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Boron Distribution in Soils and Related
Data’

By Ricuanwn R. W HETSTO\'E junior chemisi, Witniam O. Rostxsox, senfor
chemist, and Horace G. Byers, principal chemist, Division of Soil Chemisiry
and Physics, Bureau of Plant Indusiry
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INTRODUCTION

A great amount of comparatively recent wurk has established the
importance of the dual role of boron as an essential and & toxic
element in plant nutrition. Sraall amounts are necessary in the
culture medium for normal growth, a deficiency being marked by
well-defined disorders in the plant, Somewhat larger concentrations
of boron are :n;utmub, retarding the growth of, or even killing, the
plant. Expericnce has shown that there i 2 narrow renge between
the minlmum minute quantities that are necessary and the amounts
that are toxic. The concentration of boron In sois has therefore
become a matter of considerable importance.

Few determinations of boron in soils have been reported. Some of
these are old or of questivnable accuracy.  Available data are largely
limited to studies of boron loxicity or deficicncy with reference to 2
very limited nuraber of soils. Boron problems in agriculture have,
bowever, assumed widespread importance. For example, symptoms
of boron. deficieney are extensive along the Atlantic coast and in the
Pacific Northwest.

L Subrpicted fnr publieation May 27, 1941
4087855 —41——3
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It was the purpose of this investigation to make a systematic
survey of the boron status of soils throughout the United States and
to attempt to correlate boren content with soil properties and classi-
fication. For this purpose a limited number of soil profiles from
representative soil series were selected, which may be presumed to
present a fair picture of the general situation in the different soil
areas. Although no specific study of boron deficiency or toxicity
was contemplated, considerable data bearing upon these problems
have been accumulated and are included primarily because of their
relation to soil eharacter.

HISTORICATL RESUME

TrHE Boron PROBLEM

The first indication of the role of boron in the plant kingdom was
the 1solation of boric acid from the seeds of an Abyssinian plant,
Maesa _picte, in 1857 by Wittsiein and Apoiger (49)2 As early as
1903 Bertrand (4) recommendsd the use of boron in commercial
fertilizers as a supplement to nitrogen, phosphoras, and potassium.
From the favorable response of plants to the addition of small amounts
of boron compounds to the culture medium, Bertrand, 9 years later
(6, stated that boron in minute quantities is essential to plant growth.

About 1915 Ceok and Wilson (20) studied the effect of fertilizing
with manure treated with borax, or colemanite, to kill fiy larvae. In
their conclusions they discuss only the toxie ¢ffect of boron, although
examination of their data reveals an undoubted beneficial effect in
one instance on peach trees and a large increase iz the yield of pota-
toes. Further attention was turned to toxic eficets of boron during
World War I period when substitutes weri used in fertilizers for
German potash. The potash extracted frem western salines con-
tained considcerable borax and when appliell to crops often eaused
severe injury (18). In the large amount of work reported at that
time little reference was made to the benefivial cffects of boron on
plants (Z2). A little later Kelley and Brown (3{) reported injury to
citrus and walnut trees from excessive concentrations of boron in
irrigation water.

In 1921 Brenchley and Warrington (44) showed thal various legumes
could not be grown to maturity without boron. Ten years later
Brandenburg (70) atéributed the beart rot of sugar beets to a boron
deficiency. By 1938, 1,800 tons of boric acid were used annually as
fertilizer for the sugar beet crop of Burope (8). Since the work of
Brandenburg, many other boron-deficiency diseases affecting a large
variety of crops have been discovered, and now boron is easily the
most mmportant of the “minor” clements from the viewpoint of
agriculture,

DistriBUTION OF BORON

Clarke and Washington (16} reported the relative abundance of
boron in igneous rocks as 0.001 percent (10 parts per million (p. p. m.)),
and Wells (47) has estimated 4.01 Fcrcenb (10G p. p. m.) in the 10-

mile crust of the earth. These values are not strictly coruparable,
but in view of their difference in magnitude it may be of interest to

# Ttalic pumbers in parentheses refer 10 Literature Clhwed, p. 29,
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note that in 118 soil samples in which the authors have determined
the total boron content the average is 30 p. p. m.  The concentration
in sea water is about 4.5 p. p. m. (37).

Schaller (43) has listed 56 known boron minerals. Natural deposits
of borates occur in arid regions and horie acid is present in fumaroles
in Tuscany. Tourmaline, a resistant boresilicale containing about
3 percent of boron, js widely distributed in rocks and sois (41).
Boron is common as an impurity in many minerals and rocks, as
Goldschmidt and Peters (27) have demonstrated by spectroscopic
analyses. They reported from 30 to 300 p. p. m. in shales, iron ores,
and corals—all rocks of marine origin. A vaviety of igncous rocks
contained only about 3 p. p. m.  The boren content of chalk, lime-
stone, and dolomite was also low. Rader and Hill (39), by chemical
means, and Young (61) and Gaddum and Rogers (26) by spectro-
graphic analysis, demonstrated the presence of boron in a variety of
natural and ariificial fertitizer materials in amounts as high as 0.5
petcent.

Although boron is believed to be present in some concentration in
all soils, this belief is based less on the fow reported determinations
than on: (1) The essentiality o boron for plant life; (2) the presence of
boron in products of volcanic aciivity, in plant materials, and innatural
waters; and (3) the wide distribution of tourmaline. In 10 topsoils
from 7 States, Cook and Wilson (20) found from 0.02 to 0.23 p. p. m.
of boron. In comparisen with other data it is evident that they esti-
mated only a small part of the boron present. Goldsehmidt and Peters
(27} reported 2 to 3 p. p. m. in 7 German soils doerived from granite
and from 15 to 30 p. p. m. in marsh soils, red soils, and soils formed
from shale. Twenty-four soils from Kurape and Africa, analyzed by
Bertrand and Silberstein (8), containerl from 7 to 50 p. p.m., 75 percent
of them between 10 and 30 p. p. m. The maximum was in a soil
from the boraciferous region of Tuscany. High boron content in
sotls of this area has also been reported by Luchetti (33), the amount
of boron heing inversely proportional to the distance of the sample
from a soflione or fumarole.  In 10 soil samnples Luchetti found water-
soluble boron ranged rom 2.5 to 16.6 p. p. m.; soluble in 50 percent
phosphorie acid betawveen 15 and 61 p. p. m.; and soluble in concentrated
sulfuric_acid, assumed to be total boron, from 20 to 100 p. p. m.
The ratic of water-soluble to total boron was propovtional to the cal-
ciunt carbonate content of the soil.

Rogers and associates (42), by spectroscopic analysis, estimated as
much as 100 to 500 p.p.m. of baron in certain soils from central Florida,
Their average values for 8 soil series, including 132 soils, ranged from
10 to 100 p. p. m.

Aqueous extracis of 5 Russian soils of different great soil groups
contained from 9.11 to 0.25 p. p. m. of boron based on the soil (9).
Askew and associates (2, 3) extracted 0.05 to 0.68 p. p. m. from
several New Zealand orchard topsoils with 0.05 N/ITCl, Within a
profile the amount of soluble horon decreased with depth,  The upper
6 inches of a Wakatu soil contained 0.22 p. p. m., whereas the layer
from 15 to 30 inches had only 0.03 p. p. m. soluble boron, Several
Okanagan (British Columbia) soils yiclded from 0.09 to 0.33 p. p. m.
boron on extraction with water containing carbon dioxide (60), Kelley
and Browp (8f) found 2s much as 21 p. p. m. soluble boron in Cali-
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fornis soils toxic to citrus or walnut trees, and as mueh as 15 p. p. m.
has been found in natural waters in that State (23).

Boron has invariably been found in plant materials when suitable
analytical methods have been employed {(25). The boron countent is
not uniform throughout the plant but is usually high in the leaves and
flowers (7), low in the stems, fruits, and roots (19). It is also a func-
tion of the maturity of the plant (48) and of the available boron in
the substrate. As much as 2,200 p. p. m. have been reported (23)
in fig leaves.

Boren in animal life has received little study. Bertrand and
Agulhon {6) detected it in small amounts in all of many animal mate-
rials examined, and postulated its presence in all animal tissues.

BORON BORON BORON IN
IN N IRON AND
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LIFE WATER ORE

\ \
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Figure 1.—The boron cyele as dingrammed by Dennis (£2),

The cycle of boron in nature has been dingrammed by Dennis (82)
as in figure 1. The eycle leaves something to be desired, as it implies
the permanent removal of boron into coafformntions, iron and man-
ganese orcs, and borosilicate mincrals.  Apparently, however, these
materials form an important source for recovery of active boron com-
pounds,

FORMS OF BORON IN THIE SOIL

Much of the total boron in soils occurs in particles of resistant rocks
end minerals residual from the decomposition of the parent material.
Tourmaline is the most common soil mineral of which boron is a
characteristic part; in fact, it is the only boron mineral commenly
identifiable in soils. It is 2 complex aluminum borosilicate of iron,
magnesium, or other base, and contains about 10 percent of borie
oxide (B.Q0s), or 3.1 percent of boron. Most soils contain tourmaline
in variable bnt usually very small amounts. Of 45 American soils
examined by Robinson, Steinkoenig, and Fry (47), tourmaline was
present in 32, but no other boron mincral was identified. Small
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fragments of tourmaline in soils frequently show hright, clean surfaces,
and sometimes the characteristic crystal form (30). Such a mineral
must be very nearly insoluble and, as pot fests bave shown (£3), its
boron is not readily available for plant use. In addition to horon
mineras, other relatively insoluble minerals in the soil may contain
boron as an imporfant impurity. .

Residues of plant and animal materials are a second source of soil
boron. The inanner of combination of boron in such substances is
not definitely known. S8ince, however, boric acid readily forms stable
compounds with mannite, invert sugar, and other polyhydroxy
alcohols, it may be associated with sugars and starches in the plant.
The organic boron in soils, usually small in emount, should he rather
quickly converted by decay into a soluble form available to plants.

The soil boron of greatest agricultural significance is probably that
precipitated in the form of inorganic compounds or adsorbed or chemi-
cally combined at or near the surface of the soil particles. This store
of horen is in guasi equilibrium with the boron in the soil solution,
and, though of low solubility, replaces the boron lost from the solution
hy leaching or absorption by plants. In the lahoratory a soil furnishes
.nensurable quantities of boron for 20 or more consecutive leachings
(#5). Cook and Wilson (20) and, later, Eaton et al. (24) stated that
added boron is “fixed” by the soil; that is, rendered comparatively
insoluble through reaction befween the soluble borates and the com-
ponents of the sofl. By long-continued leaching, however, Eaton
et al. were able to recover practieally all the added boron. Kriigel,
Dreyspring, and Lotthammer (32) found that 75 percent or more of
the boron added as varicus compounds in fertilizer mixtures could be
recovered from the soil by leaching except when the horon was applied
as magnesium horacite. In this compound it remained in the soil in
an almost unleachable condition,

A single experiment performed in the course of this investigation
confirmed the insolubility of magnesium borate. A erystal of botacite
(MgCl.6 Mg0.8 B;0;) weighing 0.1985 gm. was suspended in & liter
of distilled water for 6 months with considerable shaking, Although
the crystal lost 6.9 mg. in weight, which from the formula shmﬁd
correspond to 1.3 mg. of boron, the solution contained only 0.09 mg.
Magnesium chloride was preferentially dissolved, leaving magnesium
borate bebind almost quantitatively. The boron in such a compound
would be very slowly yielded to the seil solution, but in the course of
many years it would be rendered completely available.

