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ABSTRACT

Distribution of different forms of boron, adsorptidesorption Kinetics
and its availability to berseem were investigatewugh laboratory and green
house experiments. Bulk soil samples from terediifit locations of Kashmir
were collected. The mean content of water soluid¢ ,water soluble, calcium
chloride, HCI, leachable, AB-DTPA extractable antht boron was 0.35, 0.46,
0.63, 0.64, 0.93, 1.13, and 45.46, respectively.tih¢ forms of boron were
correlated significantly with each other. Total @orwas non-significantly
correlated with other forms of boron. All the foriwfsboron were positively and
significantly correlated with pH, EC, CEC, clay asill content, and negatively
with organic carbon and sand content. 50 % of thiés svere deficient in
available boron.

Boron adsorption was positively and significantiyrrelated with clay
content. Langmuir adsorption isotherms showed fttes ®f adsorption, in most
of the soils. Soils of Khag, Bandipora and Sagipmafirmed well to Langmuir
equation. Freundlich adsorption equation was agbplecto all the soils over the
concentration range of 1-100 mg miClay content was the prime factor
governing boron adsorption. Boron desorption was an boron adsorption.
The per cent desorbed boron was higher at higlvetdeof pre-sorbed boron.
Boron desorption obeyed the Langmuir equation ¢krerentire concentration
and desorption maxima (Dm) was higher in fine teedusoils. Adsorption



reaction was initially fast followed by slow proses and was complete after 48
hours in almost all soils. The parabolic diffusikimetic model was best in
describing the rate of boron adsorption, followed Eovich and zero order
while as first order, second order and power fumctequation failed in
describing the boron adsorption kinetics. Desorpkimetics showed that it was
desorbed from two separate sites. The total deblali@oron was higher and
faster in initial stage and then slower, latter Bower function kinetic model
described best the boron desorption, followed lowieh kinetic model.

Dry matter, boron concentration and boron uptakkerseem increased
with increased boron application. All extractantsed for assessing boron-
availability were significantly correlated with daother except AB-DTPA.
Boron extracted with water gave highly significaotrelation with Bray’s per
cent yield (0.884**) and boron uptake (0.710**) &0 days growth and
(0.913*%)and(0.695**) at 90 days growth, respeclweThe critical levels of
boron in soils estimated by hot water were 0.48 @48 mg kg and by 0.01M
CaCl, were 0.70 and 0.71 mg Kgoil at 60 and 90 days growth, respectively.
The critical levels of boron in berseem plant egtfand second cutting were 23
and 19 pg ¢, respectively.
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Chapter — 1

INTRODUCTION

Boron (B) is an important micronutrient elementiop production. The
B concentration range between plant deficiency &mdcity symptoms is
narrow (Reisenauegt al., 1973), and poses difficulty to maintain approgriat
boron in soil solution. Boron is unique among tlssemtial mineral elements
because it is the only element that is normallysené in soil solution as a non-
ionized molecule over the pH range suitable forglent growth. Total boron
content in soils is between 7 to f8g™ of soil. It is released by weathering of
the minerals in the form of 48O; and its concentration is usually < 11,
which equals 0.1 mg/l (Krauskoph, 1973), a verylsamaount. Concentration
of 1-2 mg B/kg of soil is perhaps more represewmtatior surface soils.
Compared with other nutrient elements, the chegnistrB in soils is very
simple. Boron does not undergo oxidation-reducteactions or volatilisation
reactions in soils. Boric acid is a very weak, mueic acid that acts as a Lewis
acid by accepting a hydroxyl to form the borateoaniBoron containing
minerals are either very insoluble (tourmaline)wvery soluble (hydrated B
minerals) and generally do not control the soltpilbf B in soil solution
(Goldberg, 1993). The B concentration in the saluson is generally
controlled by B adsorption reactions; as is the @amoof water soluble B

available for plant uptake.

Boron is an essential nutrient element for the tpéaowth. It is needed
for cell division, hence for the growth of youngosks. It is essential in sugar
translocation and in the synthesis of hormones pmudeins in plants. The
normal B concentration in plant tissue is repottede 20 and 10Qg g* dry
matter of mature leaves. A boron content of qi% ¢' indicates boron
deficiency, whereas a boron concentration > 2§ indicates boron toxicity.

Boron deficiency is usually manifested in formatiinwhite and rolled leaves



(FAO, 2007).Boron uptake by plants is controlled thg boron level in soll
solution rather than the total boron content in. d8oron uptake is a passive
(non-metabolic) process. It moves with water imptatissues and accumulates
in the leaves; therefore, boron uptake and accumaolare directly dependent
on the rate of transpiration. Boron mobility in thleloem is now known to be

plant-specie dependent.

Boron can occur naturally in the environment dueetease into the air,
soil and water by the weather. It may also occugrisundwater in very small
amounts. Concentrations of boron added by humaassaraller than the
concentrations added naturally by natural weatlgeftants absorb boron from
the plant floor and the animals consuming it, magt ep in food chains. Boron

has also been found in animal tissues and humay (apgroximately 0.7 ppm).

Boron is found in soils in various forms and istidiguished in many
categories (Hoet al.,1994; 1996). However, only a few forms are avadab
plants and their determination is important forireation of its availability to

plants.

Boron is soils can be categorized into 3 groups:

1. Boron as a mineral component.

2. Boron adsorbed to soil particles, such as clay ralagiron or
aluminium oxides and organic matter.

3. Boron in soil solution as boric acid {BiO3) and borate ions
(BO3). The boron in soil solution is available to pkrinainly
as BBO3).

The ratio between the boron concentration in thessgution and the
boron adsorbed to soil particles is affected byabeponents of the soil (clay
minerals, free oxides and organic matter) and bysother factors such as type
and concentration of salts in the soil, pH and terafure. Most of the boron in
soil is adsorbed to organic matter, acting as d pbdoron from which the



boron can be readily released into the soil sohaimal this explains the high
available B-contents in surface horizons (Evans fars, 1983).Boron
adsorption is highly influenced by pH, increasestlas pH increases. The
agricultural practice that is most often used tisaasoil pH is liming. It is
expected that after liming, there will be an ineean soil B-adsorption,
especially in soils that contain higher amountsrof and aluminum oxides.
Soil characteristics and fertilizer/manure applmat influence the boron
availability to crops and cropping sequences (Gup#83). The supply of sall
boron to plants depends upon relative abundancdiféérent forms and
equilibrium conditions, soil management practicasd aphysico-chemical
properties of soils. It is, therefore, desirable stoidy different forms and

transformation of Boron and their relationship wsthl characteristics.

The critical concentration of available boron foglsean plant grown on
acid sedentary soils in Chotanagpur region (Bikea¥ found to be 0.46 and
21.5 mg kg (Dattaet al., 1994) while for cauliflower grown on Maharashtra
soils was 0.52 and 21.0 mg kgrespectively (Malewaet al., 1999). The
critical limit of B in plant refers to a level atr delow which plant either
develops deficiency symptoms or cause significaduction in crop yield as

compared to optimum.

Berseem Trifolium alexandrinumis an important fodder legume crop
which responds well to B deficiency. A number ofragtants have been used
for predicting the B availability status of soi@ften a method found useful for
one area has proved less satisfactory for otheasarsuggesting that the
difficulty in assessing boron availability in soitsa consequence of diverse soil
physical and chemical characteristics. There isirgent need to establish the
critical level of soil and plant to demarcate borogsponsive and non-
responsive soils and select a suitable soil tegshadefor assessing boron
availability to berseem in soils of Kashmir. Boroontent in plants can further

help in diagnosing its deficiency and apparenttssiling for boron fertilization.



Understanding the mechanism of adsorption-desarptid boron
on/from soil materials is vital to understand aangg respond primarily to the
B-activity in soil solution. Boron adsorption-depbon is one of the most
important phenomenon in soil that regulates itgpBufrom soils, determining
the release and fixation of applied boron and themding on the efficiency of
boron fertilization (Arora and Chahal, 2009) foami growth. The dissolved
boron remains in dynamic equilibrium with sorbednis hence cannot be
readily moved through leaching. Boron can be plafsichemisorbed as an
unionized hydrated borate or chemisorbed by hydesiof Al, Fe and Mg and
its adsorption has been reported to follow Langradsorption equation over a
limited range (Hatcher and Bower, 1958).The studsesertaining the pattern of
B-release, kinetics of its desorption may be hélpfu evolving empirical
relationship predicting boron availability to plantThe kinetics of boron
reactions in soils and on soil constituents hasbeen extensively investigated.
Very little is known about boron reaction rates andchanisms. There are
number of studies on the kinetics of K and P reasctiin soils (Sparks, 1985),
but information on the adsorption-desorption kioeof boron in Indian soils is
very limited, especially in Kashmir Soils, no infieation on adsorption-

desorption kinetics of Boron is available.

Considering these aspects, the investigation waslumied with the
following objectives:
a) Distribution of different forms of Boron in soil,nd their
relationship with different soil characteristics.
b) Kinetics of Boron adsorption-desorption studies gails of
Kashmir.
C) Establishment of Critical limit of available Bordor berseem

(Trifolium alexandrinum



Chapter — 2

REVIEW OF LITERATURE

Boron is a vital micronutrient for plants, and theary in their boron
requirement, but the range between deficient amic t8 concentration is
smaller than for any other nutrient element. Plaetsrt directly to the activity
of boron in soil solution and only indirectly to fom adsorbed on soil
constituents. Both deficient and toxic levels oinBhe soil solution can occur
during a single growing season. Some of the prels¥ant to the present study

is reviewed under the following heads:
21 Physico-chemical properties of boron in Nature
2.2 Reactions and chemistry of boron in soils
2.3 Worldwide status of boron in soils
2.4 Sources of boron
2.5  Forms of soil boron
2.5.1 Water soluble boron
2.5.2 Hot water soluble boron
2.5.3 Calcium Chloride soluble boron
2.5.4 Acid soluble
2.5.,5 Leachable boron
2.5.6 Total boron
2.5.7 Relationship among different forms of boro

2.5.8 Relationship between different forms of borand soll

characteristics



2.6 Factors affecting boron availability mils
2.6.1 Effect of pH on boron availability in soils
2.6.2 Effect of organic matter on boron availapiiit soils
2.6.3 Effect of CaC@on boron availability in soils
2.6.4 Effect of soil texture on boron availabilitysoils
2.7 Kinetics of boron adsorption
2.7.1 Boron adsorption

2.7.2 Applicability of different Kinetic models tdescribe boron

adsorption
2.8  Kinetics of boron Desorption
2.8.1 Boron desorption

2.8.2 Applicability of different Kinetic model® tdescribe boron

desorption
2.9 Uptake of boron by plants
2.10 Critical levels of boron in crops and plants

2.11 Various techniques for determination of barosoils and plants

2.1 Physico-chemical properties of boron in Nature

In1824,SirJonsJakobBerzeliusidentifiedboronas
anelementandthefirstAmericanchemistW.Weintruabi®p®@ducedpureboron
(Angew,1970;Dunitz,1971). Twoforemostboronsubstaficaadedas  boricacid
(H3BO3)andborax(sodiumpentaboratedecahydrate)wereacksetiieresearch
ers andfarmersinthe1930’sandallthepreviousinforomainB
utilizationrelatestothem(Shorrocks,1991;1995;1980rax,2002). In nature,
boron symbolized as (B) never exists in the elealemature in

environment. ltsurvivesasamalgamationoftH¢B.78%)andB(80.22%)isotopes



(Budavaret al.1989). The primary source of both boron and boréethe

mining of boron-containing minerals such as coleitearulexite tincal, and
kernite. Only certain deposits can be mined econaltyi These are located in
arid regions of Turkey and the USA, and also in eltgna, Chile, Russia,
China, and Peru.
Boronchemistryisexceptionallycomplexandissimilaittogn(Evansand
Sparks,1983;CottonandWilkinson,1988;LoomisandD1@§12). At
roomtemperature(28),elementalboronpersistsasasolid
form.Thecrystallineandamorphousstructuresofboroaspecificgravitiesof2.34a
nd2.37,respectively.ltisa moderatelyinert
metalloidinabsenceofstrongoxidizingassociates. blytically
unstablesodiumperboratesofB—O—-Obondsreactw(théformulateHO,and
sodiummetaborate (NaBH20). Veryweakacidofboricacid {BO;pKa
0f9.15) andsodium
borateswhichoriginategenerallyasundissociatedbadffa(OH),]insolutionwhen
pHislessthan7whereasmetaborateanionB(Sp#iciesproducedinsolutionatpH>
10.The toxicologicalandchemicalpropertiesof
borax(NgB,0,.10H,0),boricacid(HBO;),boraxpentahydrafsa,B,0,.5H,0)a
ndoherboratesarelikelytobeidenticalonamolarBequivalentbasiswhesalvedin
wate Budavaret al.,1989;USGS,200%Vikipedia, 2007).

