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BORON A MINOR PLANT NUTRIENT
!V. L. POWERS, Soil Seientist

Oregcn State College Experimenral Station, Corvallisi Oregon

During the past century, soil chemists r€,cent boron experiments, par.ticularly
cenLered their intetest on three critical il1 Oregon and the pacilic Northwest.
elem€qts, nitrogen, potassium and phos Essentiality: Evidence ot the essenti,
I]horus and a great indusiry developed ality of boron as a plant toocl .was
to suplrly these. reported by Aguthon (1910) and Maze

During the past tw.o decades re- (1919) and conl irm€d by Warington
placement of animal power by farm (192J) and SorFmer and Lrpman (1926).
tlaciors, introduc'.ion ol pure synlhetic The latter grelv large numbers of
l..r:iilizers, and intensive speciaiized plants in solution cultures built up
agriculture on leachy, humid-climate from purified chemicals in re-distilled
sojls have contributed to manifesta, water, and from successixe generations
tion cf numerous del iciency dis--ases of seed. According to purvis (198g)
ot crop piants. Part of the boron, sul- 24 s.:ates have reported boron deficient
frhru, ancl iodine may have been roas1- eteas, and no oiher plant nutrient has
(d out of ihe basaltic lava lrom received so much notice in recent litera-
whence came the major soil forming ture. Boron, like most of the trace
material in the PaciJic Northwest. clements, is helpful only at concentra_

During the past. lwenty five years tions of the older oI one.fourth part
essential nature of very small amounts per million, while two parts per million
01 several so-called minor or trace ele' in solution may be toxic; so greai
nren:s gradually became appafent. Var- care is needed in its use. An excess
ious obscure types of malnutriticn in leads to spotting, discoloration and de"
Iri.nts are prevented or corrected by foiiation of lower leaves while a de-
the presence of traces of such elements ljciency causes bronzing, then yellow-
as boron, manganese, zinc, copper, ing or blighting of terminat growth.
rnolybdenum, or other elem€nts for Effectst A score of plant mal-nutd-
l''hiclt essentiaiity is less definitely es- tlonal symtoms have been related to
tablished. bcrcn need. Boron has been used in

For twelve years the Oregon Experi. the Columbia drainage area to coittrol
ment Station, Soils Department has corky core" and .,drought 

spot,' in ap-
dcne exploratory lvork wiih minor ele- ples; 'yellow 

top" in alfalfa; celery
n€nts on Oregon soils including an "stem 

crack', turnip ,.brown 
heart,';

iitensive study of the need and value discoloration of broccoli and asters,
of icdine, followed by bcron and re- arrd 

"gro.fi,-th 
strain', of potatoes. Fre-

cently by manganese ilvesiigalions. quently, marked increase in yield and
Slriking improvrement in vigor and quality resulted from the treatment.
yield have been secur€d lrcm use of Boric acid was used by the writer
bcron on leach€d soils. Use cf boron to conect a c€rtain type oJ chlorosis
as a fertilizer for alfalfa west ot the in water culture experiments as early
Cascade Mountains prcmises to be as as 1926. Allalla gro$,n in the green-
profi table as sulphur has been on the house in 2-gal lon jars of.Springdale
more afid basaltic soils to the east and Mission soils fr.om Stevens County,
thereof. Tn a lormer report (powers, Ylashingion in 1986 developed yellow
1937, 1940) (Polvers and Bouquet, 1939) top before the third cult ing. Two hun
the earl ier studies with b{rron in rela- dred cc of solut ion containing 1 part
t ic4 to soi l  fer i i l i ly in 1he P,rcifc Ncr'h- per mil l ion oI boric acjd correcled this
west or Columbia basin w€re rgview.d. ir .  a few days. The yel lotv top re-ap-
The purpose herein is 1() present a peared as the plants approached mat.
progress report covering ccntinued and urity for the fifth cllttins. Boroft
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p omoled bjooming and branching of
alfalfa and should aid longevity. Simi-
lar response was obtained the same
season in Briiish Columbia by Mclarty
(  1936  ) .

Good control of beet canker was
secured with 30 pounds of borax an
acre in experiments started by Powers
and Bouquet in 193?, perhaps lor the
first tirne.

Celery stem crack has been controlled
by use of 20 pounds an acre of borax
the past 4 years in experiments in
cooperation with Professor A, G. B,
Bouquet. Little leaf of stone fruits
near The Dalles was controlled more
completely when bofax was included
vith the zinc spray. Boron is now
rather gener:ally used in Hood River,
Val ley 1o control corky corp. fol lowing
results of Mclarty (1936). Potato
growth strain and cauliflolver discol
oration have been corrected in Oregon
experiments. Chemical determinations
show unfavorably low boron content
in soils, wate4 and vegetation in al-
lected areas. Use ol boron in such
areas has increased the boron content
of plants and raised the chlorophyll
ard the vitamin A contents as much as
50 per cent. Standards are being dev-
eloped lor boron content of normal
leaves,

