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1. INTRODUCTION
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[NTRODUCTICN

Boron had been shown to be an essential element
for plant growth. Plant speclies vary in their reguire-
ments as well as tolerance to excess boron concentrat-
ilons, Although boron toxicity iLs the major and widely
spread problem frequently assoclated with salt-affected
solls, boron deficiency iz still reported in scattered
areas. The occurrence of boron deficiency in many
areas raised the question of a possible interaction
between boron compounds in soils and soil constituents
in such a way as to render boron unéVailable to plants

which was ascribed to the boron-~fixing capacity of soil.

The problem ¢f boron deficlency and the reactions
of boron compounds with soil constituents received very
little attention. Unfortunately, thz limited work thab
has been docne on boron reactions with soils snd factors
affecting boron retention presents o contradiction end
the mechanism of boron fixetion in soils remains to be
investigated. To study these mechenisms =nd factors
affecting boron sorption such as pH, 2ffect of calcium,
tue specific effect of adsorbed cationg, end drying and
wetting, most of the work was done using soil systems.

The complexity and varying characteristics of soils
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rendered the picture of bvoron fixation to be very cor-
tradictory. As to this contradiction 2nd the lack ol
study of some other aspccts of the problem, iU is the
object of this work to study the effect of th:use factors
in relatively pure systems of c¢lay minerals, pure suspen=-
sions of iron-—asnd aluminum-hydroxides, silica gel, and
humic acid. 48 these colloids wers found to be the
most active components of soil systems in relation to
boron fixation. It was believed that a more detalled
study with different clay minerals free from amorphous
materials, gsaturated with different cations, and stucdied
ot different pH values, should provide a more complete
picture of factors affecting boron fixation, and hence
give a clue to the mechanisms involved. The infra-red
spectra of boron treated =nd untreated samples of clays,
anorphous oxides (iron-~ & Al- hydroxides and silica sel)
and humic =acid, was thoughit to help locating adsorption
sites on thess neteriasls =and to vrovide more concluslve

evidance to the suggested mechanisms of boron retention,
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2, REVIEW OF LITERATURE
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2. AWVIEW OF LITHERATURE

In the early twenties of this cenbury. sxperin .
ental evidence Turnished by numerous workers showed
that boron is an essential clement for plant growth.
Werington (1923) and Brenchley and Thornton (1925) proved
boron to be an essential element for broad-bean plants.
Sommer and Tipman (19%2) in California, using highly
refined techniques, showed that boron was a growth re-
quirement for every kind of plant tested. However, it
is well established now, that plant species vary In
their requirement as well as in their tolerance to
excess boron soncentrations, as the high boron require-
ments of some plants may be toxie to others having very
low boron requirements. It is also imown that the
range of boron concentrations in which most plant spe-

cies can grow 1s very narrow.

Now, nc doubt that the problem of boron nutrit-
ion is boron toxicity atbt one extreme and boron deficien-
¢y at the other. Although boron toxicity is the major
and widely spread problem frequently associated with
salt—-affected soils, boron deficiency is still reporfed
in sgattered areas in laterites and podzols,. alse 1n
widely separated oreas as New Zealand,, furope, Colombia,

and both Western and Northern United States.

]
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tanant studies of the retention of boron LY BOLLS
have indicabted that movement of borats througs tha sl
profile ococurs by stepwise adsorpt lon—desorption nrocass

similar to that occurs in chromatographlc columns.

Faton and Wilecox (1939); Reeve gt zl. (1o44.) s
Hateher and Bower (1958), Biggar and Fireman (19%0), and
Singh (1964) found that the toxic levels of soluble boron
may be removed from scils by 1ea§hing. However, excess
boron in soils 1s not removed as ready by leaching as
are excess chloride and sulfate salts. This phenomenon
appears to be the result of an equilibrium that exists
between dissolved and adsorbed boron in soils. Because
of this eguilibrium and because the amounts of adsorbed
boron in soils are greater than the smounts of soluble
boron present in their s¢il solutions, adscrbed boron
is thought to act as a puffer that impedes the removal

of toxic levels of soluble boron from soils with leachinsg.