Boron was first used as a fertilizer about 400 yemyo when borax (then called
Tincal or Tincar) was shipped from Central AsiaBorope. Not until 1915,
however, was boron suggested as an essential dléonghant growth, when P.
Maze of France made this suggestion as a reshisafork with corn grown in
nutrient solutions. Katherine Warington, at the HRwobsted Experimental
Station in England, provided the first proof in B%hat boron was an essential

element.

2.2 Reactions and Chemistry of boron in soils



A great amount of comparatively recent work hasaldshed the
importance of the dual role of boron as an esdemtich a toxic element in plant
nutrition.
Goldberg(1997)revealedacomprehensivestudyregardingbeactionsinsoils.A
ccordingto
her,boronisavitalplantmicroelement.Conversely,tleeaistryofothermacroandm
icroelements,thereisanexceptionaboutboron,fortiserghatthedeficientandtoxi
cboronconcentrationrangesaremuch
narrowed.Alargeamountofboroninsoilsolutiondirectiliiencesplantsgrowthand
merelyindirectlyto boron adsorbed
ondifferentsoilcomponents.Alotofsoilfactorsincludtexture,moisture,pH,
temperature,claymineralogy and organic matter exi@ggd plant B availability
(Albion, 2003).Diverse boron adsorbingsurfacesisso
comprisedclayminerals,organic matter,FeandAl-oxsium carbonateand
magnesiumhydroxide.
Shealsoconductedexperimentsonchemicalmodelssueffagtielayermodel,Co
nstantCapacitancemodelandtheStern VSC-VSPmodelacmloedboron
adsorptionundervaryingpHandboronconcentrations.

DifferentboronadsorptionreactionswerealsoreportedimgtheFreundli
ch,Langmuir
adsorptionisothermequationandthephenomenologicalitaodel.
BorondesorptionratewasillustratedbytheuseofElowahtion,powerfunctionan
dfirstorderrateequations.Shegirovedthatborondesorptionreactionsfrequentlys
howedindicationofhysteresis.Likewise,otherstudigssthowedvariouschemical
reactionsofboroninsoil(Harder,1961;1970;Evansand&p83;Keren,1984;Hi
ngston,1986). Krauskopf (1972) reported that miatnants especially boron
has diverse kind of reactionsinsoilsandthebiologgaemistryof boroninsoilis

entirelydifferentthanothermicronutrients (Loomis@nuist,1992).

Boron had an imperative relationship with soilimg and higher

saltsconcentrations



alongwithboronsignificantlyloweredtheplantgrowthrifgeyahuet
al.(2008)revealedthatbothboronandsalinityintandemsdtgdantgrowtheithert
hrough soilorirrigationwater. Theytested bell papf{&apsicum annuum) at
dissimilarsalinityandboronlevelsingreenhouse.Thdtes
showedthatminimizedboron uptakewasobtainedinthepof chloride(Cl
)andviceversa. Chaudhary (2005) studied the boraquililerium in
soil.Adsorption and desorption reactions are likedy be major factors in
regulating boron concentration in solution andnudtiely availability to plants.
Besides the concentration of boron in soil solytiboron adsorption and
desorption is also influenced by soil charactarsstBoron adsorption reactions

on soils are described by various adsorption egusiti

2.3 Worldwide Status of Boron in soils

Clarke and Washington (1924) reported the relaiwendance of boron
in igneous rocks as 0.001 percent, and Wells (18&7gstimated 0.01 percent
(200 ppm) in the 10- mile crust of the earth. Sstiadet al(1973)has listed 56
known boron minerals. Natural deposits of boratesupin arid regions and
boric acid is present in fumaroles in Tuscany. Tmalme, a resistant
borosilicate containing about 3 percent of borenwidely distributed in rocks
and soils. Boron is common as an impurity in manyarals and rocks,as
Goldschmidt and Peters (1932) have demonstratespbgtroscopic analyses.
They reported from 30 to 300 ppm in shales, iraspand corals—all rocks of
marine origin. A variety of igneous rocks containeay about 3 ppm. The
boron content of chalk, limestone, and dolomite alas low.

Warington(1923)provedwithacknowledgedresultsfordrgfirsttimetha
tboronwasaessentialplantnutrientin1923;hesuggestedthatforthereggimnoft
heseplants,boronwas indispensableelement(Anonym&@35; 1936). The
resultsofMaze(1915)revealedthatBoron(likewiseAlunnin,fluorineandiodine)
wasneededfortheutmostgrowthofmaizeinsolutionculture Then again,

hedidnotcertifytheiressentialitybutfew ancientsassihowedits



essentialrolesincropnutrition(ArnonandStout,1938gA
thatera,fewotherstudies  showeditsimportanceinmamgcr (Dregne and
Powers,1942).

IndifferentRussianstates(likeLatvia,Belarus,EstandRussia),mostofth
esoilshadlowestboronlevels.Pieve(1959)quotedwdtdykn
boronvalues(mgk§of(0.08-0.38)inPodzoluvisols,(0.30—
0.90)inKastanozemsand(0.38-1.58)inChernozems.While,
Gembarzewski(1987),demonstratedthat>50%ofthecentral
andeasternPolandsoils in 11 counties were ackuigetbas extremelysmall in
boron
(characteristicallyPodzols).InLatvia,almost40%olfseereborondeficientandth
esesoilsweretypicallyPodzoluvisols(AnspoksandLisfi®B87).Likewise fewres
earchersreportedthatthe  majorityofsouthernFinlgndisetohold<0.50mgBL
hotwatersolubleboron
(HWSB),moreoverhealsoinvestigatedthatsoilboronaasteeremoreinsoilswit
h elevatedpHandenhanced base exchangecapacity@finnl946;Kurki,1982;
Wikner, 1983;Veijalainen, 1983). Sobrinho andFr€it®80) recognized that
several boron responsivesoils in
theSaoPaulodistrictofBrazilarerecognizedaslatoBelsélsols),podzolicsoil,Lu
visolsandAcrisolswhilewatersolubleBoronlevelsarenalty <0.50mgkg
! InUSA althoughborondeficithasbeenreportedinaboset@sbutinAtlanticand
GulfofMexico,GreatLakesvicinityandthePacificNorthsternprovinces,borond
eficitismoreprominentowingtothefrequencyofAcrisblsdzolsand  Andosols
(Berger,1962;Binghaet al.1971; Anon, 1936).

Sillanpaa(1982)performedanesteemedintercontinestiiationregardi

ngmicronutrient levels on the basis of soil cheini@aalysis in nearly 30

countries. Afterward,healsoworkedonboronstatusiratthe
sownareasofFinlandandtropical andMediterraneannsgitheworld
(Veijalainen,1983; SillanpaaandVlek,1985;).Eight
yearsafterthatresearch,Sillanpaa(1990), conduelddivestigationin14
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participatingnationsincludingPakistantoendorsetheteformicronutrientsont
he
maincerealcropslikewhedu(ticumaestivuml),rice(Oryzasativdandmaizefea
maysL).He reportedthatoutofl4countries,thesoilsandcrgbseencountries
showed goodresponses toboronapplication. An undeghnd severe
borondeficitwasacknowledgedin2land10%research

investigations,respectively(Sillanpaa,1990).

Sillanpaa(1982)furtherrevealedthatborontoxicityaefadtintenselybeg
un
inPakistan,Mexico,lragandTurkey.Thiswasparticulacigurredatirrigatedplace
s.According to this study, low boron soils compdis#f calcareous material
(Rendzinas), thoroughly weathered soils (Podzdterralsols, Acrisols),
coarse textured
soils(Arenosols),volcanicashsoils(Andosols)andsiedbils(Lithosols).Catego
rically, coarsetexturedsoilsandsturdilyweatherddsguesterorseizethe
negligiblequantityofplant availableboronfraction.

Cultivatedsoils
ineastandsouthChinaassemblethedistinctforemostboaotearea
oftheplanet(Zhengt al.1980;1982a,; 1982b;1989).Especiallysouth
ofYangtzeandseveralsoilsinnortheasternChinaarei@eitiuetotheproofofboronr
esponsesandsoilanalysis. ThesoilmapsofChinademtestisdareasofsoilskeepin
greally lowhotwatersolubleBlevels(<0.25mgkg
1.InnorthoftheYangtze,soilsdeveloped
fromcalcareousandloessalluviumoriginatedfromY eliger,thereforeborondefi
ciency iscommonlyintrinsic(Chareg
al.,1983;Chang,1993).Conversely,thearidregionssoilsstevaChinaareboron
loadedandtypicallycategorizedathicY ermosoland.ithicKastanozen{Zhenget
al.,1983).Whereasinindia,investigationsonsoilBoronsamacropresponsestobo
ronapplicationillustratedthatoutstanding boron défiobserved in various

states.
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InEgyptandSyria,widespreadborondeficiencieswere ontegdbymany
researchers(Elseewi,1974;
ElseewiandElmalky,1979)anditvariedspatially(Rgan al.1998).
Moreover,theymeasuredconcentrationsofboroninwatessalsofEgypt. Somest
udies showedthatflyashhadsignificantconsequencégsign-chemical
propertiesofsoils aswellasyield,andconcentratiolainis (Gutenmaret
al.,1979;Elseewat al.,1980a;1980b).

BorondeficiencyoccurredinsoilsofNewZealandandegigthiswasnote
dintheforestofpine(Will,1971).SakalandSingh(19986jitifiedBihar,Orissa,Meg
halaya,Karnataka, WestBengal,AssamandGujaratagpiedotlyboron
deficientareasinindia. TheyfurtherreportedthatinMakhtramostofsoilsrarely
pointedoutborondeficiencyasthesesoilswerecreatedfrebasaltsofttigeccanT
rap. Likewise, other Indian researchers also repobi@wn deficiencyin soils
of India andresponsesofdifferentcropstoboronapitingSingtet al.1976;
Prasad, 1978; Sarkar,2006;Saetal. 2006).

