zone ('flIl not be leflehed o('cHsionlll1y. 

In this connection it is (ksil'llble to emphnsize two points. The 
first. is that, ill both lemons lmCL wnlnuts, the writersfinc1 that definite 
SYltlptOllls of leilf injury, illcludiug high boron ('ontent nnd pl'emn.ture 
lC'af sh('(lding, oftell :t LJPC'HI' wl'll in advnuce of mensurable reduction 
of (,l'OP yi('lds. This npp('n,rs to he plu,tielunrly true where conditions 
1l1'C' such thnt the boron ('ollcentrtltion of the soil solution is increasing 
V(,l'Y gTndually Jrom year to year. In fad, there is some evidence to 
support the view tlmt, with it slowly incl'ensing boron concentration, 
the first evidences of leaf injury may be accompnniecl by increased 
yidds. On the other hand, tflere appenrs to be little doubt that, in 
111(' morc advanced stngC's of injury, yields are sE'vel'ely dcpressed. 
Tr('('s of both sp('ci('s mny survive for i1 long time nfter horon injUl'y 
hus \)('('0111(' so seVE're that (,l'OP production hus practically ceased. 
The secoud point is thtLt the critical boron concentrations given by 
the Wl'itel's fot' lemons and wnlnuts shmuclnot be taken as applying 
to oth('1' crops. Lt haf> been noted that the Ol'l1ng(\ and possibly the 
grnpdrllit nrc less sensitive than the lemon, and it has been fOlmd 
that a numh('r of the deciduous fruit treE'S appear to be less sen3itive 
than the walnut. 'Vide difrerenees 01' tolerance luwe been observed 
among the field and gurclen crops. In fact, some of these appear to 
thrive on boron concentrations that ure injurious or eyen fatal to 
oth('rs. 

IIt1UGAl'iON METHODS AND CONDITIONS INFLUENCING BORON INJUUY 

Til \"iew or the findings thaL boron injlll'V to. crops in southern 
( 'nliJornin. if> dllo chiefly to boron compounds 'dissolved in certain il'l'i
gil t ion water"1 it seems propel' to discuss the relation of irrigation 
Illethod.s nnd of soil and ('Iimatic conditions to the onset of injury. 
] t hns been rOllnd, fol' example, thltt one lemon gro\'e irrigated from fl. 

('ertain waLeI' snpply may show sev(,J'e injury tlu'oughout, whereas fl.!l 
ncij(Lccn t gro\'e il'l'igated from nnother wlLter supply mny show no eVI
deuco of injury. On the other hand, difl'erences in degree of injury 
h!w(' boen found in the snme grove that arc aPIJarontly due to difl'er
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(,nces in t11(\ chm'act(,l" of the soil. In some groves the injury, as evi
denced by leaf discoloration and premature shedding, is limited to 
('('rtain areas, although the analyses of leaf samples from trees that arc 
apPlhrently uninjured show that the boron content is abnormally high. 
On the other hand, thl:'re arc adjacent groves of appl"O}.:imately the 
sume age and. of the same variety of lemon, appllrently on the 'same 
rootstock, and. kno\vn to have been irrigated with the same water 
supply, in one of which the symptoms of boron injury may be very 
pronounced find scarcely apparent in the other, although leaf analyses 
mlly show tha.t the boron content is above nOl'1lI1l1 in the uninjlITed 
trees. Such obsct'vn.iions lend to the ("oneiusion thn,t difl'erences of soil 
type or difrel'etH~(1S in tho methods of ilTigation 01' of ol'ehard manage
ment, ineluding fer t.ili:mti 011 , may inHuenee the degree of' injury from 
the same qunntity of horon in the irrigation water, particularly if that 
quantity is nea.!' the critical concentration. 

With respect to soil type, it is manifestly essential to com;icler not 
onl~T the texture of the surfacc soil bu t nlso that of the subsoil, ovon 
helow the root lIone. The texture of the horillons of the subsoil 
influel1('('s tho downward movement of irrigation wllliel' and conse
q lieu tiy the possihility of [ouching the root lIono. vYhen the subsoil 
condit.i.ons al"C suC'll. that the l'oot lIone may be leached oecasioll IlJly, 
('ithet· by rainfall or by heavy irrigation, it should he possihlc to pre
vcnt the accumulation of hnrmful concentmtions of boron in the soil 
solution of that zono, On the other hiUlCl, where subsoil conditions 
arc such that it is not possible to leneh the root IIOIle it seems inevitable 
thn,t the bOl'on dissolved in the irrigation watcl' should accumulate in 
the soil solu tion lllltillH1t'lIli'ul eoncentmtions nre reached. 

In one lemon ore hard, where there were severe symptoms of boron 
injury and where the surface soil was of sandy loam, it was found that 
the subsoil ali 4 to (i fcet helow the surface was of eompaet silt, prac
tic'ally imperviolls to tho movement of',vater. This thiek layer of silt 
nppeurcd to pre\TOnb or n,t least to l'otn.rd the downward movement of 
watet' so efl'edi\rcly that tho p!'OgressiYe concentration of boron in 
Ihe soil solution could not be provenh'd hy lea('hing the root %Ollt'. 
In of,hel' situuJioll::; where the irrigation water eontaillC'd substantially 
f he sarno C[uantit,y of boron hut 'whero more portnCllble subsoils Jler
llIitt('d root-ZC/110 leachillg, the boron inju)'y has boon found to be llluch 
ks::; S("Y(,],C'. lti Hhould bo ('mphasi%ed in this connection that if root
r.OTW lenching' i::; t,o bo n,('('omplished, the quantity of 'water appli('d to 
IIH' Roil must be somewhat in excess of that required for the crop I1nd 
Jor the unavoidttble losses by surface cyaporation. If the total quan
tity or wlLter applied is less than may he used by the plants or e,'mp
orated from the soil, lcaching may not occm' even where the subsoil 
('onditions are ftwomble. 

TIlC're is somo eddeoc(' to RUPPO]'t the view that, with a giV(,ll 
c'otH'pntm.tion of hOI'OIl in the irrign.tion wakr and no root-llono lench
ing, the syrnptorns of boro11 injury will devt'lop more rnpiclly ill plllllt.s 
grown on a Handy soil thnll in thost' grown on very lW!LYY soil. A 
gi \'('11 lllUSS of ::;aHdy soil holds l('ss water than the same m!lSS of a 
liller :·;oil, such as lcHtm 01' ('lny, and consequently it given quantity of 
boron added (;() tlwlighter Hoil would result in !l, high('t' conecntl'utic)JJ 
or t1H' Hoil ::;olu tion. Also, thet'(\ lIln.y be sotne ILbsOl'ption of boron hy 
tlH' soil f!'Oll! the soil solulion, and thi::; absorption Il1HY be gt'Plltel' 
Whl'l'(' Lhe day ('on tell f, of the soil i::; higher. It. hilS boen found by 
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experinwnt that, when a given quantity or boron is added to the soil 
solution and the solution is subs~quently displaeed by leaching, a 
smaller proportion of the boron is recovered from the elay soil than 
from the sandv soil. The nature of the reactions involved in this 
apparent ab8ol~ption of horon has not been ulYestigated. 

While it is here indicated that a method of uTigation that results in 
some leltehing of the root zone may be ex-pected to diminish the in
trnsity 01' retard the on8et of boron injury resultulg from the use (if 
('ontltllllnntcd irrigiltion wat('r, it i8 not intended to imply that o}"
e1111rtis ShOlLid 1)(' irrigllt('d 11101'(' f("equ('atly OJ' more ('OpiOllSly through
Oll t tlw Y('ill'. The proper {'on trol of tht' :--Hlpply of SoillllOisture dming 
tlw 8('lt80n of adive pbmt growth is elosely related to the more general 
problem of or('ltltl'd management and to the health and produetivity 
oj' the tree8. If ('onditions make it desirable to leaeh the root zone 
from tint(' to time, in order to duninish the concentration of borates 
or other 8Hlts in the soil solution, it would seem advisable that this 
lC'uehiIl~ })(' done during the dormant period rather than by more 
fl'NluC'nt or 1ll01'('. eopiou:'l irrigH.tions during the gro\ving season. 

Itis tt 111l1ttrr of ('OnUllOn observation that the evidences of boron 
injury are morr· ~triking in lemon and walnut trees that are not weLL 
eurrd for than in tho~e ~roves where good cultural methods are fol
lowed. It is possible that such difrerenees mny be due partly to the 
more Yigor()u~ growth of tlw trees that are better cared for and partly 
to the spN'ifie rfreet of SOlue constitueut of the feltilizer. It is fre
qurntly 8ugg('stNl thl1t some substance may be found in i1 fertilizer 
to ('ouut('rnl't, lh(' injurious effect of boron, either by precipitating it 
from til(> soil solution, retarding its ab~orption by the plunt roots, or 
nputl'ulizing its ('ffeet ill th(' plant itself. The evidence at present 
n.vailltble dues not Wtlrrant the hope of such a discovery. There Ci1n 
be no doubt that wlwrr the boron eon tent of the water supply is at 
01' n(,Hl' the eriticHl ('oncentmtiou, trees thn,t are well fertilized and 
cHrrel for show Irs8 e\ric\rnc('. of bOl'On injury and produce very much 
brLtrJ' .virlds t.lmll trees that nrc negleeted. But these difi'erences can 
not br (!'nerd definitely to anyone fact.or, either of eultivation, irri
gnJion, prst ('ontrol, or fertilization. It mighli be added that no prac
lienl lllC'thoc\ hus yet heen fennel to remove from irrigation water the 
slllllll <[uantit? of boron that is sufficient to eause crop injury. 

SgGREGATlON OF BORON CONTAMINATION 

It hus been pointed ou t in it, previolls section on the SOllTC'es of boron 
cont:u l1jnation that where the boron ('onten t, of an irrigation supply 
is inj lll·ious 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 ('.utting the SOlll'('.e off from the general supply. This 
coursr is inelieateel where the boron content of the water from a spring 
or a well is so hi~h liS to contaminatr srrioltsly the water with whieh it 
is Illixrd. In order to deal intelligently with the boron problem in 
Ull,V given water supply it:is necessary to learn the facts by a series of 
nnalys('s. W11('.1'(, t.he water is obtained from a natural stream each 
tl'iblitnry mllst br sumpled to determine those th!1t contribute the 
boron. A srri('s or samples along such tributaries should then reveal 
tl1(' source or sources of t.he bOL'Ol1, "11('11 the sonrce is found, the 
problrlll is 011(' of withholding or diverting the ('.ontaminated water 
from the lllain supply. Fortunately these primary sources of the 
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excess horon in natural streams often contribute onl.Y small quantit.es 
of water with fl. high cont.ent of boron. This is illustrated hy the 
O'Bunion Spring on Parida Creek (Table 12), which l"ol1tnined 17.:3 
p. p. m. of boron; the hot springs on Sespe Creek (Table S) 
with 7.0 p. p. Ill., and an llrtesiilll well near the hending of the Los 
Angeles Aqeuduet (Table Hi) that contnined 0.3 p. p. m. of boron. 
The elimination from the main supply of sHch contributions as these' 
should reduce cOlTespollciingl." the boron eontpnt of that supply. 

'When the irrigation supply is obtttillC'd from wplls, either of two 
sets of conditions may p.:·::ist. In onp case thl:' water from se,"pral 
wells may be blendpd hio OJl(' supply. 1J it is found thltt the boron 
<"ontpnt of this supply is at or abon' the ('I"iticHI cOll("pntmtion, the 
well or wells C"ontrihuting the' high boron Wltl('1" can l,·l'liminnted. 

On the other hund, tl1('r(' are sit.uations in which thE \Yater from each 
well is used to irrigate Olle or more eontiguous orchards. If it is 
fouml that boron injury is produced by wate1" from one of the welh; 
in Ruth It group and not hy that from otlU'r:; it may 1)(' possibl(' (0 

O\-e1"('onw the difficulty by blending the wntel"R from seY('rnl w('l1:-; 
and thus diluting the ooroll C"ontent of the whole supply to n point 
below the critical concentration. 

[)l\'EltSITY O},' BOltON TOLERANCE OJ,' CROP PLANTS 

Tlu' earliPl" Ollt-:Pl.·Vllti()lls on Ow 0f\"('('ts of boron ill Routhel"l1 Cali
fornia indicated thut tli<' cultival('d t-:pp('ieB of Citrus Hnd tlU' Per:;illn 
walnut were more slIt-:("('ptibl(' to illjury thun lilly o(itpr of thp 11lOl"P 

common ("1"01) t-:p('('il's. III fad· it wus titought for ;;oH](' timl' th/lt 
citrus lIllcl wniulit \\PI'P !lIP (111)' tTOpS injuJ"('d by Ul(' C"ollel'lItmtiOlI" 
of horon found ill C'tdifw'llin soils. I t \I'll::; lOllllCl thut lIlHny of tl1(' 
field nlld t1"uck ("I"OJ>:> "howed no symptollls of !par iujury or (,\-i<1en("(' 
of reduced growth when tlH'Y wpre plan tpd Oil IUlld w11('1"P ('hl' injur.\" 
(·0 citrus was seyere. N otwitlH~t!lnding tll('S.l' 01>5('1"\"11 tions in Cali
fornia, it wns known thnt in til(' enst('m ('nitp<l StHtpS there hnd oel'n 
l"Pports of injury to 11. !lumher of fidd and {ru('k crops from the usc or 
('hemiC"IlI frrtil.iz('I"S (,OrJ taining sllIHll quail tities of boron. 

'With the p!"PgTPHS of the SUITP.\" of till' boron areaB it has bl'C-Ol}H' 
('viclpnt. that then' are (1) n Iluml)('r of spp('ies of ('rop plants onl.'
slightly lllore tolerant thun ('ilrlls lind wulnut to boron, (2) I11l1ner0\18 
Bp('cies that are apparently not seriousl.\' injurNI by concentru tions 
of boron in til('. soil solution t.wo or thrN' limes as high as the eoncen
trations kllown to be injurious to ("itr1l8, flnd (3) other sp('cjes that 
SPC'IIl no t only to tolen} t(' relatiyel." high ('oncpn tra tions of boron, 
out ILctuallv to thrive better on C'on('entrations thllt are fntal to citrus 
and other less tolemnt crops and injuriollS to Cl"OpS of the second gmup. 

It has heen shown hy sewnri inwstigntors (1,4,10, 1'/,), working 
with different plants. that boron is essl'lltial to plant growth. Thl' 
qlltll1tit.'" rl'quired is :;mnll, of"t.Pr} 1lI11.('h less (hun 1 p. p. m. of the eul
(1II'P solution. In fll('l, the ltlinilll1l1l1 requirC'll1C'nt of boron with mllll." 
plllnls is so low thllt it mllY 1)(' 111P[ Ii.'" tIl(' horon contninrd Mi unplll'i
tips in the chemiC"Hls used in [he ("UltlII"P solutions or in tlH' cOlltainpr;.; 
IIB('(I for thl' ('lI11uI'(' ('xperimen(s. 111 ordr]" to dl'lllonstmte thnt homll 
i:-; l'ssl'ntinl to plllnt growth it hilS heen neCf'ssnry for plnnt physiolo
gists to liSP for [hC'ir ("ontl'ol ("ultml's ('ilPllIicllls thllt ha"r hel'n cnr{'
full." purificd und contnincrs that would not yield borol1 to the ('ulture 
solu tiOIlS. 

• 

r 

~ 

. .. 
, , 

http:quantit.es


15 

• 

.. 


,-

BORON IN IRRIGATION WA'I'ERS 

In th('ir h'1YPstigntion of the boron problem the writers have ac
('('pted ItS it fact the hypothesis that boron is essential to plant growth 
and }UiVC not sought to determine the mininHlln quantities necessary 
to support normal growth. in the Yitrious species, They haye been 
('ol1tcrned ratlwr with the upper limits of tolel'Ctnc~ to boron of crop 
HIWelP:; g(,lH'l'nlly grown in tlw boron arens, Such inf01'l111.ltion hns 
I>f'('n sough t partly by fipld oos('rvntions and pnrtly by controlled 
('XIWl'inwnt:-l with ('ultul'(, solutiolls ('ontaining known concentrations 
of bo('on, These im'('stign.tioIl:-l Hrc ilS yet incompl('te ilnd can not 
now b(' ('('ported, It i::; possible, however, to SilY, ns has been indicated 
ubovC', thitt some species have a much higher critical concentmtion 
tball () tIwrs, 

As stllt('d in an ('nrIiC'}' B('ctio/l of this blllletin, the writcrs beli('ve 
tll II t til(' critic ill ('O/lcpn trit tion of horon in tll(' soil solu tion lips between 
·1 lind H p, p, m. fo}' citrus lind wlllnuts. They find that Europeall 
\'lll'ipti('s of' gl'lll)('s, wl1il(' slightly rnorl' tolemnt thnn citrus, tl1'(\ 
1l1C'llslll'ahly illjlll'c,d ill thi;; sllllH' range, Slleh fruit tree::; as apples, 
IIp''i('ols, Il\'()('lld()s, J)(,IIC'1I(':;, IWtll'S, pIUIlIS, !lnd p€'I'silll1ll0nS IHtikB 
bpt tel' gl'Ow [JI ill low bOf'()11 ('()J\('('II I I'IttioJ\ than (b gJ'HP(,;;, The olive, 
(ll)' till' othl'I'ltlllld. tlPPPHt'S to tllll'nd(' high ('ollc('nirutioIlS. 

or til<' gUI'dt'll ot' tl'u('k crops Ihtlt htln' Iwen ll11der observation it 
hns bl'PIt j'ollud that navy l)(Inns and s\\,ee't1)otltioes hHve lL low tole1'
nTl(,p. Limn IWIlIlS and lHllllpkins lIl'e sC)111ewhltt more tolerant, and 
pf'PI)('rs still lIlorp ;;0, ASPHI'IlgllS, co bboge, ilnd tomato, while showing 
SOlllP growth dPlll'('ssion, !lrc not S('l-iously injll1'pd by eoncentrations 
lip to ~o p. p. m, in l'ultlll'(' solution, !lnd there is some evidence that 
both ('abbuge and tomnt{) lu'e stillllllilted hy eoncentrations of abtlut 
r; p, p. m. 

'£'J1<' (,('I'PIlI Cl'OPS ('orn, milo, bill'ley, nnd whcat show ",cry slight de
PI'(,H;:ioll of growth in conl'entl'lltioIlB IIp to 15 or 20 p, p, m. Corn 
IIPIH'Ill'S to 1)(' tltc' 1lloSt st'lIHitin' of thosc nfll1wd Hnci develops symp
tOIllf; of' It'llI' injul'Y in tilt' high('J' concelltration::;, Cotton of both the 
Ifplnnd and EgYJ;tiull t~'pes' Ht'PTllS sOlllewhat ))lore tolerant thun the 
('C',"('uls IIl1ltt('d and is nppnr('ntly stimulated by qUilntities of boron 
thaI would b(' injul'iollf; to gl'upes tU1d H number of deciduous fruit, 
( I'(,('S. 

F(}rlllnHt<'l~', from th(' iltnncipoint of utilizing horon waters l alfalfa 
i:; higltly tokrllllt. ltH C'l'iticlIl ('ollcC'ntl'iltioIl of boron is not yet 
knoWlI, So fill' 110 pXllltlple hns hp('Tl found in the field of boron 
injul'Y to ulralfll. Thp Cilltl'l1('IN' lind cliY('rsit~T of the yegetntion that 
iH HUppol'tpd H1'oulHI hOl'ol1 springH :1 nd nlong strC'llms of high boron 
('olltpnt ('onfirm thl' illl}Jl'l'ssioll tilnt, while' solllP spC'('iC's m'C' YC'ry sensi
tin" Jllany othpl'R nrC' not. It S('('lllS higJdy pl'ohftblC' thftt, us ollr 
kltowlC'dg<' of th(' critical ('oI1cC'ntmtions of Hl)(,(,jps is ext('nded, it will 
1)(' Jl(JHsihl(' t(i ulili7,<' pfl'C'('tivpiy, by thC' ehoic(' of J'eRiRtnnt crop::;, 
lIIo;.:t or tllC' \\11«'1' Ihnt Illl\\, ('HUSC'H tnJ1lhlp IWC'lllIHe of its high bomu 
('1111 t I'D ( • 

O('(TRRENCE OF BORON IN PLANTS 

1I01W!'[ AS A :-;ATl'!tAI, CONSTI1'FENT OF PI.ANTS 

III C'OlIlH'('(ion with thi" sun'('\' of honHl ('on<iitiOJ\s ill :';Olltit('l'l1 
('ulifol'Jli:l, it has 1)('('11 fOUlld thut boron ()('C'UI'S ill 1IH'IISlll'ilhlp qUtlll 
(ili ..s ill (IH' IPH\'PS of 1111 (Ill' plllllt" (It:tt llit \'P IWPil ('xnminNI; but it, 
WIIS fO/lIlt! ulst) tltnt bOJ'(l1l is U ('ollstitlll'llt of tllP salts in Ill! tll(' lJ'J'igtl
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.. 
tion waters and that irrigation water is used on most of the cultivated 
plan ts. In ,riew of these findings it beeHme l~ mutter of interest to 
leiLrIl the boron content of similar plant..q grown in the eastern part. 
of the United States under rttinfaU conditions. For this purpose a 
number of leaf samples of Citrus speC'ies were obtnined through tllP 
('ouJ'tesy of 'r. Ihlph Hobinson, frorn seyeml plitc'es in Florida, from 
Silverhill, Ala., and from 'Yeslnco, Tex. In nddition, ~\'Ir. Robinson 
collected the fruits of string bl'uns, eggplants, peppers, and tomatoes 
from Tt'lTa Ceia, Fin.. Ll'il\reS of the post onk, of snssnfrns, and of 
\\ild gl'l1pe were colketed at thl' ('ud of August in :Marylund. The 
boron C'Olltent of these samph$ was detel111ined nt ,rashington, D. C., 
by tl1£' SIlIlle annlytieal niethods as nre used at the lltbol'lttory in 
( 'alifo rn itt. 

Thp FI()l'idt~ INlf SHlllpl('s, of which there were 17, inC'ludecl sweet 
o!'tlllge, SOUl' ol'ltngp, SWPl't lelllon, rough lemon, grapefruit, nlld lime. 
Thp lllP!Ul bon)!l ('ontent was SO p. p. Ill., l"Imging from 31 to ](il. 
Thp sll.mplps from Sih'(lrhill, Ala., thl'C(l Satsumns Hnd Ol1e ('itnlJ1g('
qllnt, bud It IlWHIl huron (,Ol1tNlt of 80 p. p. nl., and rnllgecl from 55 t() 

1:12. 'l'lwJ'(l W<'1'P six S!Ullplp::; from "Yeslnco, Tex., ill the vnlley of 
the low!'r Rio (}mnd('. Th('ir meun boron content wa::; 124 p. p. m., 
I'UJlging from 61 to 177. The::;e induded onmge, gmpefrui t, unci I('moll. 
SOIll(' of the trees from whic'h thp VY('slu('o slllllples were taken \\'('1'<' 
:.;nid. to show sy.mptoms of Sttlt injury, and these trees htHi been irri 
gah·r !, whereas thos<, in Florida and Alabnllla had not. 

In ndditiolt to Leaf smnples from Florida, reported above, there 
were eight sumples of le!Lws fronl trees of sour OI'imge and rough 
lemou thnt had Iwen tr<'llted some four or fiw' l1lonths previously 
with horux or homt<' minenlls. 'Vhen tl1('s(> It'tll' samples were ttlken 
thp,\" show<,d til(' ('hlu'H('{eri"tl(, Bymptollls of boroll injury. 1·'01' these 
pight HllIllples the mellll bomB ('olltpnt was 712 p. p. 111., ranging from 
:{2f) to 1, lli2. 

ThC' BIllllplt's of vrgrtnblPs from Trrru ('('ia, Fin., bnd al11eun boron 
('ont('nt of 20 p. p. 111., I'llllging Jrom Hj to 2:,). TIl(> IC'uves of post. ouk 
fronl ~llll'ylnlld ('ontain('(\ :{:") p. p. Ill., th(l snssnfms le[l\'(>s, 59 p. p. m. 
nnd thr wild-grup(, 1(laY('s, 51 p. p. m. 

Thes(\ lumty;;(',.; "how thnt the leuTes (II' citrus tl'ees from Florida, 
Al>lbnll1n., nnel Texus ('on ttl in pradicnlly llS much ooron ns is JOllnd 
in citl'IIS l(lHV<'S ill thost' llrellS of CaliforIlill wher,p til<' horon content 
of the irrigation \\"nt<'L' is Wi.'ll Iwlo\Y til(' ('Iiti('ul (,OJ1('entrntion. Fur
tIU1I'llHJI'C': the sampl?s or YC'grtnbles from Floridll and the lellvPs of 
nati n' t1'('('S in ~ 11ll'ylHlld silo\\'rd mensurable quuntities of boron. 
From tht'sr l't'suits it JllIlV be nsslImed thut boron is nbsorbed nor
mully by pLants ('ven wh~n it occurs in very smull qUHntities ill the 
soil s(llution. 

'I'll(' filet thltt ho1'on is It normal eonstituent of plnnt l11aterinl was 
cS{llblishC'd by Agulhon (L), Oil the busis of the Ilnalyses of stullple,.; 
of 27 spe('ies, r(lpl'eS('Iltulg 1~ phmt fttillilit's. Th<,s(' runged frolll 
nlgu<" ('olledNI in til(' Ellglish Channel, to oli V(lS, fl'orn Corsica . 

•\gul hOlllllndr his bOl'oll detc'rminations on tilP HsIH'd pi/lIlt lntltl'l'inl 
und f'('poltpd. his n'stdts us bOl'i(' Hcid, tiS prl'('Pllblg(l both or tilr ash 
und of thr original dry wpight of the sumplt'. lIis Illntt'l'inl wus 
Ytlrious, inclucling thl' l('nyC',.;, :{{l'IllS, lIlld btll'k of tl'C'PS, till' sl'l'ds or 
('Pl'('ttiS, lind ptll'{s or wholl' plnnt~ of s(lttwecds. 1.1 C' found tht" hOl'Oll 
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contcnt as low us 7 p. p. m, in the young stl:'lllS of fir trees und as 
high n" l68 p, p. tn, in Fucus from thc English Chanuel. 

The boron content of it numbl:'!' of plant products, such us dried 
fruits, ('acao beans, and cofl'l:'e, 11n" IIlso bcen rcported qunntihttivl:'ly
n," Dodd (6, 7), who found this I:'lement o('('ul'ring as a normal con
stituent in measurable quantities in a wide variety of food materials 
from Hluny sources, 

BORON CONTENT OF CITRUS AND WALNUT LEA YES 

It has been noted that the leaves of citrus nnd walnut trees show 
chIU'!lctCI'istic symptoIt1s when the boron content of the soil solution 
is above it certain limit, refcITed to as the critical ('onCl:'ntration, 
vVhile th('sc symptoms i11'(, ftlidy distin('t, it mllst b(> r(>('ogniz('d that 
oth('r tYJl('s of Il:'ltf injury, due to other causes, also O(,C11r, It is not 
nlwil.ys possihle to distinguish dcfinitely hy appNu'an('e alom' betw('cn 
th(' type of l('uf injury ctLus('d by cxc('ssive ('olll'('utmtions of boroIl 
nnd those due to oth('l' Cituses. Thl:' fact thnt high b01'o11 cont,(,I1 t 
of thc soil solution is tlCColllptUlied by a ('olTcsponding in('r('ase in 
the boron COllt('ut of the leaves of citrus and walnut tre('s makes it 
possiblt, to ('onfil'm by lpaf 1l/:n1ysis the e\Tideuee of boron injury. 

In the (,OlU'S(, of thp pl'Psent SUI'VCY the wl'it('l's have -collected and 
annlyzpcl it number of INd' snmplcs of lemon, omnge, grl1pdruit, and 
walnut trees, frolll arens ",11('rc tl1(' boron coutput of the soil solution 
wns known to be high uncI from other ill'CIlS whpl'P it wns known to 
b(' low. The ehanH'tel'istie 1cl1.1: symptoms have bpcn noted in each 
Cl1SC, With wry f('w pxcpptions the analytienl I'psults huyc COI1

fil'll1Cd the fiPld diagnosis. It should be noted that tlicrp hnve Iwen 
pxceptions. In nit foUl' speeil:'s the symptoms were sometimes rathel' 
doubtful, alld the boron contcnt pither lower or higher thnn the 
appltl'cllt dcgl'(,c of injury would indicate, 

OI1P ('!lllSf' of thp"e difl't.'I'('ll(,('S in boroll ('ontput may lie in the nge 
of til(' lPttVPS colledcd, It hus l)(,pn obsPl'ved that the sympt011ls 
of boron injury rarely O('CUI' Oll young knY('s o[ citrus and walnut; 
bill bp('olllP c\Tjd('nt as tlip len yes approH('h JntLturity, In colleding 
lrl1l' slunpks of citrus it hns bpen customary to select leaves repre
sPl1ting the third or if possihle the fourth cycle of growth back of 
the growing poiut. This is not always possible, bc('nusp, when boron 
injlU'Y is se,'el'(, tl1(' 1(,I1\'es of thc oldpl' growth cycles mILy fall, Ipaving 
only thp oldpI' l('ltvl's of the s('('on<l <,yclc ILvllilnbh,. It hns been 
noted itlso thltt in citms the symptoms of boron injury nre sometimes 
1ll01'P prolloull('('(l on thp south oj' southwpst sidp of the tree thnn on 
tl1(' north sidp, It hIlS been assumed that this di/l'pren('c is due to 
thc' gn'H.t('1' intensi ty of ligh t and. consequently to f,'TPU tpl' transpira
tiolJ. Such It condition wus obsPI'V('d in a 1('mOll ~rove nelLr 8anttL 
Pnlllu, .\ snmple of !Puvcs from the south sid(\ of a row of t1'ep8 
collf'dpd F('bl'llHry 20, I no, cOlltaill('(l :5:{O p, p, m, of boron based 
on dry weight, whUp It similar sumple t'olleeted at til(' samc time 
from thp north side of thp trpes C'ontaillPd 178 p. p. m, 

The wnlnut tl'PC glwds all its leILv"ps Nteh autlwm, The leaves 
during tlH' gl'O\\'in~ SNlson llsunlly show th(' first symptoms of boron 
injul'.'· about till' middle of .August. ,\" till' S('U"Oll lId"I1IH'e" the 
s.nllptOlIll::l I)(,COIIIl' more PI'OIlOUIU'('d, and in ('as('s of Sl'V(,[,C boron 
injlll'Y tilt' ICILVPs bpgin to ftlll prPlllatul'ely. The annlyticul results 
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given in Table 1 show that in 'walnut leaves the boron ('ontent in
(TenSeS as the leaves nppronch mtlturity. Three sets of leaf samples 
wcre ('ollected late in August and again from the same trees in mid
O('tobcr. The boron content of the more mature leaves was neaHy 
50 per ('cnt higher than that of the leaves collected late in August, 
soon after the boron symptoms first appeared. 

'LUll,1-} 1.-Increase in boron contcnt oj walnut lecwes with advance 0/ season 
- ----,._----------------------:---.,--- 
;;ar~l(lle" Dute I LOCi,lity co13nOtreO,',lt Increase 

NO. ___.1 _____________________ 
1028 I p. p. 111.1 P. p. 111.' 

r~i .\lIg. 2U ~enrHirni ~ __ ~ . ~"~~~_><_~ __ ~_~. ___ ._,._~~ ... _~ 432 
I,),.... 
71 .;~l~~: ~_I·_~.:_:_::~_:~_·~:_~,_t;_:_():_:J_Sll_n_a_-_..__ .__~__ ):_ ··.~••• i.LJ _JL-.::~ 

I Pnrts pcr III illlon. 