Liming the soil causes boron to become less available to plants and
often induces boron deficiency (25, 27). Whother this is the result of
the formation of a relatively insoluble caleium borate, similar to the
magnesium compound, or whether it is caused by increased boron
ﬁxlatilon by organisms in the soil (38) has not been definitely estab-
lished.

A study of boron in seils involves three quantities: Total boren;
soluble boron, or boron in the soil solution; and the reserve or maxi-
mum available boron, including bath organic boron and that precipi-
tated as inorganic compounds or adsorbed and chemically combined
in the soil particles. As most other investigators have been con-
cerned with soluble boron, this report will be devoted chiefly to the
other two quantitics. Trom these the store of boron in the relatively
insoluble minerals may be caleulated,
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METHODS OF ANALYSIS

After a survey of methods used lor the determination of boron,
Scharrer and Gottschalk (45) concluded that for the small quantities
present in soils and plants either colorimetric or tifrimetric methods
are suitable. Bertrand and Sitherstein {8) developed a method based
upon the color produced by boric acid with coumarin.  Another color
method, using quinalizarine, has alse been employed (46). Although
these procedures are very sensitive, a volumetric method seems more
satisfactory for the amounts of boron, 0.1 to 2 mg., usually estimated
in this work., This method is based upon the formation from borie
acid and mannite of a complex acid which is sufficiently ionized to be
accurately titrated with a standord base (25).

Before the titration can be made the boron must be freed from
other elements.  The separation ol a [ew parts of boron from a million
parts of the complex soil mixture of mineral and organic matter is
effected by distillation of boric actd as its methyl ester.  After saponi-
fication of the ester and removal of the aleohol by distillation, the boric
acid may be titrated nccurately.

The principal interfering substances in the tikration of boric acid are
weak acids, quadrivelent germanium, and hexavalent tellurium (39).
Weaak acids hinder accurate determination of the end point, and the
two elements form complexes with mannite that titrate as borie acid.
Of these, volatile neids and a small pact of the germanium may accom-
pany boron in the distillate. Organic and carbenic acids are readily
destroyed beforc the titration. Germanium is rarely, if ever, present
in soils in quantities sufficient to interfere with the titration. Weak
inorganic acids, such as hydrofluosilicic acid arc not produced from
soils hy the procedures described below in sufficient quantities to
cause difficulty, although Rader and Hill (89) veport possible errors
due to this source in the examination of phosphates high in flaorine,

Sulfuric ‘acid, phosphoric acid, and hydrochlorie acid with caleium
chioride have been juscd to ereate the nearly anhydrous' acid condition
necessary for the distillation of methyl borate. Hydrochloric acid,
by reason of its volatility, is obviously unsuited for a method requiring
a preliminary, protracted digestion, Either of fhe two nonvolatile
acids could be used as a digestant, but in the distillation with sulfurie
acid large quantities of mothyl sulfate are produced.  Since tests with
the two acids on several soils showed the superiovity of phosphoric
acid in recovery of boron, ease of handling, and decomposition of the
soil without caking, 85 percent orthophosphoric ucid has been used
in the following procedures.

Acip-SoLusLe BoronN

Although tourmaline and other borosilicate mincrals likely to be
present in the soil are not adfected by steong acids, the boron in organic
matler, in precipitaled borates, or in the soil colloid should be readily
liberated as borie acicl.  Acid digestion of & seil, followed by a methyl
aleohol distillation, should thercfore Turnish a means of sepavating
the maximum avsailable boron.  This maximum represents the boron
made soluble by reactions short of drastic processes of decomposition
end is not to be understood as vepresenting boron immediately avail-
able to plants,  This Int{er quantity probably corvesponds more nearly
to the water-soluble boron.  The details of the procedure follow.
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Add 75 to 100 ml. of 85-percent phosphoric acid to 50 gm. of air-dry
soil, passing a 2-mm. sieve, in & 500-ml. short-neeck, round-bottom
flask of boron-free glass.® The amount of acid used depends upon the
composition of the soil; sandy soils require less than soils high in bases
or carbonate. Thoroughly mix soil and acid, and heat on a steam
bath over night. Disintegrate with & stirring rod any lumps that
have formed, cool, add 50 to 100 ml. of anhydrous methyl aleohol,
connect the flask in the distillation sectup, and shake to mix the added
methyl alcohol with the digestion mixture. The anhydrous alecohol
in the reservoir should be boiling when the digestion flask is connected
to preven{ possible stoppage of the inlet tube by the soil mixture.
Distill as in steam distillatton. Collect about 500 ml. of distillate.
During the major portion of the distillation keep the volume of mix-
ture in the digestion flask about constant by regulation of the burners :
toward the end the volume may be somewhat decreased.

Make the distillate alkaline to phenolphthalein with an excess of
N{35 sodium hydroxide solution, and distill off and recover the methyl
aleohol.  Transfer the aqueous residuc to o platinum dish, evaporate
to dryness, and gently ignite to destroy the organic matter. Take up
with water and transfer to a 250-ml. beaker or Erlenmeyer flask,
rinsing the dish with o few drops of 2 N hydrochlorie acid. Dilute
to 150 ml, add two to threc drops of 1 percent bromthymol blue
solution, and acidify with 2 N hydrochloric acid. Boil to expel earbon
dioxide, adding more acid if necessary, then cool by immersion in
cold waler.

Titrate electrometrically. Calomel and glass clectrodes were used
mn this work. Other pairs are equally suitable (48). If electrometric
equipment is not available, satisfactory resulis may be obtained by
titration, using bromthymo! blue as an indicator.

Adjust the solution exactly to a definite pH which is near neutrality
with N/2 earbonate-free sodium hydroxide, N/10 hydrvochiorie acid,
and finally with N/30 standard sodium hydroxide. Add 5 gm. of
neutral mannite and titrate with the standard N/50 sodium hydroxide
to exactly the initial pH. The sodium hydroxide is standardized
against known amounts of boric acid in the same manner.

Blank determinations yiclded about 0.02 mg. of boron, or 0.4
. P. m., based on 50 g of soil.  Small quantities of finely powdered
tourmaline added Lo soils failed to give any measurable inereased
amount of acid-soluble boron.  Agreement in duplicates is usually
within & fo 10 percent, based on the quantities of boron present,
Table | presents results of duplicate determinations on several soils.

TaBLE 1. lgresment of duplicate determinations of acid-soluble boron

Y

Lahorn-
3;:::’3;10 Soil type Boron {p. p. m.Y
No,
006 | Au Train sand. ... _ ... . |24, 24,
TR | Nueowloches floe sandy lonm 6.2, 8.2,
C5227 | Chesterloam ... . . | 7.0, 6.0, 7.0
8073 | Palonse silt losm. ... .. 74, 6.8.7
égﬂgl %arfcingﬁn? lloum ..... _ 13.;, %a,z 14.0.%
Al orks shnje loam . .. 1.8, 2.4,
g:g% Hulﬂ.ington silt Jonm égé, ‘i'lsd,! @411, %,ﬁ,l 25.8.
JERE | |+ SN 202, U8.2,9 20,27 ;g 20,20
6721 | Vernon fine sandy loam . A, 34,0
N4 1 Fallon clay. .. e i o TR, T4
Bivors | doo. ..o _.. 2 mmrmee e . Cccao-oo| 1870194,

! Determinations by A, B, Yelmgran, 1 Dewrminations by . Edgington.
? Boron-free ¢lass of Lhe required forms is now obtainable from cliemical supply houses.
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Torar. Boron

For complete decomposition of soil, including highly resistant boro-
silicate minerals, & fusion is necessary. Alkaline fluxes, N2.CO; and
K.CO,, may be used, but with large quantities of soil these have serious
drawbacks. Fusion temperatures are high and difficult to attain.
The decomposition of the melt with acid offers difficuities and pro-
duces considerable water. The silica is in a soluble form and on
zddition of acid produces gelntinous silicic ncid with probable eatrap-
ment of boron.

Sodium sacid phosphate, suggested by Jannasch and Noll (29}, offers
several advantages as a fusion agent. The fusion is complete at &
relatively low temperature and may therefore be conveniently per-
formed on large samples. The melt is readily removed from the
crucible and gives no effervescence or water when decomposed by
acid. :

An analysis of a black tourmaline from Paris, Maine, gave by acid
phosphate fusion 9.75 percent boric oxide (B.O;) and by sodium
carbonate fusion 9.76 percent and 9.83 percent. In trials with both
fluxes on soils, sodium acid phosphate yielded equally high results and
was more convenient to use. Samples C1675 and C2106 contained,
by carbonate fusion, 37.2 p. p. m. and 28.0 p. p. m. boron, respectively,
and by acid phosphate fusion 35.2 and 39.6 p. p. m.

The laboratory procedure is as follows: Mix 10 to 25 gm. of soil
ground to pass & 100-mesh sieve with four times its weight of anhy-
drous sodium dihydrogen phosphate in & 200-ml. iron crucible. Fuse
over the combined flames of two or three Meker burners, occasionally
rotating the crucible with tongs to insure a complete, uniform fusion.
Cool, detach, and pulverize the melt. Dust it into 80 cc. of phos-
phoric acid in s digestion flask with frequent shaking, and heat on the
steam bath over night. Distill and titrate as for acid-soluble boron.
Blanks for the reagents have amounted to about 0.09 mg. of boron
for 25 gm. of soil. As shown in table 2, duplicate determinations
differed by 5 percent ov less.  From 85 te 100 percent of boron added
to the soil In tourmaline was recovered.

Tanie 2.—dAgreement of duplicate delerminations of tolal boron

Labera-
tory

sample Sail bype Boron {p. p. mL)
No.

Ci24 | Deceator elay oo, ..o R RPN A 1
cigs ... do ... e rweeme o [ e | 18, 200
Cal | Ruston fine sandy loam . 43, 83, 32, 32
C208 | Sharkey einy. ... - . o alal iaiaiieiaea e as 47, 48,
4585 | Hagerstown stony lown. ..o oo G5, 0.
132 | Moury silt ot .. il i aeees e C . i 82, 05.

t Deterininations by Q. Edgington.
WATER-SOLUEBLE BORON

Meany different solutions and methods of extraction have been used
for the determination of soluble boron in soils.  After testing several
of these, Eaton and Wilcox (25) favored pressure exiraction of the
goil in equilibrium with 1.5 times the moisture cquivalent percentage
of water. Although this procedure gives comparable results for the
boron in the soil solution, it is not suitable for a measure of the total
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water-soluble boron. Frigel, Dreyspring, and Lotthammer (32)
have shown that » few leachings suffice 0 remove essentially ali the
water-sclubie boron from soils. As the aunthors’ present purpose is to
compare water-soluble boron with other forms, the procedure given
below was followed.