Possible Functionsi Boron appears
to give elasticity to the plant cell mem
branes and to aid cell division (John-
son and Dore, 1998); seems to regulate
respiration, lessen effect of drought,
and hac improved keeping qualiry o{
apples and prunes (Roberts, 1940) and
I)revents swelling and blocking of roots
(Solrllner and Sorokin, 1928) and pol
Ien tubes (Denis and O'Brein, 193?);
Boron prevents breakdown of conduct-
ing t issues (Warrington, 1993)j is rm-
portant in nitrogen metabolism and
aids development of ncdules and no-
dule bacteria (Brenchley and Thorn-
ton, 1925; Boron affects carbohydrate
translocation (Johnson and Do!e, 1918)
and pectin lormation and amount ol
calcium in t issues. Eaton (1940) re-
ported boron to be esse4tial to forma-
tion of auxin in plants. Goldsmith

(1932) reported boron essential in me'
labol ism oI brown algae. Boron is
a  cons l i l ucn t  o I  an ima l  l i s sues  (Be r l -
rend, 1912).

Results of Fielil Experiments: During
lour years three dozen trials with boron
have been conducted on 24 soil types
including 236 plots. Also material has
been furnished the past 2 years to t'wo
dozen County Agents for demonstra_
tion tests. Use of boron in the Great
Easin and in Southern Oregon has
been ineffective and in field tdals
control of beet canker has not affected
total yield very consistently so the
data are omitteat. Increases in alf-
alfa yields have been as large as two
tons an acre a season: A single ap
plication of 40 pounds an acre of boric
acjd on Willamette loem at Hagg Bm-
thers larm gave a lotal jnc"ease in
yield of some ? tons alfalfa and yellow
top has not re_appeared after 4 years.
The increased yield occurs par.icular_
1y with old meadows and dry weather
cuttings. Legume crops are relatively
good indicators of boron need. Boun_
tifut beads in the greenhouse make
quick growth and yield gocdly amounts
ol leaves, stems and pcds.

Some very prolitable responses have
been realized from horticultural .and
lield crops. While there is an indi-
cated loss lrom use ol boron on some
small fruit crops the second year after
t l ea lmenT  the re  was  some  i r c rease  i n
cane size and ldut yield. Grass and
small grain have relatively low boron
contents, yet response to boron has
been observed with these crops. Sch'
ropp and Aren (1940) found boron es-
sential for formaticn of barley kernels.

The  g rasses  i n  m ix l u l es  mry  rece i ve
indirect benefit from legumes.

Rate anal Duration of Treatment has
been varied with several soils and
crops. Slight temporary toxici'y with-
cut economic loss has been observed
rvith corn where a 3O_pound applica'
tion was made inadvedantly for the
second year. Lawn grass was slightly
ofi color lor 10 days following an ap-
plication of 40 pounds an acre oI boric
acid. Yields of alfalfa have incrcased
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v  i l h  i r r c l  Fc " i ng  a r l es  o i  bo r '  r  app l i c . r
l ion up to 60 pounds an acre. I t
appears that 30 pounds an acre of
borax can be safely used lor most
pulposes. This 30 to 60 pounds has
given commercial but not complete con
trol of beet canker. Placement at
the side of the row gave more
complete con1rol.  A :10 pound treat-
oient appears to be eflective for 2 or
3  yea rs .  Mo" t  D romp l  r e ' u l 1s  i n  expc r i .
nrental tests have fol lowed where ap-
pi jcat ion was by sprinkl ing in aqueous
solut ion. The borax may be broad-
cilst with a cyclone type ol grass seeal
hand sower. I t  has been used success
I{ l l ly by mixing with gypsum or super
I jhosphate. Early appl icat ion is rm-
l ior lanr.

Boron in Soils anal Crops: Some
data as 1o boron in soi is and plants
appears in an earl ier report (Powers,
1:):19). We are now using lhe quinal-
i z : r i n ,  | - 1 , t h ,d  o l  Be reF .  anc i  T .uog
(19::11) for nearly avai lable boron.

Old soi ls, leachy soi ls, peaty soi ls
or those derived from igneous rochs
seem most apt to be deficient in boron.
Soil r:eaction or liming, soil moisture

content, couoidaliti and organic marter
contents, and perhaps also temperature
may ailect boron availability. So
bo r i c  ac id  mcy  bes t  be  u5ed  fo r  expe t  i
nlental tests on basic soils. Two
pounds of boric acid will supply ap-
proximately as much boron es three
pounds ol borax.

The boron content of plant material
tested has ranged from ? to 50 parts
per million and has been markedly
l ower  i n  p l an1 .  need ing  bo ron  t han  i n
normal plants or those grown on boron
treated soiIs.

There are now some 50,000 acres
of alfalfa in Willamette Valley that
\,yill yield one half ton to one ton morc
an acle from the borax treatment
rrhich costs about $1.00 an acre for
a 3o-pound applicatjon. Loss due to
beet canker has been 8 to 10 percent
and with celery up to 50 pericent.

Twenty tons of borax were used for
lertilizer in Oreg-on in 1939 and over
100 tons in 1940.

A  ' n i no r  imoun l  o l  bo ron  i s  i l  m ! , i o r
l i c t o r  i n  p l an l  nu l r i l i on  ove r  w ide
areas of the Pacific Norlhwest and
nutrition is a factor in natioal security.
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