In the ('ourse of til!.' survey of boron ar('as in southern Califomiu, 
127 [('at' sllmpl('s of lemon, orange) gl'llpefruit) and walnut trees have 
been ('olle('ted Etnd analyzed for boron. As each sample was taken it 
was classified as uninjured, doubtful, or injured) with respect to 
horon symptoms. The analytical results are given in Table 2. From 
these ('esults it may be seen that, while the boron content of leaves 
c1llssed fiS uninjured may range up to 300 p. p. m., the lowest boron 
('ont('nt of [('aves classed as injured was 460 p. p. 111. Of the whole 
8(,1'i(,8, 15 snmp\('s were dassed itS doubtful, and in these the boron 
('on('nt ranged frolll 302 to 522 p. p. m. 

'J'Afll,~: 2. /Joron COllil'IIlllJ rilr//'.~ lI'wl !l'(lll/./l.ll('(1/,('.~ in lumlner/l, ('(lli/ol'llin cl(ls~ijir,l 
Ifilh I'rJerl'llfr (0 illjl/rill//s effect, e.rprcx8cd (I.~ Jlrtrl.~ /lcr million based on the dry 
It'cif/ht oj the I//Cllcrilll 

Boron con t('n L 

Condilion or )0'11\'1'$ "",( kind or !.reQ S"mples ,--......,,----.,.-- 

___•________________1___J_J_'O\_,.c_'st__Jl_ig_h~~~-'_M_c'_m_ 
l'nlnjur~d; lVU11lher P./l.Tn. 1".1). 'm. P.p."'" 

Lemoll~ 30 38 285 15i 
Or"lIg~" .) 35 162 \I~ 
(In\lw(rujt .. ~ .. _ i 128 2fJ5 231 
W"hHIL •• HI 108 292 lOS 

Doubtful: 
rJ~\m(Jn" r. 302 :Wl :1,10 
OrauJ.w .. :I !i2'.!4:C\ .1!I{) 

nrillH~rrlJil . ~ I 'Hill 
W1I111ul .. '105 a78 aaf; 

IIIJu""l. 
IA'nlon. 1m! Ut)2 Ii,16 
()rall~r :i:~ I,m~ 711/1 
(;Tilprrrlltt..._~ 1 •• ~22 07-1 
Wulllut •• _ .. _.......... _................................ _ I, !lAA f;!«j
TI~:~~ 

In these field studies it has not been possible to establish a close 
(,OlTelation between the boron ('ontent of the leaves and that of the 
iITigntiotl supply if til!' latter hils bet'll within ol'nboYC' the limits of 
eriti(,lll con('PI1 tmtiol1. In other words, the boron ('on ten t of leaves 
may be quite as high when the boron content of the irrigation water 
is betwc('n 0.5 a,nd 1.0 p. p. m. as when it ranges from 1 to 2 p. p. m. 
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Such diffkulties 1'11l'ely OCCtIt' in comparisons betwern lrav<'s produl'pti 
with waters the boron content of whieh is well below the critical 
('oneentration on the one hund and those produced with waters .. the boron eon tent of which is within or above those limits on the other. 
It has been possible in several ioealities to obtain leaf samples both 
fl'OlH ildjaeent citrus and from adja('ent walnut groves one of which 
illld berll ilTigated with watr1' hflving a b(ll'on content below the 
criticllI ('ollcrntmtion Ilnd tlw other with wllter haviug a boron ('on
tent abovc' 0.5 p. p. m. In one sll~'h (,Ilse the boron ('outent or the 
l('!l\Trs of i('mon trr('s was 68 p. p. m. in the uninjured grove und 6:38 
p. p. Ill. in the injured grovr. In Imother ('ase the leaves of walnut 
trpes front HIP uninjured grove ('ontnill('(lllO p. p. 111. of boruTl, while 
LlIOSl' from tltl' injul·(·d grove ('ontained GiS p. p. m. 

\Vhii~\ tile ('\"id(,llce obtained fmm thesr firld studies ovc1'whelm
iIlg1y su pJlorts th('\"irw that boron injmy is due to boron ran·jed in 
IIt!' j !"riglllion wiltpr, ('(lrt.llin ('x('rp tiolls III us the uoted. ] n two plltl'rs
one in tllP ('olt('hpllIL VltUry and or\(' Oil the YlIlltit Mesa-seyrre boron 
illjUI"y WHS rOlllHl in rrstl~i("tod arras in gmpefl"lLit. gro\'es thiLt were 
hping ilTigalpd wi th wn tpr ('Oil tnining \'rIT IiWe boron. In both 
! lI('s(' ('!lS('S Ilw inj Ilry n ppellrt'd. to bt' d 1Il' to l(wltl boron ('olltamillil
lion. It WitS fOlllHl thllt within ('I1("h Ill'elL the boron ('ontent of the 
soil solution was higll. In IwitheI" case WItS it possible to determine 
lit!' SOllr("(' of the boron, hut it was lllanifestly not derived from the 
pl'!'sont i.rrigntion supply. 

Se\'eraL \)til('l" eases hn\"e been found where trees in limited arras 
8110\\'e<l symptoms of boron injury but where the evidence incli('llted 
tlHtt the boron hl1cl heNl applied with manure or fer·tilizer. .Another 
rx(,pptiOllttl ense was tlUlt o[ It le1110n gr()\'e in Santa Barbara County, 
.in·igat!'d with WlLtp!" containing 0.8 p. p. m. o[ boron, in whi('h the 
hOl"Oll ("ont('nt of the lelLvrs \ViiS ahnormally low. 'L'lle tJ'Pf'S in this 
gron, Itltilough wpll cared for, Wf'l"P nol: tlu:ifty or highly produC'tivt'. 
The Ipaf symptollis W('I"(' ItbnOl"lllnl j nml tho hOl"On ('ontl'1I L of thr('c 
l('itr SllIllplps Wlls (iX, 70, llnd XX p. p. Ill., I"Pspp('tin'l.v. This is t1\(~ 
ollly (lXIWI ple so fUT found wlwrc til(' ('x('('ssivc boron ('ont('1\ t of irri
gation wl1l('r WitS not tU'('Olll(HUlied by !'x('('ssive bomn content in irlllon 
le!Ln's. This WHIpI' hnd b('rIl llsrd on the groyc fot" three yeltl's, ILIHI 
it is possible thllt the boron content; of the soil solution had not yet 
l"cuehed the critical concrIltmtion. 

ANALYSIS OF IRRIGATION WATERS 

ANALYTICAL METHODS 

.DETl~ltlll~A'rWN Of' COSDt:C'l'.\~CE 

Thr writ<·l's u:;('d the ('ollnmtionul s('t-up for the df'termillalion of 
(,OlHlll<'tlllH'P. Rl'sisttlll(,o was mrilsll1'ed with 1L \Vhelltstonr. bridge 
slipplil'<l with it 1,OOO-C'yele alternating ClLlT('llt; from IL G-volt; dry 
IlIlllpry through IL minophonr humm('!'. The write!'s 1u1\'r found 
Ihllt f<)r the wntrl's eIl('ount('l"('(l in this work nn rieetrotie v('sse! having.. 	 II ('r1l C'onstaut of abol! t 1.:3 is most llsrfuL The ceLL ('onstnnt for oneh 
s(,I'i('s of I'Ptldings was drt!'t"minrd by noting the frsistallcc at 25° C. 
()f It O.Ol-llorllllll solutioll of sodium ('hlo1'ido. The \'alue O.OOlH) 
rpcipl'ocul ohms (mhos) has b(,(,Il used as the specific. C'ollduC'tallec 
(1 -2, I'. fl, jI, 2.Q3) of this solution.' Tho determinations huye been 
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made at 25° ± 0.1°, so that no temperature correction was necessary. 
Two aliquots of each sample are placed in large test tubes and brought 
to this temperatlU'e in a water bath. The electrode vessel is rinsed 
se,Teral times in one of the tubes, then placed in t.he other. An inuner
Rion ('Ic('trode vessel has been used chiefly, though the pipette type 
also WitS found very satisfactory. In using the immersion type .it is 
('ssentild that the sample tubes be of uniform size ilIld that they COll
btin It uniform qllllntity of the slLmple. 

Conciuptnllec is calculated fl'om the ro.tio: 

witf'l'P I-{= ('ondul'tallce at 25° O. expressed as 1'e('ipro('al ohms; 
(I ~'I'pll (,OIlSt!U)t; /lllcl R= the l'esistall(,c in ohms at 25°. 

IH;'I'I';IIMIN ATIO.\' OP (,AllnONATB ANt> RICAIlBONATB 

The ('nrhonnte !mel hil'lLrbonllte ions Wl'n~ titmted with 0.05-normlll 
suiphurie n('id, phenolphthitlcin indi('ntor being used 1'01' the carbol1llte 
lLnd methyl OI'lmge for the bicarbonate. The offitial method (2, p. 93) 
wfiS followc(l. 

DETER~!l'XAT!oN OP CHLOlllDE 

Chlol'ide was determined by ndding 1 c, c. potassium chromate 
indicator to the neutral solution resulting from the carbonate-bicar
bonate titrntioll, and Lhen titrating with 0.05 normal silver nitrate 
flolution. The oA'iclal method was followed in this also. 

DETERMINAT!o~ OF StTLI'HATE 

SulplUltp was dct('rminf'd gl'llvimetrieally as barium sulphate. 
The ofli('ial l1lf'thod W/lS foUowcd, eX(,f'pt. thllt silica was not 1'emO\'e<1 
prior' to til(' prc('ipitlltion or tlto bnl'ium sulphntf'. The relatively 
slllall q lI!l1l ti ty of silica doC's not Itppcar to interfere so long as the 
rolunl£' dol'S not e\'ltporate below 7f) to 100 c. c, 

J)N'l'lm~IJNA'r!oN 0.' CALCIUM AND MAGN~]SIUM 

The soap rneLholl (15, 1'. 2, 1)..1439) was used to determine total 
llikaline-Oftrth basl's, chiefly cnldum and magnesium, in samples 
Nos. t to 160. 

Samples Nos. 161 to 500 were analyzed by the official" total hard
ness" method (2, p, 107, 108). AnltliqlLot of the sample was treated 
with !L known volume of a sodiuIll hydroxide-sodium ear'boIlltte 
l'eltgent, whieh l)J'ecipittlted the Itlkaline-earth bllses, The precipi
late wm; filtcrc( off Ilnd t.he cxcess reagent titrated in the filtl'lLte. 
The qll!Ultity or r'cag"('llt, ust'd WitS assumed to be equivalent to the 
totnlllilmlin(~-(~Iuth bnses pr'csl'nt, 

Startillg with No. 501 and eOlltinuing through No. 767, caleiuIll and 
Il1ltgllcsiulIl wt'I"(\ <let.PI'mined St'I)ltnl.tciy by t;he Clltl'ke SOIt]) meUlOd 
([)) ItS modifit'd by Winkl('r (20). This method is desrribed in detnil 
by S('iu'eulCr' Illlll Fnily<'r (13, p. 56). Calrium is determined by 
titration with a standard sonp solution. Alkaline sodium potassium 
tllrtmte solution is added before the titmtion. Magnesium is tit1'llted 
with sonp in fL sepnmte Itliquot. In this ease, alkaline anunonium 
('hlol'ide solution WitS nddcd before the titration, 
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For all samples after No. 767 calrimu has be('n precipitated as the 
oxalate and titrated with permanganate, following the method 
described by Blasdale (3). 

'1'he writers ('ontinucd to determine magnesium by the soap method 
of Willider, tlu'ough sample N'o. 2300. .oUter No. 2300, ll1agnesimu 
was precipitated m; magnesium ammonium phosphl1te, which was 
ignited and weighed as the pyrophosphate. 

As may be inferred from the changes enumerated, the writers were 
not ('ntil'ely sI1tisfied with the soap methods. In most cases the agree
ment between the soap methods and the official methods was l'eason
ubly slltisfaetory, but o('C'asionally,when magnesium was high, 
diHk ul ty was cneoun ter('(l. 

DE'r~]ltll1XA'rIOX OF .-I.LKALINE BASES 

No d('t<'l'minfl.tion was made for the alkaline bases, but the quan
tity prescnt WtlS ostimnt('(l by (lifi'el'ence. From the sum of til(' 
milligl'illll 8Ltlintients of aeid radicals tho writ(,I's sllbtI'llcted the 
Illilligl'lllll C<lui\'nlents of ell.leium and magnesium, The difference, 
expJ'essed as milligram t'qllivlllents, is reported as alkaline bases. 

DE'rERMINATION OF BORON 

A modification of' the Chapin method (18) as described by the 
junior writer (19) was used for the determination of boron. The 
boron compound was separated from the other salts by treating the 
PVllporatecl residue \vith methyl nlcollol and distilling it. The boron 
thus sepal'l1tNl was eonvertecl into orthoboric acid and titrated with 
sodiuln hydro:-.ide in the presence of mannite. 

111 some ('/lses, noted in the text, a tllt'lll<:>rie method (8) was used. 
This is Jll'illlltl'il,v lluulitnth'(', but ILpproximlttdy quantitative results 
ItI'j' oblltillll.blp, 

INTgUPUgTATION OF ANALYTICAL ImSULTS 

C()~DUC'l'A~'lfCB 

In these ilwestigations the writers have used the specifie conduct
ance (1\.) of tht, WiLtCI' samplcs as the IIlellsurc of the totnl salinity, or 
totnl dissolved el('('trolytes. This is regarded as n. measurement of a 
definite physleal property of the water, quite as significant and 
probably more Hccumte than the gravimetric determination of total 
dissolved solids, The specific conduct/wce is the reciprocal (mhos) 
of the elpetl'ical rcsistnnce of the solution as measured in 01m1s. For 
('on venience of expression the decil11!ll point is moved five places to 
tho right; thus, K = 0,00129 is the Sfll1le as J(X 105 = 129. 

Tho spe('iIi(~ c'oIHIu('tal1C'c of a solution vnl'ies direetly with its con
('entmtion, Illthough thl:' rutio of conduetll1we to totnl dissolyed sllits 
is not 11 eonstlLll t. Variations from a constant 1'Iltio m'p du(' purdy to 
(jirI'Pt"('Jl('CS in the degrpc. of disRO('intion oj' th(' salts nt different 
sol u tion ('OIl(,CII tl'n.tioJ1s llud paJ'tl~T to diJrel'cnces in thc atomic weight 
find the motility of the ions in solu tions of mixed salts such as occur 
in irrigation wate'I', 

Whcl'e desirablc, the total Sll!t content may hI:' estimated us parts 
pel' million fJ'om a ('onduC'tilIlce det('l'milultioll by the lise of suitable 
('om'(\rsiolt I'aetol's. .For il PPl'oxil1lllte estimates with il'l'igatioll 
\\,iltl'I'H having !1 ('onductnnec of 100 01' more, in which sulphates 
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pr('dominnt{', the ('onclllctiL1lC'{, multiplied by 7 will give Ii figure 
fnu-Iy dose to tlll' totlll snlt content in parts per million. If the 
('onductanee is IlIu('h below 100 or if chlorides predominate in the 
salt complex, then the C'onductance multiplied by 6 will be nearer 
thf' true value for totnl suit ('ontent. Jf it is desired to estimate the 
salt ('ontent of water in terms of tom; of salt pel' ucre-foot of wuter 
it rllfty be USSUlllNl that It C'onciuctanC'1' of 100 is llpproximatply equi\'
alNlt to I ton of suit P(,I" uCI"('-foot. '1'hl' writers pl"dl'I", howpn'l", to 
use tht, cond1!ctance for compul'ative pllrpOS('S, as an U('Curllte mellSUl'U 
of It significllilt lmel definite plrysi('ul property of irl"igation wllter. 

1I01W:-.' 

The horon ('oht"1l1 i~ ('XpI'PSSNl tiS plll'tS pN million of t'lpmentul 
hOl'on in thp soilltion. Altholl!!h tilt' writNs hIlY(' ['('portt'd in thpil' 
(Ilblps \'ltlll('S (,IUTIPd to [1\(, s('colHl d('cinllli plllet' they do not lllNUl 

to imply full {'onfidplI('(' in (itt' l!lst fi!!uI·{'. TIll' nliquots ll11d tlH' 
titmtin/.; solutioll nn' of sueh pl'O(lol"tiolls thnt 0.05 e. e. of tht' lnttt'1' 
is pqlli\'nlpllt to (Ull p. p. 111. of bOl'tlll, lIfld, whil(' thp ('1'1'01' of SU('1t 

bUI'pltt' l'('lltiifl/.; is flot gn'nt, tht\1'(' tll'e otl\('1' Huun'ps of p()ssible {'!'l'IlI' 
in (b<' PI'O('P:;s of ullltl."sis. 

Th(' \\Tit('I's h:1\'(' /\!('cted to ('xpress tll(' snlt constituE'nts other 
than boron in terllls of milLigrnm equi\'nll'nts, or reneting units, rnther 
I hun in pal·ts pel' million I bE'ellllSe thE'Y heliE'v(' that thE' relative con
c('ntl'lttions Ill'!, better shown in this wily. In the following pnrngrllphs 
is gi\'(,11 tht' utomi(' or combining weight of ench constituent, so that 
if it is dt'sil'ed to ('omputp thl' wTitt,l's' l'Psults H8 pll!'ts pe!' million, 
it JIlIl." 1)(' dOIH' bYlllUl t i plying thl' llumbPt' of milligmlll eqlliYlllents 
hy thl' \\,(,ight /.;i\'('I1. 

C'AHnO"AT'E ,\),'D nrCAnnOSA'I'E 

'rh(' cllrhonntp fllld bicu!'bonate ions hun' be(,ll gr01IJ)('d togr(l1P1' 
h(,('lUIS(' ]'{'Illtin\iy kw ilTigation waters ('ontain npPl'('rillble qUllnti!]('s 
or 110 l'1ll HI eUl'bOltlltpS. Furthermore, the curbonllte-bicarhollnt(' 
balance in 11 wuter snmpl(' is influPll('l'(1 by th(' ('onditions of telllpern
tUl'P Ilnd llt'l'fLtioll to which it hns he('n subjeetNl, through the absol'p
tion 01' libel'lltion of cfit'bon dioxide. Tn the titruJiolls 50 c. r. aliquots 
nne! O.O!>-nol'mnl Heid we)'(' used, so thut n burette rellding of 0.05 
(', ('. ('OITcspon<is to 0.05 milligram equiYlllt'nt. The ('ombining weight 
or the bieHl'bonut(' ion is 61, unci this flletor should be used in I.'on
\'el'ling milLigr!L1l1 equivnlents of C03 +HC03 to parts per million, 

In tll(' chloride titmtion the same aliquot is used itS in the bieul'
iJolll1tC' litl'lltioJl, nnd tht' 8il\'('I' nitrlltl' is nlso 0.05 norlllai. 1'11{\ 
('oltlbining \\,!,jght of the ('hlol'it\p iOll is :35.:;. If it is desil'('(l to ('()Jll 

Pllt(' Ih(' Nlliintlent sodium elliol'icic j tl1(' factor 58.5 sho1lld be used. 

III the sulphntt' <\(>h'I'milllltioll nn aliquot of 200 e. e. is us('d und 
til<' prp('ipitlltt' us bn,l'iulIl slllpimt(' is weigiwd to 0.1 milligl'ltIlt. This 
('Ol'l'Psponds to (L004:~ milligl'1l11l ('«ui\'lllpnt I>{'I' Ii t('l'. The combining 
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HOltON IN JRRlGNrWN WNI'glU'; 

\I I·jg-h t of the 11)'(\ I'ogon {'quiYalont of sulphn.to ion iH 4R, 01' the Hlil phat (' 
/'On tonI: mn,\' b(' ('ompu ted as calcium sulplmlc by 1llultipl'yin'~ the 
milligrnlll equivalellts by 68, , 

CAI,CIU,\[ A:<"D MAG:<"ESIU~I 

Calcium and magnesium hl1\-(, been determined sometimes together 
and sometimes separately, 'r!lken togethcl', they may be rcferl'ed to 
as tho alknlin<'-{'arth hascs, The combining weight of caleium is 20 
and that of magucsillm 12,15, \Yhol'o tlwy 111'0 I'oportocl togother, 
til(' fador 20 should bo llsed to obtain the (,OITespollcling parts per 
million, 

ALKAI,INEBASES 

The alkaline baSt'S indude the sodiulll and potns:;ilUl1 eontainecl in 
til<' I'.ratol', 'l'hos{' constituents han' not bel'n (\{'t{'Tmined exeept for 
n ft'w slunplt's, The figul'{,s repol'tNl in tIl(' tables IU'l' obtnined by 
adding tog-other tll<' llulligmm equivalents of bicarbonate, ('hloride, 
nnd sulphate, and from thlLt sum subtracting the sum of the ('alriml1 
and magnesium, Since it is kno\'<-n that sodiulll is the pl'('dominant 
rlt'lll('nt in this group, .it is (,Ilstomn.ry to use its combining weight, 
23, as the factor for computing pal'ts pel' million, 

On£' or the mothods sometimes used as a basis fol' (stillllLting the 
total salts in irrigation water is to add togeth£']' the prodllds of tho 
lIlilligl'lllll C'quiYalonts by their eomblning weights, vYlll'Tl this is 
c1olll' it is ellstomal'Y to include for the bicarbonate only hnH its 
product Iwctluse or tlu' loss of ('arbon clio~-ide that o('('ul's wlll'rl the 
nlknline-Clll'th carbunates are precipitated by eytlpOl'atioll, 

'1'11(' toUtl Iwrdn('s:4 or Wllh'l', as this (erm is mlPd in rdulion to 
dO.IIIl'Ht i(' 0\' inc! llsil'i!ll waiNS, implies lIH~ q uuutity or Uw nllmline
t'IHth bu:;es computed liS (,[llciulll (,Ul'bOlllLte in purts pel' .milliou, 
'rhus tlw sum o[ tht' miUih'1'am equinllents of calcium and mngnesiurH 
multiplied by 50 giVl'S the total hardness, 

In water 1'01' domestic 01' industrial use 11 high degree of hardness is 
not desirable, but for irrigation hardness is no disadvantage, In 
fad, hltrd watel' is dellnitcly beneficial in its efl'ect on the physieill 
condition of the soil. This is becn,use of the reactions of base exchilnge 
that take plnce between the soil and the salts of the soil solution. 
As tht' sodium salts of the soil solution become more concentrated 
throug-h the npplication of soft water the reactions of base exchange 
kml to unite tho sodium with the soil and to release equivalent q uall
titie~ of enicilllll from soil compounds into the solut,ion, Such reuc
(ion~ ilnpnir tht' phYH,i('al condition of the soil, making it impermeable 
to wn.tt' 1', On till' other hand, if the soil solution (',ontnins more cal
cium than ~odium, the l'f'sults oj' reuctious of bnse t'xchang<' are not 
likely to be iuj urious to the physical condition of the soil, and may be 
lwnrlicinl. For this l'l'HSOn the dpgl't't' of hardness in irrigation water 
cart not, prolwriy IH' ju<ig<,d ('X('('pt. in r<'fer'PlH'e to tlH' qUHllt.it,y of the 
nlknline bfl~l'~ with whi('h it is nssoeint('cL Thus, if the qUHntity of 
nlkulint'-('n I'th bnsl's, cxpr't'sst'd ns milligl'Ulll equivnlenh; of eaieilllll aud 
mngnf'siurll, is Jlluch .in ex('Pss of the alkaline bases, t'xpl'essed ns 
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millignun cquinilcnts of sodium, tllt:' water would be desel"ibed as 
hunl II nd cI('gimblr for inigu tion. Bu t if tll(':;c proportions nre re\"(~rsed 
so [haL thr IIlktlJilH' basp!> an' in rx('('ss, [hr wutrr would hr referred 
to as soft, enn though it ('ontainI'd so llluch culeiu!H and magne
sillm us to be unsatisfactory for dOlllestic 01' industrial usc. 

SUI!FACE WATEHS Ot' 'l'H}; SANTA CLAHA VALLEY 

The Santl1 Claro. River l'i::'rs near Acton, Cnlif., o.t the head of 
Soledud Co.nyon, north of the 8!t1l Gnbricl Mountains. It flow:-: wpst
Wlll'd about 75 miles into tjw Pac-ilk O('E'fUl nelll' Ventum.. Its chief 
tribll tur.ies pn tpl' J'I'OI1l the 110rth. (Fig. 8.) From Solcdnd Canyon 
to its (kltn, the flood plain is grnernlly broad and composed of sand 
II ltd gl'u \·rl. 'rhe dOWllStl'Plllll moyrlllen t. of watpl' t.hrough the porous 
IllUt<'l'inl or the flood plain is impNkd by S('\·<'I'ul subsurface dikrs of 
('()('k 01' (lthel.' imprrmrnblp IllltteJ'illl, so tlwt whilr thr surface of the 
stn'arn hrd is Llsually dry in long sec,tions, excrpt nt, Hood timr, there 
nrc severn I ~wcti()lls in which there nrc pools Ot' sluggish strcllJllS 
throughout the year. PJ'ilcticnHy all thl' surJ'uct' flow except that 
from oecnsionnl floods is diw'rt('(l for irrigation. 

The f1uitlit), or thr surfner wutet' of the' main stream und of some of 
its tributaries is shown in Tablt' 3, TIH' locations in this table arr to 
be found on the IlhlP, Figure :3, tn'ing tlH' numbers inclosed in circles. 
ThE' first, fh'e locations listrd in the titbIt, rej).I'es('ut, conditions above 
tht' junction of Pim Cr('ek, wlwl'e analyses show thnt very little 
boron is ('ontributed to the main str(,IlIll. Thr rfl'('ct of boron con
tribll [NI by Piru Crrdr is shown by the incrensE' in thr llwun boron 
('ontcnt of thr sample's collpcted nt location 8, thr highway bridge 
hrtwcrn .Fillmof'(' nnd Bnrdsdnle (O.Of) p. p. m,), as eompal'cd with the 
mean of those coll('cte<1 n t. loeution 5, K cwhnIl runch bridge (0.49 
p, p. Ill,), nil in('I'enSl' oj' O.ij() p. p, m. Pinl Crerk (loclttioIL 6), with 
nn !llIulInl 1llrnn boron cont.pnt oj' 1..5() p, p. !H., nnd Srspe ('I'('el\: 
(iocation f)), with un !lIlll11ltl Jllean of 2.01 p. p. m" appeal' to 1H' the 
('hid SOIIl'(,('S or boron in the Snntn Clam drainagr systPlll, Th(', 
waters of lloPi>l'1' CI't'pk (location 7) and of Snuta Paula Creek (lo('u
Iion 12), though n'prrsrntpd .in tlll' ta bll' by only one sample in ('ueiL 
('tlSP, npprur to eurry n'ry little b01'on. 

'l'ABI,g a, ·-Quality of xw1acr: /t'a/ers of Ihl' '''''(Ill/a Clara Hil'cr and '£/8 lri/m/arics 
--- ----.,-,~.----- ..~,~-~-----.-

;\filligrnm ~'1l1i\'tllenll; 
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FIGURE 3.-Map of the Santa Clara Valley and vicinity in Ventura County, Calif., showing locations of water samples taken during horon survey in 
1928-29. The numbers in elrcles along the Santa Clara River J'efer to Table 3; those on the same stream hut not in circles refer to Table 4; the numbers 

~along the Ventura River refer to Table JJ; and those along CaJlcb'U8s Creek refer to 'rable 15 c.rc 
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Locations 10 and 11 are on the main stream below the junetion of 
Sespe Creek. While thl' meau bo[,on content reported for these two 
locations is somewhat 10wl'[, t.han that reportl'Cl for Ioeation 8, it seems 
probabll' that the diiIerenC'es are due to \'arilltions in diseharge at the 
time of sampling .. It is to be noted that th(' waters of the Ranta Clara 
River at'e l'('lati vely low in chlorides and high in bicarbonates, sul
phates, and nUmline-parth bases. The water of Sespe Creek is excep
tional in having less bicarbonates and sulphatec; anclwore chlorides 
than the other sources. 

With ['espect to the \'alu('s for dis('harge gin'n in Table 3, and in the 
deseriptions of locations it should be said that these are hased on esti
matetimade whI.'Il the slll1lpl('s were taken. It should not be assumed 
that they may he w:;ed liS a hnsis for estimating the total discharge or 
the mean alllluni dis('hlll'gp. of the stream. The subject of the stream 
flow of this d min!lge basin has been under im'estigation sinN' 1927 by 
l{iC'illu'd II. ,Jamison, of the division of wflter resources of tiw C'aiifol'11ill 
Dt'[Jllrtfllf'1l t of Pu blic 'Yorks, nnd two t'('ports hUTe bef'n issued." 

[,OCA'r[ox~ 1.IR'1·"D IN TABL" a 

(flee fig. :3) 
1. The Santa Clam. RiH'r, lH'ar its IWllrlwaters, in thE' Soledad Canyon cast or' 

Lang; sampled .July 15, 1928. 
2. The Sunta Clam Rivpr, ncar the junction of San Francisquito Creek, 2 miles 

WE'st of Saugu;;; stlmplE'd .July 1.5, 1928. 
3. San Fl'anei~qllito Creek, above the jUllction with Clearwater Creek; sampled 

April 18, 1920. 
4. Cletll'lmtel' Creek, above its junctiOll with San Frallcisquito Creek; sampled 

April 18, 1H29. 
5. The Sl1ntn. Clara River at .Newhall Ranch Bridge, 4 miles above Piru; sam

pll'(/ for 20 consecutive ",eE'h from F(')Jr\lUry 19 to July 16, 1929. During that 
period tht' discharge m.ngpcl frolll 20 to 0.25 cubic fept, jWI' s('cuml, aud the boron 
content from 0.34 to 0.84 p. p. Ill. 

6. Piru CreE'k, at1the din'rsion dam, 1.2 miles above Pirtl; sampled weekly 
from July 18, 1028, to August 6, H129. During that period thE' discharge ranged 
from 20 to 1 cubic foot pE'r second and the boron content frOll! 0.92 to 2.35 
p. p. m. 

7. HOPPE'I' Creek, at the crossing uf thE' State highwn.y, 2.5 wilE'S \\'est of Piru 
and 1 mile above its junction with the Halltn. Clara Rivel·. The creek is ordinarily 
elry at this poinf, iJut carripd ~(JJlle water following the spring rains. Sampled 
April 8, 1929. 

H. Ttl(' Santa Clam Rh'('r, at the highway bridge betwee>1l Fillmore and Bnrds
dale. This is below the jllllctioll of Pim and Hopper Cree>ks, but 2 miles above 
thl:' junction of i:)cspe Creek. ThE' rin'r j,; lIsually dry at; this point. except during 
the spring. H:1mplE'ci weekly froUl Fl'iJruary 5 to May 7, 1929. The discharge 
during that period mllged from 15 to 2 cubic feet pcr second and the boron content 
from 0.64 to l.3i p. p. ltl. 

O. i:)pspe Creek, at the diversion dam, 4.5 miles abuve the junction with the 
S!mta Clara River, and a\)o\'e the town of Fillmore. The discharge as reported 
in till' table is the meun of weekly estimates made at the diversioll dam. DlIl'ing 
tilE' same pet'iud the discharge of the stl'eum was measured 17 tillll'f< by Richard 
11. .Jamison of the division of water l'es()Ul'ces of the Stn.te of California. Thesp 
IIlt'asurements were made both at the diversion dam and at the highwu~' bridge 
wpst of FilllllOI·P. TIlE' 1l1t'an of tht' .Jamison measnrements-total c1isclmrgl', 
including diversion is 13.73 cubic feet per SE'conrl. TIlE' sumpIE'S h('l'E' rE'jwl'il'd 
II'E'I'(' taken weekly f!'OllI .July 18, 1928, to August 6,1929. The mngp of discharge 
was f['olll 25 to 2 cubic f~'l·t per srcone!, ane! thl' range of boron cnntE'nt was frOll1 
0..1.5 to :UiG p. p. Ill. 