Mix 150 ml. of distilled water with 100 gm. of air-dry soil in a 250-cc.
boron-free Erlenmeyer flask. Heat the flask in & boiling water bath
for 15 minutes, with frequent shaking, then suck the solution from the
soil with a Pastewr-Chamberland tube.! Repeat, with three 100-ml.
portions of water. Make the combined filtrates alkaline with N/2
sodium hydroxide solution, evaporate to dryness in platinum, ignite,
and titrate as described. That this procedure removes substantially
all water-soluble boron is illustrated by successive extractions of
Antioch clay loam. The successive quantities of boron found in the
lenchates were 8.6, 2.2, 1.6, and 1.1 p. p. m.

BoroN 1N PLANT MATERIALS

Consideration of boron in soils, including possible deficiency or
toxicity, incvitably involved vegetation growing in the soils. Two
methods were used for the determination of boron in plant materials.
With the first, 2 modification of that for ucid-soluble boron in soils, 50
to 75 ml. of phosphoric acid was added to 10 to 15 gm. of organic
matter and the mixture immediately distilled. The ashing method
described by Wileox (48) was used lor most of the determinations. It
requires less time and makes use of larger samples.  Results obtnined
by the two methods on the same sample showed about the same
agreement as duplicate deferminations by either method or within 1
to 2 p. p. m. for material containing 50 p. p. m. or loss.

ANALYTICAL DATA

Most of the soil samples examined were collected by members of
this Division and of the Division of Soil Survey lor other studies.
They were selected for this investigation as representative of the
great soil groups and of the geographical regions of the country.
Cemplete descriptions, as well as physical and chemical data, are
available in other publications (1, 18, 14, 28, 85, 86). Coertain data
from these sources have been included in table 4. Seme samples,
including soils of known horan deficicney or toxicity, were collected
by the authors or obtained through the help of other persons.  Unless
otherwise noted, samples are lrom virgin soils,

Table 3 shows the content of acid-soluble, total, and acid-insoluble
boron in a number of snils classificd by great groups. Acid-soluble
boron is presumably the maximum available boron, whereas acid-
mnsoluble bhoron, the difference between total and acid-soluble, is o
messure of the stere of boren in resistant mineral and roclk particles.
Since the cetermination of the total involves greater chance for
analytical ervor than does the acid-soluble method, in a fow instances
the acid-soluble slightly cxceeds the total,

All results are expressed in parts per miilion of the element boron
referred to air-dried soil.  To convert to horic oxile or borax, multiply
by 3.22 or .81, respectively,

1 A piece 3 to 4 inches, eyt frorn Lhe Bollom of the lube, auffices.
1 Alzo frem ag et unpublished material by L. C. Brown agd 1. 8. 1folmes,

407555%--41 2
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TABLE 3.— Boron content of soil projiles in relation to soil groups and parent material
L. PODZOLS

Acld- | Agd
Boil type and location Dopth |sciuble| powa | 10
boron boron

Parect materal

P.pom|P pom.
2.0 kL]

| Brasgns sandy loam, North Groton, L4
N.H

1.0
2.4
104 1.4

1. GRAY-BROWHN PODZOLIC

Berks shale losm (orchard soil), [ 9 3
Mertinsburg, W. Ve ____.[] 10" 53
0~ 4
Brookston pilty clay loam, Feir- :ﬁ___ﬁ
ment, Ind oo} 5y 'T«i

7d- §54-
X 2- 1o
}Chesf.cr loam, Rockville, Md 10- 34

34~ 60
0-

}Shalo.

—_—
e
i

BABEY B

Calcarcous glacial
drift,

Cicanite and goelss.

pwunBn Bowe-an B8

1= 53 e G [0 B
OISO O Y- 0 DR 0

Olyda siity clay loam, Winchester,

e Glaclal dritt,

£ b b D

o]
5t
[F-0:-]

Haperstown stony losm {orchard

sil), Charles Town, W. Va._.__ . Limestone.

En gD pg = = B3I Ch R
S hammn oo ooy

L
1
1
1
1
I
3

Miam! silt loatm, Willlamsburg, Ind_ Cﬁ‘ﬁ?{f"m glazial

cEREoNEREEL

[T
Lt b i
O L

III. RED AND YELLOW PODACLIO SOILS

o
b S

}Cccil elay loam, Orange Oounty, Va_

—_——

Gneiss and sehlst,

—_
[--L-=]

Cecil clay (eultivated soil), Browns
Summit,

FPP ©F

umg

CREGOS
B 0 D - R OO ThCo =3

ngiélsun clay laam, Greenville, | }anic ignnous rock.

WEPT

i
Df{:lntur ¢lay loam, Russellville, L1 imestons,

oy

IR N G P e 5

=]

Unconsolidoted sedi-
ment.

Trunbar ine sandy lonm, Gralngers,

g3,

I’hosphatin Livea-

Maury slit lpam, Ashwood, Tenn. stone.

[ R AR

In T n e e e e D 0 B5 S R ST

}Non’olk fine san:ly loutss, Dests,

Ornngchurg fine sandy loam, Wil-
lintns, N. e

nconsolidated sedl-

Ruston fing spnly lonm, Fremont, ment.,

Tilten fmc sundy loamm, Worth
[ f1TEs 43 5 SR T ——

O D O bSO T T B A D O O RO O S (0 00 D 00 00 e D0 £ 5 A0 0 00 R i 00 RS S W e D0

}York siit loam, Belhany, 8. G
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TasLE 3.—Boron conlent of soil profiles in reletion lo soil groups and parent
materigl—Continued

IV. HALF BCG, GROUND-WATER PODZ0OL, AND MUOK 20ILS

Labora- Acid- | o Acid-
m‘ggh Soil type and location Depth sglutrzgic hc‘;ﬁfg soijgi_:i . Parcnt material
0. boron
Inehes |P.op mlP.op m P p.om.
0205 {\Bizden loam, Airy Qrove School, - 8 1.8 27 25
3306 N. I0- 38 2.8 B x
802 [{Cosville fine sandy leam, West { g- 28 a2 20
T3 [\ rosscoads. T C'--a ------------- Lt I I R Unconsoliduted sed
8313 Pamiico mouck, Cove City, N. C.. .. 48_ 0 13 17 15 ment
C%g Pcé;t:mnug fipe sandy loam, Kips- |§ 5: ég %; ;3 ig
€310 3Ot Mo e e m 50~ 64 28 19 18

¥. PRAIRIE, CQOERNOZEM, AND BROWN S0ILS

2928 0- g '22.2 3n 1
8%&?‘1} s Barnes loam, Labolt, 5. Dak...... . lg: éé 555 g? I;
Q2632 |} 33- 40 s 38 11
10082 G- 3 2.0 4 i3 |\ Calcaraous glacisl
0083 &- 12 12,6 %5 l% Arift.
%gggg Carringlon jram, Winthrop, Towa. . é;ﬁ :ﬁ f_sig 28 ig
0086 43~ 70 18.5 29 b
10087 G- 84 19, 4 29 ]
8138 1] }’3 ‘ZE, 8 41 17
g;gg Mafshai!silt logm, Clerindn, Iswa éi: ‘{g g&f g}i ig FLoess,
8738 43- 71 128 2B 15
BIIE1G ¢ 8 19.2 23 3
BHGIT - 12 26.8 27 [i]
Braoto |yloght grayisibrows st fommn, b5 %5 | 3R] 5| 1S [icaceroous shate.
Bigsop {] Fuebln Colo oo Roas W T 3004 0 i
Bl 48~ 58 344 a5 I
B10622 fg- G2 278 27 |
VI. RED DESERT SOILS
C3d1e o- 2 8.8 i1 2
C3420 2 5 10.¢ i1 i
Q3421 DMuroe sandy lorm, Kern Co., Calif 8 & 11 i3. 4§ 15 1 D Grauita.
03422 11- 14 13.8 i4 0
C3424 44- 50 5.4 & I
VIL NONCALCIO BROWN {(SANTUNG BROWV} SQILS
C5081 (1 Palibrook fiue satudy fpom (urchur:i B B 47 g 4 :
gmoz } s0il), Escontdido, Tnlif <.__..___.. [ & 23 ]42.0 13 ; }Gr&mtc.
5704 4§
C5765 | }Rincon leam, Fioilister, Callf.__.... { 636 | 140 15 1 j3Unconsotidated river
C5700 i0- 72 H.4 !§ I .
82;;: Sterra sundy loam, Riverside, Calif.. { g: 33 -4;_3 1“3 }g Ignaos rogk.
GORG - g 4,4 08 gll
C5086 : : 2- ) 53 a8 1
Scil at Himalnyn rourmsllne mine, F N .
C5087 13- 18 5 liv4 5B 13 Pegmatite,
Smes Mosa Grande, Calil___________ ‘I ig-198 5 & 14 12
O 5080 a6t 18 .3 4 2
VI ALLUVIAL SOILS
gi;gg }Ghshalmv!ty ciay loam, Chitwood, g: lg gg ig E }Unf:onsolidamd river
R R S 56 | 100 i £ wash,
C4028 i . o 28. 4 ol
Cao20 Hunl.;g;;_;_l.l;n lstiri;_;umm, Elliston, Ya. & 29 7.2 48 I Ur‘{fgﬁibl}:i:é?d llil:été:
Ciogp [j (enttivatod sail) . roemnemmnaa o | 260 69 g | i from
ggig? Sh‘rnikey clay, ‘Terrabonno Parish, lg: 22 43‘3,2 33 lg M“:vs;;]s]sippi River
G108 45 80 414 43 7 '

R ey
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In order to extend this survey to a= many soils as possible within a
limited time, only one form of boron was determined in an additional
number of soils. The acid-soluble method was used, since it is much
more rapid, and the results probably have more agricultural signifi-
cance. These supplementery data are listed in table 4. Tabulated
with it are the pH and colloid content of the soil and molecular ratios
of the soil collotd, to show the relationship between the physical and
chemical properties of a soil and its acid-soluble boron content.
Parent material is given in parentheses under description of the sam-
ple. For completeness, soils from table 3 have been included when
the addifional data were available, and to distinguish them they have
been listed by only the soil series name.