The prevalence of boron deficiency on cot{@ossypium hirsutum)
has beenacknowledged
formanyyearsinAfricancountrieslikeCameroon,Benira@livoryCoast and
Nigeria (Smithson,1972; Heathecote and Smithsorn/41%mithson and
Heathcote,1976; Lombin, 1985).Whereasthe
informationaboutsoilboroninNigeriais entirelymisgi®@dunzet
al.(1992)established0.32—-0.49mgBkgLuvisolsin
savannahwhilstLombin(1985)accountedlowestboronsenwiligeria.lncaseofEu
rope, Northern Europeand Scandinavia(Sweden, Derkmélorway)
someCambisols,PodzolsandLuvisolsrestrain greatly
oftheboronresponsiveareasespeciallyinSweden,
Finland,Germany,PolandandDenmark(Moller,1983;WiKi&83).Thereportedd
ata
fromEuropeanpartoftheUSSRstatedthatsoilborondeiigialsooccurredinthese
areas(Zyrin andZborishchuk,1975).
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In Finland and Sweden, the soil parent materiadsaémost exclusively

metamorphic and acid igneousrocks
(Kiviniemi,1946;Moller,1983;Wikner,1983;Veijalaingk®83).InCanada,
borondeficiencymostprevalentespeciallyintheprovriBetish Columbia
ondifferent soils includesLuvisols,Podzols, Kastzsmas

andOkanaganvalley(Gupta,1983, 1984b).Similarly,badsorption caused by
ashedsoilsfromvolcanicactivityinSouthernChilewasadportedbysomescientis
ts(Schalschet al. 1973).

2.4  Sources of Boron
Boron enters the environment mainly through nafomacesses and, to a

lesser extent, from human activities.

Natural processedead to boron releases:
- from boron-containing rocks through weathering;
- from seawater, as boric acid vapor; and
« from volcanic activity and other geothermal relesasech as geothermal

steam.

Human activities mainly release boron through:

« agricultural use, mainly from the use of boratetaonng fertilizers and
herbicides;

« burning of domestic waste, crop residues and wamd, fas boron is
present in many plants being necessary for thewt;

- power generation using fossil fuels such as coalan

- Waste from borate mining and processing, includirgmanufacture of
glass products. The use of glass products doesreiease boron,
however, as the boron is tightly bound within tleesg itself;

« the use of borates and perborates in the homenagtry;

- leaching from treated wood or paper; and

- disposal of sewage and sewage sludge. IPCS (1998)
It is however difficult to determine the exact ambwf boron which
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enters the air, soil, or water from many of theseurses.
Manyboronsourcesareeasilyavailableinthemarketsasdtanbe
usedasboronfertilizer. Thesearewell-

refinedandabsolutelysolublecompoundsofboron.

Theseincludeboricacid{BO,, 17%B},Na-
tetraborate(21.4%B),solubor(20.8%B),boraxorsoditrab®ratedecahydrate(1
1.3%B),B-frits(8-10%B),colemanite (6-8%
B,variable),ulexite,hydroboracite,aschariteanddtztol ores

alsocontainedboronbutinvariableamounts(ShorrockgIManyresearchersuse
dvariousboron sourcesforboron
fertilizationdependinguponthesolubilityofthematé{&errell, 1983).13BO3

and
boraxareeasilydissolvedinsoilsandarequicklyavadfadsplantuptake,butatthesa
metime there is aproblemofleachingifboronisnot aldksdoruptaken.

2.5 Forms of soil Boron

Compared with other nutrient elements, the chegnistrboron in soils
is very simple. Boron does not undergo oxidaticshiction reactions or
volatilisation reactions in soils. Boron containimginerals are either very
insoluble (tourmaline) or very soluble (hydrateddrominerals) and generally
do not control the solubility of boron in soil sban (Goldberg, 1993). The
Boron concentration in soil solution is generalbntolled by boron adsorption
reactions, as is amount of water soluble boronlabiai for plant uptake. Plants
respond only to the boron activity in soil solutidroron adsorbed by the soil
surfaces is not perceived as toxic by plants.

Malave Acuna (2005) studied the different soils ppdential boron
sources for plants. It was shown that the bororceotation of soil solution is
generally controlled by reactions with boron adsuybsurfaces involving
aluminum and iron oxides, magnesium hydroxide, chayerals, calcium
carbonate and organic matter. Cummunar and Ker@®5]2 studied the

equilibrium and non-equilibrium transport of bornonsoils, and concluded that
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boron transport in soils was strongly controlledtbg pH-dependent and rate
limited adsorption. Chaudargt al(2005) reviewed the boron equilibrium in
soils. The studies suggested that the adsorptidndasorption reactions are
likely to be major factors in regulation of boroancentration in solution and
ultimately for availability to plants. Besides thencentration of boron in soil
solution, boron adsorption and desorption is alsdluenced by soil
characteristics.

Concentration of boron in the soil solution hasrbeeported to be
influenced by soil pH (Wojcik and Wojcik, 2003),ssglioxide, clay content ,
organic matter and ionic strength of the supporélegtrolytes.In soil solution,
boron mainly exists as undissociated acgB®s;. Boric acid (also written as
B(OH);) and HBO3 are the most common geologic forms of boron, Withic
acid being the predominant form in soils as revitwley Evans and
Sparks(1983). They further reported that boric asithe major form of boron
in soils with HBO3 being predominant only above pH 9.2. In their eayithey
stated that boron occurs in aqueous solution as lerd B(OH}, which is a
weak monobasic acid that acts as an electron awoepas a Lewis acid.

Boron fractionation was studied in relation to atgilability to corn in
14 soils (Jiret al., 1987). Up to 0.34% of the total boron was in aenabluble
form, 0 to 0.23% was nonspecifically adsorbed (exgeable), and 0.05 to
0.30% was specifically adsorbed. &h al. (1987) reported that most of the
boron available to corn was in these three formd #rat boron in non-
crystalline and crystalline aluminum and iron oxglgxides and in silicates
was relatively unavailable for plant uptake. Foe tbentification of different
pools of boron in soils, Hoet al. (1994) proposed a fractionation scheme,
which indicated that readily soluble and specificaldsorbed boron accounted
for2% of the total boron. Various oxides-hydroxidesid organically bound
forms constituted 2.3 and 8.6%, respectively. Modtboron existed in residual
or occluded form. Studies by Zerraet al. (1999) showed that the residual

boron constituted the most important fraction a7%8o.
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2.5.1 Water soluble Boron

Available boron, measured by various extraction hoés, in
agricultural soils varies from 0.5 to 5 mgkgViost of the available boron in
soil is believed to be derived from sediments alaghtpmaterial. Gupta (1968)
reported that available boron on Podzol soils feastern Canada ranged from
0.38 to 4.67 mg Kk§ Few studies have been conducted that attempletttify
solid-phase controls on boron solubility in soiMost of the common boron
minerals are too much soluble for such purposasidayet al, 1991).

Kanget al. (2002) evaluated the boron behaviour in some spesuils
of Japan. The investigators found that about 70 #aepadded boron was found
water soluble and exchangeable forms indicating e added boron (boron
fertilizer) easily leaches from soil, and may imipihe water systems.

2.5.2 Hot water soluble Boron

Hot water soluble boron (HWSB) content was lesgyiored soil than
finely supervised soils(Rahmatullat al.1999). They also revealed that soil
OM and HWSB were significantly correlated gt< 0.01) with total B. The
maximum HWSB amounts were withnessedQaribou silt loam, Acadiasilty
clay loam and silt loam tdnterval loam soil series while it was relatively
minimum in Permo-carboniferousocks derived soils (Gupta, 1969; Ho and
Houng, 1991). Similarly, he developed an importeotrelation between hot
water extractable boron and total soil boron togethvith fixation of
supplemental boron. He reported that hot-waterldeland total boron content
of soils respectively fluctuated from 0.38-4.67 a%d124 mg kg. Usually the
boron content was uppermost in heavy textured &ghtasst in light textured
sandy soils. Hot water soluble fraction changedffb44 to 4.69 % of total soil
boron, with the negligible proportion in the coarseils and greatest in the finer
soils. Likewise, some other researchers also regpoHWSB content in
Taiwanese soils (Yang, 1960a ; Ho and Houng 198#; [L995).

Hot water and pressurized hot water extractionst@runtreated arid
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soils and observed less predictable linear relakigps (R = 0.68). In general,
hot water extracted the least boron and pressurized water the most
regardless of soil type, rate of boron applicatorduration of incubation.Kang
et al. (2002) evaluated the boron behaviour in some gpesdils of Japan.
Concentration of hot water soluble boron was exélgnlow in some soils,
around 0.2 mg/kg. A positive correlation was fouretween concentration of
hot water soluble boron and organic matter, sugggdhat this fraction has

some organic boron.

Shiffleret al. (2005) studied the variations in extractable bousing
three extraction methods on boron treated incubsaés. The amount of boron
extracted increased as the rate of boron applicaticreased with different soil
extraction methods. Regression coefficients astmtiavith regression of
extractable boron and rate of boron application ewbigh with all three
procedures. Rvalues ranged from 0.955 to 0.998 for hot watéragxion, from
0.988 to 0.997 for pressurized hot water and fro@89D to 0.998 for DTPA-
Sorbitol.

Levels of hot-water soluble boron (HWS-B) in diffet soils in northern
and north eastern Thailand show a close correlatdh the incidence of
hollow heart in peanut. The disorder was highesaibs with low levels of clay
and organic matter. Hollow heart symptoms were doumnpeanut on soils with
HWS-B values below 0.14 mg B/kg. A reduction inggeld of 40-50% as the
result of boron deficiency was common in soils wittWS-B 0.12-0.14 mg B/
kg (Rerkasemet al., 1988). Nazif et al. (2006) studied the Status of
Micronutrients in Soils of District Bhimber (Azacaihmu & Kashmir). Hot

-1
water soluble (HWS) boron ranged from 0.02-0.84rgg &nd was found low
in 80% and medium in 20% of sites.

Sharma and Katyal (2006) studied the water solbbien in benchmark
soils of India and its affiliation with soil progers. The concentration of hot

water soluble-boron (HWSB) in the surface horizohdifty-seven benchmark
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soils of India was investigated. The content ofWwater soluble boron increased
linearly with an increase in EC and pH. With a dein soil moisture regimes
from aquic through ustic to aridic/torric, the E& and lime content increased,
whereas organic matter and clay content decredsednot water soluble levels

of boron availability increased as the soils becanmic.

2.5.3 Calcium chloride soluble Boron

Hot-CaC} extractable boron (HCB) was significantly correthtwith
clay content (r = 0.69%), specific surface area 0.68*), CEC (r = 0.63*) and
total aluminum oxides (r = 0.70%) in all the soilader study. In addition, there
was a correlation between HCB and organic carbon (.75*) in the four
Oxisols. The correlation coefficient between thedurct (carbon x clay) and
soluble boron contents was also highly significént= 0.78**). Multiple
regression analysis showed that total aluminumeyxdd well as exchangeable
calcium and aluminum, were correlated with HCB, lakpng 85% of the
variation. The product (carbon x clay) took intcaant the effect of textural
gradient and showed high positive correlation witbt-CaCy 0.01 mol/l
extractable boron. Among the other chemical attebu only total CEC

presented a positive correlation with soluble bdron 0.63*).