~ .1.\l-fJ\\()~, It. I-L n·;~TUH.\ (,OPNT,Y IN\'ESTlOA'1'ION. 1t~;P()ltT .'Oft 'fIJI<; pfo:Hlon ,\ t'Ol'ST !W, 1927, TO Jl·l.."! 
;11. III"". (·"lil. ()~(ll. 1'111,. W01·k~. iliy, I\'''[~l' Hi~ll[s. :!2~ p" illlls. SlI('r'"11Pntn, Celil. 1!12.'i. [.\ril11~ll· 
grlll'h"",1 

." \'E~Tt:"lt\ rOf NT\' fNrl-:STIl1\TIOX. H";I'OHT FOIt TfH; PI-;HWIl \rt,,'s'r I, I!I~S. 'ro Jl"T.Y aI, W2!J. 
['"lif. Dept. ['uh. Wurks, Ill\,. W'ller Rt'sources Hpt.>. Ill;' p., iIIus. :l'lt'nllllellto. ('alir. 1!l'2\1, [~filf1e()
~n>phed.J 
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10. Th(' Santa Clara River, above Dent's Slough, the point of diversion for th(' 
ditch of the Farmers' Irrigation Co. located about 3 miles upstream from thc 
highway bridge across the river at tlallta Paula. Thl' samples werl' taken during 
the period January 3 to JUlie 11, t929. The estimated discharge ranged from 50 
to 16 ellbie feet pl'r ~;('cund and the boron content from 0.58 to 1.12 p. p. m. 

It. Thc l')unta Clam Riv(,f, at the point of diversion for the ditch of the South 
Mountain Lemun Co. locatl'd about threl'-fourths of a mile upstream from thc 
highway bridge across the river at Santa Paula. Of the eight samples included 
ill the table, se\'en werc taken weekly from December 26, 1928, to Fcbruary 12, 
1929, and 0111' on August 6, 1929. The estimated discharge ranged from '25 to 
10 cubic feet per secoud, and t he boron content from 0.52 to 0.96 p. p. m. 

12. Santa Paula Creek, above its jUllction with Sisar Creek; sampled December 
29, 1928. 

UNO~;ltGIWUNO WA'rEUS OF THE SANTA CLAItA VALLEY 

The irrigation agrieultul'c of the Slmta Clara Valley is supported 
partty by the surftlce wn,teJ's diverted fr'om thitt stream tlnd its tribu
taries, and partly by wil,ters drawn from the underground supplics of 
the vn,Lley. 1t is to bc assumed that these underground water supplies 
are l'cplcniHhed both by percolation from the stretlm channels tlnd hy 
the lllleollected run-ofr from the hills on either side of the vaUev. 
S.inee these W(,l1 wuters eonstitute an important part of the local iri-i
glltion supply, it seemed desirahle to undertake a detailed survey of 
them, not only to obtain evidence tlS to whut concentration of boron 
in irl-igation water causes injury to the ytU·ious crop plants, but also 
to learn what vitriations oeCUf in bot'()n concentration in what ap
peal'S to he IL cOllnected body of underground water. 

In this survey :'lI1l1lples were taken from 20 wells, all of which are 
used for irrigotion. TlH'se wells l'f'present lin m'ea extending from a 
short distn.nee east of Piru to :Montalvo on the delta pluin of the Santa, 
elora Riv('!", lL distnnce of appro),.-jmtLtely 30 miles. (See fig. 3, in which 
the numbers oJong the Sunta. Olara. Ri \'er, not in eirc1es, correspond to 
the locatiolls in ToNe 4.) Altogether, 173 samples were annlyzed in 
connection with this survey. (Table 4,) With one exception the 
J'rsult" for eneh well are bnsecl on the nnnlyses of four or more samples. 
Thrse slunpi('s \\'r)'e tnken usunl1y d U1'ing the irrigation season, with 
intervals of four weeks between the dates of sampling. 
TAlII,I'; :I.---Qnatily of l(.rtriergronnd loaler as obtained Jrom irrigation wells in the 

l'ftllcy oj the Santa Clara River 

:\[illigram equiyalents 

KX10'Loclltion Xu. iI Samples Doron 	 Alkalineill 25° C. CO,+ Ca+:Mg hasesHeo, _(_'I_I~ 
-,-- 
\ XumbfT ! P.p.JII. 


L i
I HH 0.51 5.22 1.48 JO.35 11.81 ,1.24 
2 ,II) 1,l7 1.24 :1.95 1.14 11. 03 12.12 ·1.02 
;\ .i 147 1.0!J 4.57 .7i 12.08 14.60 2.82 

5 152 1.28 	 5.01 1. 15 11.57 15.01 2. ;2 
8.,16 1. 1m" ;'L _. - ... _--"" G 114 .110 	 3.69 .74 11.20 

(i_ 4 2"S · 72 	 O.SO J.&{ 25.25 31.87 1. 72 
,\. fi6 \,'25 8. 7~ 10.1'.\1 :l.8t7 	 '\ I~I .48 

5 120 •.I:l ,j.H 1.17 7.I~j 	 10.04 :3.ii3 ~, 	
7.72 ,j.OIIS 100 .07 4.16 1.44 G.l:1"HI ,I .~2.4 ,42 :l. 01 1.3r. :1.4;\ 7.00 1.70 

Jl II 101 .8n 4.0" 1. 4:1 5.:lZ i.2S 3.52 
12 II lin · .1; -1.,j2 .Im 	 7.42 (I. :14 3..10 

RIO 7.92 :;.84J:I Ii 120 · tit. 4.47 1.10 
11 To lOll .40 ,\.Xii .!i0 ~ 41 1l.\H 2.12 
J,;_ i .JlR .47 4. :lfi 1.06 f~. ""1 n.72 :3.01 

IfL. 2 W .44 -\, no .13:\ :.02 i.74 2.81 
Ii__ 4 ll1i .28 :i.2l 1.l12 ti,7" 8.61 4.~7 

I~,._. 6 141 • .,1 .~, ,")0 1.M K72 11. 31 4.75 
w_..•.. _._. 7 InU .,"1 li.~7 1.116 10.61 11.61 (j.2~ 

:!U__ ... 7 J:l6 .54 4.27 1. 49 9.51 10.50 4.77 

------.-~ ._
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An insp(-'ction of Tabl(-' 4 shows at on(-'(-' that th(-'r(-' is a v(-'ry low 
c01T(-'lntion between the total salt ('on tRnt and the boron concentration. 
1\or is there high correlation betwe£'n the boron and th£' ehloricl£' con
centrations, such as i8 noted lntrr in the descriptioll of th£' OW£'IIB 
River ureit. These results appear to warrant the infer£'lIce that the 
bOt"On contained in the'se underground waters i8 not (l£'rived 10(,:111.\' 
by solution from Illutprial in th£' wutpr-beuring- strata but is broughtin by the. percolating watt'!"s from SOIUT('S ouLqidp the vallpy. . 

It was noted in the spetion dealing with til(> surfnc£' watrrs of this 
\"Illl(-'y that the boron contNlt W11S low in the waters ahoY(' thp jun('tion 
of Piru Cr(>ek. LIl the prrspnt spri£'il thp water from location 1, which 
is 2 miles abo\'e this junctioll, hus n. boron content of 0.51 p. p. Ill., 

while that from location 2, just below Piru Cr£'ek, contains 1.24 p. p. Ill. 
\Vith rpspect to the other constituent,;, these two watpl"8 nr£' not \Orry 
differrnt. Locations 2, 3, nnd 4 an: in thr yttllc.\T brlow thr junction 
of Pil"u Creek, and ull thn'e ('ont'lin more than 1 p. p. JIl. of boron. 
Lo('utions 5 and 6, itlthOlI~h in the t;arllC arrtl, un' mOl"(' to the' wr5t. and 
IlpUI"(,(' /T()pPPI" Cn'ek, the (,frec·t of which llIay he to rrdu('e thr boron 
('onlpnt by dilution, though thr water at IOetltioIl (j is \'ery high ill 
lot HI suits. 

The well at location I i~ ciol:)t· to the bed. of Polr ('reC'k. lIere lhe • 
water is low in boron though not pssentially diiferent from lllany 
other wells in tile ntlley with respect to the othrr salt eonstitl.lents. 
The wpll at location 8 is south of the Santa Clara River, ncar the 
mouth of GrimC'H C!LIlyon. 'I'll£' boron content of this is low as com
par(>d \"ith that of eitfler the surf!Lce or subsurfnce waters of the main 
strelllll nbove this point. It. is known that. some of the brJ'olmd waters 
of GrimeH Ca!lyon, as at Dry(lpn Rpring, are very low in boron and in 
other Sltits ulso. Individual sumplPs from olhpr wells in the Bardsdale 
Ilreil indicate t1mt not aU thr underground watpr sou th of th£' river 
at this point is low in boron. ThiH nrra it> opposite the delt.n, of Sespc 
Crerk, the boroIl eontcnt of which is high, nnL! there is a posRibility 
thn.t some of t1H' wrlls OTl tlip sOllth Hidc of the rin'r tap strnta thnt nrc 
rrplrnishrd in part froJll this erp('k. 

'I'he well at loeatioll 0 is west of Srspe ('rrC'k but closp to the flooel 
plain of the Santa ('Iurn River. It was instnUrd to provide an irri ,.
glltion su pply in placp of su rfll('C' watN fl"Olll Sespe ('r£'ek thaI. was 
oelirvrcl to hll\'C eHusrd injury to citrus anel walnut trer8. The 
wnter from thi::; wl;'ll when compnrpd with that of Sespe Creek (1oea
tion D, Table 2~ is seen to eontain much Ipss boron. Its avprage is 
O.Di p. p. m., whil(' Scspe ('r('ek iLvernged :un p. p. 111. The other 
constituen ts un' sligh tly difrerE'n t also. The bi:~,trhon!lte and sulphate 
('onten t of th(' well watpr is higher and the chloride con tE'n t is lower 
thnn that of the neek water, indicating that tIw well dm\~'s on some. 
of the percolating waters of the Snnta ('lara River, which nre chnrac
teriRticall.\' high in bil'llrbonates nIlCl sulphntpR. The well at location 
11 yirlds watpr wry similar to thnt at location 0. The wells are only 
1 mile apart, and both arp at thE' edge of the fl~od plain of the rivrJ'. 

The well at, location lOis onp that merit,:; sp(-'cial ('onsicipra tioll. 
It is in thl;' samr genrl'lll arell as loeations Dnnd 11, but is nbout 011('
fourth mile north of the river hpd and near th(-' foothills. The watpr 
supply is not In.rgp, about 0.4 cubic foot per second, Hnd is used to 
irrigate. It small citrus orchard. The trees on either side of this 
orchard have been irrigated either with Spspe Creek water or water 
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from [he wcll fit ]()cltlion fl. In these the evidcllcPS of boron injuI"y 
arC' H'ry plnin, 'whilC' the tn'ps irrigated from this well ~hQW no 
s~'Jl1pt()rns of boron injury. It sppms prohablc that this well taps It 

supply of l111(\('rground wal PI" that is htrgdy I'cplcnislwd hy run-off 
frolll the Ildjllcpnt hills ('.onlaining much INis boron than tl1<' undN'
grollnd W111(,I"S of t1w ('C'nIN of t\w vallC') . 1'11<' ('ollditions surrollnd
ing the wcll tend to support the view that if irrigulioll Wlltcr ('ontnins 
I(,S8 than one-hnlf p. p. m. of boron its lise on citrus Ilnd walnut trecs 
is not likriy to ('IlUSC 8pri{)us boron injury. 

The w('llt' Ilt lo('u.tiolls 12 nnd 13 arc both situated closc to the 
flood plain of the Snn ta Clara River, SOJllC disblIl(,C downstJt:~llm 
fl"Om the well nt location 11. TIl(' water from thc~e two wells is of 
the same qUlllity, but diff('rs from thllt nt location 11 in having 
:-;Iightly more salt tlnd slightly less boron. The next three welis 
liHird in the tnblP, those at IO('lItioIlS 14, 15, find 16, nre locllt('d still 
Jfu·th{'\· downstl"cfllIl. toward the della of SHnl,l. PlI1lln ('re('Ie The 
run-ofl" of this :::tl"ell11l Hlld of TimbN ('IUl\'OIl douhll('ss ('·onlribuj.(,s 
WHI('\" of low boron ('outent tbut (ellds ((/ dilute the 1lllder~round 
iiuppl.\' of this 111'('/1 with 1"('Sppc{ to tlwt e1ellH'lIt. The well Ht loea
lion l7 is sillllltpd west of Ihp ddtn of SlIntll PUllin ('rrl'k IIllfl ("\ose 
to til(' north Nige of til(' YILlley Ilt lhe mouth of Faglln ('UIIYOll. The 
boron ('olltcn t of its wu[('r is the lowest of anv in this series. The 
Burfacp. Willer of Santa Paula Creek (loclltion ~12, Tl1ble 3) is very 
low in boron llnd may contribute to the supply drawn upon by this well. 

The Inst two wells, those Ilt locations 19 and 20, reported in Table 
4 are located in the flood pliUn neal" the mouth of the Sunta Clara 
River, und t}wse wflters should represent It composite sample of whItt 
nlllS be referred to ns the "underflow" of that stream. 1Yith respect 
to totnl saits as mellsured by conductance, these waters UTe very 
little above the fl\·(,\"H~e of the upstrelll11 sllmples. The boron contcnt 
is less (hun that found III' 8('vCl"lIl points I1ho\"(', which indieu/cs that 
t h(' p(f('('( of thc rlln-ofr helow Sespc Creek is to dilute the underflow 
with ("cspcct to that clement, 

U)('A'l"IONb OF WELL'; L\STEI) 1:'1 TABLE 4 

(;okl' fig. 3) 

L ('lllTllllos rallch, riollH'stie 11'('11, 2~.; mill'S I':lst of Pinl, flue-quarter milc lioulh 
of highwl~Y; c1l'plli, 154 f('('\; c1iselwrg(', 0.4 C'ubi(' f('('t pl'r s('(·onri. 

2. Wllrring 1"1'11,0.1 mill' north of tl\(' packing hOllse of the Pim Citrus "\ssocia
(ion, Piru, ci<,(Jth, 275 f('eti diseharge, 1.6 eubie feet per Sl'cond. 

3. Padl'lford w('ll No. J, 2 wiles west of Pint, 0.3 mile north of highway, NE. 
!,~ S('C. 25, 1'. 4 N., R. ]!) W.j depth, 223 feet, pl'rforn.ted bl'lo\\' 173 fl'l'ti dis
ehllrgl', 0.5 cllbic fe('t p('r sl'cond. . 

4. C'itrolll rllnch w(,]l, 2 miles west of Piru, 100 fCl't south of highway, HE. 
'I !.\ Sl'(". 25, '1', 4 N., R. I!) W.j drpth, 220 feetj discharge, 1.5 cuhi(" fpet per seeond. 

5. Cttrler mllch well, 2.1 miles 1I·C'Bt. of Pim; 0.2 mill' south (If highway, ~E. y.; 
bP('. 25, T •.1 X., R. I!) W.j dl'pth, 200 f('l'tj (]i;H'hargl', 2.5 Cllbie [I'd pl'r sl'cond. 

Ii. Padl'lford \\C'11 No, 2, 2.4 mill'S Wl'st of Pirll; 0.2 lIlilt' norih of highway 011 
C1L."t hank of HopPl'r C'n'l'kj dl'pth, 215 fl'd; dis('\Ulrgc, 2 cubic fl'd ll(,f sl'c()lld. 

7. Trxlls Rl'fiI1I'f)' "'1'11 ~\o. 3, Ollt'-hlllf mill' C'(lst of Fillmore; 50 fC'l't Ilurth uf 
highway, 011 the l'ast hank n; Pole Crel'k; d('pth, 750 fectj dischar~e, 2.4 cubit: 

.L. 
fC'rt (It'r sC'('ollci.

it King rallch \\"C'I1, Wl'st of Barc1sdale, ol1l'-fourth mill' Wl'st Ull first road from 
south end of hridge bt'tWI'I'J\ Fillmorc !lIld Bardsdale; dl'pth, 2()3 ('l't; discharge, 
1.5 cubk fl'd ppr S('('OlHL

0, BrowIlstoUC' well, 011 the west bunk of ~esp(' Crel'k, l!~ miles west of Fill, 
mor!' !lucI 0.2 wile 1;outh of highwayj depth, 260 feetj dil)chargl', :3 cubic feet pcr 
s('(!ond, 
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10. Lombard rt1llch wdl, 2~~ miles west of Fillmore; 400 yards north or highway 
on Oak Road; depth, 150 fl'l'tj dis('hllrgc, 0.4 cubic fcct per second. 

1I. Hespe ranch well X o. 3, 2.5 miles\wst of Fillmore on the north bank of 
Kespe Creek; dt'pth, 404 feet; disehnrg(', 3.8 cubi<' fl'et per second. 

12. Hespe rt1uch wcll Xu, 2, 4.5mil('S west of Fillmvre-Bardsdnle bridgc on 
lhe north sici(' of thc i'4allta Clara River at the edge of the flood plain; depth,
375 f('(~ti discharge, 2.2 ('ubic feet pcr second. 

13. i'4('SPP ranch well Xu. 1, 3 miles west of Fillmorp-Bnrdsdale bridge on the 
lIorth side of th(' Hanta ('lara Ri\'t'r ncnr rnueh IH'lIdqllltrtt'rs, Itt thc edge of the 
flood plain of the rh'er; depth, 320 feet; cliseharge, 4 ellllie feet per second. 

1·1. Harcls('mbbIc WII tl'f Co. well, 011 dt'ltu eOlle of Timber Canyon, l.ti5 milt'R 
('ast of Highway Bridge across Hunta P:mltt Creek, 0.3 mile south of highway; 
depth, 3tiO f('('t; dil;ehnrgt', 3 cubic f('et ppr sccond. The static level is at the 
grolltH\ surfa('p; till' dmw dowlI is 12 fppt for 3 eubie ket per second discharge. 

15, Farll\!'rll' Irrigation Co. wei! ~o. 7, XE. ;~ sec. 12, T. 3 X., R. 21 W., 0.6 
tllil!' (,Ilst of higIl\rll.\· bridg(' llC'ross ~ttntll Pallia Cn'pk and 0.3 mile Routh of high
way. D('pth, 2liO f(,pl; disehllrgp, 5 ('uhie f('et pn se('oncl. 

Iti. Tl'It!{\l('-Mc' K!'\'c'tt \\'('11, 0.55 mil£' ('ast oj II ighwny Bridgp H('rOSR HanbL 
I'nnlllt('rl'!'k and O.~ mile north of highwaYj depth, 381 [('dj discharge, 3 cubic 
[(,p\ pI'r ~('t'!)nd. 

Ii. BI:UI('hard w{'lI, Nauta PaUla, O.ti mile north of Main Htn'ct tit Palm i'4ir{,l'L 
011 lit(, ('!lst b;LIIk of Fagun ('anyou; (i(-pth, 304 feet; disehargt', I.~ tubic feeL PI'f 
~('('ond. 

IS. \\'lIhtm ('oullty ('ountry Cluh \\'( 11,0.3 mile north\H'st of ::;atitoy; d('pth,
100 f('!'ti dh;clwrge, 0.$\ ('ullie ft'et pI'r second. 

1\1, .\It:l lIIutual \\'('115, i'4lltieoy, ill flood plain of the Hantn ('hLr:l. Riv('r. O.;{5 
miIc' southp:!:;t of lughwa\ ('WSHtIlg of railroad; dppth, (ili5 feci; discharg(', 5.'1 
l'lIhie f('(t Jl('r s('('olld for four w('lIs. 

20. MOlltuh'o Illutual wpl\s, 1 milt, southweRt of :Montu]yo, in the flood phlin 
of the Hantn Clam ltiV('r; dt'pth, 58ti f{'('ti discharge, 9 eubic fect p{'r second for 
two wells. 

Sl'CCt:.'iSl\'I; HOltlZOSS 0 .. OIDE!!G!!OUND WATE!! 

In making It sun'l'.\' of the lI11dt'l'grouud wuters of the Santa Clam 
"nUey it WIlS fotUld that the valle~' fill is composed of irregular strnhL 
of gm\-d, sllnd, and ('lny. SOl1le of these strata yield wnter l'endily 
:11\(1 nhlllldnntl.,-, otl1('l"8 nt'P iltll)£'rnwnhlp, or "dry." \\-hell wells nre 
drillC'd it is ('II,,(ollll1ry to kp('(l n rC'('ord of stmta PIH'otllltprpd und SIII>

sC'qllC'll11y to (l('rfOl':lt(' till' e:lsing OflPosit(' tlt(' S!'('(iOIlS of wat('t'-b('lIl'
ing gl':l\"(,1. Wll('n (h(' IHlIltfl is lillnlly instnllNI, tl)£' wutc'l' IlIl1y be 
drnwn in (Jal't frolll lIll tbps!' strata lind thus l'PPl'Ps(,llt a ('olll[losite 
of HII. 

In \'i('\\' of I Ill' possibl(' IOclllizatioll of boron ('ontnmilllliion, it 
l'('('lllpd dpsimblp to determine whether th('J"(' WPI'(' dif},pl'{'IH'CS ill the 
q unlit .,. of t h(' \VU «'1' from t hp sll('('essiv(' horizons ('IJ('ountpr('cl in 
drillillg d('('p wplls. .\11 opPOl"tunity for mnking this illYl'stigation 
was It fJordI'd during tlH' spring of IH:2H wbell fin' wells were hping 
ddllcd in t\1(' vi('inity of Snllin. Puula. As ('uch wC'll wns drill('d, 
slllllpl<'S of wat('!' \\,pr(' tllken frolll tilll(' to timp for nnld,,'sis. The 
r('sults of tlH's!' HlHdys<,s from two of the w<,lIs :11'(' l'('por-t('([ in 'rubles 
;j nnd Ii. Tlw conditions found in 111<' 01 her thre(' w('ils w('r(' 1l0fj 

('ss(,lltillih' dif}'!'I'(,llt fl'OIll thos!' in th('sp 1.\\"0. III tll<' ('use of (\1<' w('1[ 
known a~ ('it ['US So. 1 (Tn hl(' ;j \ t 1](' sll(,('pssi \'(' sa III pl('s \\'('1'(, ('S"(,I1
tiull.\' th(' ~nllll' with I'('SpN't to thpil' snits, im'luding til(' hOl'On. [1\ 
Ill!' o(IH'r wpll. ('hlll'('h :\0. :2 (Tuhl(' Ii), til(' firflt, walpr ('])('ollnt('I'pd 
wa,.; ltighpl' ill salts lind in boron thlln th(' <I('e[>('r wllt('r. Th!' third 
"Hlllpl!', tllk(,ll at :?70 fp<'l, WllS also high('[' in 1>01'011 tlwn t lip d('('I)('1' 
walpl', hut Ih!' (otnl suit, ('onfpn(, us 1l1!,;lslIrpd by ('ondll<'tull(,(" WlIS 

only slightly higll('I'. 111 thi,.; w<,11 lltp ('usillg WHS p(,l'foralcd olll~' 
:It tire Im\'('l'stl'llt,u,. 

• 

l' 
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TABLE 5.-Quality of J~'ater from Sllcct'ssit·c horizons elICO!L'IIlere(Z in drilling a 
u:ell. (,itrtl.~ Xo. t, in Sanlct Pa!do in February, 1929 

[Depth,304 feet; discharge, 4 cubic feel per secondl 

t. I I, ,~lilllgrnlll ~quivnlent.~ 
l:':llllple " XX IO' i ',-------,-------.,.--
~o Date, Deptb ',lit ~50 C. 110roo \ ~.' I.I
•• \ " I' : l, (,,0,+ CI SOl 1\ ('u+Mg! AlkflllneI I \ HCO, ' 'i baSt'S 

____1._______,___1.___,______ ---'---

I /9£9 Ft(l! ; P. p. 1/1. ! I I
621.. ......: Feb. 2 106 100 0.29 : 4.6.5 1.18 5.31 , 7.2:1 3.,91 
b'Z! ....... Feb. 5 132,' 114 i .:12 ; 5.00 1.:10 5.76 ! n.96 \ 2.10 
046 ..... Feb. H 1100 109 i .32' 4.80 1.2.1 5.78 I 10.50 1.3:\ 
6fJ6 .... F('h. 2:1 2:12 109 ; .34 : 5.10 1.15 5.73 7.71 4.27 
6(\7 .• ,. Fl'h. 25 255 , 112 1 .31 : 5.10 1.10 5.75 R.27 a.ns 
672 ... __ Feb. 26 287 :, III I .32 : 5.20 1.20 5.76 H. 40 3.76 
704 ....... ;\fur. 2 3181 lOS, .3:\ I 5.00 1.20 5.SI li.52 3.49 
705 .....!;\lnr.2, 32& lOS. .29 1 5.20 1.20 5.SI 8.87 3.34 
712 .......! Mar. \I I 39'l I 113 , • ao " 5.25 1.25 6.28 10.03 2.75 

800,' "~~l~rl .~'3~__I~~!.-_.3~J-,-- ~"~,,,.•_ ..~.24 5.St) lO.lt! _ 2.:13 

1 pUlllJllnstnlle(1 nud stllrtP!l. , In day 1)('low 172 let't. 

'fA/II.g 6.-·Qualit!/ of l('(1ler fl'ol/1 wccessil'C I/(}Tiz"/I~ fl!co/mlerl'ti 'in drillillg a 
well, ('hUTch So. i, -in Sm/lcL P(will

• [D"lIth, ~11 leet; ,lischnr~~. 4 cubic leet per secon!!] 

i l\Wligrarn equivalentsI I I 
Sarnple,,0. I Dnte Deptb :, ~£ol~.l Boron 1 ('0-"". , ' ('I so Cn+.~'g Alb~I~~!,eI',I I----1-' ,.1___!______I~___ ~_.: __u_"_'_____u~ 

W:t9 ' Fed i IP. p. 111·1 I' 7.~8 
824 , . .. .• ' Apr. 9 120 , 176 ' O.~!I . i. 3~ J.~9 9.79 11.19 

~ .~ Apr. 12 2:"«) lIU : .50 ~ 5.70 .H4 6.42 ! ~t47 ~t5U 
S-!O :1.97 
~, 

.\ pr~ la 270 t2:! • fiU 5. frt I. l2 (j ~{O , s. W0" Apr.. tti :112 114 .!iU, 5.50 1.02! 5:S2 tt4:J 2.91 
J;bl; 

I 
2.6\ 

~9/ Apr. I~ :126 112 .~O - ,•. :\.; .\I'~ f H.OI !1.07 ., .\I>r. :!'! aM II~ I .·16 5.:14 .114 , ~.~~ s.:tl\ 4.10 
h\J~ , 

Wi .... . 
 '~::~: ~~ 1 l~n ml j~ g:l8 I:n~ \ i;:ul; ~:~~~Sl .... . 

--~--~-----~---
, MlI'r::! hOIlI"l'llIIlIlplng. 

'1'h{'s(' obs('rvationsindicat(' that, in this area at least, the difTel'
('nc('s in th(' quality of the water in the successive stl'utn nre not very 
pronounced. It is to be ass'.uned thnt there is Hll1plc communicn
tion \'('J'ti('lllly ns well as Interally to permit nppl'oximate equilibrium 
wi.th respect to its dissolved salts to be established in time throughout 
the. whole body of underground water. 

WATERS OF SESPE CREEK 

S{'sp{' Cr('rk joins th{' Santa Clam Riv{'l' n{'ar FillmorE', Calif. It 
lS n p('rE'llllinl str('fllll, but the flow is' usulllly not more than 4 OJ' [) 

('uhie [('Pt pl'r SPCOild ('seept during the ruiny senson. 'rht'r(' is no' 
sto)'ag(' on tlw str(,11111 at present, but ther(' IS n smltll diversion liMn 
ubout ii milt's Ilbon' its mouth. 'I'll(' "ampll's l'cportN\ in Tllbl(' 7 
W('I'(' tnk(,ll III this dnIll. '1'h('I'(' is litt](' if UIlY il'ri~llt('c1 Ifl.lld ubove 
this dum, ",Iwl'(' t 11<' Wiltpl' is di"l'l'l('d into It distribution syst('1Il for 
i I'l'igu ting lumls ncul' Fillmore . 

...._-----------------_-1
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TADLfJ 7.-Quuz.ity of the 'water of Se.~pe Creek, as sampled at the diversion dam 4.5
miles above its mouth


-
 [Monthly moons DC weekly analyses] 


.\1l1I1l:rum "'llIirill('flL~

Yt'!Irnnol KXJ().I


month Aflnly~t'S DL~chnrge at. 2fjQ C'-. noron 

('0,+ 
 ('I SO. ('u+'\(g AlklllineH ('0, b!1..~es 

~.- --.. ------ -- 
1928 Xllmbcr C.[.s. P.p.m.August- ••• 5 4 9S.1 !lAS 2.70September. 4 101.1 2.61 2.64~

:. 3.60 3.27 5.05 4.52

october._. 4.07 3.·13 4.77 5.37

November. 

5 "4 106.6 3.19 2.92 4.52 3.32 5.05 5.7t
4 6 116.7 3.211 3.30 4.20 4.22 5.40l>ecl'lllber. ·1 Jl 10.<;.0 2.04 3.24 2.77 
6.32


1!l'.!'J 5.40 5.64 5.77

JamUlry••• r, 12 114.3 2.09 
 3.3:1 2.53 0.3SV~lmlnry 4 li. S9.0 .9S 3.14 

8.06 4.IS
1.12 5.27 7.60 1.9:1.\tunh.... 4 17 SI.5 .91 3.11 .93ApriL... 4.77 1l,91 1.9(1r. 12 S4.:1 .81 3.0,1 .97 -I.SI 6.90. .,luy ... 1.914 S 87.0 1. r.1 2..7:; L25 4.62 0.21 2.41JII!W 7 91.0 1. 8.~ 2.S4 1.tmJuly H5~U 

4.46 [,.SI :1.44.__"». a 1.9M 2.9:1 2. 55 3. aM !J.15 a.n

MfUfl 

.--------------------- .-- .0 07.0 1.98 2. II!) 2.54 4.44 O.()!i 3.92 
-~'" . -

The analyses reported in Table 7 represent water samples takeneach week from August 1, 1928, to July 30, 1929. The discharge of ..

the stream was estimated, not measured, at the time each sample
was taken, and these discharge figlll'es are not to be considered as
more than approximately correct. It will be observed that in the
course of the yea.f the salt contl'nt, as measured by electrical conduct
ance, rnnO'ed from 8'1.3 to 116.7 for the monthly means. For the
individunfdeterminations the range was from a minimum of 60.1 to
a maximum of 127. Therl' is not a close correlation:1 either direct or
invprse, between the total salt content and the volume of discharge.
It is probable that the heavier and more generall'ains, sueh as c(>utl'ibutl'd to the high disehnrge volumes of January, February, and1:!nl'ch,callsedenough direct run-off to reduec the salt content appreciably. H(/wevel', the winter season is characterized by irregularityin tlw salt content, probably beenllse some of the run-off from theligbtl'l' showers found its way gradually into the stream AS seepage ofhighl'l' snIt cont(lnt.. The mean of the conduetances, 97 X 10-5 at25° C., indicatl's a salt contl'nt of approximately 700 parts per million. \yith 11Il ILVl'rnge discharge of S.6 (,lIbi(~ fl'l't PCI' second, this iseqllival(\nt til Hi.25 t(HlS of snIt P('I' clay.
Till' boroll ('ollt('nt of thiR strenm, tnking the av('ragc of 5;3 deter:rnmations for the ycnl', was 2.01 p. p. m' l mnging from a minimum of0.45 to fl mnximum of 3.66. For the monthly means the averagewas 1.98, ranging from 0.81 to 3.29. There was an upward trend inthl' boron content from midsummer to the end of November, when abl'(,llk o(-cll1TNI following the first autumn ruins. Through the winterand wl'U into tl)(' spl'ing the boron ('ontent Wl1S well below the mean.~L'his is takNl tlS confirming til(' opinion, supported also by other('vid('ll('(', thn.t most of the boron rarried by tIns stream is contributedby springs having fairly uniform flow and high boron content. During
periods when the discharge of the stream is low these springs con ....


tr'ibute a larg(,I' proportion of the total than when the discharge is
ilwJ'ellsN[ fiS it I'('!llrl t. of mins. If it may be assumed that 8.6 cubic 
~


i'e('t P('t' sN'otHl i!-; the JllPIlIl dis('irlll'ge {or this stJ'elllll and that the 
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boron content of tlH' wat('r is 2.01 p. p. m., and if this boron be com
puted to its equilmlent of bomx, then the avemge dllily discharge of 
bornx is 824 pOllnds. ~ 

The composition of the salts other than those of boron carried by 
the 'water of Sespe Creek is shown in the last five colunlls of Table '7, 
expressed as l'('action vnllles, or rnillignlnl eq uivnIents. 