TABLE &.—Acid-soluble boron. content of soils in relation to pH, colleid content, silica-
sesquiozide ratto, and silica-base ratio

L PODZOLS

In colloid

Deseription of sarmples Depth Collotd s10
1

a0y

)
2

it
e E23 e 1 R O O TR £

Hipge o toba - i

Au Train _sand {placisl drift), Luee
County, Mich

-,
o
=T -F—10 ]

Brassua sandy loam

bl bl st st alalal 4l
- TR TR T Y- YT
P . X
LN o 00 B0 R S O =

B D
CL LT

II. GRAY-BROWN PODZOLIC 801

rBrockston silty clay loam

:al:nmcng

IRt ettt oot L b ] 2

lChester lonut

ot ot
BommiEhoommm

Cllaton silt loam (loess), La Crosse, Wis .

£ i e e b
e

Clyde silty clay Joam.

rMi_amI silt loam

)

BRERCSHE

=

Muskiogun: silé leam (shiale), Zanagvilie,
Ohln . .

Veroon Ang sancd ¥ loam (shaie}, Guthrie,
Okin

CIEG T S 0 1 e I T e e b3 50 £ 00 B0 80 O0 R R S O B R e O 00 D B G 3 1D
SRMHE S bk SR bt S OO N s N G P E S P e PR LD
= e T3 e 0 00 00 = S e D DA B D] O e b BT R O e B R D OO0 O O B OO e T
— e o R 8 i b o B T b et b B sama

P e P et 3o B T
WO DL LD L e D e DA D D S D B R R SO R DA S T D SR BD S
IS BT B b2 RO N MG B RO R B RO MO B RO AT 10 19 B PO 10 1 e 1t e R RS BT 1O 0D
B G e by o D 0 €3 Ta b £ 2 3 KA L R R L L B P

SEGR e Ot S T O3 BT EM S3 E B B T o 0 ) O O S bt o e i 2 O = O AT U YD

sttt atuiy bl P A LT F A o

ERs8BEEs

[
=
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Tanok 4.—Acid-soluble boron content of soils tn relation to pH, colloid conlent, siljea-
sesgquiozide ratio, and silica-base ratic—Continued

I RED AND YELLOW PODZOLIC SCILS

In colloid
o Depth | ASE | sqn a

sample Destription of setnpies soluble oH Colleid 2104

o boron S0 Total

' RoO3 } pages

OB38! | Arredondo flne sand (unconsolideted | Feches | Popom. Percent
sediment), Alachua Co., Fla. .. .ooo.. - 38 0.4 [N I D E ———————
i e R T - o-a | §4| &2} ®i[Teloos
CI13 o 2 6.8 5.9 24.6 L7l 12.0
S AR A
12 40~ GG 8.6 4.9 52.8 1,55 2.4
0208 - & 10| 49| 4v| 23] 8
e — il ol gl ) dal g
cam 28— 14 3.0 4,4 23.0 181 6.8
6078 - 12 o6 6.2 5.6 2062 175
8399 [ Rirvin fine sandy loam {(sedimentary é_;z: g? igg ::g gg:g }: gg '}ég
sogt |} clewd, Tylen Tex. . oovereiiee L 5T 7.2 S8 3a; w03l W3
6082 63- 75 3.0 4.8 7.3 1,80 2¢.0
125 2- 12 9.8 5.7 19.9 ] 204 8.1
ci20 i2- 25 17.8 56| 299 1.80 6.2
131 pMaury silblowm ..o oo 25~ 40 3.2 5.2 40. % 1,66 25
o132 Al G0 81.R <9 45,5 2.4 47
C133 60 60 63.0 af| dus| 2w 4,8
5178 |intacogdocnes fme sandy toom ime- [f 3 8 Lol g3 il 1o e
gq73 1| Stomed, Tyler, Tex. ool 40 66 a2l &s6| suz| vss| a4
0294 412 L6 [ 4.9 167 2i.4
C235 |sNorfolk dnesandy losm______ ... ... 12- 34 3.8 1.4 3.5 1. 51 9.7
G296 36~ 80 2.6 R ) 0.1 1, 57 25.6
0233 B- 8 1.2 5.1 36 .2 5.3
0289 | Oraogeburg Aoe sandy leam. o oooeoonos G- 30 6.0 4.5 46.5 119 21,9
260 BO-100 £.6 4.6 27.7 1,77 3.7
fo7 11 - 10 1,2 6.6 6.7 L& 1L0
22 |¥Ruston Ano sandy Wwem. o ooe .o _oo.. { 165~ 30 4.4 50 93,3 1,38 18,1
Q293 40- 54 6.2 48| 200 16 259
IV. GROUND-WATER E;ODZOL, BALF B0OQ, AND MUGK 30118
a5 0 L& 4.4 il 4 .33 .1
300 }Bl”‘m JOBR e 13- 38 28{ <3| 23:al 2ul ss
G2 | ovts i 52 Ion ... A I T
QaiL Do 36 .9 2.8 31! R 0.0
0312 [Pamlico touek ... oo o o __..._|{ 40- 80 1.8 4,3 4.8 2.90 28.0
0313 G- =4 .8 3.8 5.4 .49 27.3
C208 815 2.4 i1 3.0 2.41 3r.0
Q308 [»Portamouth fAne sundy loam . ___ { 15 35 22 43 1.1 2,19 62,0
Q310 5O~ 2.8 £4) LB 230 0.8
V. PRAIRIE, 3RESTNUT, CHERNOGZEM, AND BROWN BCOILS

sz AR E B
G231 |(Darnes leam 17-33 | 32| BI| 36| 2% 71
G293z 33~ 60 27,2 3.2 3.5 3.36 7.3
16082 4 3 a2 5.5 25.2 2,33 85
10083 3- 13 }2, 2 5.2 225 2 gg .7

3- .5 ) ,
10083 |{CRTTINELOR 1ORTL .- 1_mmecem e 43 | L8] 53| 351 231 63
10086 43- 70 ig,8 8.4 2.8 2.32 8.7
10687 T6- 84 19. 4 8.1 g 2,36 &9
$343 1= 26 1.4 3.4 32, 4 3. 41 &0
8344 1 Colby silty colay loars, Hays, Eaos. |) 20- 33 17.4 8.5 30.3 47 5.7
8846 {locss). 47- 00 ‘12,2 8.5) ™0 3.57 5.8
847 - 72 .4 8.5 26.8 456 5.2
Byan l 0- 13 2.8 551 324 291 7.6
R — IR (e
#7138 J 45- 71 1% 5 5.7 ®3) L8 3.7

;- e |
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TapLE 4 —Acid-soluble boron content of soils in relation lo pH, colloid content, silica-
sesquiozide ralioe, and stlica-base ralto—Continued

V. PRAIRIE, CEESTNUT, CHERNOZEM, AND BROWN SOILS—Centinued

In collold
Labors- Acid- N,
tory, Descriptiou of samples soluble Collotd| . 810s

sample boron
No. Tatal

Fealouss sitt joam {loess), Puliman, Wash_

Bcgbey st Inam (glacial drilt), Teton
.y

00 G0 000G~ Thiin
) T B e

Bhelby silt loam {glacinl dri{t}, Bethauy,
0 e mmmmmmmmm——m e mmm —mmmem

EZI3ARR
i cabo i iol

60— B4

VE RED DESBERT SOILS

G- 2
lMurcc sattdy losm E‘; 1?
11— i4

VII. RENDZINA 50ILS

& 3 | 16.4
}'Houston clay {limestone}, Temple , Tex._ { - 2D | 12,2

36— 50 L2

VIIL ALLUVIAL SOILS

-
}Bibb siity clay lonm, Basirop, Ia { 23—
1]

Havre st loam, Fort Peck, Mont. .f,g:

{Missouri River) o g
82-100
- 8
Havm tiny, Nushus, Mont, (Milic River) |§ i5~ 25
40- 4G

}]untm 1on silt tosin, Columbia, Tenn. || & g

(Duc River}

@
bt

fry=goyrd

b GO B (T 0 G Ol bl et S D D L) bt g0 P O e CA R GO B DRI N OO O O

FRSNBIE

OO RO 40 0 e T R D O D e e 0 T O

Huntmgwu very flne samdy  loam,
Greinger Oo., Tenn. (Clinch River) ..

FR 0 bt e S0 68 O O v 1150 B 03 80 1 2

SRSl
SODENGDMNDIND AN

Sharkey clay, Tetrebonne Parish, Tp

Wabash silt loam, Now Alblz, Iows.

0t £ = D e O 0 A p et T T L P et T e e G b e et et T D

Yazoo veriy ne slit loam, Vocherie, La &

S9SN DT I S 00 the §4 EN 2 3 €0 2 1 8T 5 O S0 09 14 00 50 SO0 06 et e

}Shnrkey clay, Forrest City, Atk

00 LI IOV OI T 2L 00 O DO T




The data in table 4 are summarized in table 5.
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Averages have

been given to show the change in horon content with change in colloid
content and certain chemical properties of the soils.

TasLe 5.—Variations of acid-soluble boron with pH, colloid conlent, silica-sesqui-
oxride ratio, and stlica-total base ralio

. Variations with Variatigns with silica-sesqui- ||Variations with silica--
Variations with pE collbid content oxide ratio 9 toial base ratio
Awer- Aver- Aver- Si0 Aver-
sam-| 2% || Colloid ) Sam-| ZKT 803 Sam-i B8 || =% [Sam-| 382
B d- - ——— e - id-
PE | ples | 8t f contenty pies | 8hite || FeOARD: | 9IS [soluble|| pases | P | solabie
boran boron boron boron
Mo, | Poan.fl Pet, | No, | P, Ne, | Popom.
4.6 29 1.26 || 10. .. a2 RN | 04 . 25 3.35
4.6-5.5._ 42 13. 57 |{ 10-20 2V 13,36 10-20 .. 19 6. 08
50-6.5 | 40| 1881 4 20-30 | 451 17.57: B=10 _.] 28 19. 50
6.6-T.5 _ 26 26. 28 |} 30—10. 31 23.52 1 2. G.5-8. . Al 25.07
T84 32 28.01 |f 404, . 29 24,32 [T/ o) 27.65
154 18.29 184 18. 2% 151 18. 59

Table 6 is & summary of the results in tables

3 and 4. Averages

have been caleulated for acid-soluble, total, and acid-insoluble
boron by great soil groups and by types of soil parent material.
Omitted from the average is the abnormal soil from Mesa Grande,
Calif. (C5085-5089), derived from a pegimatite vein rich in tourmaline.