Maze(1915) studied effect of some soil propertissgtractable boron
content in Argentine pampas soils. Two hundred sarhples were taken in
order to characterize their 0.02 CaC}, extractable boron content and studied
the boron behavior with regard to other soil préiper and environmental
conditions. The amount of extracted boron on athgas had a significant
correlation with soil organic carbon (positive),dasoil pH (negative). Since
solubility in hot CaCJ, 0.02M is considered an availability index; these results
support the hypothesis that organic carbon comgethie main boron reserve for
plants. When a multiple regression was calculateath variables organic

carbon and pH explained 57% of variation in exah boron. The
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exchangeable calcium content had a light influeespecially in the sub
superficial layer. Chaudhary and Shukla (2003) istlidhe availability of soil
boron fractions to mustardfassica juncepin arid soils of Rajasthan (India)
The relationships of different Boron fractions witbt 0.01 M CaGlextractable
boron suggest it to be a better extractant forlalvka boron in soils for mustard

crop grown on arid soils of Rajasthan (India).

2.5.4 Acid soluble Boron

Acid soluble boron was highly and significantly edated with calcium

carbonate content of soils (Elseewi and Elmalky, 29
2.5.5 Leachable Boron

The leachate boron concentration data suggestedstbaly soluble boron
dominates the leachate after only 12 to 15 minatdeaching of the different
soils under study. One of the soils under studytainad very little leachable
boron. Furthermore, the isotopic data suggest ttatsoil fractions that are
sources of slowly soluble boron are, in decreasirder of contribution, the
carbonate, organic, and free iron portions(Swiledrtal.1986).Kanget al.

(2002) evaluated the boron behaviour in some dpesifils of Japan. It was
seen that in about 34 days, 1.4 to 17.4 % of tted water soluble boron in the

fertilizers leached out, when applied to celergliy boron demanding crop).
2.5.6 Total Boron

The total boron content of most agricultural sedages from 1 to 467
mg kg, with an average content of 9 to 85 mg-kGupta (1968) reported that
total boron on Podzol soils from eastern Canadga@from 45 to 124 mg Kg
Total boron in major soil orders, Inceptisol andigdl, in India ranged from 8
to 18 mg kg (Borkakati and Takkar, 1996). Such wide variatiansong soils
in the total boron content are mainly ascribedhi® parent rock types and soil
types falling under divergent geographical and atim zones. Boron is
generally high in soils derived from marine seditsen
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Rahmatullahet al. (1999) conducted field and greenhouse experiments
to assess the importance of boron distributioralnareous soils as it influenced
its bioavailability and discharge for plant utilian. Total boron content ranged
from 31-41 mg kg while non-specifically adsorbed boron (extractgddaC}),
specifically adsorbed boron (extracted by mannitoboron occluded in Mn
hydroxides (extracted by HCI-N®H) and boron occluded in non-crystalline
Al and Fe oxy hydroxides (extracted by Nekalate) were 1.20 %, 17.40,
55.90 % and 10.50 to 23.80 % of total soil bor@spectively.Xuet al(2001)
studied the soil boron fractions and their relatlup to soil properties and
found that non-specifically adsorbed Boron (NSA&Bd specifically adsorbed
B comprised < 1% of total Boron. In contrast, Boroncluded in Mn
oxyhydroxide (MOH-B), in amorphous Fe and Al oxid@gsMO-B) and in
crystalline Fe and Al oxides (CRO-B) comprised from®1 to 7.6% of Total
Boron. The content of the NSA-B fraction signifitign decreased with
increasing mean annual rainfall on the site anceamed with increasing soil pH
and exchangeable calcium. The MOH-B fraction wastpwely correlated with
soil pH and cation-exchange capacity, and negatiweith rainfall and
temperature. The AMO-B fraction was significan@yated to amorphous k;
and rainfall. The CRO-B fraction was positively mdated with pH and
exchangeable Calcium, but not with crystalline@= These results emphasize
that the forms of boron in Chinese soils were dgly different from those in

soils of southeast USA and Greece.

In different soils while studying the Boron isotopmass balance in
boron affected agricultural soils the individuatfiians arranged from highest
tolowest boron concentration were carbonate,fres, iorganic, clay, silt and
non-magnetic sand. Because of the large weightgptiopof the clay size
fractions in the soils, thelargest proportion af thtal boron in bothsoils is held
in this fraction, which consistsof clay mineralsicey and quartz(Swihart
al.,1986).Kanget al. (2002) evaluated the boron behaviour in some specif

soils of Japan. The total boron content of theedd#ht soils under study was
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found to be in the range of 20.2 to 77.1 mg/kg,alvthold within the range of
values that compare with the natural abundance aforb (2 to 100
mg/kg).Chaudhary and Shukla (2003) studied thelahidty of soil boron
fractions to mustardBfassica juncepin arid soils of Rajasthan (India). The
readily soluble, specifically adsorbed, oxide boand organically bound boron
constituted only 2.29 to 8.86 per cent of totaldmrThe major portion of boron
in soils existed as residual or occluded forms,cWwhaccounted for 91.14 to
97.71 per cent of total boron, with a mean of 9%pé&6cent.

Total average boron content in Indian soils diffef@m 3.80-630 mg B

! and this total boron content had no any signifieanto plant

kg
availability(Katyalet al. 1982). They analyzed 36825 soil samples, and regort
that 33 % were deficient in available boron. Acaogdto them, many crops
responded to boron application in different agrolegical provinces of India

(Sarkar, 2006).
2.5.7 Relationship among forms of soil Boron

Methods of assessing boron availability to kiwifrpiants growing on high
boron soils were studied(Tsadilesal.1997). Different methods were used for
extracting various forms of boron in soils like heotiter soluble (Hw®),
0.05M mannitol in 0.01M calcium chloride (Ca@itractable (MaiB), 0.05M
hydrochloride acid (HCI) soluble (HGR), resin extractable (ResB), and
saturation extract (S&). The amounts of boron recovered by the firstrfou
methods investigated were strongly correlated ve#ith other, the highest
correlation was obtained being between HBvand HC1B. Plant boron was
highly correlated to the boron recovered by thst fiour extractants and poorly

correlated to the boron determined by the saturatiethod.

Niazet al. (2011) studied the relative efficiency of differemttractants
for available boron estimation in alkaline calcargeosoils. Significant
correlation was found for available boron amongtladl extractants tested, the
strongest correlation (r = 0.99** at P < 0.01) vediserved between Hot water
soluble boron and 0.05 M HCl-extractable B.
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2.6  Factors affecting Boron availability in sds

Plantobtainsalltheessentialnutrientsfromsoilmediuroughtheirroots,c
onsquentlyall the soil properties are directlyassociated vitie availability
ofinfluentialnutrientsparticularlyboron.Theavailatyiofboronisinfluencedbydy
namicsoil
propertiesincludingorganicmatter,texture,cultivatgrought,andmicrobialactiv
ity (Mezuman and
Keren,1981).Similarly,theresultsofotherresearclemesaledthatthere
wasanappreciablerelationshipamongstSAR,salinityaraiontherice
seedlingsandtheirgermination(PaliwalandAnjaney@67).Boronmovesinalldi
rectionsinthesoiloy mass flowof water.Boronavailigjlecreasedwith
increasingpH andmostof the totalsoilboronis unaddtoplants(Borax,1998).

Indiversesoils,asmallquantityofboronisgraduallyctempdwithinorgani
cmatter(GuandLowe,1990; Yermiyadto
al.,1995)adsorbedonclays(Hingston,1964;
Bingham1971)andtosomeextentitisprecipitatedwithCg&t@disquite
unavailableforplantgrowth(Shorrocks,1997).Sandysodrsetexture)thatiswell
drained ismost likelytobeborondeficieftecaiseofleaching (Ouellette,1958;
Rashid, 1995;1996b).

2.6.1 Effect of pH on Boron availability in sds

One of the most important factors affecting theilabdity of B in soils
is pH. With increasing soil solution pH, boron bexs less available to plants.
Soluble boron content in soils was highly and digantly correlated with
solution pH (Elrashidi and O’Connor, 1982). Borgtake by plants at identical
water soluble boron content was greater at lowdrsatution pH (Wear and
Patterson, 1962). Soil pH affects plant growth amarient availability,
therefore boron at high pH is less available topl&ome studies showed that
pyrophyllitic soils and different ions played a mfgcant role in boron
adsorption in relation to pH (Keren and Sparks,489€Communar and Keren,
2006). Moreover, boron adsorption-desorption kogetind equilibrium in soil
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solution in association with pyrophyllitic soilsa$ also been discovered by
researchers (Keregt al., 1994b). Similarly Kerert al. (1981) revealed that pH

had a specific role in adsorption of Boron in sodisnontmorilonitic clay soils.

In a most recent study, few researchers reveakdcticite is typically
utilized to raise pH of soil however it maximizedilsboron fixation (Cheret
al., 2009). They further investigated that adsorptiomaion straight forwardly
amplified with elevation in pH and soil pH had e@ntimpacts on adsorption
and desorption hysteresis of soils. Rodrigeeal. (2001) revealed that pH had
certain impacts on boron removal in de-salinatiod Beverse-osmosis reactions
or processes. Some researchers revealed that Bsismion by hydroxy Al and
Fe was absolutely pH reliant and greatest retentias occurred at alkaline pH
(Sims and Bingham, 1968a). Moreover, aging conallgrdecreased boron
retention by these materials (Evans, 1987). It wwasomplished that the
hydroxyl ions in these solutions encouraged hydislyof the precipitates of
hydroxy-Al and -Fe, consequentially boron (as b®nahs) released from the
precipitates. Boron availability decreased withr@asing pH and most of the

total soil boron is unavailable to plants (Kubetal.,1948; Borax, 1998).

Application of lime increases boron fixation by lsobecause it raises
the soil solution pH. In addition to its effect eail pH, calcium carbonate also
acts as an important boron adsorbing surface rtaoabus soils (Goldberg and
Forster, 1991).Adsorption of boron on soil humigancreased with increasing
pH up to a maximum near pH 9, and decreased watteasing pH above 9 (Gu
and Lowe, 1990).Communar and Keren, 2006 studiecetfect of soil texture
and solution pH on boron transport in soils andchtbthe retardation in boron
transport in soils increased with the increaselay content and solution pH.
The impact of the rate-limited adsorption on bon@msport was dependent on
water flux and was controlled by mass-transfer @sses. The boron
breakthrough curves (BTCs) for the loamy sand amdlyg loam soils (where B
transport was ideal) were simulated using the #laalsport-based (local

equilibrium-non equilibrium [LE-NE]) model. This mdel successfully
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described boron transport at different water fluges pH values when using
the adsorption parameters derived from batch duiin experiments. The
adsorption rate coefficient values obtained fromCBTwere smaller than those
obtained from the batch kinetic data.