'rhe carbonl\,tes nnd bicarbolllltes, though det('nnined separately, 
are h('t"C report('d togeth('r. The lnean for the yellr is 2.99 milIigrllm 
('quivalents, which is equivalent to 182 p. p. In. of HC03• It may be 
observed that the figul'(,s for the C03 +BC03 show much less varia
tion for the yelLr than is shown, for exampl(', by the boron on one hand 
or by the chlorid('s on th(' other. It is generally true that with respect 
to any gi \'l'n water supply the caI'bonate-bicarbonate content is less 
variable tlulll that of the othN' ions. 

Th(' (·hloridc content ayemged for the year 2.54 milligram equiva
lents, or 1)0 p. p. m. It will be. observed that there is a close 
correlation b('tw('en the chloride content and the boron content, 
which probably indicllJes that the same sources that contribute the 
hOt'Oll also ('onLribute the chlorides. In proportion to its total salt 
contNlt the wf\.t('1· ofSespe Creek contains more chlorides than any of 
the Othl'l' wat('rs of the Santa ('lnra Valley. 

The Hlilphtltr content Ilv('ragrd for t~lt' year 4.44 milligram equiyn
lents, or ~n:i p. p. m. The range durmg the yenr was greater than 
thll.t of tht' ('Ilrbonat~'s hut less than thn.t of the rhlorides. During the 
winter, or miny senson, til(' pl'Oportion of sulphn.t('s to chlorides was 
muc·h grpater thnn dlll'ing till' summpr, indicating thll.t the salts con
tribuLrd by leaching the surfilce soils of the drainage area are largely 
sulphtttes. 

Tht' Il.lkalill('-t'n.rth bases, ('u\(,ium and magnesium, ayemged for the 
Y(,flr H.05 milligram equivalrllts, eqllinli('nt to 121 p. p. m. of calcium. 
Lik(' th(' Klliphatrs, th(' Cllleilllll and magnesium rail somewhat above 
the tnt'llIl during the wintrr months ilnd probnbly Cor the same reason. 
For thr prriod 'durillg whi('h the eaJeillIll nut! lllllgnesilml were sepa
rntrl~r dpterlllillt'd, the mean for the calcium WllS 4.38 and for the 
lIlagnt'silllll 2.~9 miUigrflJll equivalf'nts, or nenrIy twice as much cal
ciulll ns 1llIl!![\('siulll. 

Th(' llikafinc bases, shown in the last column of Table 4, arE' Il.ssumed 
to inelud(' both sodium tUHI potassium but to consist (,hiefly of sodium. 
Tlws(' el(,Ulcnts \l'rl'r not drLenninecl by tlnalysis, but the figurrs gh'en 
in the tllhle lue ('olllputed by sllbtrncting the sum of the milligram 
Nluinllrllts for til(' alknlin('-Cllrth bases, ('aleiul1l and mngnesillm, 
rrom the sum of till' milligJ'um (,quivalents of the acid ions, ('al'bonntcs, 
bicl1l"bon!1.t(';';, chloride's,' and sulphntrs. The mean of the alkaline 
base'S for the> yrn[' is 3.92 lllilligl'l1ll1 ('quinllcnts, ('quiYalent to 90 p. p. 
1ll. whcn ('omputed as sodium. The ra.tio or nlkaline-rllrth bnses to 
nlkaline basps is 1l1lproximll,tely G to 4, which indicfLtrs that this water 
F-hould not im]lnil' the phy-;icn,l condition of the soil through reactions 
of hns(' t'x(·hallgr. 

Th(' nnnlyticitl ['('suIt;; for tIl(' Wl1t('[· of Sesp(' Cr('('k ::;how tha.t, excrpt 
for its high bOl'OlI {'ontpnt, this wnt(,I' might be reglll'drd a::; of good 
quality find <juiU' snf(l to Us(' for il'l"igntion. During the wint<'l' find 
(,11I'1y spring tilp horo[1 ('ontl'nt is 1'('lntivl'ly low; nnd if conditions as 
ObS(,ITN( dllt'ing til(' pltst ,Ypnl' nl'r lypiclll of the l'('gimen of the strenm, 

1i302,jO :31 -, 3 
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it might be possible to utilize the flood waters dming the spring with 
less danger of boron injury than would follow the usc of the sunUller 
flow. 

In view of the fart that the water of Sespe Creek, ex('cpt for its 
high boron content, would b(' of ex('('llent quality for irrigation, it 
s('cmed desirable to Iltt('mpt to locate the soure(, of boron ('ontaminn
tion. The strelllll drnins an Itl'en of rOll~h topogmphy north of the 
Santa Clara\rnlley, and its upper basm i", somewhnt diflicult of 
n('c('ss. Through the coopel'lltion of ,\\r l1lt('1' F. Eml'l'ick, of Santa 
.Paula, and Gu('rdon [i.:llis, district forest l'I1ng('r nt Ojni, Ilrrangelllents 
wen' made ill the IHI tlunn of 1928 for the collee'tion of sllInpl('s of wllter 
from th(' UPP(,l' stl'(,lun Hnd sOm(' of it" tributitrips, Samples from the 
ltettdwllters down to Beltr Canyon weI'e eollpct('d on Oet,ob('l' 18 I1nd 
2tl, 1928, h~' l1tllph Walton, 11'1'or(,,,t gUllrci, while snmples from not 
Springs el'N'k to Timi)('r Cllnyon Creek w('re ('oll('('ted on Odober 
25 IlmL 2!i, H)28, by .J. X. Johns, 11[;;0 It forpst gunrd, Owing to thc 
difIi('ulty of trnnspot't, the sllmpl('s obtained Itt this tinH' Wl'I'(, only 
250 c, c, PHeh, a· quantity too smltll to utilize for qultlltita:tin' deter
minations or hOl'on Itnd sufTieipnt only for ftIl estimate of the boron 
('oncentmtioll by tht' tUrtnt'rie IlH'thod. 

Th(' r('sults of thi:; prpliminltry ~urv('y indieittNl that the boron 
contnminntion ('arne from two hot springs tributnry to the strPlun 
nort h of TOPlltO]llt ~[()untnin and onl~' It few mil('f> lth(w(I the diversion 
dnUl, If this "houlel 1>I'O\'P to he tl'll(' iL would Itppluently b(' possible 
to ]lI'('\'l'nt contalllination by storing tile' flo(,d W!lt('rs of tlw strpam 
ltbo\"(' tlwsl' springs, whieh would thus be begregated from the mnin 
supply, 

In thp spring of lO:30, from ~rllr('h 3 t to .\pril :3, y, :\L Fl'penllll1, 
Jl1ltllltl-.ring ('ngin(,pr of thl' Santa Clal'!l W!ltpl ('onsernttion district, went 
in to th(' u PPPI' hasin lweI coU(,ctNl a !:lpri('s of i3-gllllon salllpl('s [rom 
th(' hpltdwnt('l'~ to the mouth, mPltsllring (l('('urntdy the disehargc nl 
('aeh sltm piing poin t. 'nH'S(' sllmpl('s were Ilnalyzed Ilt the Limoneim 
IllhoL'lltory, tl1<' hOroIl d('t('nnil1ation:; being lllltd(' in cluplieate by 
th(' <t lIan ti ta liY(' Il1Pthod. The ref>ults of the ltnlllyses of the 
sampll's ohtnilwd in the autumn of 192~ aud in the spring of HI:30 
Itl'e gi \"l'n ill Tabl(' K 

'1'.\[\1••; ~". Qualily 	II! the walcl' 0/ Sr"pr ('nlk and il.~ t1'ibul(tri('.~, (t.~ 8(l1T!1)led in 
()t'ioiwr, 1!US, IImi itt March and .1 [lril, .1930 
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TABLE S.-Quality oj the water oj Scspe Creek. and its tributaries, as I;ampled in 
October, lOE8, mid in March and April, 19So--C'olltillued 

-~~t-""- ,
I l\Iilligmm cquh'slents

[ L : ~----.. 4-'-- ".00l ... , ~am"'~ KXIOS ! --Dis· 
uon, pie I Dale at 25° i Borondlarge~o,' No. C. I ('()~+ I I IAlka·1 Cn+ 

I bases . I ! ~~!_C_I_ ~I~ 
Jine 

,.---r -- ! 
!--

I C.{. ,. P.p.m.
10 •• 2511 ! April. In:lO.....• ... 01 ·17 .24 2.25 .10 2.1\\)1 ·1.37 .. 67
II .. 3,-.0 I Ottober. llrlS .{H 81 1,20 4.00 .10 5.50 6.70 2.00
12 . 353 , .....do ... .01 100 1 .30 5.40 .20 6.W 8.20 3. "0
12.. 25tr. !A Jlril. 10;10 . 1. 73 49 .ll 1.95 3.20 4.62 .63
lL a:.1 Ocloher. IO'.!>!. 100 I I .40 1.50 :~j 10.00 7. SO ,4.30
H. __ ' 2:i17 .\ prll. 1I~!o 8·1 .O'J 4.15 .10 5.50 B.76 .on 
J5. ~ ~ ~ 3."-; OrIn her. IVlS 137 1 18.50 10.30 2.70 1.00 1.20 12.FOIr, .•• 2filS I AI"jl. l((lO ,01 132 6.~3 1.SS 2.14 12.14~I O.!JO I 2.50 
HI. :1m ()cloh~r. HI'li< 112 I i.OO J H.m 2.30 3.80 12.00

.•. .\pril. 1\~10 :lO: !l'2 .22 .30 [J.OO I 6.tH111 2519 71 3.10 ,I. 6J 1. 3.17 __ ; 351 O({oher. lll'.!l\ .111 170 112.';0 2.00 7.00 11.00 2.00 13.00
)7 ~, 2:i20 ,\ pril. 11):l(J 2.20 159 fl.G9 2.95 3. !JO 0.47 8.18 S.H 
1~._ 3fi2 Clt,toiler, IO'.!!. .32 17! ( 12. 50 2.30 0.50 ! 2. !JO 12.00
HI _ •. 2521 April. JUaD l.{)ti 67 .70 7.00.25 I 3.IH! 1.9'!3.00 5.27 
~l() _', 2522 _••.rlo AI 45 .15 2.10 .05 2.roS I 4.2'2 .61 
21.... 252:1 .....do 3.40 39 .11 l.40 .05 2.20 .60
Z! ... ~ w 2521 ....flo UO 28 .13 2.15 .no: .31
:l:3 .... , 2;;25 '* •. .do .. 3.27 120 1:~1.2'2 4.50 :~i 8.li' ' l!.~~ 2.3J 
21 ••.• 2.'i2fl rJo .53 77 .21 3.80 .10 1 4.59 .9!'.:XI25 .•. _ 2527 .do • lXl 81 .. 52 3.f-.Il 

t 

-- '- .20 5.35 6.14 2.0t2Ii __ . 2fi2S .rlo -. .&1 ' !.'25 .:1,' ·IN) l'Gj 23.93 U).52 i 9.1'6
2•. 2ti~J rln tH.15 b3 .79 300 .SO 5.00 5.76 3.04 

-. 'e"' -.
1 Doron e.~linlllted b,' the turmeri(· method. 


It should he kept in mind that the samples of H)28 were taken in 
the autumn, whell the discharge of the stream was near its lowest 
point, while those of 1930 wej'e taken in the spring, when the dis
duu'ge wns high. Furthermore, the values for the boron concentra
tion of the 1028 Hllmples are at best only apprm.imate, while those of 
the 1930 samples nrc probably very dose to the truth. 

The results given in Table 8 show that above Willett Hot Springs 
(IoC'ation 15), the horon tonteut of the water is below the critical 
con('entration. Even at this point the quantity of water contributed 
to the mnin strellnt is so small, 0.01 c. f. s., that the boron contaIll
ination i3 not serious. The major contribution of boron appears to 
COIllO from the S(':;pe Hot Springs Creek (location 17) which on April 
2 was diseharging 2.2 c. f. s., containing 6.69 p. p. Ill. 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 
tarried by Sespe Creek at the diversion' darn. In other words, it 
seems dear that if it is found practicable to segregate or by-pass 
the high-horon wllter coming from Sespe Hot Springs, the water of 
Sespc- Creek ('ould be lIsed for irrigation without danger of injury. 

LOCA'l'10XS O:S- SESl'E CHEEK LISTED IX TABLE 8 

l. Sl'Hpr Crrrk, lit Cole! Springs about 1}~ milrs abo\'c tltr junction of Howard 
Cn't'k anel near northwest corner T. 5 N., R. 22 \r., San BernlLrdino base and 
mrridiull. 

2. Howard Crrrk, about 200 yards above its junction with Sespe Creek. 
3. Rock Crrek, abo\'c its junction with Srspe Crerk. 

'1. Sespr CrCl'k, bt'low thr jUlldions of Hownrcl Creek lind Rork Creek. 

5. Lion ClIllvon Cr('rk, above its junction with Sespe Cn'ek, 
6. Hesp(' Crcrk, ahollt 300 yards below the junction uf Lioll Cunyon Creek. 
7. Piedra Blatlca Crerk, ahove its jUlJction with Sespe Crel'k near southeast 

corner sec. 36, '1', ti X., R. 22 W. 
8. H(,RP(' Cr('('k, aiJollt 300 y!\rds below the junction of Piedra Billnell Creek. 
0. Scspe Creek, III>O\'C junction of Bear Canyon Creek. 
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10. EMr Canyon Creek, nhm'(' its junction with Sespe Cre('k. 
11. H('spc Cre<,k, 100 yards helo\\' thc junction of Benr Cunyon Crc·\!i,. 
12. Timbcr Cnllyon Creek, abon' its junction with Sespe Creek. 
13. Sespe Cr('ek, olle-fourth milc below the jUllction of Tilllber Cm yon Creek. 
14. H.ed Reef Canyon Creek, abo\'(' it;; jUlIction with HesJl(, Cr('('k nell!' the 

southeast corllcr s('c. 30, T. 6 X., R. 21 W. 
to. Willett Hot Springs Creek, abo\'(' it~ junC'tioll with :';es!l(' Creek, about t 

milc !J('low thc jUl1etion of Reel Hcef Cltllyon Cr('l'k. 
16, H('spe Cre('k at Hartman's, about 1 mil(' below the junction of Willett Hot 

SWings CrN·k. 
17. Sespe Hot Hprings Creek, abovc its junction with Respe Crepk, n('tlr ;;oulh

('ast tonH'r set·. 27, T, 0 X., R. 20 \V. 
18. HCHPC Cr(,l'k, 100 yards below thc JUIlction of H('spe Hot Springs Cr('(.'k. 
to. Ahl('r Creek, above its jUllction with H('spl' Cr('('k, !l('ar the eeni('r of sec. 36, 

T. 6. N., R. 20 W. 
20, Hirlc'wftlk Cn'('k, nbove its jUllctiop with H('SI)(' Crc('k, about 2 mill'S bclow 

lIml of Ald('r CI'l'!'k. 
21. \Y('st Fork of Hl'SPC Cn'('k, aboy(' it" junctioll with Scsp(' Creek. This 

crcck drains tlJ(' southcrIl slope of Topntoptt MOlll1tttiIlfl, whil(' till' drllinap:(' of the 
northern slopl's re'ac/,cs Ses[l(' Crc('k through Timber Cunyon Creek and Red 
Rl'('f CUll \'Ilil. 

22. I\('iwl'n Springs Cr('ek, nill)\'(' its junctioll with HeHp(' Cl'e('k. 
23. Tllr Cr('"k, abovc its junction with Hpi;pe Creck. This is a tributary from 

fhp ('ast nnd drains tiH' arca north of Little ~cspc Creek. 
24. Coldwllt('r Canyon Crcek, Ililoyc' its jurl(·tiOll with Hf'spe Creek. 
25. Pillc Crpek, nl)()\'<' its jUllction with Hl'spe CI'(·pk. This lind Culdwlltp), 

Callyon CrcC'k drain tltl' ruggcd l'llstprn slope of ~nll Cayetano Mount:lin, iu~L 
above' lh(' dh'P!';;ion dam of Hespe Cr(,pk. 

20. LiW(' Hespl' Cn'('k, above its junction with H('spe Creck, which is a half
mile \Jl'iow lll(' di Vl'J':;ion clam. 

27, St·spl' Cr('pk ILL the highway bridgp, 31~ lllill's below the diversion dam, !lnd 
112 mil(';; nbove it:; juuctioll with the Snll[a Clara lUH'I'. 

WATEUS 0.' I'mu ('UEt:K 

Plnt ('1'(,('1\: ig, lik(' St'g])(, ('r('('k, all important tributary of the 
Santa. Claro, Hi\'('l'. It!:l watcr is not stored but iR diYel'ted for the 
irrigation or Itllld W(,!:lt of til(' town of Pit'll, where the surfaC't' flow 
i:5 sllppl('nH'ntNI by wells. The qunlity of thL.<-; surftt('(\, flow is shown 
in Table 0, which is buged on Slunpk" tnkrl1 ('Il('h w('(\k from August 
1, l!)2~, to ,July :~O, HJ29. 

TAllJ,', O,-Qualit!J of the u'ater of Pim Creek, ax lut/llpll'd allhe l/il'crsion dum a/JI)I'e 
Pi I'll, ('alif. 

l:\[onthly menns of w('~kly annlYSe5j 

Annl)'· Dis- K X 10' Yenr nnd ntonth ~f'S dlarg(' at 2Jo (\. Boron Alkll' 
('!l+~\r~ lim' 

hll•.;;;P~ 

lH:.!S SumlifT (', r " I', [L Ill. 
Au~us(, :; 2 27.i l.:i:! (l, IX 2,0:1 20,,10 22.70 12.:a 
~('pl(lml)(lr~ ... I 2 201l LIO .'i O:.! 2.ft2 2(t:ll 10.,15 (,LUO 
Oc,tob~r _ ,l"J 2 !..12S til;, 5.07 '2. au 21.13 lG.h:l 11.71i 
~ovrlllht.'r ,I 201 L :;0 2,15 lfl,ij2 I:!. ·10 lO.n5. ,'" J. ,~Ij 11), (Is 7.3:1D(I('l'mlJt'f. 1 , 11 " l:ia l.a:'i .1. ill It, "I 
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I IJ IW l.:m Lh7 1.:1:- lUi-! 12,00 {j,lfl
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The salt content of this water, as measured by electrical conduct
ance, is milt'll higher than that of Sespi> Creek, ranging for the imli
vidunl obSt'rvlltioTls from 98 to 312 and for the monthly means from 
127 to 275, with all annuaL JllC'all of 189X 10-5 at 2:,)0 C., which indi
('nte:; approximately 1,500 p. p. m. of totnl snits. 'With It melln 
IInnlllLl di:;dHlI'ge estimated at 0.3 c. r. s., this i.:; equivalent to 25.5 
tons of :lIlLt pel' dilY. 

The boron ('on tent of the stream is less than that of Sespe Creek. 
'1'11(\ l'llTlge for the individual observations was from 0.92 to 2.35 
p. p. Ill. For the monthly means the range was frolll 1.35 to 2,21 
p, p. Ill., with an lWC'l"Ilge for the yelll' of 1.54 p. p, m. There appears 
to be a slight correlation between the boron and the total salt content, 

[f the bOl'On bC' computed as borax, then the daily diseharge as 
hOI'ax i.e; 2:33 pounds, 

'1'he ('ompo:lilion 01' the silits othe~' than those of boron shows a 
prepOI1(\p/'IUlC'(\ of sulphatC'l', wi th It high Pl'opOl'tion of allmlinC'-eal,th 
bll:l('H, For tllC' Intter pnrt or the yenr, when the citicilllll nnd lllug
IH'Hilllll W(\l'C' dC'tC'rminC'd HC'pul'ntely, the propol,tions were nppl'Oxi
IHfltely 8 lHilligl'ft1ll equindents of euleillm to 7 of magnesium. The 
J'Iltio of nllmline-t'ul'th bllses to ulkllline basC's is ulmost 2 to 1, indi
('nting thut this wlltC:'l', though salty, should not impllil' the physienl 
condition of the soil. . 

The dminagn basin of Pint Creek lies north alld east of that of 
SC:'spe Creek. Its headwaters drain the ells tern foothills of Pine 
~loun,t,llill, the southern slopes of which are drained by Sespe Creek 
flnd the 1100,them slopes by Cuynma River. About 12 nrnes north
NlSt of Pine ~[ountuin is Lockwood Valley, on the northern side of 
whieh O('C'Ul' 011 tCl'Oppings of a borate mineral lmowll as colemllnite. 
ThC'se deposits were formerly mined on a commereial scale us a source 
of bOl'nx. . Th(; (lr'llinage of LoC'kwood Vuiley is collected in Lock
wood Creek, which is un importnn t tributru'y of Pinl Creck. 

A Sel'ieH or water samples [rom Pim Creek and its more important. 
tl'iblltal'ies was obtnined in the spring of 1930 by V. ~L Freeman, 
1ll1l/lIto'ing C'ngillC'('r of the Simta Clru'awnter conservation district, 
ul1d (lLsehlll'ge rneasmemC'nt", were mude at the places where the 
sllrnples WNt' takC:'n, 'rhese snmplC's wet'e IlnlllyzecL in duplicnte at 
Ill(' Limoneil'!l lahoI'lItO!'y, nnd the l'C'sults lire given in. Tab,le 10: 
The nnlllysC:'s show thnt thC' stl'C:'IUll wuters above the ]unetton of 
Lockwood en'pk ('OIl tHin vel'Y Ii tUe bOl'oll, This \"'US fOlUld to be 
the (,Ilse also with lhl' Iwndwntel's o[ Hespe Creek Itnd may be btken 
to indielLte tIm!' the ::;oil::; !lnd ro('k::; of Pille ~lOUllt!Lill do not yield 
Illuth boron. 
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'l'.HILt: lO.-Qlwlit!/ ()f Ihl' wale,. of [>i~1l Creek and 'ils (ribll/w'ies as sampled ,in 
.1 przl, 1930 

l~tllllp)es taken by \'. ~r. Freemlln] 

'1--'-1 - '1-' -l---~~llIIignUIl elluimlcnts 
1 

['0(,11. !';alll· K X 1()l Dis, t r----~ 
lion TIll', Lo(~ltion lit :!S0(', chllrge, Boron I +' 
~". ;\0. 	 , • ("I), (') SO,i 	ueu, ! ell 

-I' ., 1 	 ------- ,-- c.[,'8.:::1 
I ••• 2,;01 Vim.... __.... 136.0 2.00 0.18 2.50 ' 0.10 13.58 9.55 .'i.51 1.32 
2 __.' 2,;90 J ~llItnu........, tiO. ,I .00 . ()<J 2. 20 .2,; I :1.70 2.50 2. 32 l.a:1 
:1 •••1!!iiU2 ; J.O<'kwoo<i, ....1 72. 3 1.56 4.05 2.20, • 15 , 4. !lO 2. 02 2.26 2.16 
,I __ .12.">89 i llnowY______ • __ 32.8 1.18 .09 2.30,.10 I', .8:1 1.51 1.:l:l .39 
,'i"__12.587 ffIlCk)·.......... ~91' 8 I. 00 . ~5 '!', ~ '. ~~ 1.27 2.8:1 1.6.1 1.00 
1;.__• 2.S&1 Hom I......... v. 3 • 10 .'" u u uv 4.55 3.fi9 2.72 3.!l4 
7____I 2,;88 A)amos.. ....j S3.2 2.32 .82 4. 5.5 1.40 2.57 2.82 1.42 4.28
S____( 258!) Lll'bnl Hull·h..... 315,0 .05 2.~t) 9.0.;: 3.nS ~ 24. f'loS 7. Z; 1I.40 li.Ot 
Y..-- ' ... Frcllrh Fhlts••:.......... 1:I.9'J ,... ",-.0' ."iO' ... ' " ....... ' 


lU. ___ ' 2."1!!-1 Pim..... '.... HH.O la.9:1 I. O' " u r..7:l 4.59 :i.OO !!.7S 
11..__ ~;;g:1 ~'ish 4M.:! I.V5 1.17 :!.'~ j .~~! 2.W I.MM ~.. 71 .21 
I:!....' :!!>82 \\("'1.. .. ••• ' MI.;' .011 2.0.'i ,1.15, ._" :1.46 4.1~; 2(;6 .:H 
t:l ____':!1~1 East. ,........ ' 1/38.0 • Ill! .:I~ 4.201 .2,;\15.U2 10.05 ii.fit 4.SJ 
14 ___.' 2:',11 Pint. ... !J.~. ~ IS. ~O 1. fir. 3. ,0 j •r.o 7. I" 4. ,a :1.40 :1.32 
15......._:~).m :\~uanlar1(>a .... 15~.O 2.Ul L:as 4.()()~.55 12.92 7.:1;- 5.\#i 4.tH 
1tI.___' 2:'':1\1. ('nntofl. Ir.o.O .40 1.27 4.!lO'I.JO, 12.74 S.W 5.ll:1 j 4.41 
17.___ '2fo3M' Jlluw<rHfll'h 1..1.0 .I~ 1.~!I ~.\151! .70,14.20 8.m II.S' I 4. Va 
I~ .... ~ 25:17 ' Hl'I"'''"l·L. ~'Ir!. 0 .O'! I •'Ii 4.55 J. 10 I :1.'i.2O 17.!l4 H.:''O I 8.7t 
1!1.._.,:!5:J(i,r.illll'. IW.O .02, .;10 5,70\.2.,,17.28 8.37 K21, 6.6.; 
~O..__, 2[':15 ~Iodl'lo ·192.0 I .O'! 1.72\ 6.·15 .00· ~3, 50 11. O:! la.9': 2,;,56
21 ___• 2SH ; l'iru. 119.0 2:l.43 J. 65 ~. 10 .95' O. Jfj 5.77 4.24! 4.20I , I 

Lo{'kwood Creek, on the other hand, carries a large quantity of 
boron, doui>tl<'ss obtained from the gradual solution of the borate 
minerals, chiefly cnlciulll borate, exposed along the northern side of 
I he vedley. On April 12, 1930, when Lock'wood Creek was sumpled 
llPur its junction with lliru Creek its discharge was 1.513 c. f. s. 
und its boron ('on tent was 4.9.5 p. p. llt. This dischilrg<, and boron 
('ont('nt Ill'£, ('qllivulent to 3137 pound;; of bol'l1x per dny. It is highly 
}lrohilble that th£' discharge and dltily boron eont,.iblltioll of this 
RLrCll,U\ is much Ipss during the SU1l1IlH'r·. 

The tribu tllrics iIl111H'<iillt£'ly b('low Lockwood ('rpC'k do not contain 
mnch boron but, lower down thC' watcrs of Fish ('}'('p]( and AgUil 
Blilncf\. Cr'eek bring substantial eontributions. Thesp. str('ams drain 
brokC'n co un tr.\T imlIlcdin t£'ly C'ltst of SC'spc Hot Springs, and there may 
be similur springs in th<,ir' drllinilgc basins. 

SeycraLof the sllIill\er tribu taries, notably Liebr'c G uleh and Reasoner 
and ~lodelo Crccks, arC' n'ry salty, as is indicated by th(' high C'lectrical 
conduetnnce. Tll('se contributions may account for the high salt 
content of Piru Creek during the low-water period. 

It sccms probable that in addition to the surfuce flow of Pinr Creek 
il substantial quantity of water is contribu ted to the underlying gravels 
of its clCltlL through dcep percolation. The quality of this undC'r
ground wah'r' is ~hO\vn in Tablc 4, locutions 2 to 13, inclusin'. '1'11('s(' 
\\'('1\;; IU'(' so situated as to dm\\' IlIrgcly from the under'f1ow of Pil'll 
Crepk, though probably 801l1P wlttcr is dmwn by thcm from the Santi.. 
('I,lI'!'\' Rin·l.:or from Hopppr' Crcek. . 

I.OCATlOl"'S ox PITt{; ('HEf;K I.!H'!,J-!/) IX '!'AII!••; 10 AND D,\'r.;s 0.' SAl!PLI:o;a 

1. Pinl C'rl'('k, 25 .l'flrds abo\'(' tll(' JUIlCtioll of Muttlu Creek, H(,('. 20, T. 7 X., 
H. 	~() W.• :-ian B('l'Il1lrdillO bm;!' alld IIlt'l'idillllj April 12, 11)30. 


~. "'(ulltll CI'Ppk, nIHI\'!' itl'! jllfl(·tiflll with {'il'lI Cn'('ki April 11, 10:10. 


.. 
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'. 
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3. Lockwood Creek, above its junction with Pin! Creek, at ea.,t center sec. 16, 
1'.7 N., R. 20 W.; April 12, 1930. 

4. Snowy Creek, above its junction with P:ru Creek, at north center sec. 23, 
T. 7 N., R. 19 W.; April 11, 1930. 

5. Buck Creek, above its junction with Pin! Creek, at north center sec. 31,
T. 7 N., R. 18 W.; April 10, 1930. 

6. A small creek entering Piru Creek from the south, 2 milc$ east of Hllck 
Creek' April 10, 1930. 

7. Canada de Los Alamos Creek, above its junction with Pin! Crcek near ceuier 
see. 34, T. 7 N., R. 18 W.j April 10, 1930. 

8. Liebre Gulch Creek, above its junction with Piru Creek, llorthellst corner 
sec. 2, T. 6 N., R. 18 W.; April 10, 1930. 

9. Piru Creek, at French Flats, sec. ]3, T. 6 N., R. 18 W. Stream measure
ment but no sample, April 10, 1930. 

10. Pin! Creek, llbo\'e the junction of Fish Creek, 3 miles below location !1;
Apdl !), 1930. 

11. Jt'ish Cre('k, above its jUllction with Piru Creek; April 9, 1930. 
1.2. A small stretilll, joining Pin! Creek [tom the west, 1 mile below Fish Creek;

,\priJ 9, 1930. 
13, A small stream, joining Pinl Creek frolll lhe cast, 3 miles below Fish 

CrC'C'k; April 9, 1930. 
t4. Pint Cr('C'k, uIJO\'e thc jllnelion of Agua Blanca Creek; April 8, lU30. 