TarLE B.—Mean boron conleni of soils with reference to soil groups and soil parent

material
Acid-soiuble Acid-insoluble
boren Tote} beren horon

Sof] groups aid parent materinl I —

Samples | Avarnge § Samples | Average | Samples | A verage
Group: :
Half Bog, Ground-\Water Podzol, andd | Number | P, p. ot | Niuwber | £.op. . | Number | £, p.om
e 10 2,36 a9 2L a 18.9
12 3.26 L) 212 4§ 1.8
Wonealeie Brown_ . 7 793 7 1.7 7 3.9
Red and Yellow Podzolic. 47 7.8 37 204 xn 142
Red Dosert. ... 5 10. 32 H 11.4 5 L4
Rendzioe..__... 3 13.87 | i amjarmerene-n (AP PP
Gray-Brown Poduniie ... ... ... 33 22.44 22 43.9 2 20,5
Prairie, Chestoui, Chernozem, aod
BrOWI o irmee o e cmomn mee e ma e an 48 23.45 a7 3.3 27 7.8
Alluvisl i u8 27,00 9 48,0 9 21.2
Totl. .. o eecemea oo camamaa.. 203 W14 3 30.0 120 13.49
Parent materisl:

5andstone, ... e maemcme e an 2 - T I ) J mmm————
Unconsoliduted sediment., .- 33 4,23 28 20.8 28 17.3
LTI LRt U — 26 5.19 26 14.1 20 4.9
Loess. .. 17 JEN 4 az.0 4 12.2
JAmestOne. oo emniaaeaas 19 15.85 12 2.0 12 21.9
Shala__... 14 i0.04 7 35.7 2L.8
Glocinl drirt_ 32 2h. Bh 35 8.0 35 3.4
Alvinm oo 38 27. 00 9 48.0 22.2
B R, 201 17,14 121 0.0 120 13.9
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DISCUSSION OF DATA

RBReratioN oF Boron CONTENT TO S01L PARENT MATERIAL AND GREAT
SoiL GrROUPS

This survey confirms the belief, expressed earlier, that boron is
universally present in soils. Appm\unateiy 200 so:l samples, rep-
resenting various great soil groups, geographical regions, and types
of parent material, have been examined. In all, boron was readily
detected. Concentrations of total boron range from 4 to 98 p. p. m.,
with an average of 30. Acid-insoluble boron, or that present in
resistant mineral and rock particles, accounts for an average of 14
p. p- m., or about 45 percent of the total. About 17 p. p. m. isin an
aeid-soluble form and presumably represents the maximum available
for plant growth.

The amount of boron present in a soil is dependent on two factors—
the boron content of the parent material and the intensity and
efficiency of weathering during and subscquent to rock decomposition
and soil formation. Weathering may either concentraie or dissipate
boron, deneanding on the form n which it oceurs. Tourmaline and
other resissant borosilicate minersls are little affected by climatic
agencies and, therefore, tend to be concentrated as the more soluble
component,s are removed. Assuming that all acid-soluble boron is
present as tourmaline, the average of 14 P. p. . represents an average
soil content of about 400 p. p. m., or .04 percent of that mineral.
The Hagerstown and Huntington samples, with 60 p. p. m. acid-
insoluble boron, by this reasoning contain about 1,860 p. p. m., or
nearly 0.2 pmcenh tourmealine. As the Hagerstown is residual from
limestone, resistant minerals in the pmcnt. rock would be greatly
concentrated during soil formation. In the Huntington, an aliuvial
soil, heavy particlos of fourmaline may have been concentrated by
stream action.

Boron in decomposable minerals in the pavent material is partially
lost through weathering, and the remainder is present in the soil in
acid-soluble condition. The concentration of this boron may either
increase or decrease, depeoding on the relative rate of removal of
boron with respeet to the other components. The accumulation of
soluble borates in the ocean and in desert regions, and the ready
leachability of most borates added to the soil, suggest that, in general,
boron is more rapidly carried away than mest other clemoents.

fis shown in table 6, the boron content of soils in general reflocts the
boron content of the parent material.  In sccordanee with the results
of Goldschmidt and Peters (27), soils formed from igneous rocks are
low in boron and those fromn shales high. Limcestone soils, through
intensive concentration in their formation, are high, despite low boron
content of the rocik. In these three groups, in contrast with the
general average, acid-insoluble boron is higher than acid-soluble, indicat-
ing s Lelatlvely large amount of tourmaline. The total boron content
of soils formed hom unconsolidated sediment is ncarly as high as the
average, but it is practically all acid-insoluble. A maximum of not
to exceed 4 p. p. m. is available to plants. Many of these are Atlantic
Coastal Plain soils of the Norfolk and related series formed from
almost identical parent material.  Inspection of the data for the
individual soils {table 3) reveals their greal similarity in boron con-
tent. In the deposttion of the sandy sedlmcnts, considerable boron
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was Included in resistant minerals, little in clays and easily decom-
posed rock particles.

Soils formed from glacial drift, loess, and alluvium are high in
boron, most of it acid-soluble. These three parent materials include
rock or soll of any and ail kinds. Loess and alluvium are largely
composed of very fine particles that may be expected to be high in
acid-soluble and low in insoluble beron. Heavy particies of tourma-
line, may, however, be concentrated sporadically with alluvium as
in the Huntington.

Generalizations on the relation of the parent material to the boron
content of the soil are complicated and obscured by the very sporadic
distribution of tourmaline and by effeeis of weathering.  Samples from
a tourmaline-rich pegmatite vein at Mesa Grande, Calif. (table 3),
exemplify the uneven occurrence of the boron mineral. Sainples
C3085 to C5088, apparently formed directly from the vein, are very
high in total boron exeept at the lowest depth. The very low acid-
soluble boron content is indicative of the low rate of solution of boron
in tourmaiine. Sample C5089 was collected asbout 2 hundred yards
uphill from the other samples where a cut exposed this elay immedi-
ately over the pegmatite vein. This sample is very low in boren.

The average boron content of the great soil groups allords evidence
on the effects of weathering.  Very low in acid-soluble boron are the
thoroughly leached Podzols. The removal of most of the clays
concentrated resistant minerals in the A horizon. Consequently,
total boron is highest in that horizon and lowesl in the B zone of
accumulation. Likewise low in soluble and high in inscluble boron
are the Half Bog, Ground-Waler Podzol, and muclk soils, which are
formed under & high water table with removal of soluble coustituents.
Of particular interest is the very low acid-solable boren content of
the highly organic mucks. showing the rapidity and completeness
with which organic boron s rendered soluble. This group of soils,
however, is derived from coastal plains unconselidated sediment and
owes its low boron content partly to the parent material,

The rather mtensive leaching which formed the Red and Yellow
Podzolie soils likewise left them fairly low in scluble boron. Some
from this group are from unconsolidated sediment, but since the others
(Cecil, Davidson, York, etc.) are alse low, parent matericl is prob-
ably not the determining factor. The acid-soluble boron is about
averege and tends to be higher in the more thoroughly weathered top-
soil. The Maury, residual from phosphatic limestone, is sﬁrikingﬁr
different. Its high acid-scluble boron content of the lower horizops
18 associated with a high concentration of ecaleium phosphate and
possibly is due to parent material.

The Gray-Brown Podzolic soils are loss leached and contain much
more boron. Both soluble and total boron generally increase with
depth. The castern members resemble the Podzols and Red and
Yellow Podzolic soils in that most of the boron is acid-insoluble.
The others have about the same total, but the major pars of it is
acid-soluble. This group combines high boron parent meterial
(shale, calcareous glacial drift, and Hmestone) with moderate leach-
ing, to give & very high average boron content. The variation in
boron content with drainage is illustrated by the profiles of Miami
silt loam (C4060-4066), Brookston silty clay losm (C4043—4047),
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and the Clyde silty clay loam (C4067—4072). These soils are devel-
oped on the same parent material and are similar in character except
as influenced by drainage. In the topsoils, the Miami silt loam, the
beat drained of the three, contains gbeout onc-third as much acid-
soluble boron as the Brookston silty clay loam and one-fourth as
much as the Clyde silty clay loam, the poorest drained. The water-
scluble boron of these soils (see table 8) also differs markedly. This
is particularly interesting because Cook (21} recently reported boron
deficiency in Michigan, as evidenced by heart rot of sugar beets,
more frequent in Miami soils as compared with Brookston soils of
similar texture.

The soils of the Prairie, Chernozem, Chestnut, and Brown groups
are formed under less rainfall than the Gray-Brown Podzolic soils,
and contain a little more acid-soluble boron and somewhat less acid-
inscluble and total, Seventy-five pereent of the total is acid-soluble,
the highest for any group except the desert soils. "While soluble boron
increases with depth in one or two soils, in general the boron content
of n profile is fairly uniform. The high boron parent materials, loess
and glacial drift, combined with limited rainfall, produce & very high
acid-soluble boron average,

The low boron content of the Red Desert and Nonealeie Brown soils,
all from California, is elearly the result of parent materials, as these
solls have been little leached. They have been formed from igneous
rocks and unconsolidated sediments. Most of the boron is acid-
soluble and varies little in the profile,

ReLsTiON oF Acip-SoLunce Borox 10 SoIL PROPERTIES

The amount of acid-seluble boron retained by a soil despite weather-
ing would seem to be dependent on the soil characteristics. Of the
four physical and chemical properties tabulated with boron content
in tables 4 and 5, two—the¢ pH and colloid content—seem to be deter-
minative factors., The two molecular ratios arc apparently related
{o boron content, because all three are largely expressions of climatic
influence.

Very acid soils are very low in soluble boron.  The eflicient removal
of boron from the Podzols, Half Bog, and muck soils has probably
been enhanced by their low pH. Since boric acid is a very weak
acid, o tentli-molar solution having & pH of 6.6, in an acid soil like
the Brassua, with a pH of 4, insoluble borales should be converted
inte readily soluble boric acid. With decreasing soil aeidity the
average boron content inereases. This increase is more rapid with
the very acid soils and less rapid as neutrality is approached.

The average acid-soluble boron content increases regulnely with
increasing colloid content from 3.0 p. p. m. in soils with less than 10
percent colloid to 298.3 p. p. m. in those with over 40 percent (sce
table 5). The TPodzols, very low in soluble boron, arce poorest in
colloid, whercas the alluvial soils almost certainly owe their high
boron status to the concentration of fine particles in their formation,
The relationship is perhaps better shown by the change in boron con-
tent.within a profile, since these variations in perent material and
weathering are largely climinated. In the Red and Yellow Podzolic
soils there is almost invariably an incrense in acid-soluble boron in
the B horizon coincident with o decided inerease in colloid content.
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The Kirvin fine sandy loam contains in the topsoil 2.6 p. p. m. boron
and 5.6 percent colloid; with increasing depth, these change to 13.2
P. p. m. and 59.4 percent, then to 12.0 p. p. m. and 50.0 percent, 7,2
p. p. m. and 32.3 percent, and, finelly, 3.0 p. p. m. boron and 7.3
percent colloid. Also, in the Wabash silt loam and Yazoo very fine
silt loam, two afluvial soils, when there is an appreciable change in
colloid content there is & corresponding variation in the smount of
acid-soluble boron. The Prairic, Chestnus, Chernozem, and Brown
soils are fairly consistently high in both boron and colloid in the
profile,

The dependence of the acid-soluble boron on eolloid content indi-
cates that much of that form of boren in the soil is held in the colloid.
To throw light on this point boron was determined in several colloids.
During the extraclion of the colloid from the soil, large quantities of
water are used and some soluble boron is removed from the colloid.,
The quantity removed, however, is only about 1 p. p. m. Ior
example, the residue from evaporation of the water used in extraction
of 3,400 gm. of the Sharkey soil weighed 2.15 gm. and contained 1,160
P. P- m. boren, or 0.74 p. p. m. boron, based on the weight of the soil
sample,

The boron content of a number of colloids together with other
pertinent soil data are given in table 7. The number and distribution
of these colloids are necessarily limited to those separated in studies
of other problems which were available in Sufficient quantities for
accurate boron determinations.