2.6.2 Effect of Organic matter on Boron availabity in soils

Organic matter is an important soil constitueneetihg the availability
of boron. Native soil boron and hot water solublerdm were highly
significantly correlated with organic carbon contéhliljkovic et al., 1966).
Organic matter is an important soil constituenteetihg the availability of
boron. This is considered as the leading sourceesérve boron because it
complexes with boron to remove it from the soilusimn when the levels are
high after boron fertilization (Borax, 1998). lteth re-supplies the soil solution
to sustain ample levels when boron is removed bgscor leaching occurred.In
diverse soils, a small quantity of boron is grauabmplexed within organic
matter (Gu and Lowe, 1990; Yermiyabbal., 1995; 1988) adsorbed on clays
(Frederickson and Reynolds, 1959; Hingston, 196#gam 1971) and to
some extent it is precipitated with Cag@nd is quite unavailable for plant
growth (Shorrocks, 1997). Soil organic matter adsanore boron than mineral
soil constituents on a weight basis (Gu and Lov@90). Boron adsorption on
an organic and composted organic matter increasgd imcreasing pH
(Yermiyahu et al., 1995). Communar and Keren (2008) studied different
impacts of dissolved organic matter (DOM) and tdasewage effluents on
boron adsorption in soil. They revealed that cotregions of micro and macro
elements with organic matter amplified in treatedi@ge waste-matter via their
complexation at pH of 7.70. The influences of huransadsorption of boron
were more than that of DOM. Moreover, DOM formedi®as complexes with

free soil solution-boron.
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Consequently, soil boron concentration significanéduced as the total
DOM concentration increased. Many researchers aiaduexperiments on
organic matter (OM) in relation to available borfoaction and they concluded
that organic matters straightforwardly bestow ampenative responsibility in
controlling the soil solution boron concentratiorddhere was a significant role
of OM in desorption or adsorption of boron in sdiMarzadoriet al., 1991).
Furthermore, OM had a significant outcome on drogpboron removal by
plants (Yermiyahu, 2001). Yermiyalsd al. (1988) conducted an experiment on
boron sorption on composted organic matter ana teesults showed that at pH
8.0, the extent of sorbed boron enhanced by alBib8b. They also determined
the sorption isotherms of boron on organic mattéhieee pH levels of soil 7.0,
7.9, and 8.9. The sorption improved with high pHd agrowing boron
concentration in solution. The compost restraing8 ¢ kg* and 56 g kg' of
humic acid and fulvic acid, respectively, addingdtiner 21.40 % of the OM.
They further concluded that at pH 8, the amounsabed boron increased by
about 57 %. The sorption of boron nutrient enhanegith increasing its
concentration in solution and pH. Datta and Bhad¢t999) found while
studying the acid soils of West Bengal that orgaracbon, pH and cation
exchange capacity (CEC) positively influenced thdeaaption of boron while
free FeOs, organic carbon and clay retarded release of bivoon these soils.

Likewise, Yermiyahu (2001) studied the functionssofl organic matter
content on boron uptake by bell pepper along witll solution boron
concentration. He revealed that OM significantlyeefed boron uptake by
plants. Moreover he reported that uptake of borgnplant is relatively
controlled by soil solution boron levels than totadil boron content. The
organic matter was primed from the solid proportioh alienated straw-
containing livestock dung. He categorized it asureatompost (COM). On the
commencement of the trial, boron concentratiorh& goil solution diminished
with improving rates of COM and ultimately growiteyels of COM guided to

smaller amount of boron in the leaf tissues. Tlaislide in boron concentration
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was more at elevated levels of boron applicatiamil&rly, the consequences of
COM level on plant boron concentration were tooreraus at highest boron
application levels. Adjusted soil solution boronncentration was positively
correlated with the leaf boron concentration.

Chaudhary and Shukla (2003) studied the avéilabf soil boron fractions
to mustard Brassica juncep in arid soils of Rajasthan (India).The soll
characteristics that influenced the Boron concéiotmaand its uptake in mustard
plants were pH, EC and organic carbNazif et al. (2006) studied the Status of
Micronutrients in Soils of District Bhimber (Azacathmu & Kashmir).The
correlation coefficient (r) obtained between hotevaoluble Boron and soil pH
was -0.056. The result was negative non-significaitte r-value recorded
between hot water soluble boron was 0.638. It mé&anavater soluble boron
was positively and significantly correlated withganic matter. These findings
were in agreement with Perveenal. (1993) and Goldbergt al. (2002) who
reported positive significant correlation betweest water soluble boron and
organic matter content. The correlation value dated between hot water
soluble boron and lime content was -0.164. Hot wat@uble boron was

negative non-significant correlated with lime cantte

A significant positive correlation was found amoagailable boron
contents and EC, pH and organic carbon while stgdyhe relationship and
distribution of various forms of boron with differe physico chemical
properties of soil in Bikaner district (Mathet al.2011). Razeet al. (2002)
studied boron fractionation in some Saskatchewais.s@ation exchange
capacity (CEC) appeared to be an important charsiiteto predict the boron
pools. No significant correlation was found betwseit organic carbon content

and the different boron pools, except for hot watduble (HWS) Boron.

2.6.3 Effect of CaCgon Boron availability

While studying the boron fractionation in some Sdskewan soils,

investigators found that correlation coefficientstvieen the boron pools and
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particle size distribution were poor and correlatioetween carbonates and
boron pools were insignificant(Raea al.,2002). Goldbergt al. (2002) found
that the magnitudes of the boron adsorption maxonaoil samples treated to
remove calcium carbonate were statistically andisaantly lower than those
for untreated soil samples indicating that calctarbonate acts as an important
sink for boron adsorption in calcareous soils (kanal967; Goldberg and
Forster, 1991). Boron adsorption on reference teaancreased with increasing
solution pH from pH 6 to 9, exhibited a maximunpkt 9.5, and decreased with
increasing solution pH from pH 10 to 11 (Goldbengd aForster, 1991).
Communaret al. (2004) found that application of lime increasesobdfixation

by soils because it raises the soil solution pHs€BWwi, 1974, Elseewi and
Elmalky 1979; Mandaét al.,1993; Lehto and Malkonen, 1994). In addition to
its effect on soil pH, calcium carbonate also a@$s an important boron
adsorbing surface in calcareous soils (Elseewi41%seewi and Elmalky,
1979; Goldberg and Forster, 1991). Boron adsorpti@s greater on soils
having higher calcium carbonate content (Elseev/41 Elrashidi and
O’Connor, 1982).

2.6.4 Effect of Soil texture on Boron availabili

Negative correlation was observed between hot vgatieible boron and
lime content(Sudhiret al.1997). The r-value obtained between hot water
soluble boron and sand was -0.407. The results negative and significantly
correlated between hot water soluble boron and santknt. These results were
supported by Yu and Bell (2002). The correlatiorfioient (r) between hot
water soluble boron and silt was 0.342. The reswkse positive and non-
significant. Similar results were studied by Yu aBdll (2002) who found
positive correlation between hot water soluble bhoemd silt content. The
correlation value (r) between hot water solubleoboand clay was 0.274. The
result was positive non-significant between hotewaoluble boron and clay
content. This result was in agreement with theifigd of Goldberget al.

(2002) and Nuttalkt al. (2003) who reported positive correlation betweeh ho
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water soluble Boron and clay content. Communarkéereén (2006) studied the
effect of soil texture and solution pH on boromgort in soils and found the
retardation in boron transport in soils increaséth the increase of clay content
and solution pH.

2.7 Kinetics of B-adsorption

2.7.1 Boron adsorption

Some of the studies showed that adsorption of bbsoolay-minerals
were a two-step progression in which boron adsprhsarily onto the particle
borders (Couch and Grim, 1968; Kermsral., 1985b), consequently move about,
and integrate compositionally into tetrahedral tames by substituting Al and
Si (Harder, 1961;Fleet, 1965). The configuration aofsorption of boron is
supposed as ligand replacement with exterior OHiggoon the clay particle
margins (Couch and Grim, 1968; Keren and TalpaB4l%oldberget al.,
1993b; Kereret al.,1994; Keren and Sparks, 1994).

Adsorbed boron is dependent on soil texture, andeases with
increasing clay content (Bhatnager al., 1979; Wild and Mazaheri, 1979;
Mezuman and Keren, 1981; Elrashidi and O’ConnoB82)9Boron adsorption
maxima increased with increasing clay content (Briggnd Fireman, 1960;
Singh and Sinha, 1976; Nicholaichwk al., 1988; Communar and Keren,
2006).Boron adsorption on soils is very dependamtsolution pH. Boron
adsorption by soils increased as a function oftswiupH in the range of pH 3
to 9 (Binghamet al.,1971; Schalschat al.,1973; Mezuman and Keren, 1981;
Kerenet al., 1985a; Barrow, 1989; Lehto, 1994) and decreasdlemange of
pH 10 to 11.5 (Goldberg and Glaubig, 1986a). Badsorption maxima were
significantly positively correlated with solutionrHp(Evans, 1987) Because
coarse textured soils often contain less availablen than fine textured soils,

boron deficiency often occurs in plants growingandy soils (Fleming, 1980).
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Native boron was significantly positively correldtevith soil clay content
(Elrashidi and O’Connor, 1982). At identical waseduble boron content, plant
boron uptake was greatest for the coarsest textswédWear and Patterson,
1962).

A highly significant correlation was found betweswoil content of the
clay minerals kaolinite, montmorillonite, and chterand the B adsorption
maximum. Aluminium and iron oxides play an impottasle in B adsorption
behaviour on soils (Bingharet al., 1971; Elrashidi and O’Connor, 1982).
Boron adsorption is highly and significantly coateld with the aluminium
oxide content of soils (Binghanet al., 1971). Numerous studies have
investigated boron adsorption by various aluminiamd iron oxides both
crystalline and amorphous (Hatchet al., 1967; Keren and Gast, 1983;
Goldberg and Glaubig, 1985, 1988; Bloestfal.,1987; Goldberg et al., 1993a,
1993b, 1996; de Bussetti al.,1995).

Boron adsorption on both crystalline and amorpradusiinium and iron
oxides increased with increasing pH up to an adsorpnaximum at pH 6 to 8
for aluminium oxides and pH 7 to 9 for iron oxid@adldberg and Glaubig,
1985; Bloesctet al., 1987). Above the maximum, boron adsorption deeeas
with increasing pH. Boron adsorption was greatedireshly precipitated solids
and decreased with aging due to increasing crystgll(Hatcheret al., 1967;
Sims and Bingham, 1968a). Boron adsorption per graas greater for
aluminium than iron oxides (Goldberg and Glaub@g3). This is likely due to
the higher surface area of aluminium oxides, sagtgorption per square metre
was similar in magnitude for aluminium and iron ades (Goldberg and
Glaubig, 1985). Boron adsorption on oxide minersurred rapidly, being
virtually complete after one day of reaction tintompeting ions such as
silicate, sulfate, phosphate, and oxalate decredsedmagnitude of Boron
adsorption on oxides (Bloeset al., 1987; de Bussettt al.,1995). The effect
of competing ions on boron adsorption can be slighthe case of sulfate, or

substantial in the case of phosphate (Bloestlal., 1987). The ability of
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competing anions to leach adsorbed boron from exidereased in the order:
chloride < sulfate < arsenate < phosphate. Sigmificsilicate adsorption
produced only a slight decrease in boron adsorpbgnaluminium oxide
suggesting that some boron sorption sites shownboreference (Goldberg and
Glaubig, 1985).