). L5. i\gl11~ BlllflCIt Gl'cck, ubo\'c its junction with Piru Creck, HCal' southeast 
t'ortl('r sct'. 4, r1'. 5 N., R. 18 W.; April 8, 1930. 

[6. Gllllton Creck, above its junction with Pirll Creek, 2 miles below the jUnc
tiOll of Agua Blanca Creck; April 8, 1930. 

17. A senltll creek, joining Pin! Creek from the west, near the James ranch, sec. 
26, T. 5 N., R. 18 W.; April 8, 1930. 

IS. Reasoner Creck, above its junction with Pil'll Creek; April 8, 1930. 
19. Lime Creek, above its junction with Piru Creek; April 8, 1930. 
20. Modelo Creek, above its junction with Pim Creek; April 8, 1930. 
2L Pinl Creek, tit mill'oud bridge Ilellr Pinl; April 8, 1930. 

OJA( VALLEY AND VENTURA RIVER 

Ojai Valley i::l a small valley loeated about 12 miles northwest of 
the Santa Ctarn Valley on the north side of Sulphur Mountain. Its 
d"llinllgc outlet is through Sim Antonio Creek, whieh is It trihlltary of 
V('nt,lll'lt River. There are It number of eitl'lIs plllntings in the 
Ojni \'aU('y, nnd tiles(' tl'('es !Ire [I'e(' from the symptoms of boron 
injllry tlint O(,ClIl' so commonly jn the Santa Clara VaIley. 

\Vater samples ,\,(','(, obtiLinl'd from two sources ncar the upper 01' 

(,list end of Ojai Vulley. Cfablc 11 and fig. 3.) One of these (from 
]()(,Il,tion 1) l'epl'~s~nts surfacc and spl'ing water dJ'llining from the 
hills illtoHol'l1 Canyon, und the othel' (from location 2) is from It 

deep well on the delta ('one of that canyon. In both these waters 
th(' bOl'on content is very low. 

TABr,~] \. L-Qllalily oj the (('aiel' of Ihe ()jai 1Talley and of Ventura River 

! I' j Milligram erlllil'nlcnts 
1 ti ~ I, II 'j K X HI' H( : -'___--:-_____--:-,.-__.--__
~()('n on .. fl. l :;ant ) C:S Ht 2;''' (' ~ ; IrOIl I 't .A Jktdirw 

, ! I IC01+UC(J, I C{ !, flO, C'n+i\lg bases

---1'-[ -1- t 
XII /IIbr' . I'. fl. 'Ill. J 

:l.70 11,201 , ...... ---_... ! Ii. '!I.S n. I~ I '1.57 8.51 (J,IIH 
~. .........! : Ii;;;: T . \g :l.77 .2S :1. Oil i.ni .:11 


'I.JlI 1.51 :'i.37 R.llo
:1::::"::::::'1 ~ ! 121i.0, : I,; I. ,iii 1i,90 12.8P 1.2,j.).7J.). 

Th(' OtiWl' SOUI'(··('S sn.mp\pd 1'01' this area ['('present thl' ('omhined 
dl'llinngp of I;ill' VNlillm Hin'l'. 'rhe water from lo('atioll :3 l'cpr'('sents 
tlip SUl'fllcC flow of tbed; strelUll at 11 point about 5 miles above its 
mouth. That at location 4 represents undergrolilld water close to 

2.12 
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the strer ..m bed. The water from both these loeations contains somc
what more sI11t and more boron than the wlLter from the upper Ojai 
Valley. It mlty be noted tlll1t the ehloride content also is higher. 
This higher eontent of boron and of chloride may be due to the effeet 
of a number of hot springs that occur in tho foothills Illong the Ven
tura River above the point whot'£' the sllmples were taken, 

1,OCATlONf> MHTED IN TABLE 11 

(Sec fig, 3) 
l. Outlet of pipe linc from Horn Canyon on Topatopa ranch at, ('ast end of 

Ojai Valley, ncar sOllthwes~ corner sec. 34, T. 5 N., R. 22 W., Mount Diablo base 
ILnd meridian. These samples represent surface and spring waters. 

2. Topatopa rIlnch wen, near northeast corner sec. 4, '1'. 4 N., R. 22 W.; depth. 

407 feet; discharge, 0.33 cubic foot per second. 


3. Ven~\lr!1 River, at Foster Park, about 5 miles north of the city of Ventura. 
•.1. Bcrger'B well neILI' the bed of the Ventul'!t Rh'cr, at Foster Parle An OpOIl 

pit, 8 foet square and 30 feet deep; static level of wator, about 12 feet below 
Slirface. 


l'AIUDA CREEK AND VICINITY 


Otl (,he ('oasUd pinin IwtweI'Tl Cllrpin(;(,l'ia lind SUllulHwlaud, 
1l0I't./nVf'Rt. oJ Von(,ut'l1, (,lwl'e arc It numbN' of g'I'OY(,s of citrus tl'P('f) 
irrigl1ted pnl'tly hy surface waters [rom tho slopes of the Santa Yno7. 
1\ [OUI1 tains and pal'tly by water ft'om wells. It was found that in an 
arol1 10el1ted ahout 2 miles northwest of Carpinteria It number of 
('itl'lls trees showed pronounced symptoms of boron injury. An 
investigation of this aren resulted in finding a spring, known locally 
ns the O'Banion Spring, in w.hich the water contained the highest 
proportion of boron so far found in any water in southern California
] 7.3 p. p. m. This spring is located at the eastern end of It hill that 
Erf) bet.we£'n Santa Monica Oanyon and Toro Oanyon. 'rhe hill is 
srpal'at.cd from the main foothills hy 11 narrow valley which follows 
fl flluIt. lino known as tho Parida faulL (Fig. 4.) Through this valley 
flows PfI,t'ida Creek, whose discharge if) Itbsorhed in its gl'lLvcl deltl1 
dos(' to t,he hUh:;. . 

Pn.ridn. Crook hns one important, t.rihuf./l,I'Y that, dmins Oil Oanyon 
Ilnd joins the mnin stroam just above Lhe Jault linc. Samples of water 
obtnined on ]february 15, 1920, from the upper seetion of Pnrida 
CI'eek, showed low horon content. (Table 12.) No. 642, taken 
from the stream in Oil Oanyon aboye its jUl1etion 'with Pal'ida Oreek, 
contained 0.23 p. p. m. of horon, while No. 641, taken from the stream 
lwal' the fault line, contained 0.48 p. p. m. 

~l'AnLg 12.·.. -Quality of the waler of Parida Cj'eel~ area above Cltl'pinteria, Calif. 

J\[illigmm oquivalent,; 

Hum- KXIOI!
piC Locution . aL 250 (\ Boro11 ('0.,.[- A lint-
No. 11 ('0, ('I HOI ('11·1-1\[1; line 

buses 

--,---- 
P.p, /It, 

642 ..... OIL ('anyon .. _........ _ ..... _ ....... _ llU n.Zl a.or. 1.10 Ii. 03 7.:18+.1. \]0 o,no 

Ii. 10 2.05 I.S!) ,1.110 3.2.1 1. 01MI.... Pnridn ('reek............. us .48 


,17. III42'2.... ()'Olulloo SpriJl~•• __ ..... . 487 11,30 .\\,85 :\6.70 V) 1.'15 

420.... Pnricln Creok .......... . 266 0.60 8.20 10.40 .82 
 ·1.60 20.82 
42L .•.•.00............ . _. . 235 .5.8'[ B.70 f.1,20 .86 4.70 1D,06 
1111. . .do• ., ............. . 278 7.7,1 7.'1r, 1Il,75 ,37 ,).0.5 22.52 

107 I.B!! fi.lli I R,75 2. on lli.20 .7U:l\I!L Lowls wall ........ . 
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BORON IN IltR1GATION IVA'rEUS 

Thesllmple from O'Banion Spring, No. 422, taken on November 20, 
1928, had 11 high specific eonduetance and, in addition to a boron 
content of 17.:3 p. p. m., only a traee of sulphate, the salts being 
chiefly sodium chloride and sodium bicarbonate. Again it is to be 
obselTed that high boron eontent. appears to be nssoeia,ted with high 
chloride ('onLeut. It seems probable that the boron appearing in this 

flGl'n,; 4.-~ ;-.,r"p of 1\ portion of the Santa Flnrham IIrca on tho enasl; of southern California, 
showillg hy lIumber the location of rllridll ('rcck IIlul of the waler salllple., reported in 'fable 12 

spring watel' is drl'ived from some fonn of vokanic aetidty eonnc(lted 
with the formation of the adjaernt fault. 

Till'ce samples of water taken. from Parida Oreek below the loeation 
of the O'Banion Spring showed high boron content. No. 420, taken 
on November 20, 1928, from the main stream as piped to a dairy 
J'lwch; eontainrd fUi p. p. m., while No. 421, taken on the same date 
froJll the main stream at the 250-foot eon tour line, contain.ed 5.84 
p, p. m. The third sample, No. 311, was taken on October 24, 1928, 

http:contain.ed
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farther clownslJ"N1m where the water is di\'erted for irrigation. This 
s!unplc ~ontained 7./-1: p. p. m. This water, which is available only 
during the wintpt· mon ths following rains, is said to hllY<:' been very 
inj miolls to the orchard trees on ·whit:h it was used. 

The last sample of thi.'l s('ries, No. 296, is from a well located on the 
delta ('one of Ptuoicla Creek, fronl which water is taken for irrigation 
dllt'ing the sununer when the creek supply is low. This well water, 
wbile much less salty than the creek water and ('.ontaining Dlueh less 
horon, 1.89 p. p. m., shows tho influence of the creek water in both 
its boron and. ehlorid(' {'ontt'nt, which arc much higher than is usual 
in the wells of the Ventura nref1. The lemon and walnut trees that 
had bel'n irrigatl'd partly with the ('reek water and partly with 
W!itl'(' [rom this we,ll sho\\,f'd pronolln(,pcl symptoms of inj ury not only 
ill th£'ir Ipa\'es but also in genPral growth conditions. 

The conditions that htwe resulted in the OC('UlTellCC of the high 
('on tpu t. of bOl'on in the Witters of Parida C't'ef'k Ilppeat' to be local. 
No l'vi(lPn('p of boron injlll'Y has h('('[} found in grO\Tes on eitiH'1' side 
or thosr wnterrcl hy it, Furthermore, a sample of wilter from SanilL 
~1oni('a ('1'P('k, til(' n('xt stream cast oJ Parida C1'eek, showl'd only 
0.14 p. p. m. of boron, while tt sample from l{in('oPL Creek, stili farther 
eHst, ('ontained only 0.27 p. p. m. 

The influence of the salts ('ontributed bv Paricla Creek to the under
f!rollncL water's below .its delta cone is to 1)(' seen in a seril's of samples 
obtained from iUlOtb('r wrLl in that Hl'l'IL These samples (Table 13) 
arc [rom 11 well loeated within H f(,w hunch'ed feet of the beach at 
Berena, about llllile from the delttt of PlLl'ida Creek. TIl(' ttl!>ll' shows 
in detail the analyses or six sarnpll's taken 011 3u('C'essive dlltes. 
These Ilnalyses show bow slight Ilre the \Tariations ihat oceur in such 
a spries Ilnd the ('ons('quC'llt probability that a sing-Ie sample from a 
wpH will giv(' dependnble information as to the quality of the water, 

T~'II"': I:l.---·Quolily I\f the wntrr of the 8(,Tel/(/. [cell of t/i(' '{'ort) ('(1.lI!10 f/. rallch, 
located Urlll' the /lwci! of lhe Pacific III the delia IIf j)((ritilL ('reck 

rDi,,'h!lrge, O.2l <"tlble feel per secoud] 

------ ----:--'1- ---:--- .-:-,------------- ., I Milligram cqllh·"lellb 
ti'Ull- K X lOS· .~~ -~ . 

Illlltl Ille . at 250 c. Iloron ,I I I .. 
.':n. I f.Od- ('1 !';o C t+~Ig' Alkaline

1-( (,0, ' ! buse.:;I ,. 
____ -1---------- --1--

. t I". p. m 1 I 
01'1 20 !-'I t !I~ O.';! ~.()(!: ~.~O ~.~~ ~.10 5.$ 
0,,1.21 ,110 In.. .s" ... 0" _.• 0 _•• n ... no I.n·\ 
;-':0\'. I :1:1, (II •.,2 .1.:.0 2.·\0 2.),() ;,. (](I I. ,0 
:\nv, fi ;j." (II .~, 4. (](I 2. 40 ~. ,(I 5. 20 L SO 
:\0\.11 102 ~ ilf! .70 4. ~s ' 2.~:i 2.7:i ;), :~:t ,1.;;0 

l!J~1 
feb. I" .. , I fit:l . fi~{ ! ,L fi.i ; :!. ao f 2.:m t 6. fiU ,:!, H:! 

.-- . - .. _----j---- ---., 
;\(eIiIL Lx2 2. ·11 2. ,1 5.·m I. '" 

TItC' wut!'(' of tiJC' SPl'('l1!1 wf'll ('onblins Bluch less snlt. thnn thnt or 
l'll.ridn. ('rpC'!\. lind also llluch I('ss horon; vd, in both bOI'Ollllnd ('hloridp 
its contrnt is hig-hpl' than that or wllters'from outside the arPIl imllw
din tC'ly influ£'ll('rcl hy Pn ricla ('r£'ek. The sarnplps from Santa ~ lOllir'1L 
nnd [tilleoll ('re('ks' to till' east,ward havp Iwen referred to in n. forp
going pnrngrnpiL, Waters to the westward were likewise found to be 
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IrN' from injllrio1H=; horon ('ontaminutiou. A series of samples was 
obttlinNI from tb(' supply line of the .:\Ionteeito water district, til(' 
Ilnalys('s of whi('h al'(' given in Tnbl(' 14. 'I'll(' water supply for this 
distril't hils h(,('ll d('\'C'lopNl in til(' ('OllrSl' of driving' It tunnel thl'ough 
th(' Snntll Yn('z .:\lollntllins, by which it is intt'llCI('d ultimately to 
('oncillf't surplus Oood Wllt('I''; stored by it res('I'\'oi1' on the S!lnta Ynez 
Hi V(,1', wilieb (L'ains tlw l'Pgion north of these moun tains, The sampl('s 
reported in th(' tahle r(,[)l'('sent Wllt(']' d('v('lop('d in the tunnel and not 
tile wllter of the Sllntll Ynt'z Riv('r. This wutel' is not onlv low in 
total stllts ('OocluetllIl(,C 66;< 10-5

) but is also low in bOl'<ln, 0.20 
p. p, m. A stlmple (No, 205) obblined from u well used fOl' irrigatioIl 
in til(' vi('inity of Gol('ta, still fu1'thel' west beyond Santa BnrbtlI'll, 
WtlS round to have It ('onductnoc'(' of 11)7 X 10-5 and a boron ('ontent 
of O.:W p, p, m. 

T\lIu: .11. 	 Qllality of tI/I' /l'(lll'r oj the ;\Ioll/rci/o leall'r dt.~ll'irt, (L,~ ,'IW/flil'd (It Ihl' 
}JIll! lilLI' jrom lhe [/Luud ifUlling tv tlwSulI/a YUl'Z }{it'~r 

'I iIligr:ulI (),IIU1\ah-u(' 

('OJ * sO l ('11+ 	 IA I~alilll' 
, lIeo, • I ~Ig: bast'£ 

--.,,--l- 
i1" jJ, Ill, 

Ill-I ?ol ,,~ 1 u.l'l· 4. art 1 (j.an :\0:1 4.05 3. (;:1 
1)(,( au 1)"1 ')0) a.30 i .45 a.o. 4,50 2.:12 
>,uv. 6 t~"i i :2J I .I.I(J, .2.i , 2.IKl 4.50 2.75 
'OL H .0 ' .~)O I ·U~) .:!O :tlJ6 4.!JO 2.9fi . i i 

.\[("10 . HI; . . ~'O ., or. .32 :1.01 ·1.411 290 

~---.--~~-.-

It "jlOuld lIot IH' illl't'I'I'('d fJ'oUl the fOI'('~oiIlg ~ttlt(,lll('nh; thllt th('J'(' 
IU'P .110 oth('J' O('('tl1'J'l'Il('P~ (If' inj lU'iou:l q 1I1Ul titip~ of boron in wllteJ'~ t.iI 
the wpsf Ilnd nOI'th\\P~t nlong- tllP (,Ollst n\)o\'(' SUlltit Bnrbnl'll. Thllt 
1'<'g-ioIJ has JJot Y('( 1)('('11 ('xlulliIlPd ('I'i ti(,lI11y. 'I'h(' pOiIl t it i~ desired 
(0 ('Illphusil.p is (htlt tlJ(' O('('UI'J'PIH't' of boron ill Il ~tJ'pnlll sudl u~ 
Plll'idtl (,,'('('k Illll\' 1)(' <lilt' to l(lI'lll ('ollditiollS nlld IlIIIV IH' ('olliinNI (0 
It sillail 11I'PH. . . 

SI;\1I A:-OJ) LAS 1'08..\8 "ALLEYS 

Simi lind Lus POSHS "/lll('ys, \\"hi('h H/'(' ('ol1lled('(l ('1\(1 to end, lie to 
til(' sOllth of the Suntit (,lul'lI "nll(',\' and nl'(, sepnrnt('d from it by hills 
known as Ouk Ridg-p Illld South ~Iolllltnill. 'I'll(' \'nlleys include the 
towns of :-:illll tn Sll~Il1\Il) :::'illti, ~l()()I']lHI'k, Hlld Somis. The dl'ailHlge 
i..; not slIfIicipnt to llluinLuin u IH'l'l'lll1inl slII'fu('e flo\\' fronl the ,'nUey::;, 
HlJd tlwl'P is no dpfirH'(1 stl'<'IllIl ('hlU1IH'1 at th(' west('J'!1 end, whi('h is 
(lit' lIullll'ltl olltkt. 

Tltl' il'J'ig-n tioll SlI pply of tIl(' two ,'nll<,ys is hu'g<,ly (Jhtn inNI from 
\\ pIIs IW'lltpd ill til(' YHlll'Y tl'ollgh 01' lH'Ill' Ih(' «pItus of the' tl'ii>utllJ'v 
\'llJl(,\'S. 'I'll(' SHit ('()lIstitllP!lt~ of tlip 1II1dpl'g'!'OIIlI<\ wnU'l's tllkp'll 
fl'OllI....olll(' or t1IPSP w('ll..; HI'l' shown ill 'l'ublp I Ii: (Fig. :~,) 'l'lw \\'('11:; 
lll'e sO sP]('('('<\ u..; to hI' !'<'jll'ps(,lItn(i\'(' or most of th(' 'il'l'ig-llliO!l \\"Iltel';; 
ill tltis s('('[ioll. .\J1 tilt' wn(p!'s Slllllpl!'d 111'(' J'plnti\'ely high ill to ttl 1 
snIt ('Oil tPIl t Ih 1Il('IISlI!,pd I"v spp('iii(' ('olldu('(III11'P, IIlId the hOl'on (,Oll

(Pllt j,.. ('Iosp to 01' lillO\"!' tlH' (,I'iti('ul lilllit of (Ui p, p. m. 'I'hp ~lIppl.v 
lit 1{)('lItioll ~ i" \\"/.·11 IIho\,(' thut lilllit, IIlId i( \\11" lIo('d thuL lhe 1('11\'(':; 

or litt' \\ ulnllt 11'1'(':-' irJ'igu(('d \dlh tlint \\IlLt'l' sboweu the ('btt)'adpl'
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istic type of injury and the high boron content that have been ob
served in other areas where the boron content of the irrigation water 
is much above 0.5 p. p. m. These waters are also characterized by 
reliltively high proportions of sulphates and alkaline-earth bases) in 
whidl they resemble the waters of the Santu Clara VnUey. 

TABU! l5.-Quality oj ihe undergruund water uj Ihe S'imi Valley 

Milligralll CCluivulellts 

T.ocntion No. SlIlIlI>les IIf:£i.lr.. Boron 
00,+ 

I 
H(,O, 01 

J\tu1llbu P.p.III, 
t 3 153 0,68 Ii. 17 2.00 10.57 13.15 4.65 
:! li 2Qj .98 4.62 2.9:l 16,6:1 IS.Ot 6. I. 
:I. 3 100 .71 4.80 3.12 14.21 1,1.6:1 7.50 
4 4 13Y .46 4.13 2. !.'2 9.17 1O.6:l 4.SlI 
& ;; 155 .55 3.00 :I.W IU.OO 1I.M7 5.25 
G 4 171 • flO 5.:ro 2.28 n.15 1:1. 75 5.04 

·_r~._~~*_"'.~' 

I,OCATIONS OF WELLS LISTED IN TABLE 15 

1. WE."lIs of the Tapo Mutual Water Co., on the north side of the Simi Ville\" 
ncar the outlet of Tapo Canyon, about 2.5 miles northwest of Santa Susana. 
These samples represent a number of different wells and possibly some gravity 
water. 

2. Wolff ranch well, 0.25 mile north of the highway, 1 mile west of Santa 
HusaIla; depth, 433 feet; discharge, 1.8 cubic feet per second. 

3. Simi ranch well, 0.2 mile north of Simi, ncar the bed of the arroyo; 
depth 227 feet; discharge, 0.8 cubic foot per second. . 

4. }laciencla Sinaloa wells, 0.5 mile southwest of Simi; depth of three wells, 
200 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 ncar challnel of Arroyo Las Posas; approximate depth, 790 feet; clis
ehurge, 4.5 cubic feet per second. 

,~, Del Norte Water Co. well, 2.5 miles southeast of Saticoy, near the junction 
of Lus Posas Valley with the Santa Clara Valley. 

LOS ANGELES AQUEDUCT 

In view of the fact that symptoms of boron injury on citrus and 
walnut trees had been observed in the San Fernando Valley, it seemed 
ad visable to investignte the miter supplies used fQ!' irrigation in that. 
\Talley. Till'se ir'rigntioll watrrs ar(' obtaiurd pnrtly by pumpiug 
from the underground watm's of tht' vuliry, but most.ly {rom the Los 
Angeles Aqucduet. Water from the aqueduct becllme fl,ynilnble for 
irrigation in the Han li'ernnndo Valley i.:l 1916, and since that time 
it:; distribution Imd lise have been extended until at present it forms 
by far the chief supply. 

The Los Angeles or Owens River Aqueduct draws its water supply 
chiefly from Owens River. The nqueduct heading is located in Owens 
VnIley near the southwest corner of sec. 13, T. 11 S., R. 34 E.,' ~[ount 
Diablo bllse allCl IIwridian. .From this diversion point the water' of 
Owens River is carried south through the valley in an open, unlirH'd 
Mnal for 24 miles to a point known as Alabama Gates. Some cl'eeks 
and springs di:;eharge into the canal along this seetion, and the 
T1atumL flow is supplenwnted by a number of wells (about 60) that 
I1re drawn upon during the summer as udditional water is needed. 

Fl"Om Alabama Glttes the Wllter is (,Ilrried in lUI open, eorH'rete-lined 
('Illltd Illoug the eastern btL:;e of Altlbama Hill::; aIla the Sienlls, ill It 

OIl 
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l'ollthrl'ly dir£'<'lioll for 25 Illill.'s, ",lw1'r it is disehllrg('d into the Ilorth 
end of Ilniw('£, Rpsrrvoir. A frw RtrealrlR [mill the mountains, 
notl! hl,v Cotto!lwood ('re'rk, contribute Romr water to the canal in 
thl" R('ctiOll. Throughout this spdioll tlw ('unal is curried ahoY(' the 
!pvel of til(' VIlIl(·), floOt' HneI th£' dry hpd thnt was formerly Ow('ns 
Lakt'. 

I flliw('(' Rrs('rvoir is locaU·d on Ii low ridgp thllt separn.tps Owens 
Yallp.\' frolll the' ). [oha\'(\ Dese'rt Itnd drainage' I>nsin. It oc('u pies a 
J1IUTOW tmugh across this ridge with n dam nt the north end ns well 
Its at the' south e'[HI. It::; C'llpneity is n:3,OOO nerp-feet, and it sprves to 
N(lJltliz(\ the' Yllrillblp discharge' or thp IIp/wr ('IWlll. 

.At the' south pnel of Uniw('e' Reservoir the ",aU'r is enrried through 
n lH'nsfo('k lind pow('r house, frollt which it PIlS:lPS into the main 
H'c/ion or thp IlCjtH'dlld, It li[wd Ilnd CO\'P1'('(1 sp('tioll thllt disehllrgps 
finlllly, through It pOWPl' housp .. into a 1'pserv01r in the San .Fernando 
Ynllpy just north of tllP ('ity of Los .\nge'leR. 

F()[' til(' l'xnminlltion of t1w wnt('l' of tIl(' lUI ul·duct hp1'e TPportpcl, 
~ltlUples wpre tnlwTl Pilch week for one yeur Ilt five points liS follows: 

(1 I .\( the ht'lldillg Ileal' .\!JerdcclI, wher(' the sarllples represent the surface 
\rlllers reaehilll!; til(' OW('IIS H.in.~r lL!Jon~ that point. 

(2) ,\t AlaiJallH1 Cat('~, norlh uf LOlle Pint', where the samples represent lIot 
ollly til(' surftIe!' wnt('rs di\'('rted from the rh'er at the heading but also the addi
tiOIlS ('ont rilmt('d hy springs ulld by seepage along the unlined section of the 
('Illla] alld h.l· tlll' \l'dls l(Jellted ill the I'lllley Oil both sides of the canal. 

(al ,\t Xorth flahn'(', 1lt'IU' Olan('ha, where til(' waler is (\is('harg('d from the 
lillPd s['('(ioll of tht, ('allal into till' Haiw('(' Rt's('r\'oir, Salllples takell at this 
point 'IPI'!' ('\!lPl'Il'r1 to .~(,I·\·l' as ('hoeks on till' :;,ullplt's tnk(,11 at AlabnllllL Gates, 
('\t'ppt as illfhl('[j('pd by t he ~lllall or ()('(,Ilsional contributions frolll the ('reeks 
tlmt· cil'llilJ tlll' past\'rn ;;1(1[>\';; of tll[' Hi['ITaS ill this section. 

III At HOllth Hniw!'[', 1111('1'(' till' mixed waters of tltl' rt'seryoir arc discharged
illto tltl' (,()\,pr!'ll ;;('['tioll of till' HqueciHet. 

10J At tit!' HILII F(,rIIlturlo pow('r hOllSC', wh('I'(' th(' wut('r froll1 the aqll{'(lllct is 
d['.ellarg('(l illlo lL I'l's('f\'oir frolll whieh it PIlSH(,S illto ('ollduits, partly for dOIlH'S
ti!' alld ilHltlHtrinl IISC'S ill Los AIII-('1cs !tlld partly for irrig!ttioll ill the Ball Fcr
ual\do \'all(,y. 

It WU:-l thollght (hilt by menm, of this seri!.'s of sampl!.'s tnhn Pilch 
\\ l'pk t hrollghout tlH' :V<'llr it would hp possible to'd('«(,l'mine whrthrr 
tit(' 1>01'011 in this su pply WIlS ('on tribu ted IUI'gely from the drninnge 
HI'PH. Itbovf' t h(' hpuding 01' from thp tU'PH bpiow thnt poin t, lind, flir
t \t('nIlOl'(', (hn t thpse samples would afford nn opportunity to ch!.'ek 
! 11<' 1l('('IIl'IlCY or t hI.' !lllalyticnl tlPt (,l'minn tions. 

In Ildditi(;n, it wus d('(:id('d to obtninsllmpl('s fl'Olll til(' und!.'rgronud 
Sllppl,"" in tilt' SIUl J·'Pnlllndo rnllpy, It hll(l b(,Pll obsern>d thut the 
SYlIlptOllls of boron injul'Y \\"t'l'(, not to h(' fOllnd P\-p['ywhl'l'(, through
Ollt tlw ntll!'y Itllci thnt SOllH' of this IIn<IPrgnHllld wntpr wus used for 
ilTigation, For puq)()SPS of ('olllpllrisoll with thp tHtllNlllet supply, !~ 
!'>!'r-iC's of \\('('I\ly slllllpl('s wns ohtninrd from 011(' of t1w \I'('lIs supplying 
til(' city of ~lIfl FC'I'IHIIHlo, lWei SllIllp\I'S \\'('1'p niSI) oiJfuilll'cl for short 
IH'I'jOels froJll 011(' of lhe' missioll \\'('lIs !tnd from Olle of tho Lallket':,ilull 
\I I'll,... 

O\\gN"B IlJYI~n ABO\'I, TIW ,\<WEDVCT HEADING 

OWPlb l{h'PI' is fO!'tIl('d hy th(' union of its uppC'r t!'ibutaries in Long 
\'nJI('v, nhollt :.?O mill'S sOlltil('!lst or :'IlOilO Lllkt'. This ntllpv is about . 
I~ 1Illips lOll!! hy I Illill'... wi<i.l', sloping to thl' sOllth(,lts!. It~ SWlllllPY 

([001' i,.. 7,OO!) r(,pl aboy" SI'Il !!,ypl. Tilt' !lID!'1' illlportHlll t!'ihutll!'il's 
<lI'uill til(' high Sierras thltt bOllud lhentllt'y on the south and w('st. 
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({<'ig. 5,) In the valley there are !l number of hot springs and smaIL 
geysPl'S, which yield only small quantities of water; but these waters 
are relatively rich in boron saits, 

The waters collecting in Long Yalley to form Owens River are di..-;
charged through a narrow gorge at the southeast corner of the valley, 
emerging into the northwest corner of the upper Owens or Bishop 
Yfilley Itt fLn elevation of 4,500 feet. In Bishop Valley numerous other 
('('eeks contribute to Owenil River, notably Rock Creek Ilnd Bishop 
('rN'k. '1'IH' waters or these ('('eeks and of Owens River are exten
siwly diverted for irrigation in the Bishop YIlIley, the fiool' of which is 

,'",. 
j" { 

... 

FI/;nn: i ... -:l[np of LOllI! "lIl1~\' rum., showin~ lrihlltllri~S of Owens Rh'crnt its head amI 10m' 

tlOllS of wlIler sarn(lle~ "ollC('ll\'\ 1U AUI'Il"t, W:!S. The llutlIlll'rs refer to those Iisled ill 'ruble 16 


fln t tl nel pond.,' dminl'cl. 'I'll<' surplus \\,11 tC'nmot USl'(\ in ('rop prod UrtiOll 
Of' di~.;;ip!l trd hy (','n.jlOl"l\tioll [mill til(' "II11r'y f;Wll.IllPS find tlwir WilY .. 
illto til!' lllnill ehnllllPI of OW('IlS Hivl'r and pnss from Bishop Vnlley 
into the mnin or lowpt· OwC't\s Vallp'y to hl' di,'prtrd into the IH[IIl'duei'. 