TaABLE 7.——Boron conlenl of cerlain soil colloids in relation lo Lime and magnesia
content and plf of the soils

Acid-soluble ’
Lahora- horon Coliokl Ca0 in1 MO -
tory . : e [ Cobio i Cad in MO inl pH of
samnple Soil series Depth a1 soll | collotd | voltoid | soll

Ne. in n '

V coiloid ! seii i
— T . R A

faehes (140, m.] 8 p.wm | Percent| Percent | Fercent |

C35 | Bladen foam. | [, 5 i LG a7 B3 4.4
CoH | Narfotk fine sandy fopin . . 12 B 4.9 L3 .58 51
06 | Qrangebury fne sundy loum . i4 bR 2.7 .43 [ 2B 4.4
C292 | Ruston Hue sandy lsam__ .. .. . 3 16 t 1.4 28,3 .30 1] 5.0
CL87% § Chester Yonn ... .. .. ... . 20 58 i, 7 LH [N i.8
129 | Maury shit Joam | at o ag! wel Tl gos 5.7
G678 | Shelby sill fopm . . B WG 45T a8 fus 56
6sa) |0 de .. ol wl 0! W16, e %4
C2318 | Curringlon lonm 490 13 D 0 LTI +.9
C2106 | Shurkey clwy_ ... ] 8] 870 @Be] nerl oj.ep 510
Caw? | L. do.... ' Woodsal B0 Logp .32 7.1
02008 |, _do..._ .. - i 72| dld 364 LUy, 248 T4
Caow1 | Carrington loam. . ___._...00 | 70- 84 BR 1 184 H.¢ L4 ! .78 8.1
{4044 | Brovkston siity clay loam_. . ... | -8 Wl 350} 80 1.5, 265 6.4
Cqunt | Clydesiliy slnyleam .00 5- 20 g2 3.2 .2 LA a5t o.9
2002 | Havre elay. ... - 12 s L8 3.2 L g &1
C3003 |.._.. [ O ! F 104 46.8 .4 L74 2.491 8.t
306l 1. e 105 iLa 3.2 1,83 2,88 8.4
C40G0 | Minmi siit loam. ] 35 4 36,9 1G4 .36 82
<203 | Barnes lowm ... 1ig 322 35.6 503 2.88 8.1
C132 | Maury siit ioam. 17 8.8 45,5 419 2. 16 4.9

From the data in table 7 it is apparent that the acid-soluble boron
is concentritted in the colloid. The values are from 7.5 o 1.6 times
higher in the colloid than in the whole soil. Since the particle size
of the colloids separated by the centrifuge (<0.3u).differs from that
estimated in mechanical analysis (<2.04), the percentage of acid-
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soluble boron in the soil cannot be caleulated from soil data. In o
sample of the Havre silt loam (C3002), however, colloid and silt
plus sand were separated by mechanical analysis procedure and the
fractions were found to contain 85 and 24 p. p. . boron, respectively.
Two-thirds of the acid-soluble boron is therefore in the 35 percent of
the soil less than 2y in dismeter. TFrom the bovon content of the
centrifuged colloid (105 p. p. m.) it is apparent that even within the
24 fraction the finer particles have a higher cencentration of boron.

The colloidal fraction of the soil is & far more homogenous body than
the whole soil, and it is thercfore permissible to attempt to corrclate
& minor element, such as boron, with some of the other chemical ele-
ments present.  Mention has been made of the effeets of liming on
depressing the availability of boron and of thre very nearly insoluble
nature of the magnesium boron compound, boracite. It can be seen
that there is & very general relation between the boron content of the
colloids and the caleium and magnesium content.

The uniform boren content of the Havre ciay and Sharkey clay
colloids would indicate a uniformity of boroun in the colleids of the same
soil profiles. There is also not much difflerence in the two members
of the Shelby profile. The two members of the Maury silt loam and
Carrington loam profiles, however, are greatly different in boron con-
tent, The lower member of the Maury profile has a much higher
phesphate content than the upper member, and there may have been
much difference in the boron contents of the parent materials forming
these layers. In the light of what has been stated regarding the
unavailability of boron in heavily limed soils, one would expeet the
colloids in the lower horizons of alkaline reaction to be higher than
the boron content of horizons above having an acid horizon. This
expectation is borne out in the Carrington profile, but the diflerence
in boron content of the Shelby profile is small though in the right
direction. Chemical properties of colloids high in Jime and magnesium
and the relative insolubility of caleium and magnesium borates would
lead to the gencralization that soil colloids of a high pH would be high
in boron. In gencral, this generalization is supported by the dafa.
The Maury, Miami, and lower Shelby are exceptions to this generaliza-
tion. The uneven distribution of bhoren in the parent materials
probably explains the Iailure of the generalization.

Soils low in coltoid may be expeeted to be low in available boron,
whereas fne-textured soils will usually have an abundant supply
provided the parent material was not deficient.  Evidence from other
sources supports this conclusion. Recovery by leaching of boron
added to soils is more dificnlt from heavy soils (82).  Added boron
compounds are more likely to cause toxicity to plants on sandy soils
than on clays (23). Shales, which are formed from the fine sedi-
mentary matorial, gre higher in boron than most other rocks (27).
The acidity and colloid content of the soil, therefore, seems to play
significant roles in determining the acid-soluble boron content.

The effect of the chemical composition of the soil, as cxpressed by
the molecular ratios of the colloid, is not so clear. Average boron
content increases fairky regularly with increasing molecular ratio of
silica to aluming plus iron oxide, and with decreasing ratio of sifica to
total basvs. Within a profile, however, the ratios are usually quite
constant, although the amount of boron may vary widely, All three
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are largely determined by climatic eonditions, the effect of which
parallels their variation with each other., Hence, the apparent rela-
tion between them probably exists becausc all three are functions of
the same factor. The direct change of boron content with ratio of
silica to sesquioxides indicates that boron is not retained by the soil
in 8 highly insoluble iron compound as are the elements, arsenic and
selenium, The change in average acid-soluble boron with silica-total
base ratio is evident (table 5) i that with decreasing quantities of
bases (increase of silica-total base ratio) the acid-solubie boron also
decreases markedly. Decrease in bases siso accompanies increased
acidity as shown by the pH values.

WATER-SOLUBLE BORON

Water-soluble horon was determined in only a few representative
soils from humid areas, since, in these soils, water-soluble boron com-
pomﬁds do not accumulate, and differences between them are relatively
small.

In areas of low rainfall in the Western States, soluble horon com-
pounds may accumulate in soils in sufficient quantity to cause injury
to plants. In desert regions, soluble borates may be concentrated by
ev:poration of natural drainage water, whereas in cultivated areas
irrigation water may add boron te the soil.  Through the cooperation
of . 8. Scofield, of the Division of Trrigation Agriculture, samples of
desert soils from Fallon, Nev., and of nrigated orehard soils from
California were obtained. In table 8 data for water—soluble boron
are compared with those for acid-seluble and total boron, Soils from
humid areas deseribed in previous tables are listed only by the series
name.

In the eastern and middle western soils formed uwnder & humid
climate, water-soluble boron ranges from 0.3 to 2.5 p. p. m., with an
average of 1.04, Topsoils generally contain considerably more water-
soluble boron than the lower horizons. There seems to be no general
_It')elation between waler-soluble boron and either aeid-soluble or total

oren.

TasLE 8.—Relation of waler-soluble, soluble, and lofal boron in certein soils

SOILS FROM HUAMID AREAS

oy Soti 4 locatt Remark Deptt | sohutte | saiuuie | Tatel
. oll type ana location CINRrHS epl stlubie | spluble
5“5?5’}"' boron | boron | NMOFOD
i Irucher |Pp.m. {P.opm.|Ppm.
C4043 | Brookston silty elay loam. (..o iiiieiiiiiiae | B= 8 2.5 2.2 42
10084 } Carrlngton InBm . oo | iicieiciremecemracaaaa.a| 13- 22 LA 13.4 25
4067 - 8 L5 144.9 44
24008 |pClyde silty elay lopm . [ e e aian { 5- 20 .8 43.2 48
4071 3%~ 60 ] B4.8 7
4504 | Hagerslown stony loam....[.. ... - 4 N 5B 64
C4924 | Huntjogton silt loum cwimeew .o O0- B & 0. 4 %]
s SRRy A
B7 ; - .7 x,
4738 Marshall s doam e el R ‘B 20,4 25
w| g g B
Eli 1) - . L&
4061 Minmi silt losm. coee o oaan ok 7 LL & 25
C2108 | Sharkey clay 0 8 14 | 3ro 10
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TanLe 8.—Relation of waler-soluble, soluble, and {otal boren in certain soils—Con.
SAMPLES FROM CALIFORNEIA

X Weater- | Acid-
Soil type and lotation Remarks soluble | solubile
boren | borom

. Pom. |P.pm.
Virgin Aiken clay loam, Irrigated with water com- i 16 G5 40

Paradise, Butie Go, tatning 2-2 . p. . horon.
Yolo sandy loam, Paradise, O i 24.6
214

Lo
w

Buttr Co.
Yelo sandy loam, Wood- | Notirrigated ... ..o -
land, Yolo Co.
Rincon ioam, Holiister, | Irtigatad with woler cou-
San Benito Co. taining boron.

Rincon ioam, Jan Denite }Notirrigatud_____“ o

01 L= b R

et ot bt et Bt e B

Yolo loam, Santa Pauls, | Boron injury to lemons from
Vanturn Co. irrigation water,

Rincon lonm, Sants Maula, do_ el
Venturn Co.

Yolo finte sundy loam, San-
ta Pauls, Venturs Co.
Antioch clay losm, CGray- § Healthy peach broes

son, Ssn Jouguin Co.
Do... oooeooiee auen--| Possible borem injury to - 30
peach Lrees.
Sierrs sandy loam, Biver- | Orange trees irrigsted since || o &
slda. 1533 with 1 p. p. m. boroa & 30
i waker. ! ’

e Unirrigated, uvnder native { G- 5
roToAmmmrmmmmoofemess vegetation, G- 36
Redding  gravelly  lonmn, .._._.-___.,_____...........___{ - 18
Kearney Mess, San Di- 18- 24
ego Co.