Magnesium hydroxide can remove appreciable amoainbsron from
solution (Rhoadest al.,1970a). Due to magnesium hydroxide coatings,atéic
minerals containing mainly magnesium in their chehiformulas adsorbed
more boron than a silicate without magnesium irchismical formula (Rhoades
et al.,, 1970a). Layer silicate clay minerals are importaoton adsorbing
surfaces in soils ( Harder, 1961; Hingston, 1964nsSand Bingham, 1967;
Singh, 1971; Keren and Mezuman, 1981; Keren anst,@®81; Keren and
Talpaz, 1984).

Clay minerals exhibit increasing boron adsorptioithwincreasing
solution pH with adsorption maxima occurring at kb 10 (Hingston, 1964);
boron adsorption decreases with increasing pH alleeemaximum for clay
minerals, the order of Boron adsorption per grarkaslinite < montmorillonite
< illite ( Harder, 1961; Hingston, 1964; Sims anihdgham, 1967; Keren and
Mezuman, 1981;). The rate of boron adsorption @y chinerals consists of a
fast adsorption reaction and a slow fixation reactiShort term experiments
have shown that boron adsorption reaches equilibiiiu less than one day (
Hingston, 1964; Kerreet al., 1981). Long term experiments have shown that
fixation of boron increased even after six montlisreaction time (Harder,
1961). The effect of temperature on boron adsomptly clays has been
investigated (Harder, 1961; Couch and Grim, 1968¢gls 1971; Goldbergt
al., 1993a). For a very short reaction time of two lsptoron adsorption in the
pH range of 5.5 — 9.5 decreased with increasingp¢eature (Goldberegt al.,
1993a).

Boron adsorption for longer reaction times of tveehours to sixty days

increased with increasing temperature (Couch ancth,Gk968; Singh, 1971,
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Jasmund and Lindner, 1973). Boron adsorption orysclencreased with
increasing ionic strength of the solution (Fle€d63; Couch and Grim, 1968;
Keren and O’Connor, 1982; Goldbeeg al., 1993b; Keren and Sparks, 1994).
Decreases in water content decreased boron adsorpti clays (Keren and
Mezuman, 1981). Wetting and drying cycles incredsachn fixation with the
greatest increase occurring during the first wgtand drying cycle (Keren and
Mezuman, 1981). Competing anions affect the madaitof boron adsorption
on clays (Goldberg and Glaubig, 1986a; Goldkedrgl.,1996). The presence of
chloride, nitrate, and sulphate had little effestbmron adsorption on clays; the
presence of phosphate, however, appreciably redumeh adsorption.

The magnitude of boron adsorption on kaolinite \méfected slightly
while boron adsorption on montmorillonite was coetely unaffected by
substantial silicate adsorption suggesting thatntlagority of boron adsorbing
sites are specific to boron (Goldberg and Glaub®86a). The magnitude of
boron adsorption on clay minerals is affected eyakchangeable cation (Keren
and Gast, 1981; Keren and Mezuman, 1981; Keren @dpnnor, 1982).
Calcium clays adsorbed more boron than sodium ataspium clays (Keren
and Gast, 1981; Keren and O’Connor, 1982). On pemdasis clay minerals
adsorb significantly less boron than do most oxwaerals. It may be more
appropriate to compare boron adsorption capacityaosurface area basis.
However, since boron adsorbs on the edges of clagrals and edge surface
areas of clays are difficult to determine, this pamison is not readily available
(Suet al. 1994). Boron adsorption was greater on soils lgphigher calcium
carbonate content (Elrashidi and O’Connor, 1988¢&i, 1974).

Metwally et al. (1974) studied the boron fixation by amorphous egid
and found that Sorption of boron was greater byrahmus oxides, prepared in
the laboratory, than by samples of Ca- or Na-stdralluvial soils or clay
minerals. The fixing capacity of the oxides follavéhe order Fe (OH» Al
(OH)s> Si-gel suspensions. Molecular adsorption of B J&hd exchange of

B(OH)- for the OH groups in the hydroxide suspensjor H bonding between
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Si and the OH groups of the borate ions in theebi#@ye suggested as the main
mechanisms of boron fixation. Fixation of boron the hydroxides, and
bonding energies of the fixed boron, increased witheasing pH from 4 to 8.5,
whereas boron fixation by Si-gel was only signifitat pH > 8 and increased in
the presence of calcium, possibly due to the faomadf difficultly soluble Ca-

B-silicate.

Goldberget al. (2002) studied the influence of soil solution catmmposition
on boron adsorption by soils and found that bordsogption increased with
increasing solution pH, reached an adsorption maxinnear pH 9, and
decreased with further increases in pH. Boron agdgor as a function of
solution pH was independent of solution cation cosmon from pH 4 to 8.5.
At pH values greater than 8.5, increased Boronfi@ss solution was found for

the magnesium systems.

2.7.2 Applicability of different Kinetic models to describe Boron
adsorption

Adsorption increased with the increase in finenasd organic carbon
content of soils. Clays had adsorptions almosthef drder of loam soil with
slightly higher content of montmorillonite at 22°Qut at 45°C kaolinite
adsorbed slightly higher amounts of boron. Gengralas higher at 45°C than
at 22°C. Although both the Langmuir and Freundadsorption isotherms were
valid within a wide range of boron concentratidme Freundlich isotherm fitted
better than Langmuir's(Singh, 1971).Goldberg (198®)died the various
reactions of boron in soils and concluded that b@dsorption reactions can be
described empirically using the Langmuir adsorptisotherm equation, the
Freundlich adsorption isotherm equation, and thenpmenological Keren
model. Chemical models such as the constant capaeitmodel, the triple layer
model, and the Stern VSC-VSP model can describdsBration over changing

conditions of solution pH and B concentration.
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Goldberg(1993) studied the chemical modelling ofoboadsorption at
the mineral-solution interface successfully usimg tonstant capacitance model
for oxides, clays, and soils, in these studies b@asorption was described as
forming a trigonal inner-sphere surface complexctS@a configuration is
chemically reasonable over most of the pH rangeesioric acid is a very weak
monobasic acid with a pKa of 9.2. The ability of tonstant capacitance model
to predict boron adsorption on soils using the aeefcomplexation constants
determined from the soil properties was evaluated.

Langmuir and Freundlich isotherms fitted well te tidsorbed data and highest
values for maximum boron adsorption were foundlayey soils, which were
significantly correlated with contents of totaledr and amorphous iron and
aluminum oxides, as well with the physical attrémitNinety four percent of the
variation in the maximum adsorption could be ralat® the free iron
content(Loomis and Durst,1992).Datta and Bhadorl®99) studied the
adsorption and desorption of boron in acid sdilg/est Bengal and found that
Freundlich isotherm proved more effective in ddsng boron adsorption in
soils as compared to Langmuir equation. The sphlindmuir isotherm
demonstrated that any of the adsorption maximautated from lower, upper
or entire isotherm, could be of practical use. @owyt bonding energy
coefficient, calculated either at lower or highgqu#ibrium concentration failed
to show any practical benefit. Regression modelsaafinction of boron
application rate and adsorption equation parametengredict boron uptake
from applied boron, demonstrated the utility of garmuir and Freundlich

equation parameters.

While studying the influence of soil solution s#@lyn on boron
adsorption by soils found that boron adsorption ddferent soils act as a
function of solution boron concentration which comis to the Langmuir
adsorption isotherm equation. The boron adsorptexima obtained with the
Langmuir equation for both EC were not statisticalhd significantly different

at the 95% level of confidence. The constant capace model, a surface
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complexation model, was able to describe boron ratise as a function of
solution boron concentration and solution pH(Goldbe et al.,
2002).Muhammaet al. (2008) compared Freundlich and Langmuir adsorption
equations for boron adsorption on calcareous saitsl concluded that
Freundlich model showed better fit of sorption datn the Langmuir model as
was evident from higher values of R0.97). The results suggested that for a
particular soil, boron adsorption isotherm needsb& constructed for site
specific boron fertilizer application. High clayrdents ranging from 70 to 320
g/kg and more CaC{X35 to 128 g/kg) increased the amount of adsobdmedn

in these soils.

Chenet al. (2009) while studying the effect of pH on boron Adgsion-
Desorption Hysteresis of Soils found that the sorptesults were described
well by the Freundlich equation. Boron adsorptioarkedly increased as pH
increased. This increase was more pronounced whe(O8), as opposed to
NaOH, was used for pH adjustment.Angew (1970) ameg different isotherm
equations for boron adsorption and desorption orns swith fertilizer
applications. Sorption processes were fitted tedimnforms of the Freundlich,
Langmuir and Temkin equations. Boron adsorptioa detre well described by
Freundlich and Langmuir isotherms, while the Tendtiowed a lowest fit. All
fertilized plots showed higher intensity of adsapt (Freundlich 1/n range
0.617-0.765 L kg), and applications of distiller's residue plus emic
digestate and organic-mineral fertilizer to soilscreased the maximum
adsorption and buffering capacity, with the Langmaind Temkin models,
respectively. The Freundlich intensity of adsomptid/n was positively
correlated with the Langmuir maximum adsorption dnd Temkin buffering
capacity b.

The boron adsorption was studied at two soil mass) (o solution
volume (vs.) ratios, ms/vs. = 0.5 and 1, and thegbauir, Eadie-Hofstee,
Freundlich, and Temkin adsorption equations weilttedi to the boron

adsorption data. The proportion of adsorbed boras gradually less in the
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more concentrated solutions, with differences iMvsigratio and in treatments:
the percentage of boron adsorbed was greater ftmsms 0.5 and for distiller's
residue and mineral fertilizer. The Freundlich ey represented the
measured boron adsorption data well; at ms/vs5=te values of Freundlich
adsorption maxima Xm varied from 93.14 to 111.88 kgg (organo mineral
fertilizer and distiller's residue, respectively;nas/vs. = 0.5) and from 32.14 to
40.32 mg kg (mineral fertilizer and control, respectively; ms/vs. = 1). The
adsorption isotherms were well explained by theelowoil mass to volume
solution ratio in the order Freundlich > Temk#& Langmuir > Headie-
Hofstee(Das, 2000).

Arora and Chahal (2010) studied the effect of poiperties on boron
adsorption and release in arid and semi-arid beadhsoils of India and found
that the adsorption isotherms indicated that theiadion of boron increased
with its increasing concentration in the equililbniusolution. The Langmuir
adsorption isotherm was curvilinear and it was isiggmt when the curves were
resolved into two linear parts. The maximum val@i@asorption maxima (b1)
was observed to be 7.968 mg B'kig Garhi baghi soil and the bonding energy
(k) constant was maximum at 0.509 L ™in Jodhpur ramana soil. The
Langmuir isotherm best explains the adsorption phwmmon at low
concentrations of the adsorbent, which of course different for different
soils. There was significant correlation betweendntl clay (r = 0.905*%),
organic matter contents (r = 0.734*), and cationhexge capacity (CEC; r =
0.995**) of soils. A linear relationship was obsedvin all the soils at all
concentration ranges between 0 and 100 mg B ihdicating that boron

adsorption data conform to the Freundlich equation.