In tlH' StllllJllPr of 1!l~X 1l1llllrl"OllS ;;mnplrs of wnter Wl'rp ('ollrrled 
from "tream;; und springs tributnr.v to Owetl;; Hivl'r nho\'e the aque
duct hC'flding. Thr fir;;t ;;Pl"i('s of :,ampleR ('olll'('tC'd in ,Tuly WliS tested 
qualitnti"C'!Y for 1>01"011. It wn;; found thnt in tlH' mountain streams --. 
and in many of til(' ,.;priugs tIl£' boron ronlpnt WitS ypry low hut that 
tl1(' wHtrl" of the mllin stream 11;; it lelwe;; Long Vlllley gave a strong 
boron rPllctiOlI. It Wlls found 111";0 that. tliC' wll.lprs from the hot ... 
springs Ilnd gl.')';;ers in Long V nlley w(,l"e rich in boron, !lnd the indi
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cations W(,f(, that thrse WC'I'C' til(' chiC'f sonrc(' or tlw horon curriN\ in 
OW('nH Hin~r, 

In August or thE' sume yC'iLl', 1928, n. $rri('s of larger snmp\('s of 
wat('l' wns eoll('ctN\ from this lll'en. for til(' qUllntitlltive determination 
of the horon ('outpnt, TIll' I'('sults of til(' IlnniYHps of thl'H(' sluilples nre 
givrIl in Table lH,5 TIll' fir.'st liv(' slullplC'::; li"tr(\ in th(' table repre
Hen t cI,t'C'ks that disrhllrgC' into Long Vnlley fl'Ol\l the mOlmtuins. 
TIlf'sl' waters /11'0 nil very puro and ('ontain vcry little boron, 'rhey 
may bp tukrll us lypienl of most or th(' wntpI' contributNI to Owpns 
RivPl'. 

T,\HI,~; It>.-_.Q Ittllit!l of Iii" lI'ult'1' of (JI. "1/" Ilil'el' (tnd il~ lribultuil'~ II/ml'!' litp Itpudillg 
oj' lit, I,().~ .1 /lYl'li"~ .. II/tti'dttcl, u,~ "umpi"ti in A IIYIl"/, fillS 

--~ ~.. ... ..,..---*----.--~ 

.\1 illignull equi\,llh~IIL... 

~{dU1l)lt~ 1 'IYtHHVCr... /lis, KX /1)0 Buron.'iv. atlln~ t'ilarg(· at :!:J" (\ 1 

COJI ('J :-;0, ; ('''+;\I~ IAlk'~J!')(\lJ ('()J ba~tS._- ---------...- .---- 
.... C'. e.!"t. J,). j). lit. 

, j 
~I·t I~ •I')'" U. IS .a.u ._1 (J,I:! n.·lli U.I~~ n. ~O n.n:!
H:; 1:1 W.U lOa .. U5 .~: (II , .,,)1 i ~ HU ,·111m :"l().!i 5.0 ll. \I .0:1 1.00 It) .r.;J I. IU .·1:1 
lUI IIi . .) I,i. U u. is .O~ .00 It) • 14 NJ .:!-I
II)() 111 ;\0.0 X.70 .oS .~o (I) .1),\ .ilU .H·I 
\IS .'-' . .'i "~;,. u !JU.l 2~a:! 3. iiO 1,[1.'1 • i'~ I.IKI 4. '<0 
Uj :Iii 1.11 fill.l 2.1'"' .1. :lO 2.0:1 , .70 I. 0.1 5. US 
tiLl '!1 UlO.1I ~1. 1 ..\1 V~I. ,,~J 15 l • lIS I. I!! 
!I:i 17.;' :17.1 I. flO 2.70 ' ./0 .:lS; 1.:1,1 ~.4:l 
H2 '21 :U.3 .92 :t 10, .57 .49 , 1.05 :!.21 
!11 2'2 11.:1 ·W.O .2" 2. ;0 .;12, I.IG 2.25 1.91 
1Il2 III ~;, () :11.0 .:lS 

j 

2.ilO ..I, ,·1·1 I.S5 1.50 ou :!,"j .n 4~!J. Il U.!!h) ;,0.·10 i 14. ,Ii. 1.(1) , 4:1. ,,0 2:!. :13 
....~. __~..__.i... 

I Tra('l.1-. 

or 111<'14P 0\'1' RHlllplp.<; til{' II1Rt two, NOEl, 101 o.n<1 100, \\'(,1'C' tllk(,ll 
rl'Otn tit(' IIPPPI' spctioll or :\Iltllllliolit ('j'('l'k. 'I'hiH cI'C'l'k wus giv(,11 
spr('ial Iltt<'lllioll b('('HlIS(' it !md 1>N'11 round jn lll(' ('urii('(' '<;lInr (,\T til/Lt, 

tIll' WIlt.t'(' llP1U' its lowC'(' rnd gavp It strong 1'1'1H'tion 1'01' boron: 'I'll(' 
diffpl'Pll!'(' ill th('qllality or thl' wut('I'S or this ('I'('rl\. hili; bC'NJ l'e('og[Ji~l'd 
1(JC'HUy, th(' ~tun(' ~tl'('llIn thllt is known HS )'lltmmoth ('I'Pl'k nlong it::; 
lIPP!'!' sl'ction bring ('nllpd Hot ('}'('p.l\. nlong its 10w('1' s('dioll, \Yhl'n 
tIl(' ;:;alllpl<'~ \\'rl'l' tnken on August 1.7, l02S, thr trmIH'l'ntUl'(, or the 
WH.tI'I' Ht tht' town of ~lnmm()th "'liS Hi.no (t, ({)~O F,)j I1t tl1<' highway 
cl'ossing- it WIlS 100 C, «i()0 [i'.L whilC' in tilr low('/' s(,ction, bdow the 
hot springs (;.;nmpl(' No, HR), it Wl1S :~4.i)') C, (tHO F,). The hot 
springs Illld gt'YHl'rS t hn t apP('1l I' to be Ilt!'gl'ly l'Pspoosihll' for tlw 
highC't' tl'mpl'I'llt\\]'(' nnd till' inC'l'£'lts{'(\ boron (,lmLpllt of tlw \\'I\tl."\' 

It!'e lo(,Htl'd along tb(' ('I'p('k in n. canyon in H('C, 21), 'I'. :3 S" R, 28 K 
:l'lw qUIUltity of Witt('1' ('ontrihu('(1 hy tlIl'S{\ g{\ySl'l'S itPPl'lll'S to Iw 
Sill 1111 , hilt its sulL nnd hOl'OIl (,Ollt('llt must be high, sine(' t1J(' ('011

<!\I('tn.rl<'(' of til(' WII('1' nho\'(' th{'111 is n· lO''', whilt, below tlw!l1 it it4 
;jD /~ 10-5, '1'11(' hom 11 ('olltpnt or tlH' whol(' Stl'l'1l1l1, whi('h hlld 11lI 

('stimt\t('d dis('hH\'g<' ot' :Hl ('uhil' r('('t 1)('1' s('('olld IIho\,(' lh(' gl'YS('/'s, is 
itl('I'()HSl'd f('(J1ll 1(':4S tliltli D,l to ~.:)~ p, p, ilL 

'I'll!' \\'!ttl'I' or ()W(,IlS l{[vI,t, as SHrtlplpd tH'!\I' till' I"ord I'lUld\ llbove 
flip ju(wtiort of Ililt (In'pk (SHlllpl!' :\0. DU), hlld H ('OnductHll('e or 

'1'lw (<1st rllllts,unph', tlSl,~'lll\ 1I11~ [aIM arc frlllll the Ihshllp \'ulley,and tbu IOl11tiOliS IIrc ))ul ~hown 
on tlw mIlt', .flgurt' .., 
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21 :/10-5 and fL homn ('ont(lnt of 0.41 p. p. m. Th(l snlll(' stl'(lam, as 
sll111pled Ilt HI(' bead of tll(' gorgp wl1('l'(, it i('11V(lS Long \'alley (sampl(' .. 
No. g;{), hnd It conductan('(' of 87 ;<.10-:; fwd It boron ('ont('nt ()f 
1 p. p. tn. At th€' lowyr ('nd of th(' gorgC' (SilIllplC' No. 92), the ('on
ducturw(' WitS :31 x: 1O-v

, and the boron ('ontent 0.92 p. p. m., in(li
eating that thC'I'(l WU:'l SOlll(l dilution in tltut s(ldioll of tli(l strl'lllll. 

The fOI'egoing ObS(,J'vlltions as to conditions in Long Vnll('y indicate 
that tli(' boron ('llrriC'rl Ollt of till.' yalle\T hv OW(lllS HiveJ' is d(,J'iv('d 
largely from tliC' hot springs tll/lt OC('UI' ilt severfd plllC(,S on the vl1l1e.\' 
floor. Among th('sl', tb(l 011<'S 1()(,lLt('d nlong till' dlllllnel of ~[amm{)th 
('l'('('k apP(,I1I' to hl' the most impoJ'tl111t. But there IU'(' known to 
1)(' otlH'rs, as I1t CIlStl Diablo Iiud Ilt Whitmorp's Tuh. .\ silmple or 
wntN' obtained fit til(' l11itl'J' pIH(,P (sfunplC' Xo. U7), hud n condudlll)('p 
of (iD:/ 1{)-5 Ilnd !t boron ('ontpnt of ~.n4 p. p. m. 

in yil'w oj' till' flld tllnt til(' cplIIritities of wntl'r £1(']i\'l'I'(,(] by tJJ('fl(, 

hi~h-b()ro/l hot springs 111'(' l'pillti\'{'~y :'l1l1 !lll , it might IH' possiblp to 

isoJlttl' SOIll(' OJ' ull of tJ)('Jll fro/ll tJIP maiJl dJ'n:illllgl' syRteIll lind therei»' 
1'('<!uc(' 1Illltprilllly thC' quantity of boron ('nrriC'd by the main Stl·l'!U11. 

T11(' sUJ'V('ys of tit(' sumnH'j' of J\l~S did not dis('los(l finy importnll t 
SOllJ'{'P 01' hOl'on contnminntiolt in tlJ(' OwC'ns RiyC'l' dminngC' Iwl()w 
Long \Tflllpy, "\ s!unple or wntl'l' fl'olll Fish Slough, north of Bishop 
(sulllpl(' Xo. !Jl), ('ontllinl'd only O,2S p. p. m., whilp n. smnple of 
WHtpl' from It dl'llinngr ennui south of Bishop Ilnd b('low the cipita of 
Bishop C'r('('k (snmplp :\0. IO~) ('ontninpd only ().:~X p, p. m. of boron. 
The IHtter slt/Hplp is signifl('nnt ill that it l'Ppn'spnts in pnJ't drllinng(' 
frolll lands il'f'iglltp<l hy diwn:;ion from (hW'IlS Ri,'C'r, Imd its com
position shows thllt till' horon ('ontent of til(' 11T1dNground Wtlter is 
10\\'('1' than- tllllt of OWPll:> lUn'I', PI'ohllhly 1)('(,tUlSC' of dilution by til(' 
r(,lali\'('ly Plll'(\ "'atpl' rmlll Bi~lt()p CI'(,(lk. 

Tlw In:-; [ ~tullpl{' listed :Il Tlt!>l(' Hi (~ltll1pl(' Xo. no) is f1'Oll1 nil 
fil'[l'~iltll w('ll just ~ollth of ill(' aqllPtiuct h(,Hriing ill OWI'll:> Ynlll','·' 
TIt(' wll[pr f1'011l this w('11 is WIlI'1l1 1I11d \'NV snlty, with It ('on<i.udlll)('C' 
of 4sU./ \0-5; nncl the h01'o/l l'o/ltt'ni of \l.~H j). p. ll1, is V('I'Y high. 
TIIP di:-;('hlll'gp of (J.G ('ubie fl'd lwr S('('ol\d is 50 51ll111l, ho\\'e\"('I', filM, 
the toinl qllitntity of' \)01'011 ('ontributNl to lilp nC{updllC't supply from 
t hi~ SOUI'('P is small IlS ('olllpnrpd wi th til(' q llnn titi('s «(Pri"pel f"om til(' 
hot spI'ings in Lon~ \'nllPy, Thus, if ti1<' hOl'Oll ron[('nt of tlH' WtliC'1' 
from this Ilrtpsilln \\'C'II 1><' ('0111 I'U tpd flS hol'llx, on tilt' bflsis of the 
!HllIly:;i:> llnd di:;('hnrgp 1'('port('<1 from sllmplC' Xo, no in thp illhlP, thC' 
duily output of iJornx fl'OIll this W('II. would b(' 2G5 pounds. By It 

similar ('Olll pll ttltioll for [Jot Cr('pk ("lim pip :\0. nS), 11. d ischurg(, of 
:~;j pubi(' fp('L 1><'1' ;;(\('olld, with :l boron ('ont(,lI( of 2.:t? p. p. III" is 
1'<llIi\"l\.lprtt to :~,S5!) pound:; of homx IW1' dtl,\'. 

Tlws(\ "11('\"('5"" of th!' tl'iblltlld('~ of Ow('n~ l{i\'('I' !lbo\"(' tll(' IH{U('(ltwt 
lH'llding in<ii!'utl' thtlt til(' horon Plltl'!'illg II\(' nf(lIl'liUcl WltI.'!' :;llppl,v 
is /1l('~('ly ('o!ltdbut('d by (/1(' Itot s[lri!l~" und g('yS('(':; in L(Jn~ \'ull€'.\', 
Thl'~(, W'ysPI's Ilnd !tot sprin~s yil'ld H rl'luti\'(·ly slllltll pur! or tl\(' lolnl 
Will!'!' :-lupply oh/uilled frolll (hut valley, Itlld in so flU' ItS it IlIlty 11<
rPllsible to iso/utI' tlH'llJ ttnd withhold tlll'it' Wllt(,I'S tilP('l' should !'('slIlt·. 
Il ('ol'l't'sponding d('eJ'{llls{' ill tilt' I)()('o/l content of lh{' uqucuucL wuter, 
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BORO);, IX IIlRTGATIOX WATERS 

LOCATIONS LIs'rED BY LABORATORY NUMBERS IN TABLE 16 

94. Hilton Creek, in Long Valley, about 1 mile above its juuction with Owens 
Rh'!'r; see. 2:3, T. 4 S., R. 29 E., Mount Diablo base and meridian; sample taken 
August 17, I !l2H; temperature, 18° C. 

95. i\'IcCee Creek, in Long Valley, about:3 miles above its jUllction with Owens 
Riv('r; SN·. 21, T. 4 b., R. 29 E.j smllple taken August 17, 1928; temperature, 
lao c. 

!Hi. Convi(·t Creek, in LOllg Valley, about 5 miles above its junction with 
Owens River; sec. 6, '1'.4 S., It. 29 E.; sample taken August 17,1928; temperature, 
20.5° C. 

101. Mammoth Creek (Hot Creek), in Long Valley, at Mammoth, about 
13 miles above its jUllction with Owens River; sec. 2, T. 4 S., R. 27 E.; sample 
taken August 17, 1928; tempernture, 16.5° C. 

100. M!LHlllH.th Creek (Hot Creek), in Long Vallo), at highway crossing, about 
n miles above its junetion with OWCI1l; River; sec. a2, '1'. :3 8., R. 28 E.; sample 
taken August. 17, H)2H; tcmpl'l'lLtlll'l', 19° C. 

m~, Hot Cl'('('k (M!LIlllllotlt Crp('k), ill LOllg Vl\lley at bridge, about 3 milPfl 
!lbo\'(' it~ jUlldioll with Owens Riveri sec. 19, T. a H., R. 29 E.; sample tiLken 
Aug\lst 17, lH28; tl'JIl])(,l'!Ltllre, :N.5° C. 

\)7. Whitmore Tub Hprillgs, ill Long Valley; SCl'. 6, T. 4 S., R. 29 E.; sumple 
tak{~1l Augllst 17, 1928; tcmpcrature, aGo G, 

!ll). OWl'llS Hiver, in Long Valley, at Ford rmlCh, 6 11liles above junction of 
Hot Creek, see. 25, T. 2 1:)., It. 28 E.; sample taken August 17, 1928; tempera
ture, 21°C. 

9a. Owell:;H.iver, at outlet of Long Valley, one-fourth mile below the junction 
of Crooked Crl'ck; sec. 19, T. ,~ H., H. ao E.; sample t!lkell August 17, 1928; 
temperaturc, 17.5° G. 

92. Owcns Hivcr, at mouth of gorge illtu Round Vulley, one-half mile above 
jUl\ction uf Ro('k Crt'{'k; sec. 10, T. G l:\., R. 31 E.; sample taken August 16,1928; 
tempcmture, 21 0 C. . 

91. Fish Hlough, Bishop Valley, about 2 milcs above its junction with Owens 
Hivpr; sec. 13, T. G 1:)., H.. 3a K; sample taken August 16, 1928; temperature, 
~2° G. 

102. Dr!l.illagc ditl'h, Owcns Valley, 4 miles south of Bishop; sample t.aken 
August 17, 1028; h'lIlpl'mtllre, 19° C. 

!lO. Artl'si:m \\'I'll, A IJt'rdt'clI; olll~-fourth mile sOllth of the lll'!\clillg of t.he Los 
AlIgl'll's Aqu('dul't; S!LIllple taken .\lIglist Ili, l!l28; tcmpemtllrc, ~5'" C. 

QUALI'ry OF THE AQUEDUCT WATER 

The genNal f('atures of the Owens River Aqueduct and the loca
tions of til(' piaN'S wlwre its wat('I'S wel'e samplNI have been desC'l'ibl'd 
nbov('. 1t 1'C'lllltins to l'epol't and dis('uss the results oCtlle analyst's or 
Uws(' samp[ps. The sam pips from the heading, Alabama Gates, 
North Haiw('c, and South lIaiwee were tahn eaeh week throughout 
the yetu' by locnJ employees of the blu'eall of \vater fmel power of the 
eity of Los Angl'ips.6 The snmples were tak('n in I-gallon glass bot
tles. '['hes(' WNe lilbeled ItS to dlLte, location, and volume of dis
charge, and were shipped by pal'c('1 post to the Limonl'ira laborntol'Y 
nt SU.lltil PauilL TIlt' Humph'S from the Sun Fel'l1nndo power house 
W(,I'(' tllkl'1l hy 1>l'I'SOIlS ('onllt'etN\ with thr Lilllolleit'a Illbol'tltOl',Y until 
.\pril H, H)~H, aftPI' which date tlH'Y were taken by 1L L. Hi('h, It 

powPI'-hollse (,llIployt'e, nnd sC'nt to lht' lahol'lltory by lHltil. 
'I'll(' ((unLity of the WlttC'r Ilt the nqut'liuet Iwnding for the yrnl' l'IHIt'd 

Augllst 2, Hl:H), is shown in Tltbl(' 17. ~\t this point til(' VOhlllW of 
di~a-hlllW' iH 1ll01'P \'Ilrillhlp fl'Olll month to month than it is Itt thC' otlwr 
pointH \\'1)(11'(\ slulLples 'w<'re tnkell. It was nt its lowest in August, 
H)28, incl'('tlsing mpidly in Octob('r with the Ildvent of winter rains and 

G1'h~ ~nrJlples from tho nqueduct hemling were hkcn by Juhn r. Jones; those frQm Alnhunta (lates by 
Fmnk LI.~kt\Y; thoso frulII ~urlh U'llwl'C by WlIlhun ('lIrler; lIud thuse froUl Sonth lInlwee by J. I .. i\lc
(·uliouglJ. 
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the end of the irrigation season in Bishop Valley. It should be noted 
with respect to thes~ discharge reconL<; that the figures reported in this 
and the following tables for the aqueduct are the mean.<; of reports 
made each week Ilt the time of sampling, These figures should not be 
taken as I'epresenting the iwtuitl I1lPilll daily discharge-) of the aqueduct 
at the points named, beeituse of Jluctuations that lltily have oceurred 
between the times of sampling. The peak of the dis(,harge at the 
IH'IHling for the year oe("urred during the ,·..-inter months, Decembet' to 
«,('bl'ultry, The total salt ('on tent as measured by sp('('ifie ele('tri('ltl 
condlldanc(' (lit 25° C.) Wit,; Illways low as compared with many of 
Ihe irr'iglltioll supplies of sOlithern Clliifomift. 

TABI.I·; 17,-- Quuiil!J II] lhe 11'(LleT oj the Lo,~ <lngele,~ <'\I[/lf'duct (I,~ set/np/eli (Ii the 
Ju'wlill{j /tear "lbenieclI, ('aU]., August, HUH, II) ./uill. l.'J,!!J 

[\I ulllhly JIlt'IlIIS or weekly IIl1aly;esj 

, 
\1 illigrnlll fo(llIivulellL-.; I,~,IlJlY(I:lr!lBd [)j..... KXlO' --~"'~~"---'-'---;----Bllrontlilmth I pit,,, d.;lrJ.{l' at ;!:~ .. ('. ('(hl  ('I1j( '0, 

.\um-I "n 
11121; 'b 

AugU'l ,.
~eptelJlher~.. . 
Of'luber " . _ 
;-':owmhe,'. " 
ll~('emher --, I 

.. 
, 
;; 
,1 

-II, .1 
,I,I.U 
:3;, ~ 
37.5 
:i7.:1 

/" p. 1/1, 

Il.-I' 
• ;;fj .,; 
.Si 
.tl~ 

3. ~~j 
3.45 
~. 71 
2. 50 
~,6() 

O.<i:! 
• r,U 
.67 
• [>i\ 
,09 

O.tH 
.75 
• (h~
,W 
.0:\ 

2.10 
2.02 
1.51 
1.~:1 
I.f>-l 

2.36 
2. iU 
2. 55 
!!.fl:{ 
2. as 

l!J2'J IJanunry ______ • ;; 33S 
ft'ebrullrl" __ ,1 :J!~~ 
\lut(·tL.
April_ 

0\ 
-I I 

274 
lSi 

\IllY 
JUllU 

.1, 
I, 

ltiJ 
l,ill I 

July n l:!ti· 

\f"'111 

'I'll(' lH!'an lIlon ( hly horon ('on ten t at th!' aq ueduct IH'ading range,l 
fwllt 11 low point of 0.47 p, p, Ill. in August, 1928, to 1.26 p, p, lll, ill 
~Iar('h, U)2U, with 11 IlH'llIl or 0,77 for the YNU', The diseharge of 
OWC'IlS Rivet' as sampled ilt the Ilquecluct heading shows a ('ondition 
with I'es[)('('t to til<' rrlntion of salt ('on tent to disc-harge that is different 
froll) thllt of sOll\e or the oth!'!' stn'IUIIS in southem California, The 
Sill t ('on ten t of O\\pns Ri"('I' tentls to innensp with the discharge, par
tielliuriv towlll'd tIl(' C'nd of tl1(\ (food season, The snlt ('outent of til(' 
(10101'11('[0 Rin' I', 011 til(' other hnnd, is much lower during the flood 
l-it'llSOn tlHUl dlll'ing the pNiod of low c1isehnrge, It will be observed 
nh;o that thrl'e is fill nppnl'pnt l'rilltionship lwtwe('n the boroll content 
und til(' chloride ('outpnt of the wilter pnt('t'ing the nqueduct. _\. 
silllilHr l'rllltionshipis to b<' s('('n in Tnblp 16, which includes the aunl
,Vs{'s of wa/prs frolll Long "lllk,v ilild 1'1'0111 IIIl nrtesinn w('Uin 0\\,(,118 

rnll(',V. '['1)(' b01'01l <,on«'n( of til(' WHtt'I' Ilt thp aqueduct, hNtding 
\\'Iwn ('0 III (JU ted m; born" il'l e(l ui ntif'n t to 1111 /n'prnge of 3,80 tons pel'
duy. 

;['h(' ('ollditiollS ut .\.llIhlllllll 011(,8 /tn' showll in Tnbl(, 18, It miW 

AI 

-


. 


.' 

1>(1 J'(1(,lIlll'd thllt t1H' IIqllPdu<'l wntc'I' is ('OIH\rrct('(\ fronl the heitding to ".. \.Iul>nlltll t:llt<'s ill Ull OIH'Il, 1I111ill('(1 (,Hllul into which springs, streams, .
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and w<,lis disrhal'ge. There is somewhat less variation in the dis
('hllrg<' from month to month at Alabama Gates than Ilt the heading. 
Both the salt eont('nt, as measured by ('onductllllce, and the boron 
('ontenl al'(, lower. Thjs fact indicates that th(' water contributed 
fi:long this section, a dail.r av('rage for the year of 63 c. f. s., adds very 
little salt or boron to the system. The computed borax content of 
the aqueduet at this point is equivalent to 4.06 tons per day. 

T..I.8L]<; 	is.-Quality oj the waLer oj the Los Angeles Aqueduct as MIllJiled (lL Alaba1/la 
Gates, Ileor Lone Pine, CaliJ., August, 1928, La July, 1929 

[:'>Ionthly menns of weekly analysesJ 

:lll!ligmm eqtli\'nlelll~ 

Y~"rall<l :;i\1lI- llis- K X 10' Boronmonth pies !'Ilargc lit 25° C. 
['I 

.--.I---J-
lSI/III_ 

Hl2i'i brr (', [. ,'. P.l,.lll. 
:\11~l1St 15.. :J2. 0 O,:lO I) 3t ) 0.51 0.62 1.50 1.87 
~~pternhor. .\ " 17:1 ~1.0 .46 246 .H .55 1.31l 2.00
Of'toher . .\ 205 3:1.3 .&1 2. 32 .55 .88 1.5-1 2.24 
Novemher_~ .\ t 31',1 35.0 .00 2. 47 .59 .M 1.20 2.42
Decemo.r 5, 38~ 3-1.6 .63 2.38 .59 .00 1.51 2.12 

192(1 
J,Lnuury 382 38. 1 .71 2.26 .64 . 56 1.67 1.79 
r'cbrnnry .\ 376 40.6 .67 t 2.56 .00 .63 1.74 2..11 " :llnrrh.. _ :I:~q ".1. 3 .90 2. 97 .79 .60 1, il 2.74 
April. " .\ 20:1 44, I .76 I 3.01 .82 .64 2. 13 2. 35 
:'>lny..• , , .\ 23:1 31).6 .6ii 2.59 .61 .52 2.01 1.71 
June, .. 217! aa.8 .56 2.:10 .49 .48 1.82 1.411 
July .. ~1~), ._~I.-!___'2~t-._2:25 __.50___._.lf,- __ 1.84_~~I

Mean..1 2;11 1 :l6.; t .1121 2.-10 .60 .60 1.68 2.01 
- ,~ ...-..,......-~--.. --~...:.....--..:---..!......-----

Th(' ~llJl1pl<>~ tllkrn Ut. ~orth IIniwpr (Table. HI) ::;hould ::;how ('011

ditions c'losrl,. ~irnilal' to those found at Alnbum!\. Gates. The cllnal 
hrt weell thr~r two poin ts is ('onerete lined, lind the total contribution 
from t IH' ('1'eel;:s dischurging into this H('ction is not hu·ge. ]n view of 
Ihr filet that th(' SHlllplc~ \\'("l'r takrn at thr two points on different 
dllYS of the week and might represent different conditions of discharge, 
it is not to be expected thllt there would be exact agreement in the 
analytical r('sults. There is, however, Il close agr('ement between the 
two Htations in the annual means. The discharge nt North H.niwee 
is slightly higher, by a daily average of 7 e. f. s. The total salt con
tent us measured by conductunce is slightly lower, inciicatu1g tha.t It 

m('nsumblr quantity of snIt is not contributed to this spetion of the 
('ann L The /11e1\11 bOTon content is slightly higher, but a cTitieui 
rXllll1ination of thr detniled nnn,lytical results ]NHls to the eOlH'lm;ioll 
(hilt. thi~ higher Illrnn i~ due to the chalice irr('glllnriljes of sllmpling 
I'lItlll'1' thull 10 t1nifol'nily hi~hrr boron ('0111('111 11(, Korth IIUIW('('. 
Difr(,l'rn('r::> of similar mug-Ilit 1I(1t, Ol'cur in the l'pi:iultl:i fol' the othc1' 
constit.uents rcported in the tables . 
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'l'ABLE l!J.-Quulily of the waler of the Los A.ni7clc,~ Aqueduct as sampled at North 'r; 
Haiwee, near Olancha, C(llij., Augllsl, 1928, 10 J lilli, 1929 

[Mollthly means of weekly analyscs] 	 n 

I I Milligram C'lUiVlll~l1t. 

y~arllnd plam- Dis· K X 10.1 Bomn 
 I 	 .... 

~ 

month ! pIes ('hargo I aL 25° ('. 	 ('(h+ C'I SO, Alkallne 

H(,O, : ('n+Mg base.q 


-----1-------- ._----------- 1,----- 
Nu.m· 	 I '" 

1028 ber C.J. ~. P.p.In. 	 ... 
AUKust.... 5 J.l3 :n.3 0.39 2.15 0.51 O.M 1.49 1. 67 
Septemher••• -I li6 34.5 .59 2. 42 .61 .82 1.35 2. 51 
Ortober ..... 4 300 a3.4 .64 2. 39 .59 .59 1.24 2. 32 ~ 

No\·ember•• 5 3Il6 31.6 .86 2.42 .62 .53 1.19 2.38 
Det'ember .• ' 4 402 34.3 .60 , 2.34 .61 .61 1.41 2.15 

1929 
Jlllluary ___ ::, 394 37.4 . -"~I I. 2.57 • 69 .r~1 1. 70 2. 09 

,. 
February. 4 :~~I 39.S .7,\ . 2.66 .72 .55 1.71 2. 2.1 "" ·~Inr<'h .. ' ,I :~'IIi '10.2 J.~'O I 3.24 1.01 .70 1.67 a.28 
April. ·1 2fH ·10. I .80 r 2.78 .69 .49 2.0:\ 1.93 
May.••. [J 2·16 :~'j.4 .62 ' 2.48 .W .f>6 1.9" 1.7S ..' 

.Iune .• ,I 231 :~!.2 .52 2.2:1 .48 .0\7 I. il 1.47 
July 215 30. ~ .40 2. Oil •,16 . 53 I. 72.1 I. :16 ~ - -""-~-~I-I---;6.I-I---:Oi- -!i.4s-"--:ij3---:r,s-1.iiO --:Uij.\Iean,... 

--------- 1 	 .. 
TIl£' fUlfllytiefll J"l'sults for the sflmples taken at South Haiwee are ,

giVl'n in Table 20. The sampll's tflken at this stntion represent water 
that hfls brcn mixed in the Haiwel' Reseryoir and consequently should .. 
be, as shown in the table, less yarinble hom month to month than 

...samples tflkpll from stations ftboY(~ thl' res('1'voir. The discharge for 
thl' yl'iLr at South Hniwcl' a\"l'l"flged V('ry close to that at North Haiwee, 
and thl' [LYerflge boron content was the same, which affords a basis for 
confidence in the accuracy of these determinations. 

TAIILE 20.---Quolity of lhe 1Nt/cr (If the Los Llngelcs Aquedllct all Ilamplcd at .)outh 
llaiwec, Ileal' Olallcha, ClIlij., .lugu,si, 1928, to July, 1929 ).. 

[;\[onthly means of weekly analyses] 

Mllligrllln efluimlcnts 


,"pm arId flurn- Ills- K X I~ 
 Boron
month pie.; clmrgc at 2;;0 C. 

'4/ 

..Vum
1928 brr (:[. ,'. P.p.·III. 

August _ .. 4 375 33.2 0.64 , 2.40 0.52 0.65 1.27 2.28 

~~ptNnh('r [} :lOO 30.9 2~62 .62 . i9 1.34 2.76 ... 