SAMPLES FROM FALLON, NEV. (A'f OR NEAR NEWLANDS EXPT. 8TA.

B17ory | Alksli
Hil,

Dasert Plaza, wost of ¢x-

periment station:

Q5151 Tmpervious oy ... . 0- 24
Caneso spmd . ... 2§- 45
Fine samd ... _.__._.j|A lntRe, barren flab, NW A [ 48- 84
Clay e o)y of NW i spe. 4, T AT N, WO B-102
Finpsamd . . ......i| R.2BE., waterat i2{t. 1]i02-18
Clay e e o1 108120

5757 Finesand . ... ... 126-140

Virgin sandy soll on 8win-

gle Bench:

Ca748 | Fine somel . . . ..} Water table below 40-301t...

Ei}gi; |}“Z" sories, pints 21 nod 22| Not under cultivation,

BI78i3

BT+

BI79LG

Fiat, Rattiesnake | 2 mi. NE of Felloa { 22— ig

}"Z” serbes, plotsvand 0 | do o el

begrr cord Yery unproductfve, under-

BI172I0 87 series. plot 1 ... . .. { patng reclamntion.

A series, plot 25, samdy
arpn:

5748 Fine spad }irrignlutl for 4 YOATS; Pro-

dueed swoelclover nd Bl- ©

Ca74% San! nndd ciny
bk, wabter ot 89t

CH750 Canrse sund
¢ P 44 sorilr.‘s. ot 4: : X
5744 5 Bane reemmeseoo | Prinly boovy seil, icrig {i=
y besvy soil, irrigated
Csr4s Ciny . ... ] for 30 yours, producing sl sg: :ig

CH740 Caoarse sed. Lo
Carer Fosvy cloy (atn and onts; waler st 6L i| 4g_ qg

The California soils are generally inherently low in boron.  The fact
that added boron from irrigution water tends to accumulate in these
soils suggests that they are developed from boron-poor material. The
21 samples average 1.95 p. p. m. water-soluble, 14.1 p. p. m, acid-
soluble, and 18.7 p. p. m. total boron. The 11 jrrigated soils contain
2.84, 16.7, and 20.3 p. p. m., respectively, of water-soluble, acid-soluble,
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and total boron, as compared with averages of 0.87, 10.8, and 16.8
P. P. m. in the nonirrigated soils. Before irrigation, about two-thirds
of the total is acid-soluble, while water-soluble boren content is about
the same 8s in the soils of other regions. Much of the boron added by
irrigation is retained by the soil in a readily soluble form, thereby
considerably increasing the water-soluble content. Acid-soluble and
total boron inerease but slowly; the Antioch ciay loam, with 13.5
P- p. m. waier-soluble, still contains less acid-soluble than the Clyde
or the Sharkey. Since all of the added boron remains acid-soluble,
the ratio of acid-soluble to total boron likewise slowly increases.

The boron status of the Nevada soils is somewhat similar; here,
however, added boron has come from natural waters, and because of
lower rainfall and longer time of addition, has aceumulated in much
higher concentrations. The original boron content was probably low.
As boron was added by drainage waters and concentrated by evapora-
tion, most of it was refained by the clay layers, the sands holding but
little. Much of it remained water-soluble, although some wes fixed
by the soil and is acid-soluble but water-insoluble. Essentially all
the boron in the clays is acid-soluble; the sands contain some boron in
resistant minerals.

Two of the virgin soils are fairly low in boron. The Plaza profile,
C5751 to C5757, is topped by 2 very impervious clay layer which
%rotecbs it and the lower layers from leaching. The bench soil,

6743, on the other hand, is porous and has a low water table, letting
water sink through.

Irrigation on the Fallon soils, in contrast with the California
orchard soils, washes out the boron compounds and males the soils
productive. Samples B17911-16 arc representative of the original
uncultivated, very unproductive soil of the Newlands Experiment
Station. Boron content is high and half or more is water-soluble,
whereas essentially all is acid-soluble. In a sandy srea, C5748-50,
irrigation and culttvation for 4 years has removed most of the soluble
boron, leaviug the soil low in all forms of boron. A heavier soil,
C5744-47, retains more boron cven after 30 years of cultivation.
Clay layers are again the highest and still contain considerable
water-soluble boron, which is now probably in equilibrium with
irrigation and ground water.

MISCELLANEQUS DATA
Boron-DEFICIENT SoiLs From West VIRGINIA

In certain orchards near Charles Town, W. Va., Ben Davis apples,
grown on Hagerstown soil residual from limcstone, developed
“internal cork” which rendered them unfit for sale.® Addition
of borax to the soil prevented the disease. The saine variety of
apples grown on the nearby Berks soil, formed from shale, showed
no evidence of internal cork. A number of samples of soils and of
apple leaves and immature fruit were collected from these orchards
and supplemented by similar samples from an orchard near Hancock,
Md., witere no internal cork was found. Boron content of these
samples is given in table 9. Data for leaves and fruit follow those
for the seil on which they were grown. The vavieties of apples
other than Ben Davis showed no evidence of boron deficiency.

* Oral communicatinn from J. B, Mngness, Division of Frult and Vegetuble Grops and Discases, Buroau
of Plant [ndustry.




TECHNICAL: BULLETIN 797, U. S. DEPT. OF AGRICULTURE

TinsLE 9.—Boron condeni of eerlain orchard soils and of leaves end

frudt of apple

frees

SAMPLES FROM HIGGS OROBARD, | MILE WEST OF CHARLES TOWN, W. Vi,

Labora.

tory Materiat

Acld-
soluble
horon in
3oil

Boron In
sir-dry
rogeta-

tion

Depth of

Hagerstown stony loam, no boron added

Taches

0-4
4-12

P.p.om.

Ben Davls apple leaves.

12-26
26-30

of aell

Eisis |t

Ben Davis apples, green

BAMPLES FROM JE?F-OOOPERA%(E} ORCHARI,
N, W.

W. VA

+ 3 MILES NORTH

Ben Davls apple leeves

Hagerstown stony loam, 3 pound borax per treo added

Ben Davis apples, green. ..

Hagerstown stony loam, no boren added

Stayman Winesap sppie leaves. .

Steyman Winesap appies, green. ...

SAMPLES FROM FAIRVIEW ORCHARD, 3MILESSOUTHEAST OF MARTINSAURG, W. VA,

45681 | Berks shale joam

Mo boron added.....

8.8
21.G

Stayman Winesap sppie leaves

Stayman Winesap apples, green

York Imperial spple leaves
Yourk Imperial apnles, proen

SAMPLES FROM TONOGLOWAY ORCIOARD, EANCOCK,

} Shesta soil

0-6

Beny Davis apple leaves_ .

8 -12

Ben Davis spples, greed

Shaley clay

Ben Devia apple leaves.

Ben Davis , EEOEn.

FEETITAT L I —— P

Ben Davis apple leaves. ..

Bean Davis apples, green

} Shalay anii.

Stayman Winesap apple leaves...

Stayman Winessp spples, green., .

} Shaley soll ..., A mmmn——

York Lmperial apple lnaves
York Imperial apples, green ...

The Hagerstown soil is low in aci

with both the shale soils and the general average of all soils in

d-soluble boron in comparison
table 8.

The Berks shale loam has a boron content about average, and the
shale soils from Hancock are exceedingly high. Total boren in the
Hagerstown is about 60 p. p. m. (table 8) and in the Berks shale loam
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about 50 p. p. m. Both arc high, but in the Berks shale loam about
one-half is acid-insoluble, whereas in the Hagerstown nine-tenths of
the boron in the topsoil is stored In resistant minernl and rock particles.
One of the shale soils near Hancock, Md., C4974, contained 126 p. p. m.
total, of which 115 is acid-soluble, the highest in both categories for
any soil except one from Nevada.

With one exception, the boron content of the leaves is higher than
that of the green apples from the same tree. On Hagerstown stony
loam, Ben Davis leaves contained 18 p. p. m. and apples 11, in com-
parison with 30 and 19 p. p. m., respectively, on shale soil and 34 and
44 p, p. m. on Hagerstown treated with borax. Healthy Ben Davis
trees have nbout twice as much boron in leaves and fruit as those pro-
ducing corky apples. The Stayman Winesaps varied but little in
boron content on three different soils, averaging 22 p. p. m. in the
leaves and 12 in the apples, while the York Imperial contained more
than twice as muech boron on soil of 52 p. p. m. average acid-soluble
boron as on a soil with 20 p. p. m. Of the healthy trees, the Ben
Davis are highest in boren, 29 p. p. m. in leaves and 23 in fruit; York
Imperial next with 28 and 14 p. p. m., respectively, und the Stayman
Winesap the lowest, 23 and 11 p. p. m. The high boron requirements
of the Ben Davis probably explains why that vaciely alone showed
Injury from boron deficiency on Hagerstown soil.

Boror-DeFiciENT Soiis From OrESON

Powers and Bouquet at the Oregon Experiment Station have demon-
strated that many crops, alfalfa, beets, celery, ete., are afflicted by
boron-deficiency diseases on several Oregen soils! A number of
samples of Oregon soils and planis were supplied by W. L. Powers, of
the Oregon station, The results obtained {rom the examination of
these samples are given in table 10.

All of the soils are low in acid-soluble boron; the 20 snmples average
5.5 p. p. m., or only one-third of the average for the United States,
The very low content of the peat demonstrates again the ready
removal of boron {rom organic matter. The slightly lower boron
vialue for the topsoil of the Chelalls silty clay loam from the turnip
field (C4731), compared with & nearby virgin =oil, may represent
beron removed by crops (C4734). The total boron content of the
virgin Chehalis silt?' clay loam is about 15 p. p. m. (table 3), of which
half is acid-insoluble.

Date on four alfalfs samples arc given; two with “vellows,” or

ellowtop, contain 10 and 16 p. p. m. boron, while two healthy samples
Kave 17 and 55 p. p. m. Celery grown on peat was affected by
“'geratch” and took up 30 p. p. m. boron; when borax was added to
the peat it produced healthy celery containing 52 p. p. m. Likewise,
heets showed “canker” on peat and on Newberg loam, while boron-
treated peat produced good bects with a higher boron content.

T BougueT, A. O, D, and Powenrs, W. L. CELERY STEM CRACK AND THE USE OF BORON IN IT3 CONTROL,
Oreg. Apr. Expt. Sta. Gir. of Inform, 104, -il?p yAlug, 1939, [Mimecgraphed.)