2.8 Kinetics of B-desorption
2.8.1 Boron desorption

Boron desorption reactions in soils have been iy&ed less

extensively than boron adsorption reactions. Fomesosoils, the boron
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desorption isotherm corresponded closely to theorbadsorption isotherm
(wWild and Mazaheri, 1979; Elrashidi and O’Conno982). Other soils
exhibited hysteresis that is the boron adsorptsathierm did not correspond to
the boron adsorption isotherm (Okazaki and Cha6818hoadet al,1970b
:Elrashidi and O’Connor, 1982). Hysteresis was sighificantly correlated
with any of the following soil properties: clay,ganic carbon, pH, electrical
conductivity, cation exchange capacity, surfac&aatuminium oxide content,
and iron oxide content (Elrashidi and O’Connor, 298Adsorbed soil boron
was completely desorbed after five sequential ekitias (Okazaki and Chao,
1968). Boron desorption reactions on soil minetsdse been found to be
reversible in some studies (Keren and Gast, 198de$8het al., 1987) and
hysteretic in others (Harder, 1961). The pronountedteresis of boron
desorption from composted organic matter is atteuto the formation of
dihydroxy and hydroxy— carboxy bonds with B (Yeratipet al., 1988).

Desorption occurred when boron concentration in $lé solution
decreased, the amount of boron released being eddug lime application or
soil drying(Tanaka, 1967). Griffin and Burau (19&tudied the kinetics and
equilibrium reactions of boron desorption from drffnt soils of California and
found that the desorption reactions at each pdstlilaere independent. When
the C versust relationship was approximately linear, it was assdrthat the
faster reactions were complete and that the inergaboron concentration was
due to a slow reaction. The data tor 20 hours were fitted by regression
analysis to the linear expression, the total bazoncentration due to all the
faster reactions, providing the rate of this sleaation is constant at all

Elrashidi and Connor (1982) studied the boron sampand desorption
in some Mexico soils and found that two types ofobodesorption reactions
were present in the soils investigated (reversdnld hysteretic).The tendency
for desorption to be hysteretic was not signifibardorrelated to any soil
property measured. Zerragt al. (1999) studied the adsorption and desorption

of boron on soils and the influence of applicatmhmanure. A comparison
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between the desorption and adsorption isothermsvesthahat there was a
hysteric effect for all the substrates studied. Ewesv, this effect was more
important for the soils than for the composted mesuThe desorption index
for the composted manures was 1.5183, indicatirey réversibility of the
desorption process. The mean desorption indicesreds varied from 1.9711
to 4.7639 for soils. Significant relationships wesbserved between these
indices and some of the soil characteristics, ofciwhwere organic matter
content (r=0.7).

Boron was added to the untreated and the fly asdied soils, left in
contact for 30 days, and its desorbability was istidlt was observed that
although B sorption maximum of soils tended to éase upon fly ash addition,
the affinity of B to sorption sites remained praatly unaltered in most of the
cases. Boron sorption was an exothermic reactiahtlae greatest part (more
than 60%) of sorbed B in the fly ash-treated sodslld be easily desorbed
within 24 h, reaching 80% for the acid soils an@%0for the calcareous soil
after 120 h of desorption time. It was concludedt thlthough there was a
tendency of an increase in B sorption capacity imsthrcases upon fly ash
addition, this increase was not generally accongghhy an increase in strength
of B retention by soil surfaces. A major part ofled B in the fly ash-treated
soils remained labile enough to be released insihik solution in a short
time(Malewar,1999).

Desorption was affected with Morgan's solution mee sequential
extractions in similar conditions as for adsorpti@ndesorption increased, but
the percentage of desorbed B was low and decresseohcentration increased,
depicting moderate to strong hysteresis betweenlddration and desorption.
Desorption was easier in the Bt2 horizon (P < 0W8l the first extraction
yielding 60% of total desorbed B than in the Apibon, where it yielded only
49% (Kparmwang, 2002).Wojcik (2003) studied thedwebur of soil boron and
boron uptake by M.26 apple rootstock as affectechylication of different

forms and nitrogen rates. The results showed thedgen as calcium nitrate
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and ammonium nitrate increased boron both in solut®n and non-
specifically adsorbed on soil surface and decreasedn concentration on Al
and Fe oxides, indicating that N-N@hibited boron sorption on Fe and Al
oxides. Maximum boron desorption from Fe and Aldes were obtained
within 1 day after N-N@was supplied. Nitrogen application as calciumatér

and ammonium nitrate increased availability anck@tof boron by plant roots.

Su et al. (1994) studied the boron release from weatherihglites,
serpentine, shales, and illitic/palygorskitic soiflbe objectives of the study was
to identify source minerals contributing to the twoned boron release after
extraction of soluble boron and to estimate iteasé rate from weathering of
B-containing minerals and soils. lllite and palygjate soils were successively
extracted 7 to 26 times following each 12-h equdilon in 0.1 and 0.01 M
CaCl2 solution until the supernatant solutions aod less than the detection
limit of 0.001 m mol B L' Boron release rates decreased with time and
increasing pH. Average boron release rates from th5080 d ranged from
0.005 fmol nfs* to 0.342 fmol rif s* at pH 5, 0.004 fmol fis* to 0.060 fmol
m?s* pH 7, and 0.002 fmol ihs* to 0.044 fmol rif s* at pH 9. Boron release
from the two soils was accompanied with high magmasrelease into the
solution, suggesting palygorskite as a major sofwceboron.Chaudhary and
Shukla (2004) studied the boron adsorption andrgésa in arid soils of India
and found that cation exchange capacity and clayeod retarded the release of
boron from soils. The degree of irreversibility ¢gresis) of boron
adsorption/desorption increased with increase in piganic carbon, cation
exchange capacity and clay content of soil.

While studying boron fixation and its release ifissand bark compost
and found that bark compost showed a 10-fold hidixation of boron (64.1
mg kg') compared to greenhouse soil, indicating that lsarkpost displayed a
significant capacity for boron trapping. In greeanse soils, only around 9% of
the adsorbed boron was released during a one npenithd of incubation. Bark

compost showed the highest amount of release ddah@gncubation period,
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accounting for 64% of the adsorbed boron. Moreower ratio of boron release
increased to 77% in the case of the soil mixed Witk compost. These results,
suggest that different kinds of fixation-releasmgchanisms operate in the soil
and bark compost(Vaet al.,2005). Sharmat al. (1995) found that application
of farmyard manure (FYM) did not change boron dpson capacities of soils
corresponding to low boron concentration range niBaantly, however, it
increased boron desorption capacity pertainingigb boron concentration in
all soils, except in Alfisols and Entisols haviplg of 9.8 and 5.1, respectively.

Application of FYM increased the desorption slopetbr applicable to
low concentration range in Inceptisols, but deadast in Entisols.
Thedesorption slope factor applicable to high cotreéion range decreased
with FYM application in all soils except in Entisplwhere it was increased.
Boron desorption index slope decreased with FYMliegion in low boron
concentration range, but increased in high conaBatr range for all soils
except for Entisols pH 5.1, in which a reverse dreras observed. Application
of FYM increased the retention of added boron iitssand may help reducing
the leaching. Dianat al. (2006) studied the organic and mineral fertilizatio
effects on physical characteristics and boron dyaaman agricultural soil and
found that the boron desorption was not modifiedthg variation on soil
mechanical resistance; no correlation was foundvéx boron desorption
index and physical-mechanical parameters of thie be boron fractions, not
readily available for plants, occluded in aluminiu@l) and iron (Fe)
oxyhydroxides (Ox-B) and organically bound (OM-Byere negatively
correlated with colloid index (Ic).

Apparent hysteresis was observed in that both agoival families of
desorption isotherms deviated from the adsorpsotherm for the five soils at
their original pH. Moreover, hysteresis coeffic®mMgedNags and Ayag for the
traditional approach, had a positive correlatiothwarganic carbon content, but
they had a negative correlation with free@geand free AJO; content(Cheret
al.,2009).Arora and Chahal (2010) studied the effecailf properties on boron
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adsorption and release in arid and semi-arid beadhsvils of India and found
that soils that have a higher affinity for boronsauption, like Garhi baghi,
tended to desorb less amount of boron, that 15448, whereas Ballowal
saunkhari desorbed 48.00%, Jodhpur ramana 48.4&%0\aura soil 58.88% of
the adsorbed boron. Boron desorption by these sgsilgositively and
significantly correlated with the sand content (0.714**) and negatively with
clay content (r = -0.502*) and CEC (r = -0.623*fhe maximum value of
37.59 mg kg for desorption maxima (Dm) was observed in GadgHb soil

and also a constant related to B mobility (Kd) i@snd to be maximum in
Garhi baghi (0.222 L kY.

Goldberg and Donald (2011) studied the releaseat¥e and amended
boron from arid zone soils after varying incubattones. it was found by the
investigators that boron desorption decreased fasaion of time for at least
some of the extractions and treatments for allsiés.this is consistent with
published literature that added boron becomes d&fmctable with increased
incubation time. comparison between the three etdnds revealed no
statistically significant differences in amountsagfsorbed boron for three of the
soils. for the two other soils, the order of desoribboron amount was hot water
soluble < 0.Imnacl extractable < diethylenetriaminepentaacetid-sorbitol
extractable. the decrease in boron release witpeotsto incubation time
approached zero for all five soils for most of tbetractant solutions, as
evidenced by slopes that were not statistically sigdificantly different from
zero at the 95% level of confidence for almost tedlatments of all three

extractions.

2.8.2 Applicability of different kinetic models to describe Boron
desorption

Boron desorption followed a 2 site analog of adinform of the 1-site
Langmuir expression. Langmuir adsorption maximunues for each site

corroborated those calculated from the kinetic wiauad supported the multisite

40



interpretation of the kinetic data.Elrashidi andn@or (1982) studied the boron
sorption and desorption in some Mexico soils anthibthat boron sorption in
seven of the 10 soils conformed to the Langmuiogzti®n isotherm, but only

over limited concentration ranges. On the othedh#me Freundlich adsorption
isotherm was applicable over the entire Boron cotradon range (0 to 100
mg/ml) for all 10 soils. Simple and multiple regsies models allowed various
boron sorption parameters to be predicted fromctedesoil properties. Boron
desorption data could also be expressed by thenéllieb isotherm(Griffin and

Burau, 1974).Sakadt al(1994) studied the kinetics of boron desorptiomiro
calcareous soils. Five kinetic equations (secormuagmation or pseudo-first
order, two constant rate, first order, parabolféudion and Elovich) were tested
for their suitability in describing boron desorptirom four calcareous soils.
The comparison of coefficients of determinatiorf)(Bnd standard errors of
estimate (SE) showed that the second approximatanconstant rate and first
order equations followed by parabolic diffusion quiately described the boron
release, whereas Elovich equation failed to desatibt was further observed
that two separate pseudo-first order reactions wuelesorption from two

independent boron retention sites were involvedhwithigher rate of boron

release from site 1 and lower from site 2 in adl fbur soils.