Octollfr. _..... -I 254 2. 4i .&1 • i9 1.39 2.54
'~l':16.036.0 I .61 2.66 ..16 .72 1.2:1 2.71 
DCCl'IIlPl'r 'I 275 .66 
NO\'~l1lhrr 5 W7 

35.2 2. 40 .61 .66 1.62 2.14 

1U2!1 

~J atlll(lf~: ~ " 232 :IIi. II .li7 ~.·17 .66 .:;1 I. is I.~U 


I.'pbrullry .\ ~.!O ,:\7.11 • 1\Ii 2. ;16 • (i.) • [J3 I. fin 2.05 

i\lorrh , ~!O t 311.:1 • ';'\ 2.'" .(\2 .1" un 2.10 


2.36Apnl A ~{ I ::kg :~: ~:b~ ·U?, :f~ ::b~ ., 211-'III)
.lluw _ 	 2::18 

,I ~·".ol 41.:! • i3 2.M I .i7 .Hi 2. JO 2.17.Iub· ... ••.~ :174 ~~-=~ .115 1.87 

:'Irnn , 28.5 :18.2 .67 I 2.63 .65 • liS 1.64 2.30 

1'111' (il'lh S('l'il'S or Slllllph''; of lI.qlll'duet wfliP!' f'flnlP rl'OJll tlw olltfnl1 

or till' ('Iosl'd s('dion of thl' lI.qll('(lu('t III, the 8ltn ]i'l'rrumdo P0\\"l'l' house " 

ubout l mile north of Sltn Fernando, CaEf. The results of the analyses 
 ... .. 
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of these samples. are shown in Tahle 21. The mean discharge as 
l'pported for the Sun Fernando power house is somewhat lower than 
that reported for three of the upper stations, but this may be due to 
It('('idental difl'pt'ences in dis('harge conditions at the time of sampling 
mther than to actual losses of water from the system, The salt 
('ontent ns mensuI'('(t by conductance is slightly higher than at the 
other thl'ce stations below the heading, but the boron content is 
nppl'oximlttely the same ns Itt 1'<' orth Haiwee and South Haiwee, 
The disduII:ge and Sttlt.-contf'nt conditions of the aqueduct are sum
fllltriz('(l ill 'l'nble 22, The results brought together ill thu t table 
nppNtl' to indieate thnt the water supply brought into the Los Angeles 
district by the Owens Ri,'er Aqueduet carries the boron equivnlent of 
npPl'Oximntcly 4 tons of bol'ltx per day and thn,t pl'fictically all of this 
bOl'on ill contributed to the system above the hettding ILt Aberdeen, 
In ,'il'w of the ('lose agt'cement of the meill1 results 01' the boron 
t!('l!\I'lllintttioll 1'01' the stntions of North Ilaiwee, South IIniwee, and 
tlIl'StU} 1"pI'IlIIJldo 1>OW(,I' lIou:;e, illvolving !l tot.al. of lfi2 qllnntitntivp. 
IlJltti.\'::;P:;, it i:; lH'lipvpd that the boron ('ont(,lIt of the tlqueliuC't wnt.{'l' 
fol' 1 U~1-\ ~\l WitS appl'OXiIlltLt;ely O,li8 p, p, m, 

TAlIlol': 21.~· Qualit.!I oJ Ihe waleI' oJ Ihe Lo,~ ilngeles Aqueduct a,q sampled althe Sa1/. 
/>'('rnnndu jilll{'I'/, }WI/SC, ILea/' .'jal! [t'ul!alL(/o, OatiJ., July, 1928, 10 July, 19;19 

[)Ol un tilly lIIe,\n~ or weekly unalyses] 

Yt"lr ulld nr~, 
BoronJIll/nlh thurgu ('(h+ l'1 so,11('(" 

(~r. s I). p.m.
luly :I;Jli :17 .J () :?SO O.;;(j n.m I.:t:! 2.Hm".\ ug-u..,t ;Jt,u :! I.;, . !iii ~.;)H .Mi .7U I. ·W :? :J.J 
";t'pIHtJlltl'r !!IiJ :19. Ii .;"7 :!. !i7 .!i2 .S2 I."~ ~.;J() 
(JHohcr :t.M au. 7 .1Jt; !!.!W .!H ,UII I.liI.i 2.4·' 
.'\o\j'mllf'f ~II :lh.1 ~ li2 ~.!il .MJ ,~I) 1,:11 !!. flU 
I)l'{'cmlwr ~:,.j ali, \J ,liIi :!.!iO • fi~ ,X~ I. (is !!.:m 

W:''!l 
Jauuilry .. W:I 39.0 ,iii 2.50 , WI , iO 1.9·1 1.~9 
Jo'I,hruao 1/;·1 :i1l.S .ti. ~.5(j .H2 ~n7 I. U[, 1.91 
\Inrt'll HIO II. I ~ 71 ~. 112 . Iii .7;; I.SI1 2. I:! 
\prtJ !I 

J,~:i 10. Ii .7;{ 2.07 • OS ,1\8 1,90 2.07 
.\111\ :12(1 -trl. I . XI) !!,UI , H2 ,II:! 2. O~ ~. 3;{
'uHf' :;·1 II. :1:12 .(.1. x .7X 2..~1l .75 , i9 I,UI 2.fi!i 
rlll~ ., :!l7 ·II.X . lin 2.M' ,70 .110 2.05 2.2!!r --.--- ._--- --------- ------~-

'1.;;7 !~-IO~O .1\8 2. fi4 .6·1 ,73 I, i4 2.27 

'Lllll.l·; 22.-QlIlllity oJ Ihe INltel' oJ Ihe LI).~ Angeles Aqueduct Jrom Augl/st, 1928, 10 
J Illy, l[)J9 

[:I[ClIIIS or 1Il0lllh!y mellns lit fh'e points] 

KXliP 
at :15° t'

1.01.lfjuti Borun 
('Il,t- \lknlilH'('1
1(('11.1 IH\""flo.~ 

-------------------._-- ----- ---- 
(' r 8. I'.jJ. ttl 

lfl'iI,ltuJ! 111 I" I). T; W) O.IiU 0 Ii, I,SS ~..,:;\.luiJ.llrta q,iu;.;.-: :!'7li ;u,. .1)2 .JU .fiO ,no J.liS ~. Ul
"lJrtlt Halll"" ~;~a ali. IHe .1l:1 .:,,~ I,lill 2. III• n7"owh tlallll'j' :.;',"\:. :l~ • (;7 l~t • Hii .n..· L Ii-! 2.:111
~;I" j·'(','oaWlu ;1.',; ·11) · liS Ii-! ,Ill of' j I. i·1 !!. :17 

(\a!l2Iio~ 31 --5 



54 'fECHNICAL BULLETIN 264, U, S, DEPT, OF AGRICULTURil 

UNDEUGUOUND WATEUS OF THE SAN FEUNANOO VALLEY 

The San Fernando Valley, which lie::; north of the'city of Los 
Angeles, is almost entirely surrounded by low mountains, From the 
San Gt1bl'iel N[OtUltains on the northeast, it receives flood water'f\ 
through the Tujunga Iwd Pacoima wllshes, These flood waters, 
together' with the drainage frolll the San tIL .Monicn 1[oun tILins to 
the south of the valley, unite to form the Los Angeh's HiveI', 
which dmins the vaHey at its SOli theast corner, 

Guder TH'esent cOJlclitions ther'e is seldom any sllrface flow in the 
streams mentioned, The underground waters are drawn upon for 
lise by the city of Los Angeles by means of wells, of which some are 
located in or neal' the bed of the Los Angeles Rivel', some in the center 
of the valley nelLr Lankershim, and some tlt the north edge of the 
valley near the San Fernando )'.fission, The wnter supply 1'01' San 
li'er'rulndo is drawn from wells Oil the north side of the town, a short 
distance e!lst of' the mission w(>lIs. 

III view or the filet that wlltpr' f'1'01ll the San F'emando eity wellH 
Hlld Uw 1I1iHSio[l wells iH IIsed to !:lOllH' (lxten t. ror irrigation, theHe 
w(l118 we!'('. Hlllnplrd Ilnd 11IIIlty:WC[ fol' comparisoll with Ow WItteI' of 
tll(' Owmu; Rivet' Allllt'dliet. Samples w(~r'(> obtaill(~d ni::;o from onn 
oj' the Lilnk('r'shim weth;, bll t the wplls flll'Lhcl' south ltlong the Led 
of' the J...os Angeles .Ri vcr were not sll111pled, 

The results of the oLservations 011 the Witter from well No.1 of 
lhe city of San Fel'IHmdo fire shown in Table 23, To facilitate dit'eet 
eomptti'ison with the 11C[ueduct wc~er, a.s silmpled at the San Fernando 
POWeI' house (Table ~l), these results nre given as monthly means 
II.nd slllluual'ized rOt, the year, The San Fernando city water is 
slightly higher in total salt content, as measured by condl~ctance 
(52,7), tlwn the uqueduet WH,t(,t' (40). The boron content IS 0,3 L 
p, p. m., tts eOlllplu'pd with O,GR ror' the aqueduct. The bicarbonate, 
sltlpilnt(', and ('aleilllH-l11llgnesiulll contpnt is higher, but the chlol'it/p 
and sodilllll-potltHSiulH contt'nL is low('t'. 

TAf!J,~J 23.-IJual£l1l of Ihe waleI' from well No. I of lhe cilll of Scm Fernando, ClIli)', 
[Dis(·harge. 1.2:; ('uhi,' feel. £lor seeondJ 

I, :\lillignun equivlllenls 

Yenrnnd lI10nth ~llInJ1les n"ftso'~~.llloron "-:- I ---- -----. 
lr~3<t CI 140, ('n+~rg AI;l,~~~,e 

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


.July 
,\l1gust 

l\J'lh 

HeptcmhcL 4~ 
(J(ol.oher . 
No\·~rnbel'. "' 
( )['l'rlllber 

~,". 

XI/mba 
I 
5 
·1 
5 
·1
:1 

52.7 
5Ll 
;;'1." 
r,;'t 5 
fhl.O 
.i2. fi 

P.p.m. 
O.HI 
.28 
,ao 
,:J.I 
.:1:1
.:l.J 

~. U,j I' 
3,\).1 
:1.95 
:l.SI 
:t 72 
:1. ~o 

0.40 
,47
,,10 
.·IS 
.45 
.·IS 

1.23 
Uti 
1.29 
1.40 
1.:10 
I')') 

\.21 
4.28 
4.07 
:1.92 
a.50 
.1.11; 

1.38 
1.;;9 
1. 57 
I.S(l 
t. !J,~ 
1.:1·1 

1\12\1 

Jr~!.ltJt~~~~'li: }
~llll'I'h 
\pdl 
<\I"~ . 
.JUCH~ 

;, 
:1 
I 
I 
a 
·1 

.ria..i 
[i:!.tj 
:.:/.:1 
:11. H 
;l~. u 
;)~. 7 

.:/:J 

.:1\1 

.'1.11 

.~W 

.:W 

. ~!tl 

:1. S2 
:t ;;, 
;t 7'1. 
;i.i-I 
:J.~I 
a.tii 

,-17,m 
.H 
.·11 
.1:; 
.·1:1 

1.21i 
I. t;, 
VH 
1.21 
1.,\8 
1.2S 

.f. iii 

.1. H7 

.1. 21 
I.:la 

·1.:1U 
·I.Oti 

•iB 
.1lS 

LlV 
I.O\J 
I,;m 
1.:1I 

Jlll)' .( ;I:J. !J ,211 :l.70 .44- .--~... ~ 
I, 2.~ ._-._---- I.·IS .1r.1 

;\("1[[, ,",:!. "; .al :1. sO ,H 1.:10 1.2:1 I. at 
_·___ --.<+·~r_ 

111 vic~w of thp rlll't, difl('ussed in 11101'(' dc-lttil ill HllOthel' HP('tion, that 
'i,VtrlptOtllK ill' boroll injlll'Y wert' not fOlllJ(l on plllnts irrignted with 
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BOH,OX IX mmGATIO~ WATERS 5.5 

WitteI' from thl.' San Frrmmdo city supply but generally on lemons 
irrignt,l.'d with aqueduct watrr,it might br infeI'l'rd that the ('riticul 
limit for boron in irrigation wate}' lies between 0.31 and 0.68 p. p. m" 
hut, the rvidrlH'e is not ('()!l(·hlsive. The l'esuits here reported denl 
with ('onditions foJ' only one yrl1l'. It is possible that in previollfl 
yrltrs the boron content of the aqueduct water may have hren higher. 
I t is also possible that conditions with resp!'ct to the soil, methods of 
in'igation, or quantitirs of water applied may br essentially (ijfferen t 
iu the {'ity of San li'ernu.ndo from the corresponding factors ill the 
vnllpy outside the city. 

The quality of the water usrd in San Fernando is compared in 
'l'abh· 24 with tlmt of water fWIIl th(~ mission and L!lllkel'shim ·wells . 
The W!liN of tlw mission w01l is slightly higher ill conductance, in 
sulphnt{·, and in nlknlinp buses (sodium and potassium) than that of 
thr SlIn F('nlflnclo ('ity \\'rl1. Thr boron ('ontent ~s approximately the 
SUllll', The wat(,l' of the Lnnkt'l'shim wells is mu('h lowednconduct
anc'(\ alld SOIJl('wlwt 10\\,('1' in all the salt ('onst.ituents, in('luding huroll, 
'1'1)('s(' LankPrshim w('Us lire 10calNl in the d('ltn of the Tujllngn, wush, 
II nd thr ind jell tiOllS n1'(' t hnt tIl(' rtood watNS from the Snn Gn briel 
.\lountains llud Ihp \' (,I'clugo Hills that ('olltribute largely to the lmder
IFrollnd supply of the San Fernando Vulley ('ontain very little boro11. 
it spellls highly probable that whatever boron injury occurs to the 
orchard ('rops in tl1{' San Fernando Vulley is due to the use of water 
brought in t.hrough tll(' Owens HiV('t' Aqueduet und that this boron is 
('ontl·ihuted. to that supply by the fumaroles and hot springs in Long 
Vull('y. 

TABLE 'U.-(Jual-ily uf III1(/er(Jrolmd waler of lhe San FerNando Valley, as sampled 
at lhree points dUl'iu(1 1928 and If)2,9 

~I i1ligT:UH ('(luj\'HlPnl~ 

AltIlOWHEAD HOT SPHINGS 
gvid('nc'PR of bOl'oll injury diseov('('ed ill a limited area JlOl'thPllst of 

San BI'l'T1Imlino, Cnlif., lpd to lin inv('stigation of theirrigH.tion wHters 
ol'ig-il1ll.t ing in the Ildja('('n t foothills of the San Br1'Ilardino .Mouutains. 
'I'll(' San .\ndl'('!ls r:l.Ult line her(' makes tl1{' dividing liIll' between thn 
SHn Bf'J'llal'dino Plain lind the milssive uplift to tl1<' north. The local 
rlln-Orr from tlw 1lI00111hlins is ('olll'ded in n numbr!' of smnlJ streams 
whos!' dl'lta ('OTleS ('TOSS the faulted 7.011e tit right lmgles nnd whosn 
flood Wllt!'I'S join th(' Santa .\nl1 .Ri\'N. Th(' surfuce watel'S of th('sn 
stl'(,UIll::; nnd o/' the' cold-wntpI' springs ahovr 01<' fm!lt lin(' ('ontain very 
little boroll, liS mn)' he sP('n in tl1(' I'il'st f01l1' elltl'ies in Table 25.. The 
hot spring'S of til(' .\r('(lI'. head IlI'(,H yirld 11101'(' bOl'OIl as well as much 
1Il0l'(, ('hloricl(' and sulplll1 te thnn thr slll'fa('e wnirl's. Tl1<'sC hot watp!,s 
d.isdlnrgp into \Yntprll1nn Crepk to the wrst and into East Twin Cl'epk 
to Ow !'lISt. Thp lait('r is joilH'd b)r Stmwb(,lTY Creek from the north
ellst nt n, point jw;t Ilbove the hot-springs urea. 
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'l'ABLE 25.-Quulity of the walcr in lhe Loicinily of Arrowhead Flat Springs 

MiIIig,.,1l1l rquh'uh'nts
j

SHill" I KXH)1fllr I Locatlou or source Boron illfat!!5" c~ .\lkH·
~U'l j ('(J,+ . ('I I SO eu ::\fS liM 4i.t HCO, i . I 

ba""s! --1___1__ 1__ 
I~--

2437 
24:19 
2440 
2·142 
243(1 
2443 
2444 
2445 
2438 
2441 
f»7 
r,IS 
M!I 

21!lti 

'Vu.lcrman Cr('{'k •.• ~.~. 
East Twin Creck..••.. 

Strawberry Crerk 

Colli sprlugs .' 

IIot spring .. 

.••••do. . .. 
." __ do ___ ~ _ ~ ,"_ ~. 

.....do. ••... 
Irrigation \ .. nt('r _ ., .. __ 

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

... ___do.... ~ __ ._ .. _~ _.. ~ __ 

.....do... .. ... 
Harrison woll~ _. 
Highland w,'I1._ 

I 
1 Tra<.'e. 

P.P.In.; ! t 
(I)34.0 2.80 0.25 0.41 1.94 0.45 1.07I ... 

~ 

27.4 (I) 2.45 • ~l() .40 I.-Ill 1.22 .34i Z.!. b O.(H 2. OS .20 .W 1.20 .52 i2 

I 4:f.1 .00 a.S5 .:10 1.10 2.33 .75 1.87 
12.;. (j 2.06 1. 70 L45 8.7:\ LU5 .5:1 9.40 
].10.0 2.:i5 I.W 1.8., 11.42 1.7:\ .18 10.86


I 1:;2. () 2.04 1.30 1.!l5 10.37 1.30 .33 II. !l9 
 ..149.0 2.64 I. :15 2.05 10.24 1.47 •:13 IV>! 
00.5 .52 2. ;0 .55 2.76 2.05 :1.02I 
-15.5 .40 2.20 .35 .711 1.:16 1.00, Or., 76. I .70 2. 40 1.00 4.2'2 :!.OO -1.46 
76. I .8l 2.25 1. 10 3.&1 1.66 .48 O.Ot -r .3.1 2.10 .-10 .51 l.a2 .26 1.1:1 

.A'~I~U! .112 2.35 .45 I.SI .45 .26 a.oo 
I I 

\. 

The waters of hoth \Y Iltl.'rman Crl.'('k find EaRt Twin Crl.'('k am 
din~rtcd for irrigation below where the hot springs diseharge into 
1,11(,111. The boron conc('ntration of the diverted waters dep('nds it 

lIpon the relative proportions of surface water and of hot-spring water 
nt, the time of sampling. The discharge from the hot springs is said to ~ 

he fairly eonsLant throughout the J ear, while the surface run-off is ... 
greater during the winter and spring. Tile two samples of irrj ..,{ation 
'water, Nos. 2438 and 2441, weI'e taken 0U ~{aI'ch 12, 1930, while 
the corI'esponding sampl('s, Nos. 54R and 547, were tal~en early in 
,January, 1920. 

Two other creeks east of the Arrowhead area have their deltas 
:1cross the fault zone. These arc Harrison Creek and City Cref~k. 
'1'h('('(' fU'(' a numh('r of shallow flowing wells at th(' apex of the d('ltn 
('one of Harrison CI'('('k. .\ sample of wat('r from these (No. Il4fl) 
shows somo boron ('ontnmination. A number of samples from cold 
springs ndjnc('nt to th('se w('lls, when tested fjualitdively, showed 
uppl'oxinJlLtely the same boron ('ontenL \Vnter from n derp w('ll in 
til(' dritn of City (']'('ek, northrast of Highland (No. 2406) eontained 
0.02 p. p. m. of boron. . 

The conditions along the line of the San Andreas (nult ill the vicinity 
of San Bcrnnl'dino apP(,ILr to support the view that the horon found 
in th('sc wat('l'S comes lip through the fractured zonr, probably as 
\'olatilized horic acid. It seems probable that as it emanat('s from 
its deep source it is associated \vith other gases, including steam and 
hydrochloric and suLphuric acids. Th('se gases at high temp('ratul'e 
JlillY come in contact with p('l'colnting water, dissolve in it, rais(' its 
trlllp<'rature, and react with its mineral constiturnts to form suits. 
[t will be obs(,l'ved in Tuhle 25 that while the hot-spring waters ('·OIl

tain 11101'C boron, chloride, and sulphate than the. waters frol11 aboyt', 
the content of culcium and magnesium is substantially thr same, 
while the ('ont('nt of hicarbonlLte (HCOa) is somewhat 1(,8s. FOI' 
tunn.trly, the qUlllltity of bOI'OIl-contaminlttrd watrrin the ..\JTOW
hrud ai·rll. is noL lill'go, and undeI' pl'rsent conditions ('ompul'II.ti\'('ly 
liHle 01 it is carried into the general drainage of the Santa Ann 
River. 

4 
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LOCATIONS LISTED BY LABORATOHY Nt:7:1IBERS IN TABLE !!5 AND DATES OF SAlIP[.ING 

No. 2437, Waterman Cret'k, ai>out 100 yards aho\'o Steam Caws Spring; dis
charge 1.25 ('uhie feet per se('olld; ('olle(,tpd l\IarC'h 12, 19:30, 

~o. 24aO, EaRt Twin Creek, about 300 yards aboV(' the jllMtion of Strawherry 
('rc('k and abo\'(' the hot-spring area; disl'harge, 2 l'ubil' feet per sCl'olld; ('01
lected Mar('h 1·!, 10aO. 

No. 244.0, Htrawberr,r Cre('k, about aoo yards abo\'(' its jUJl(·tion with East 
Twin Creek and abo\'c thc hot-spring area; discilargl', a cubic feet 1)('1' 5('COII<l; 
('olleeted March 1-1, 1930. 

No. 2442, Arrowhead told-spring watcr from pipe line leading from sprillgs 
above the hot-spring area; ('olleC'ted Macc'h 12, 1930. 

No. 24:3!i, St('alll ('IL\'PS Hot Springs; disehargc, 0.02 cubie foot per sc('ond; 
('olll,C'ted Marl-It 12, U)ao.

No. ~~.j·1:3, Arrowhl'ad 1I0tel Hot Spring; disc'harge, 0.07 (,lIbic foot pCI' second; 
('olleC'ted ~"lllr('h 12, Ulao. 

No. 24·14, Gmnite Hot Spring; cliseharge, O.Oti cubie foot pcr sCl'olld; ('01
1c('t('d Mnn,h 12, 10aO. 

No. 2445, Pellyugllal Hot Hprillg; dise1mrg(', 0.02 ('ui)ie foot p('r se('oncl; ('01
leC'tNi l\far('h 12, ] o:m. 

~o.24:3X, irrigatiou wlLtl'r fwm Waterman Creek, \)('Iow the hot sprin!!;s; 
('ollel't('(i l'>Ian'h 12, W:lO. 

Xo, 24·n, irrigatioll \, aier frolll Em.,t Twill Creek, below the hot b1)riIlW;; l'ol
1e1'f~'(l MiLr!'h 12, loao. 

;'\0. 547, irrigation wutl'r from Wat!'rJII:l1l Crc'!'k, bc'low the hot sprill!!;S; dis
('Imrg!', t (,lIbi!' foot ]l('r s('('ollll; cuUp('tpd ,January 0, 1020. 

No, iHX, irrigation wlLtt'r from .East Twill Cre('k h('low the hot springsj 1'01
I('dec! ,I!1llllnn' 12. 1020. 

Xu. 549, sliullo\\' flowing wells at tht· mouth of HarrisOIl ('al1\'ol\; diselmrg(', 
0.2 ('lIbie' foot lwr 5e('(m<i; ('oU('dl'd .January 12, 1020. . 

No. 249(i, cl{'('p \\'('11 ill the delt:\ of City C'rf'('k, J\()rtheILi't of Highland, used 
for clOIll{'stie (lllrpOS('s; df'pth, :~OS fe('t; disehllrge, 0.7 cubie foot pcr second; 
('ollc('ted ~l11r('h 2a, 19aO. 

COLUItADO ItIVER 

Fl'Om thl' standpoint of' th(' ('xt('nt of It<'l'('ng(' 8(,1'\"('d, th(' C'olol'lldo 
HivPl' is the' most important SOUI'('(' of il'l'igation watN in southe'rn 
California. fll vi('w of this fll('t lllld Illso h('('·.~;;e' its wut('r mav be 
('al'rip<l in tIl(' flltIU'(' olltsid(' of its bm,;jn to h(' m;('d in ar('ns \\:}wrn 
I'itrlls (TOPS an' ('xtellsiv('ly grown, it has s(,(,Ill('(1 desirahh' to mnkp It 

~(,I'ies of 1I11I11,\'S(,8 of it in tlw pn'sPl1t slIrvey. Th('s(' nnnlys('s, ",hi('h 
('over a p('riod of l~ months, nr(' l'('ported in detail in Tu:blc 26. 

Q'lIdi/" o! Ihe lI'aler"f the (',,/orwlo Nil'('r II.~ .w/1l/p/cd (Ii } "II I/Ia , .Iri;::. 

1>.llI' i \lka· 
('I I ';0, 1 lim' 

; ha..l.;(''-;
! 

-.~ _. ---- ---. --1-----.. 
l!.t!1<i '/'.jl. lit. ! 

\It~ :11 12'1 0.:1\ :t ~1 I 7. ~l."" K.: • .l 
:-:rpt Ii 1:10 • \;, :{, !15 S.:l() s. I:; 
r>rpl n 17() .1', 1.10. II. fJ; 11.:1:; 
:'£'1'1 .'20 Inn ,:1;\ "110 11.·HI . 10.:1-1 
:'ll[11 2;- l.i~ , J7 'I~() : 10, !.'O ~. ~,;; 

\11'l/l 

Opt ( :!I'\ !!.G2t) 161 :t. Ie. 1. iiO 9.116 I<,!;o S. ~I 
fJr, I:! ~r.;1 :1, :!OO 1-1:; 2i,() I1.!.>n i 10.,~1 >-t.7,; !I. 7U 
'Jr, 1~ 2',:; :t. :\SO H,o 3.:10 . ~.SO I Jl.(~1 ~,40 I 11.6:\ 
[l(" :!r~ .I:!II 10. :lO!J 172 :1.10 lO.h2:1. 10 L.:~..~12 _~~~~ ~_ . 

.'1 ran '."75 11m :I.ml ·\.·10 I 11, ·16 ii.6\1 
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~ 
TABLk: 26.-QuolilJj of the wokr of the' ('olorod() Uit'er o.~ sll1nplerl at YUlILa, Ariz.-

Continlled .. 

Date 

1'ov. J. 
,",o\'. M 
1'o~·. 15 
'"'011.2:1 
Nov. 2-) 

~rp'm 

rh·r.6 
Dt·'·.13 
fl"r 20.• , 
UN', 27 .._.... 

•1.101 
,l.nt. J() 
Jan. 17 
J,tl!.31 

I:l~h, -; 
·fl·/I. ]<I 
f(~h. ~t ~ 
F,-b. :.!.,•••••• 

:\rt~UJ .. , 

;-\;Ir... 
Mar. 15 
;-hw.21 
M.lr.2S.. 

,rrall, .. ' 

\pr. 'I . 
\]1r. II 
.\pr. III 
\pr. :.!~. 

\{r'im 

\h\ 2 
\1:1> III 
\1.1~ Ifl 
\fa\' 2.1 
...Lt~,W., 

\Ti')aU 

.fuue r. 
Jun{t!!i 

:\It'!1Jl 

Jill} ~ 

July II .. . 

July IS... .

Jul".- 2.5___ ~_ 

'INU\. 

\u,: 2 
\II~. 10 
\llg.15 
.\uJ.!.2'.! 
\ug :!!! 


:\!t'au 


\[")111 o{ lO<livi<l· 
1ml nh~f'r\.':ltinn~ 

\l"lJ1 nf 1l1"l1lhl) 
rnp:m~ 

-


... 

http:J,tl!.31
http:Dt�'�.13
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BOROX IX IRRIGA'l'lOX WATERS 

Th<, ('olorado Rin'l' htlR it Inrg<' drninag<, area, about 242,000 
sqUtll'P mill's, but much of this is arid land IHtving 1ittll' 1'llinfttll, Ilnd 
thllt of ilT('gulltI' distribution, so thnt It ltu'g<' pnrt of thl:' totnll'un-otl' 
('(H1J('S fl'oIll tltl' IIH'lting SllOW" from till' high mountnins of' thp lIppPJ' 
(HU·t of tltp busin. Local tOJTPntiulmins, falling now in 011(' part of tlw 
basin !lud IIOW ill nnotlJ('l', ('ontribu U' irrpguillriy, Till' tllelting of tilt' 
SIlO'" ('UlISl'S ltt) ilH'I'PIlSi' ill till' dis('huI'g(' of till' 1'i\'PI' during ~l!1,Y, 
,]tIIH', Hud ./1l1y. LO('1l1 mins rnuy ('mlSP 11 tt'nlPOl'tU',V iU('1'('lls{' 01' "llHsII 

flood ., itt !lny tinH' of tlH' 'yral'. Tllrsp conditioIls Illakp for gl'rllt vnl'i
ntinfl, not only in thp yolulllr of tIl(' dischnl'gf' throughout til(' ypnl' 
but also in thp quantity ilnd Chill'tld('l' of th<' snlts in tbr watpl'. In 
gpn£'I'Hl, tIt(' salt ('ontpnt Yltrips invPl'srly with th(' disehnrgp, Thnt is 
to SIlY, tlIP snIt ('()]H'pntl'lltion is mueh Ipss when the rivPI' is in flood 
than wh('11 it i~ low, Tbis is tIliP to tIl(' filet thttt tilt' sumlllt'l' flood 
\\atp!,s ('OIl1l' ('hiplI:v dirpd froUl tll(' nH'lting snow, Thp 11l1sh floods 
that (,OIlIP from mill;; fnllillg Oil tlIt' d('sO't lllny ('HIT)" Illnl'gl' proportion 
oi' slIlt dissol\'!'d f1'011l tirl' d('sprt soil.~[lI('h of tilt' SHit ('llITipd bv tlw 
ri\'('l' ILt its low slllg('s 1'('pl'pspnts tllP dminllg<' f!'OIll irI'iglltNI fonds 
lIpstl'l'flIll, togl'tlw/' with J'PtUI'1I Ilow by foW('pug!' fl'Ollllowlnnds IldjllcpnL 
to til£' I'i\'l'r f hat 111'(' 0\('1'110\\'('<1 ul flood tiult's. 

Till' dptllilPd value's ill Tublt' ~{j sIlO\\' thllt whilt' tllP IlYt'I'Hgpdis(,hllrgt' 
()f thl' ri \'('1' Ilt Y II III It fol' thp dutps snmpit'd WitS 1$),054 ('. f. s., tilp 
di:-wIlIlI'gp mngl'd froIll Il low point of 1,000 ('. r. s. on ,ltwunry 4 to It 

ltigll poillt of xs,OOO ('. r. s, 011 .JUIH' U, ln~n, It should 1)(' noted in this 
('onnl'!'tioll thnt till' di:whlll'gl' valups npply only to thr d!l~'s on wili('h 
til(' '\Iltp!, slllllplps W('L'P tnkt'n, fwd th('), should not bt' ('oI1sidel'ed as 
l'ppl'('s('ntiug th!' fllIll'llngp of nll'intiol1 or th(' trllt' IrlPIHl uiseiltll'gp fOl' 
til{' vpar, Thc' l'pslilts gi\'!'rt It;; tilt' 1ll('tl1lS of tht' indiyidulll OhSPI'\'lltiollK 
IIl'p ·n.lso slightly di;;toi't('(1 !>N'11UI'\P thp],(' werr only two 5111nplps ttliwn 
in '/ 1I np, wlH'1l tIl(' rin'l' wus ill flood, 1<'01' this rl'tlsOn it is bdil'veu that 
lh(' [)IPIlI1S or thl' Illonthh' TlWUIlS <Tin' it tl'll('t' ('xpr('SSiOll of the sail, 

('()lIditio]IS of thl' rin'l' foj, th('VpllI~ 
'1'11(' total snIt ('olltpnt ItS lIH't~Kl!J'!'tl by pl('etricul ('onductIllH'P l'ftng<'K 

froIn It low poin t or .~ I.;') ,.. lO-5 on .hlll(' 27 to It high poin t of' LOO X 10;; 
J'('('ipl'(wnl ohms II. ~;')o ('. Oil Xo\'('m!)('l' ], TIlt' ;11('1111 or tl1(' Illonthly 
flH'IlIlS isl:21i . 10 ~5, whi('b is nppJ'oxintlltp!y ('qui"IlII'nt to S40 p, p. III. 

of totul di;;:lol \'('d I'lpctl'olytp;,;, 
TIl(' bOJ'()n ('(lnlpllt is i'('lnti\'ply low, IlYPJ'ltging only 0.10 p, p, m. 