Powenrs, W. L., snd Bovquer, 4., G USE OF NORCE IN CONTROLLING GANEER OF TABLE BEETS,
Oreg. Apr. Expt. Sta. Cir. of Inform. 195, 6 pp., us. 1939, [Mineographed.]
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TapLE 10.——Boron confent of certain Oregon soils in relation fo boron-deficiency
symploms

Borom in| Acid-
Description nf sabplo %L&E&? bs:rigz? ii":l
anils

Willamette silty clay loam fold slluvial soil}, plat 34, Oregon
station, Corvaliis, Oreg_.. -

}A]fsl!’a. showing “yellow top,! from Willamette green alfalla,
Irom boron-treated plat at Willamette

Wewbere sill loam {recent alluvial soil), MW see. 11, T. 108,
R.3 W., Willomette meridian, Oreg

Roots of table beets, showing “eanker,” or V'break-dowa,” rom
Nawherg

Willow sedge pest (recent, from Lakg Lahish), NEJM sec, 31,
4§85, R.2 W, Willamette meridian, Oreg—— - vecraeenan -

Celery, showing “seratch,”” lrom paab

Colery, without “‘seratch,” from peat plus 20 1is. borax per sere.
Roots of tabin beots shewing “Yeanker,” from peat. ... ... |
Roots of table brets, without canker, from boron-treated pest. |-
Tops of table heets, without canker, from boron-treeted peat. ___j_.

Salkum clay losm (old residual soil), NE3 sec. 24, T. 12 8.,
R.3 W., Willamette metidian, Oreg

Chehalis silty clay loamt {alluvial soil}, from turnip Bold, Steia-
metz ranch, Chitwond, Oreg

OEP R
RO ER

Bortheld turnips with possible injury from boror deficiency

Chehails silty clay loam, virgio soil, near above samples

Normal alfalis, experiment station, Moro, Oreg
Altalfa with fyellows,” Northport, Wash
Leaves [rom “cracked" brogeoli

Borox CONTENT OF ALFALFA SAMPLES

Injury to elfalfa from boron deficiency is widespread. In reporting
it in Connecticut, Brown {11) gave the boron content of “yellowed”
alfalfe as 21 p. p. m. in the leaves and 16 in the stems. Green alfalfs,
grown on soil freated with 20 pounds of borax per acre, eontained 62
end 22 p. p. m. in leaves and stems. Table 11 shows the boron
content of 12 samples of alfalfa, including both stems and leaves.

The low content of the alfaifs from the check plots at the Sandhill
Experiment Station indicates boren deficiency. Addition of 5 pounds
of borax per acrc doubled the boron in the plant, while larger doses
caused small additional incrcases in the plant content. Cecil clay,
low in boron, produced a poor stand of alfalfa with “yellows” in the
second cutting at Brown Summit, N. C., while on the boron-rich
Huntington silt loam at Elliston, Va., the alfalfa was excellent in
quality and yield. The lowered content of the second cuttings con-
firms the observation that boron deficiency is less likely to occur in
the first than in later cuttings.  The low concentration of boron in the
Huntington alfalfa is difficult to oxplain, but the results have been
carcfully checlked.® It hias been noted that in the East alfalfa grows
best on soils formed from limestone or, as the Huntington silt loam,
from limestone aluvium. Such soils may be low m acid-soluble
boron, ¢. g., the Hagerstown stony loam, and the content of the

t Privata comteunieation from L. V. Wilees, Division of Irrigation Agricuiture, Buresu of Plent Indus-
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alfalfa is much less than the 40 to 50 p. p. m. expected in normal
alfalfa. The boron confent of 69 p. p. m. indicates that the “yellows”
-of the ldaho sifalfz is not due to boron deficiency but to some other
-caluse,

TanLE 11.—Boron confent of alfalfa with associated dala

SANDHILL EXPERIMENT STATION, COLUMBIA, 8, O

. Beronin | Asid-acl-
Treseription of sarnple air-dry ) ublte boron
vepeiation in spils

Narfolk sand [rom check plet, 6-12 in.
2 tons lime added, 12-24 in
Alfaf}!a from check plot J—

{J
Alfalfa, 5 Ibs. borax per acre added
Alfatfn, 10 Ihs. borex per nera added
Alfslla, 16 Ibs. borax per aere added....
Alfalfs, 20 1bs. borax per aere edded

BROWN 3UMMIT, .

Cecil clay, 0-9 in
Cecil clsy, 6-18 g
Cecil olay, 1830 in
Ceril clay, pt 3 in. .o
Alfalfa, first cuiting
Alfalfa, sccond catiing, least injury.___
Alfelfa, second entiing, maximom injer,

ELLIBTON, VA,

Huentington silt leam, 6-8 in
Huntisgion silt logm, 3~24 in_
Huntington siit [cam, 8¢ 30 in.
Alalfe, frst eutiing

Alfalls, seeond cotling

5248802 | Oray silt leam, ~10 in
BBK | AMolts with “yellows”

& Semples [rpished by H. L. Westover, Division of Forage Orops ani! Diseases, Burcau of Plant Indus-

GENERAL REMARKS

Obviously the defermination of what constitutes an adequate
quentity of boron in soils will have fo awasit fuller knowledge of the
needs of various crops and the degree of availlability of the different
forms of boron. Whether soils contain toxic quantities depends not
only on the crops grown but on other considerations. Nevertheless,
the information avsailable warrants certain general statements,

From the data presented, an scid-soiuble boron content of about
10 p. p. m. in the soil seems to be the minimum to insure sufficient
boron for healthy plant growth. On soils with less than 10 p. p. m,,
some plants are very likely to show boron deficiency. This division
iz purely arbitrary and in practice would be influenced by other
fectors. Boron requirements of different plants and even of varieties
of the same plant may vary widely. In highly slkaline or heavily
limed soils, boron availability may be rendered too low to meet plant
needs even though the acid-soluble content is fairly high. Despite
it limitations, such an arbitrary minimum value is useful in delimit-
ing areas of possible boron deficiency.
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There are three large regions in the United States in which the soils
seem likely to be deficient in boron. The Atlantic coast from Maine
to Florida and west approximately to the Appalachian Mountains,
and the Gulf coast to Texas form one aren. Reporis of boron de-
ficiency from the Maritime Provinces (50) and from Ontario (46)
indicate that it extends into Canada. The soils are largely Podzols
and Red and Yellow Podzolic, and tend to be sandy and rather acid.
They owe their low soluble boron content mainly to intensive leaching.
Alluvial soils of the Mississippi and perhaps of other rivers, within
this region, appear te contain abundant boron.

Across northern Michigan, Wisconsin, and Minnesota there is a
broad strip of Podzols. Although only one profile sample from this
area has been examined, the low boron content of other members of
this highly leached group suggests that these soils are likely to be
deficient in boron.

The third area of low boron soils is in the States of the Pacific coast
and the Pacific Northwest. The data here presented on California,
Oregon, and Washingion soils, together with reports of deficiency
from Washington (75), Idaho (17}, and British Columbia (34), indi-
cate the extent of this area. Herc the parent material is evidently
low in boron. In parts of this area, where low rainfall permits aceu-
mulation of soluble borates in the soil and where irrigated with water
containing boron, toxicity is more likely than deficiency.

In the remainder of the United States (most of the land between the
Alleghenies and the Rockies) boron deficlency should be unlikely
except perhaps in ocessional small areas of peats, mucks, or other
soils developed under a high water table. Thesc generalizations are,
however, subject t0 many exceptions. Some, or even a large part,
of the soils in the areas described as boron deficlent may contain an
ample supply of boron. Liming or intensive cultivation of high-boron
crops on any soil may decreasse the available boron below piant
requirements.

Natural boron toxicity is unlikely except in arid regions where
soluble salts may accumaulate in the soil. The shale soils of Hancock,
Md., with as mueh as 115 p. p. m. acid-soluble boron, the highest
found in soils in & humid ¢limate, %ive no gvidence of toxicity. TUnder
normal rainfall, natural water-soluble boren is probably so readily
removed that it eannot concentrate in sufficient amount to injure
plants. The maximum quantity found in humid soils was 2.5 p. p. m.
1 the Brookston siliy clay loam series,

If boron compounds should be applied, intentionally or otherwise,
in excessive amounts, they are not likely to cause permanent toxicity
In the soils previously deficient. In these soils, usually acid and low
in colloid, mueh of the boron remains in a water-soluble form readily
available to the soil solution. It may therefore be removed by leach-
ing. In heavier, morc alkaline soils, much of the boron is precipitated
or adsorbed by the colloid in & relutively insoluble form and 1s more
slowly given up to the soil solution and removed by leaching.

SUMMARY AND CONCLUSIONS

Methods are described for the determination of phosphoric acid-
soluble, lotal, and water-soluble boron in soils.

Boron was debected in all of about 300 soil samples. In soils formed
under normal rainfall, total boron ranged from 4 to 88 p. p. m. with
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an average of 30.0. Acid-soluble boron, or presumably the maximum
available boron, varied from 0.4 to 64.8 and averaged 17.1 p. p. m.,
which represents 50 percent of the total. About 1 p. p. m. Is water-
soluble, Acid-insoluble boron, or that stored in resistant minerals,
varied from 0 to 61 p. p. m., with an averageof 13.9, Assuming all the
acid-insoluble boron to be present as tourmaline, the maximum value
represents a concentrafion of sbout 0.2 percent of that mineral,
Desert soils conteined as much as 133 p. p. m. of total boron, cssen-
tially all of it soluble in total water and acid while & soil derived from
pegmatite contained 98 p. p. m. of boron, of which the major portion
{93 p. p. m.) is acid-insoluble.

The amount of boron is dependent on the soil parent material and
on weathering. Boils derived from alluvium, limestone, shale, and
glacial drift are high in boron, those from igneous rock and uncen-
solidated sediment low. Leaching tends ito decreasc acid-soluble
and concentrate acid-insoluble boron,

Podzols, Half Bog, muck, and Red and Yellow Podzolic soils are
low In geid-soluble and relatively high in acid-insoluble boron. Allu-
vial, Gray-Brown Podzolic, Prairie, Chestnut, Brown, and Chernozem
soils are high in boron, most of it acid-soluble.

Acid-soluble boron incresses with increasing colloid content, is
considerably concentrated in the eolloid with respect to other portions
of the soil, and is uniform in the colloid throughout the profile. Aeid-
soluble boron inereases regularly with increasing soil pH. The kind
of colloid has no significant relation to the boron content.

California soils are generally low in boron, due to parent material.
Irrigation with water containing boron increases water-soluble boron
rapidly; acid-soluble and total slowly. Desert soils from Fallon,
Nev., are very high in boron, most of it water-soluble, which is remov-
able by irrigation.

Injury to apples, alfalfa, celery, and beets from boron deficiency in
Oregon, West Virginia, and North Carolina is associated with low
boron content of the soil.

Three large areas in the United States are likely to show boron defi-
ciency: Atlantic and Gulf coasts from Maine to Texas; northern
Minnesota, Wisconsin, and Michigan; and California and the Pacifie
Northwestern States.

Natural boron toxicity is unlikely except in arid regions. Toxicity
from added beron is more likely on acid, sandy soils, often previously
boron-deficient.
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