The pH of the system was reported as the main
fagtor controlling boron retention. Baton and Wilcox
(1939) ord ®aton (1935) investigated beron fixasion in
four OSan Fernands Valley, Califarnia solls and Tepor-
ted that boron sorbed increased with increasing pH of thns
soil. Similer results were reported by Olsci and Ber-

ger (1945). Thair work on two different soils ..Caringten
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silt loam (a prairie soil lormed on ealearcou-~ cla-~ial
drift) and Spencer silt loam (an acid soll formed under
forest).. shows that very little boron was fixed below
PH 7.0, At pH values above 7.0, the gquantity of boron
fixed increased rapidly with the incresse in pH up to
values beycond 10,0, It is not clear from their article
whether the pH values reported are the equilibrium pH or
the initial pH measured before the asddition of boron as
boric acid. Drake gt al. (1941) did some work on bhoron
sorption using electrodialyzed colloids isolated from
Miami soil. At 16 pH values rencing from 4.1 to 11.5
they were able to recover all the beron added at all the
pH levels studied and reported that no boron was fixed
by the clay fraction. They obtained similar results

o humus extracted from Broskston silt loam. Midgley
and Dunklee (1940) studied the injurisus effect induced
by overliming of podzol soils, which was possibly due to bo-
ron defficicncy. They Tound that podzol soils fix very
little boron in their acid state, but their ceopaclty to
fix boron ilnereased by ralising their pH through liming
up to slightly beyond neutrality (pH 7.4). The amount
of boron fixed decreased with any Turther pE increase.
Hingston (1964) saturated the clay fraction extracted

from scoll samples in Awstralia, with calcium and suspendad
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it in C.0L M CaCle. He found that the amount of boron
fixed by bLhis clay is very sensitive to pH changes, par-—
ticulerly in the range (5.0-8.5) for samples which are
dominantly illite, and (7.0-9.5) for samples which are
dominantly bentonite; but boron sorbed decregsed with
further pi incresse. His samples, however, were mix-
tures of more than two clay types and were not treabed
for iron or aluminum oxides removal, Okazaki and Chao
(1968) indicated that the adsorption capacities of solils
were Telated to soil pH, &s boron adsorption increased
with the ingrease of the pH values. They used in their
work low humic latosnsl soile taken from pilneapple plan-
tations on the island of Oshu, Maui, Molokai, and Iauai,
which represent dry snd moderately humid areas of Hawalil,
and composed of high percentage of clays, mainly kanli-
nite. Sims and Bingham (1968a) Metwslly (1966) found
that boron retention by hydroxy iron and aluminium maete-
rials was found to be pH dependent with maximum retention

in the alkaline range.

The role of calcium in relaticn to boron sorption
by solils is again uncertain and the results published on
that ar: contradictory. In the work of Midgley and

Dunk7e, (1040), their results show that overliming greatly
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inc e seo borpn retention by soills, especially acid

ones, =nd Liis caused plant injuries as a result of wulor
deficier 2y. Olson (1947) and Metwally (1966) observed
that the cslcium was shown to increase boron sorption
only o high pH, On the other hand, Parks (1944) obtal-
ned completely opposite results, when he found that lim.
added with boron, or hefore the addition of boron, fto
Dunkirk fine sandy loam soils drestically decreased boron
sorption by this scils, Such result may be obtained if
calcium is added to highly dispersed systems at meutral
or slightly alkaline pH. Under these conditions there
is 2 reduction of the suwface ares which decresses the
boron sorpticn, and in the meantime the pH iIs not high
enough to introduce the calcium effect. Olson (1947)
found that the addition of CaCl2 up to 30 meq. Ca/100g.
of soil, in Carrington s8ilt loam, had no effect on boron
retbantion, bub when calcium was added as Ca(OH)2 or CaGO5
to raise the pH, & considerable inerease of boron fixat-
ion capacity existeds Parks and Shaw (1942) mixed sol-
ubions of 3i, Al, Pe, Ca, lig, and a suspension of elec~-
trodialyzed humus and bentonite, slone and in various
combinstions, with boric acid, then titrated to pH values
varying form 5.0 to 9.0. In some cases preciplitates

-

wers f[ommed, and the only two sgysbtems in which boron
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npaniritete was insolubl in bolling webtel wiele 1 Sy5L-
thetic Ca-plumino silics = rnd Co-unssturated bonton’.
Thic work shows that Ca lays a major role in boron sScr-

ptlon by alumino-~silica 2 svstems at igh pH valuzs,

The specific effect of the evchangeable calilcns
on the @ urface of the colleidal systems in relation to
beron sorption by these systems has not been thoroughly
investigated, however, it is claimed by Parks and White
(1952) to overshadow the pH effect. They studied boron
sorption by Georgia kaolinite, and Wyoming bentonite
treated for the removal of iron and aluminum oxides and
saturated with Ca, Mg, NH,, K, and hydrogen. Both clay
minerals showed almost the same capacity te fix boron
when saturated with the same cation. In fact, it is
hard to conclude from their work whether the boron sor-
ption by clay minerals is largely controlled by the spe-
cific saturating cation or the pH of the clay suspension

or both, since they made no study of the sorption by
homoionic clays as a function of the rH. In tuis arti-~
cle the smount of boron rcported to be fixed by clays i=
very low (1-5 Uzm B/g clay) and in fact it lies within
the oxperimental error of the analytical metheds of boron
determination, if the fact is taken Iinto consideration,

thot the boron fixed was calcoulated as the differencs
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