This is pm!>n!>ly Iwlnw thl' lilllit of possihlp dtll1gpr pn'n to thl' more 
s('lIsi!iy!' crop plnnts ulld (,\'('11 \\'11('11 ('oflC('!ltl'Il[('(1 in tht' soil solution 
thl'ollgh PYllj1orHtioJl IO;;;;PK. Till' proportioll of otbpl' Kults in this 

. watpl' is stH'h thllt if ('()!)('('ntratioll \\'P/'(' to iru'l'ptlsp to tt point fLt'wbi('h 
boroIl !)('('U/IlP injlll'ious, then there would probably be even great('l' 
illju!'y frolll tIl(' oth('!' snits, 

It shollid bp I'('mal'kl'd thnt in the watpl' or tl\(' ('olomc1o Riwl' tIl<' 
ratio of ('hlori(h',; to sulphate's is as OA to 1.0, which i>l :1 mu('h low!'I' 
I'uli() thull that wlri('h ('htll'ud('ri".l'>l till' \\ alprs of SUlIlP of till' JIlOI'I' 
iCllp()l'lltllf in'iglltioll slIppli!'s of' .\]'izoIlU Hlld s01ltitPI'll ('ulifOl'llill 

'''S('gl.l.AN~:OI'S WATE)!S 

Tn addition to fit(, 1Il1ttiys('s I'ppol'tl'd in tlw pJ'P('('(ling tnhlPs flllllll1

Ill'!'llr sumpl('s of wut!'I' 1'1'0111 VIIl'ious :,;oUI'('('1'\ ill soutlJ('I'n ('nlifo/'llill IUlll 
.\l'iZOlllL hllv(' 1)('('11 Illl1tiyzpd, zUlLI UI'P j'('I)oJ'tpd ill 'l'ablp '27. Thp UI'('US 

1,'(,[)I'('SPIH('d Ill'!,; (I) l{i\'('J'sidl', ('nliL, lind \'j('illit~'; (:2) sOllthpJ'IlOl'tlllg<' 
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County, Calif.; (:3) the Salton Sink area, Calif.; iUld (4) the Salt River '" 
Valley, Ariz. '" 
'l'.-\}H.t: 27.-QualilY of l1Lisceilaneolls waler samples collected ill sOllthem California 

(Iridin A riZOIlU 

'411,RI\"f:RSI ()g, ('AlA ~'., AS!) \'(('1 :-;I'I'Y 

I. 
 '-' ,---,. ~....-------- 
'Ail' , 1 )!iUignllll ctl_Il_I"_nl_e'l_ls-;-__ 

'Labom-
Locatioll No. 250 	 -.pies KXC.I()IIBoron CO + I ICn+SaID· 	 Alkn·'1'I ~~: 

! -_________t ... _ •... ._____ " llC'O, i~-=-~r~ ~~ 
..., 

,vullIiJtr P.'P. tn.' 
L ..... oro I 43.5 0.36: 2.40 1.10 0.71 1.62 
!! .40 .83 2.15 
!I 	 !~ {~~~ :m! ~.;~ ,un~ as 2 fJtj r' 
I 37r. I ,':1.0 I .ij(J I -:i:o 2.()!i 1.50 :°.537U 1 !If;l. () 1. +1 9. 10 17.25 3.59 .10 

/".
I,!U I alO .10 II.U5 :1.10 .II.~ !!.ll'J 1 

I. Uri, I 1:l.M .20 "f15 .10 <') .55 I 

,1;11 I f.!I. r. •(;I • 9IJ 2.~ 1.1l(! <,> I Ii, 53 -\ __ a ·10.1 .19 a.~!j .:IM .!.f.! :1. [,1 1.03 
;i tL'). a •J5 -t. l~ I.{~I .70 :1.110 ~. 72 

~, 

::lOC'rUERS ORANGE COl:"NTY, CAL1F. 

~ 
1,000 I Ito. 0 0.55 4.36 2.70 7.05 2.78 

I~ 
" ~. 

1,(U5 I 78.11 .61 :1.82 !I. 52 .10 i 4') 7.02 
II . 	 3.61 I 
13. 	 :I 07.0 • 99 3"" • 5.32 .20 , .43 8.Sl 

61}1,1 	 :I 133.0 3: 72 1 8.11 ... 2. is 9.85 '" 
15 	 :I 88.3 .75 3.49 4.67 .28 I .20 8.18 .... 
16 	 3 63.~ .41 2.59 .+4 , 15 5.96wVlS !
17 •... 	 :I ' 11)6.6 5.44 6.m 3.07 ! 8.39 6.6247 1IS .... :1 	 i 235.6 •.il 4. Uti I 10.1\5 r..48 ' IU9 , 9.78 

1 I ___~.'_c·~ 

.~, 

SALTON S[XK AREA, CALrF. 	 '( 
-,-""'"""~--'-- ---.~--,- -~----

19 ,1,52 II 40.:1 O.!!O 1.85 0,95 I. O!J ! 0.10 i 3.70 
:.!II :;Yl ~JO.O I.SS. -I. a.'; 0.1.00 H.W 2U5! 59.1,0 
~l [lti2 2:.'Il.O 2.:H 1O.\J() :i~2r, 2.111 , .85 ~'O. 91 
2'2 ~U:I :lIlU.O a.l>Ii 4,85 27.IJO 2.U9 \.3G :1-1. os ...II 	

-
~. 

23 	 :!.:l~n I; 4[,.1.0 :1.411 10.00 211.40 2.·Ui· 2.12 42.74 

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

SALT RIVER \'ALLEY, AR[Z. .. 
'1( 737 1 178.0 0.33 :1.55 7.65 7.02 8.65 9.57 
2.; 73!! 1 28.0, .13 2.15 .3,1 i .49 2.51 .48 

~ !!d 	 7311 11 J.I2.01 .H 4.15 6.55\' 2.al 8.34 4.90 
'1:; 	 7·10 149.5, .35: 2.95 8.20 2.4-1 5.89 7.70 , 

--------~-------------~----~--~--~--~--~----. " 
1 'rnl(~ .. 

'" 
Of the snmplps from the Riversidp area, only three show high' 

hOl'on contpnt. The water of Lake Elsinore (location 5) has long been ~ 

known to be unsuited 1'01' irrigation usc. Not only is its boron con
tC'nt high, 1.44 p, p. m., but its total salt content is high and the ~ 

watel' is alkalinc and very soft, that is, it has a very low proportion 
of (,tllciulll n.nd magnesium. The water supply of' ElsinoI'(, city (locu 
tion 4) i.<; <1nlwn from wells not far from th(' lake shol'c. Whilc the 4i,. 

10tl'li salt ('ontent is low, the boron content is r('lativcly high, and 
this wnt('[· also i::l VPI}, ::loft. 'rhe well Ilt location 0, south of Lake •
Elilinorc, is llSNL for il"rign.tion. Its salt eontent is approximately 
til(' Slllll(' as thnt of the r~lsinol'e city supply, but the boron contcnt "
is low, and the' cllleiuIll-lUng-lH'siullI cont('Ilt is llluch higher. Bculah W ~ 

~ 
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Spring- (location 8) j;;; south of Riv(·rsidC'. It i;;; a smull spring- lind 
is or illtNPst chi('f1y in thltt its onrflow hill'> I>('('n us£'d on purt or 
n lH'lu'-lw walnut orchard nnd tllltt the trC'es on which it hns been used 
have shown d£'fini te symptoms of boron inj ury. 

The lnst two wRtC'rs of the g-roup (locations 9 and 10) represent 
"Wl1rm Cr£'ek Ue'IU' San BN'lHu'dino, Rbo\'e and Iwlow the outfnll of the 
sC'wnge pln,nt. It 'might hp ('xpp('tC'd that city '.cwngr wllter would 
contr'iblltC' npPI'C'ciubl(' qUlLntiti('s of bOl'Oll, ['('suIting f!'OJlI til(' domC's
tic IIR£' 01' hol'llx wRshing- POWdPI'S, but thps(' ['('suits indieate that such 
('ontlllnilllltion is \'('I'v slight. 

'rh(' ilTigation \\,('11;; in HoUtit('!'1l Onlngp County (Io('ntiolls 1 t to 18) 
W('f'P Rnmplc'd, IIfU'!' R pn'lilllilllll'Y ;;;lIrV{'y hnrl shown p\'iti('I1<'l' of some 
hOl'on injll!'y ill ('ill'll;;; nile! Wlllllllt tn'PR in this nl'Pll. ThiR prelimimuy 
RlIn'('V indi('ntpd thut whilc' lllOSt. of i1w w('lIs in the lu.'ea \\'('1'1.' giving 
Wllt('I: of low boron ('ont<'nt, 11 r(,W of them were eausing trouble, 
Th(' ('\'id('nN' of injury wns not definitp ex('ept for lo('ations 1:3 iLnd 15, 
hp('IUlR(, ROllH' of t.h('s<' w('II;;; W('l'l' uSNI to il'ligat<' nops less scnsiti\'(\ 
to boron injurv thun citrus llnd wltlnut, nnd in other Cllses the wlltrl'S 
of sev(,I'ol wdis W(T(, blC'ndNl nnd the boron content of the mixture 
wns below tll<' criticnl ('onc<'ntl'l1Lion for citrus, 

Of thc samples f!'Olll thc Snlton Sink arca, one (location 19) is from un 
il'rigntion well north of Snlton Sea in the lowcl' cnd of the Coachella 
YaUey, Some of the gl'llpefruit on which this water wns used showed 
symptoms of boron injulY, ('on{jt'med by leltf analysis; but, as other 
trees in the gl'o\'e wel'p not inj ul'ed, it is nssllllled that the boron 
O('I'I1I'1'(1(l in spots in thp soil. 'rhe other 1'0111' Ramples in this group 
(froll1 IOl'aLiolls 20 to 2:3) lu'e f!'Olll Hrtesinn w('lls in the yicinity of Holt
\'ille, south of Slllton Sen, Tlwse WlttPI'R IIrC' not 1Is('d 1'01' ilTigation. 
Tile irrig-nJion su pply of thr IlHp('f'i!l1 Y11Heyis dl'/l\\'n from the Colol"ILdo 
Ri\'C'I', of wili('h til<' boron ('ontC'nt is low (Table :26), llnd no definite 
p\'id('[l('(' or boron i nj IIl'y hns h('(,11 S('('[l in the ntllC',v, .HI Ill'tpsinn 
\\'('lIs lu'e in an IlrC'H, on til(' (,list side of the y!tUn' f!'Olll UoLh'illp north, 
In IIdditioIl to tllP \\'('lIs 11<'I'P reportNI., 10 others have bepn testNI 
qllnlitllti.vply fOl' boroll with pm;iti\'e I'pslilts. It seems probablp thaI; 
1111 tl1(' depp wn tPl' in this artesian IwLt is ('outuminatrd with bOl'On 
fl'om SOIlI(' subtC'ITIUl('ltn sour('(', The wells ILtiocations 20,21, and 22 
11.1'(' in til(' city of Holtville, :\0,20 is 3(j:3 fept deep and contains 1.88 
p, p, 111. of oO!'OI1. Xo, 31 is located only a few feet from No. 20, but 
iR Hil fppt dpC'p and ('ontains 2,34 p, p, m, of boron, No, 22 is nbout 
on('-JoUlth mile from the first two wells and is 1,100 feet deep and 
('ontains :3.86 p, p. llI, of hot'On, The wnt('rs from the deeper ,veils al'e 
\'PI) ~()rt" while thlLL of til(' fil'st· wp11 is not only more slLlty hut 111so 
('ontain:; :;0 1l11lf'h ('ll,lciullI Itnd IllllgnPRiull1 ns t,o indi(,lltC' til(' posRi
hility of II\(' influl'll('(' of 11('('1> pPITolntioTl frolll II\(' Stll'l'oUlHliflg il'l'i
galNllllnd. Lo('nlioll ~;3 i:; nlll)ll[. [i IlIil<'SIIOI'I.h of IIo\(\'ille, 

Tlf(' 1'0111' slI!lIpl(';;; 1'1'0/11 [itp Snll, 1{i\'PI' VIIII(',v ill Arizollll (I(wation'4 
~ I (0 ~7) do not illcludr It 1'l'(JI'l'spnt.atioll of Snli'. W\'PI' W/lic'!' liS Rlor'pel 
ill tllf\ I{oo;;;('\'plt Rl'Rl'n'oil' Ilnd used ('hipfI,v on the SnIt .River projc('l, 
Xo, 24 is wat{'I' of the Gila Ri\'l'I' ItS div('rt{'d from that strcum abo\'c 
Flol'C'lwc, "\riz., ~o, ~5, nit hough taken from one' of the canals of the 
Sldt, Ri \'('1' proj e('f, 1'('I)f'('s('n ts lIood watl'!' of the "PI'(l(' Riv('r follow
ing II 10('11.1 tOl'l'I'ntinl mill. Xo. 2(\ 1'('PI'(·;;;(·nt.s nIl irrigation supply 
oi>taillPd ('hi('fly by pUlllPing 1'1'0111 thn.t pal't of the SnIt Rin'r project 
W(,Rt of Phoenix, ..\riz, No, 27 is from the Giltt Ri\rcr at Gillespie 
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Dnm h('low thC' Sill! RiYC'I' PI'oj('('( nnd 1'C'I)I'('~C'nt~ purtl.\' rC'tIlI'!l flow 
from Ill(' ir'l'igntNI Illnd~ Ilbo\,{' this point lind partly :iUl'fH(,{, I'lIn-off 

fmm th{' Y{'rd{' flood j lI~t lllention{'ct. It should h(' not('d that no 
d('finit(' ('\·id('I1('('s of boron injury hav(' beeIl obs('rv{'(l in the :::)nlt 
Ri \'('1' Y ull('y. 

LOCA'rl()~'~ 1.IHTBD 1:-: TAHL~; 27 A:>D u,vl'El't OF i:iA:\lL'(,I~G 

l. Rin'rsidl' city wulpr; I!'l'hrllnry 17, 1!)2H. 

2, RivNsidt· Call1ll, irriglltion wJl.h'rj XOV!'llIlH'r H), 192ft 

a. (hlgP Cnm1-!, irriJ!;lttioll walpr; XO\'Plllh.'r 1\), 11)2S. 

,L Elsiuo!'p eit)' with'!'; Xo\'PIIIb('r .~, 1!l2S. 

Ii. Luk(' ElsillOJ'('; XO\'PIIIl!l'!' ,~, 1925. 

Ii. Irrigatioll wpll south ,)(Lakc' Eisilwrl'; Fl'hl'li:l'y l3, 102\!. 

7. IrriJ!;uUull wat!'r, IIPfll(·t Lukpj )'Ill~ 25, L!}2U. 
R. B('llla!! ~(lriIlg walpr, south of Rh'P!'sidl'; Dp('('I11!)('r 5, 1!)2!l. 
!). ',,"arm Cn'l'k, I1Pllr ~Ul\ lkruardillo, aho\'(' t he !,;PWfl~W outfall; ,1:wlIlln' and 

Fl'hrlla!'y, I H2U. • 
10. '''ltrlll Crpek, IIPtLr ~!ln B(,J'IInrcilnO, bC'l()w thc S('WllgP outfallj .Ianuary ll1\d 

!<'(·brnarv, 1 !l2!l, 
11. Trriglttion \wll, Browning mlH'h, Tustin; April 2·[, 1!l2U. 

12, IrriJ!;lltillll \\'('11; Towlls(,lId ntll('h, Cost!l l\I('!;:L; May 3, l!l2\!. 

J3, Irrigatioll wpll, Irvine mnch Xo, lO. Tustin; :VIa)' to ,July, I02!l. 

U. Il'riglttion WI'Il, lrdJlP mnch, Xo. tl, Tustin; Mar to .Iuly, 1020. 
15. IrriJ!;IL\ion w('Il, IrvillP mnch, );0. 25, Tustin; :VIay to July, J92!l. 
16. I rriglltioll \\'('\1, Irvillc ra1\eh, Xo. ·~.4, Tustin; l\[ny to .1 uly, 1920. 

17, lrl'igntioll \\'p1\, lrvinp mlleh, );0. ,W, Tustin; May to .fuly, 102!l. 

lR. lrriJ!;lllion \n'Il, In'i1\(' J'U1I('h, No. 65, Tustin; Mil)' 1.0 July, 1!)2\), 

19. Irrigatioll wpll. !:'I!\tpr ranch, Oasis; X()\'pmlJPr 30, 1!l28. 
20. Ar\PHilln wdl, Holtvil\p Xatatorium; 363 fppt d('pp; ,Jalluury 23, 1\)20. 
21. Artl'sian wp1\, Holt \'illl' XntlLtorium; Stl f('('( d('!'p; .TlllHlal'~' 23, 102!l. 
22. Artp:;iIlu wl'lI. Holt villp 1('(' Co,; 1,100 (,'pI d('pp; .January 23, 1929. 

23, .\rt(':;illll \\,pll, Rohiwmn ran('h; 620 (,pi c\P('P; l?t'ilrlIHrY 26, l0:30. 

:! I. <m:t Rirl'r wall'r, frolll llll inig(llioll c!lJlallIear Florence, Arill.; Murch la, 


1!l20 

21i. Vprr\1' I{in'r, J\ood wall'l', froIll all irrigatioll cluwl (Will' Ph(H'Jlh,\ri".; 


.\lan'it I:{, 1!l2!'1, 

2ft Irrigalion II [Llpr, Ilo()/il'vdt il'riJ!;!dioll di~tl'i!'\. CIUUtl lH'I\.I' Lit('lifil'ld Purk, 


,\.riz.; MUT('h I-I, In2!J. 

27, WIn Ri\'('J', at Uillpspil' Dam, lll'IU' (lila Bellll, ;\J'iz.j .Murch H, IV:!!), 


SUMMARY 

[t hllS b{'('n d{,Tllonstrnt('cl that boron as ll. nntural ('onstihL<'nt of 
til(> slllts or il'l'i~n.ti()n wat{'[' is the ealls{' of injury to ('rops in ('{'['tain 
Ilrras in ~lOutlH'm Califol'nin, ,\Vhil(' th(' aggr('gut(' of th(' lU'(,!lS 

illYoiV<'d is not In,rg(', til(> injul'.Y ill 50n1(' of tll('1ll is s(,l'ious, This 
hullt'tin el('nls with boroll ('onditio115 in SOUth{,111 CnLifornin, bill, it 
hilS I)(,{,ll found that similar tToubl{'s O('CIlI' also in the' Ran .lo:Hlllin 
!lnd SnCl'nlll('ll(o Vullp,Ys Imcl in w('stpl'n :-\('vndn. 

TIl<' C'frpc! or boron inj U!'y i" IlltlnifC'st{'d in ('i trlls and wnllJlI ( t 1'l'!'H 

hr ('hnrnct('l'i"ti(' diRc'olOl'uliollR of tl)(' 1('fIJti"~IH' :llld bv till' I'x('r~si\'(~ 
:1;'('l1l11l1lnlioll or boron in til(' 11'11\'('s. SOI1l('wlwl siniiln.l' hut oftPll 
((':is d('linitr R'ymptolllR d('\'('\op in ollwr :'I>('('il'5, 

With only on(' 01' two ('x('('ptions, it has b('('l1 found that boron 
injury ill south('1'Il ('n1i£0111iI1 ie tll(' result of the USl' of irrigation wntel' 
('ontnining hol'H t(' snlts. 

'I'll<' bOl'()Tl thn.t ()(,('ltI'S in injlU"iollS ('on(,PlItl'lltionsin irrign.tion 
\rllt('/' nmy b(' (\('riv('(l ('ith('1' from th(' solution of ('xposed outel'Ops 
of Holubl(' boron min(']'tlls, froTll subt('ITUll{,llll dc'posits of such min('rals 
in ('on tnct with llnd{,I'~I'()und Wllt(']'s, 01' directly from \'oleHnle guses 
disl'mh'('(1 in pPITolating WlltC'I'S, 
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llOllU'i IX rrmW;\'I'TOX WA'l'ETtH 

It JULS 1>('rn fOUllCI that if thr b(ll'On ('ontent of irrigation watN' is 
1lI0l"P thull 0.;) Jl. p. Ill, its llS(' WH,Y ('ause injUlT to slleh crops liS 
jPIlIO(\S or \\tdnuts, although LInde!" ('edaiil conditions, with ('OIH"elJ
trations I'Hllgiug lip to I p. p. Ill., the injury mny 1Iot b{' V('I'.y s{'l"io'Us. 
(f tl\(' hOl'OIl ('0 Ilt {'Il t i1> IllOI"(' dum 1 p, p. 111" injul'Y to the 11101'(' seIl 
siti,'£' ('1'0(>;; is (ikply to I'(';;lrlt. • 

TIIP ;;p\'erily of ('!"OJl injul',v l'(,~lliting fl'0111 bO/'Oll may 1)(' iuflllell('('l( 
by itH'ul soil ('onditiotls, by dimutic' ('01ulitiollS, by tll(' lIwthod or 
qUlUllity of irrigation, 01' by thl' progl'U/ll of J('!"tilizutioll. 

III SOIlH' situationH it i,.; po,,;;ibl(, to segregate fWllI lin irrigation 
supply tIl(' chi('f ;;O\ll'('(' or bOI'OIl (,OlltiLlllilllltiO/l. 1t lIlHy 1l\!:;O be 
possible to bl('I)(1 It contaminated Slip ply with n, hll'g('l' qUllntity of 
Wl1lPI' from otlH'r sOW'('(';; and thus t'('(luce the COIH'('otl'lltioll to n. 
point h('low thp dUllg('1' limit. 

'('hpl'(' al'(' pl'onolll\('pd difI'P/'PI1<'I':; among- (,l'Op plnllt:; with /'psp('1'! to 
lJOl'OIl (olpl'!IlJ('(', ,,'he'll thp bn:li(' 1'11('[:; us to till'St' difl'p/'pn{'p:; buy!' 
11('('11 U';('/'I'(nilll'd, il 1ll11Y hp possiblt' to utili,,(' rOf' ('('["tain gl'OlIpS of 
('l"Op:; \\ at ('I':; thul w()1JI() hp injurious to IlIO/'(' ~'nsi(i\'(' ('/'OpH. 

HOI'OIl ()('C'UI'S ill plants pl'Obllbly ns II nOl'lIlal ('ollslilllPnt. It hus 
b(,(,11 fOllnd in :;Illnll hut IllPllSUl'ahl1' qUllutil'ips in n widC' vlI.["iC'ty of 
plants not only in Culifornia but ds('whC'n' in till' 1.:nitNI Stut('S nnd 
ill gUm (lP. 

III many plnn ts til(' boron uppru rs to IH'C'llmuln t(' in til(' IpHY(,s 
rutlwl' than in tht· st('l1lS or fruit. Tb(' normul muture lea,('s of 
('itl'llS or walnut trC'('s Illay ('ontain itS much as 100 p, p, m, or bOl'on, 
1>11:;('<1 on th(' dry \\'('ig-ht of th(' ll'uf llInt('riul. LPllYC's of the sume 
sl><'<,i(':;, injllt'('d by bOl"On, frequpntl." ('olltnin more thun 1,000 p, p, 
Ill. Thr boron 1I('(,llTllultlt('s gmdulllly, reaching its l1ltlximum ns the 
JI'Il VI'S lImtul'C', 

Th!' su III pl(':; of wutN ('oll('et('d fot· hOl'on d('tC'l111 illation \\"('1'(' al:;o 
nJlltly~wd 1'01' thp oth(,I' iOllS Ol' plC'lll('nts ('ollllllonly /'('pol"ll'd fo!" 
ilTigalion \\"n[(,I'S, Itnd tlw ('olldllt'ttlll(,(" us Ul1l('llsure of totlll sttlillil.\', 
\\ liS (l('tNIll inpd, 

"\ Sll/""C'V of till' sll/"flt('(' wnll'I'R or till' Suntlt (,lurn Valley RllOWS 
thnt most 'of til(' I>o/'on C'llrri('d in Santn. Clura Riv('r is d('['I\';C,'d from 
Pim and Sesp(' C/,('pks, 

The undC'l'gJ'OlllHI wat('rs of th(' Suntlt ('lura YnUp.\' fiS developed 
by irrigation wplls show tlUlt boron contumination is loeuliz('(1 and is 
<I{,l'i\'('([ hom 1)('J'('olnl ion fl"OllI Pi!'u and SespC' ('reeks, 

In ('oonec,tion with tlH' cll'illin¥" of two irl'igntion wells in the Snntit 
Clant \' nll l',\' , llnni.\'sps W(,I'(, madl' of thC' sW'(,PR:;i \'C' horizol1s of tmcler
g-I'ollnd watp!", unci it wm; found that whil(' tlwse differed slightly in 
quulity th(' difrerPllC('S w('['e· !lot prol101ll1C(,(l. 

A dl'tailC'd stwly WitS llwd(' or th(' wut('l' clisC'hnrg('d by SC'spe Creek 
in one venl'. Thi:; shows thnt tlw C'ollcC'ntrntioll of hOl"Ol1 is not ('Ol1
stunt ~;ut. nll'iC's iuvers('ly with thr volull1(' of diR('hnl'gc, A survey 
of tIll' ;;[I'PHIll thl'Ough()ut its ('OlLl'se show('cl thnt th(' bi)rOIl is COll
tl'ibutpcl citipfly frolll two groups of hot :;prillg-s tllllt disC'harge into 
t lI(' (,I'N'k • 

. \ silJlilar dl'tuikd s(udv or Pinl Cr('('k showpd that its watel' has n. 
highpr salinity bllt /I low('!' boroll ('Ollt<'llt tball that of Sesp(' ('r(,pk . 
ft. is o\::;o sOlllPwlwt Ips;; vuriabl(' ill qllulit.v, 'I'll(' :;UJ'\'('y of th(' UpP!'I' 
strC'lllll or Pint ('1'('1'[,: sho\\pd thut tilt' h01'01l I;; d(,1'i\('<1 Inrgpjy from 
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Lo{'kwood Ynl\l'Y, in whi('h (h('('(' ur'(' olltCropS of ('olplllHnit{" u. boron 
minl'mL 

Thl:' wutl:'r'S of Ojui Yalley <'ontain wry littll:' bomn, find the bOl'on 
content of Yentul'U. River app('ur'S to hI' hplow tlu' critieul concentJ'il
tion. TIH'I'(' is no ('videuee of bOl'On injury in these valleys, which 
lie north WN;t of tlw Rltn ta Clum Vall('v. 

''I'lip wut<'rs of Pari(la ('1'(lpl\: llPu1" ('1lJ'pintpl'in, aJ'P con tnminn ted 
with boron hy Il. spring loclltptl rWllr Hn PIU't!Hjllilkp [Iwlt. Thi~ ('011-

IUlllinlttion of [iJ(' irrigntion Wltt('r hll;; 1'l'su1«'<I. in ";('\'Pt'l' IOPHI injury 
{o ('itrus IHul wnlnllt tr('(ls. 

In til(' Sill1i Vnlky, SOli th of th(' San ta Cillm YflUPY, thp1'e is some 
('\'idpIH'1' of boron injury, ('hip£\,)' to ·wnlnut tr'N'S. A SlllYt'y of the 
il'l'iglttioll \n'll,.; of thnt yull('y show('d thHt ::;OIH(, of tlwlll yipld water 
('onlnillill!! criticlli ('onc(,lltI'Htioll::; or hOl'Ol1. 

Thl' L(;,.; .\ngl'l(':; ;\qlJ('<lUf't (,IUTi!'s WHIpI' 1'1'0111 OwC'ns Riv('l' to till' 
San }t'l'l'llluHlo \'I.III'.\', wh(,('(' it i..; 11';1'<1 pal't1y 1'01' iITig'lllioJ) 1m!· ('itipfly 
11'-\ It 1ll1l11iC'ipIl1 \\'lttpl' supply, 'I'h(,l'(' is SOIllP p\,idp!i('(' of boron ill
jUI-yin ('ill'lls Illld wftlnut g'I'OV('S in thp Sun F(,l'llnndo VHlley, npplll'
('lIlly /,pslilting- fr'olll tlH' liSP of ItC(llC'dll('t WltlpI', 

.\ ::;lII'V<'Y of til(' tl'ii>lItnl'ips of Owpns {{in'r IlbovC' till' ftCfueduct 
lH'nding- showt'd thn! (HlP n1't('siall w('H nC'llr thc hpflcling' ilnd one 
strC'IUll in LOllg \'HII('y W('l'C contrihn ling most of th(' boron found in 
th(' nqu('<illd sllpply. 

A d(,tnill'd ,.;{udy of tlw wutC'!'s of tll(' Los Ang'(I1<'s .~qu('(luct CHITiNI 
on fol' 11 )'<'IIl' ;;hows that thp 1lV('['age boron ('ont('nt is 0.138 p, p, m. 
lind tlmt thNI' is not Illuch sl:'nsonnl vnrialion in the qunlity of the 
wlltpr Its (1PIi\'('l'('d u.t Sun li'Pl'nlllldo, 

('olltii t ions in til!' SIUl Fl'l'nltncio \-nll('v indiC'nfp I hHt thpre i" l('ss 
dllllgpr of bOl'OIl injul',\' fl'o1l1 tlw u,,(> of io('III IIIHl<>l'gl'Olilld wfllpr for 
i l'I'ignliol1 I linn fl'Olll til(' liSP or nq ued 1I(,t. walpl', • \lllLlysps of litps£' 
II 11<1 PI'gt'O I IlId walt'I'S show thnt tlwil' bOl'()n ('onlplI[ is Illu('h II''';;; Ihnn 
f Ililt of I hp IH[updu('1 walpl', 

('('rUtill hot spl'ings 1(){,lllpd lWlll' thC' Snn .\ndl'C'H;; flllIl t n('nt' Slln 
Bpl'l1llnlino ('ontl'ilwlt, boron to ('l'('('k~ !lowing H(,I'OsS th(' fault zone. 
\\'llI'r(' th('s(' ('ontltlllinut('(1 ('I'Ct'k wutpl'S itl'C 1Is('(1 for irI'iga.tion, 
illjuI'Y hn,.; I'Psltil('d to ('iITUS trN''';, iLnd to (,l'1'tuin Otll('l' (,I'OPS, 

TIll' ('o!orlldo ({in'I', us sitlllpl('(1 Itt Yuma. (,Hch wt'pk 1'01' !1 yellI', 
::;hows it JilILd~(ld s('n::;onni vltrilLtion in totul snits, but the bOl'Oll ('on
IPIlt is low, u\,('['uging ILt\) p. p, rH. 

A ::;('['i('s of sHlllplps of iI'riglltion wnt('1'S fl'Om ;;ev('ml otlwr n['PHS 
ill ..;outh(I[11 ('nlifol'l1ilL llnd in .·\l'izonll. show thtlt boron ('ol1l-ill1lil1Utiol1 
()('('III'''; to It limiUld pxtpnt ill a llUIllI)('I' of pln('(';;, but ill llOIl(' of (hose 
li,.,[(,d is it It l11al (PI' of ~(,I'ioIiS p('onollli(' eOllccrn, 
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