Boron desorption reactions often exhibit hyste(€dberg, 1997).
The rate of boron desorption can be described ubmrst order rate equation,
the Elovich reaction rate equation, and the powection equation. For non-
hysteretic systems, boron desorption reactions lmandescribed using the
empirical and chemical boron adsorption models utised above. The
Langmuir equation was able to describe boron adisorp desorption on soils
(Hatcher and Bower, 1958), but due to hysteresss, wnable to describe boron
leaching from soils (Rhoadest al., 1970b). Zhuet al. (1998) studied the
adsorption-desorption of boron in soils and iteeffon boron uptake of plant.
The experimental results were fitted to the Frelchdand Langmuir isotherm

equations. There was a significant hysteretic gegor of boron in some of the

41



tested soils. The adsorption curve was differemtnfthat of desorption curve,
resulting from Ke' or n' of the desorption equatiming larger than that of the
adsorption equation. Therefore, the differencetdugysteretic desorption could
be described qualitatively by the hysteretic cogfit (DELTAK + DELTAN).
When DELTAK + DELTAn >0.25, the hysteretic desoopti was more
significant. The contents of amorphous Al and Mnyhydroxides were
positively correlated with the hysteretic coeffitieof the experiment (n=11,
r=0.790, respectively). Rape shoot uptake of bavas significantly correlated
with the value of DELTAK + DELTAN (r=-0.761, n=11Yhe application of
boron reduced the hysteretic desorption effect lamtpuptake, enabling the

plant to absorb higher amounts of boron from the so

Analyses of B, K+, M§', C&" CI' and pH infractions supposed that
boron existed not only in a simple form of boratg klso in ion-pair with
cations partly in acidic soil, and borate was thienpry form existing in the
calcareous soil. In studying desorption kineticshwalectro ultrafiltration, the
boron content of some fractions was accumulated| #e accumulative
guantities were fit to time factors in three kigetguations: the zero-order, first-
order, and parabolic diffusion equations. The palialdiffusion equation had
the best degree of fit, followed by the zero-ordgquation, and the first-order
equation was the worst(Zlat al.2000).

Boron adsorption and boron desorption could bewith the same
Freundlich parameters for non-hysteretic soils, different sets of Freundlich
parameters were necessary to describe boron awsogitd boron desorption
for hysteretic soils (Elrashidi and O’Connor, 1982haudhary and Shukla
(2005) studied the kinetics of boron desorptiomfrarid soils of India. Eight
kinetic models were tested to describe boron désorpin arid soils of
Rajasthan varying in physical and chemical chareties. The comparison of
coefficient of determination @ and standard error of estimate (SE) revealed
that the order of application to describe bororodason kinetics in these soils

was as follow: second approximation>two-constate eqjuation>Elovich rate
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equation>parabolic diffusion rate equation. Thissviarther observed that the
two separate pseudo first-order reactions due teorgdon from two
independent boron retention sites were involvecd witgher rate of boron
release from site 1 and lower from site 2 in ail thoils under study.

Metwally (2005) studied the kinetics of desorptioeactions and
leaching of boron from salt-affected soils of ERaiPlain, North Sinai, and
found that the first reaction is fast and its mexsia indicated to a desorption
of boron from nonspecific retention sites where doolis weakly held by
physical adsorption in outer-sphere complexes adsorbing surfaces in soils.
The second reaction is slowest probably due tdemse of boron from specific
retention sites in which boron is more strongly twia ligand exchange in
inner-sphere surface complexes. Sparing dissolutbnboron containing
materials may be another mechanism for the slowtima The fast reaction
was stopped after 6-8 hrs and desorbs 62 to 72%talf desorbable B. The
desorption rate constants decreased from 0.300©.83@ in virgin soil to 0.210
and 0.024 mg k§ h' in cultivated soils, for fast and slow reactions,
respectively. Considerable portions of water-sautdbron, specifically bound
boron and non- specifically held boron were dispthrom surface soil layers

down to the subsurface and deep layers.

Boron desorption data was well expressed by tharféleeh isotherms
for all the soils, that were able to continuoustyease boron. All fertilization
treatments showed values of desorbed boron higlaarthat of the unfertilized
control, and therefore there was a positive eftédiertilizers regard to boron
release, particularly for organic mineral and indéégd fertilizations.
Correlations relating constants desorption and paiperties indicated that
mostly the soil composition (clay, silt, and sarabd the iron and aluminium

oxides would act on boron release (Diana, 2006).

2.9 Uptake of Boron by plants
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Boron (B) is one essential micronutrient requirgd ghants for their
normal development and growth. However, throughting history of this
element research, it has been established thaeotraton ranges in the soil
solution causing either deficiency or toxicity syimmps in plants are smaller
than for any other element (MalaveAcuna, 2005)addition to this situation,
those ranges change according to the plant spetiat;is, a concentration
interval of B can be normal for a specific typeptdnt, while for others can be
either toxic or deficient, which has had a profounfluence for a better
knowledge of B behaviour in soils. Soil factorseating availability of B to
plants are pH, texture, moisture, temperature, esdnand quality of organic
matter, and content and kind of clay. The B comedioin of soil solution is
generally controlled by reactions with B adsorbisgrfaces involving
aluminium and iron oxides, magnesium hydroxide,y chainerals, calcium
carbonate, and organic matter. Rochester (2007Jwated an excellent study
on uptake and export of different plant elementdustralia by using cotton as
test crop. He reported that lint yields of sevettaro crops varied from 975-
2725 kg ha. He also estimated uptake of boron and otherenisiat initial to
delayed boll formation stages.According to his iimg$ cotton crops

accumulated an average of 340 g B ha

Studies by Vlamis and Ulrich (1971) showed thatngblades of sugar
beets contained more boron than the mature andlattes of plants grown at
low concentrations of boron in a nutrient solutibfowever, at higher boron
concentrations in solution, no differences werentburhe highest boron values
in sugar beets occurred in the older leaves, betIthvest boron content
occurred in the fibrous and storage roots (Vlamid dlrich, 1971). The boron
concentration of corn leaves increased with ageseedling leaves. The
uppermost corn leaves had higher concentrations dh leaves at positions
below. Boron concentration in corn leaves and tassieflowering corn plants
increased with age, but boron in other plant peetsained low and relatively

constant .Gorslinet al. (1968) noted that boron concentration in the wicolen
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plant decreased during initial growth, remainedhamged during most of the

vegetative period, and then decreased after silking

Boron level in leaf tissue of rutabaga was grefitan early samplings
than it was from late samplings(Gupta and Cutclift672). Older cucumber
(Cucumis sativusg.) leaves contained more boron than the youregrds; and
within the leaf, boron accumulated in the margipaits. Boron accumulation
was greater in the marginal section of corn leabhas in the midrib section.
Generally, boron in plants has a tendency to actatsin the margin of leaves
(Kohl and Boswell, 1975). Results of Miller and $mi(1977) showed that
alfalfa leaves had much higher boron content (79&ang kg') than tips (47
mg kg') or stems (22 to 27 mg Ry In a field study conducted in Prince
Edward Island, Canada, the highest boron concemigtvere in leaves and
upper halves of plants of most specie. The borawceatrations were lowest in
the stems. The lowest boron concentration was fadfaland the highest in
Brussels sprouts and rutabaga. In a separate mgrdriwhere the effect of not
applying boron was studied against applied bordre trend in boron
accumulation in the various plant parts was similéwe boron content of pistils
and stamens, although very high, was lower thaleanes and sometimes of

corollas.

Renan and Gupta,1991found that without added bahenbottom third
of the leaves of alfalfa and red clover containigghiicantly higher boron than
did the upper leaves. In the case of stems the sijgpwas the case, i.e., the
upper third of the stems contained more boron tharbottom third. This trend
was similar for the unfertilized and boron-fertdd areas for leaves; however,
in the presence of added boron, differences inbthren content in the upper

and lower stems were not significant.

The general theory is that boron translocates hkeadithe xylem, but
once in the leaves, it becomes one of the leastilenob the micronutrients.

Thus the boron immobility in leaves in terms ofdbzed cyclic movement
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prevents escape and transport of this elementlomgrdistances (Oertli, 1969).
The results of Shelp (1989) have also shown thahger leaves contain less
boron than mature leaves; the authors assumedthéh&bron supply for mature
leaves is delivered principally via the xylem. Tfaet that boron deficiency
exhibits in the younger leaves and not in the oldaves can be explained by
the fact that the boron concentration is highethia older leaves than in the
younger leaves, as reported for alfalfa and redietlRenan and Gupta,
1991) and for broccoli (Shelp,1989). Since the baroncentration in the upper
leaves was easily increased with boron fertilizal@enan and Gupta, 1991),
boron deficiency is controlled without much difflgu using boron

applications.

Boron availability generally decreases as soils drgking B deficiency
in plants more likely (Fleming, 1980). This may because plants encounter
reduced amounts of available B when extracting tamsfrom lower depths
during dry conditions (Fleming, 1980). Diffusivitpf B decreased with
decreasing water content because drying reducéssaloition mobility and
increases the diffusion path length (Settal.,1975). However, total diffusible
B from repeated extractions was independent of matatent (Sulaiman and
Kay, 1972). Boron adsorption increases with indreassoil temperature.
However, this may be due to an interactive efféctal temperature with soil
moisture since B deficiency is associated withgirgnmer conditions (Fleming,
1980). Tanaka (1970) studied the differences irmmarequirement between
crop plants and found that sunflower roots elutétl Wa-borate/boric acid (pH
8.5) adsorbed about 30ung B/g of root. The uptake of B by sunflower from
culture solutions with a pH of 4.7 or 7.5 was stadiPlants grown at high pH
accumulated more B in their roots and less in theves than those at low

pH.Dicot roots had a greater B adsorption capdhéy monocot roots

The higher the clay content of a soil, the lowethis B activity in solution for
any given amount of B added. It was suggestedtiigasoil adsorption sites act

as a pool to which B can be stored or removed d#pgnon the change in
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solution B concentration in soil. The B uptake bg plants is higher as the sand
content increases, for any total amount of B ad#kmvever, the experimental
results from all three soil-sand mixtures lie oa fame line when the B content
in the shoot is plotted against B activity in §&f = 0.9695). The dry matter of
the plants was decreased with both an increasatahamount of B added and
an increase in the sand content for any given amaiutotal B. As found for B
uptake, the relative dry matter weight and thetnedayield values lie on the
same linear line when they are plotted againstt®igcin soil solution from all
three soil systems. This indicates that the yielspbonds to B activity in soill

solution only(Kerenet al.]1985).

Keren et al. (1985a) studied the plant uptake of boron as aftedty
boron distribution between liquid and solid phasesoil. Experimental results
of boron in soil solution as a function of totalrbo content in soil were
compared with values computed using a competitdsoption model. The
agreement between the calculated and the expeamesgults indicates that
models can be used to predict boron activity il soiution at water content
lower than that of the saturated paste. Boron @ptakthe plants was linearly
correlated with the boron content in the soil fattbsoil systems. The boron
content in the leaf tissue of the plants grown he soil-sand mixture was
significantly higher than that of the plants growim the soil system at any
level of boron added. However, when boron contenthie leaf tissue was
related to boron activity in soil solution, the eximental points for both soaill
systems lay on the same straight line, indicativag boron uptake by plants and
boron activity in soil solution were highly corrédd. It is evident that the dry
leaf weight is linear correlated with the boron s in the leaf tissue, and,
therefore, is linearly correlated with boron adfvin soil solution. It is
concluded that boron in soil solution, rather tresorbed boron, influenced
boron uptake by plants.

Boron uptake by plants is controllectiwy B level in soil solution rather

than the total B content in soil. The affinity afganic matter for B can affect B
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uptake by plants because of changing B concentraticsoil solution. Boron
concentration in the soil solution at the beginnaighe experiment decreased
with increasing levels of compost. This decreasse mast prominent at high
levels of B application. The effect of the complastel on leaf B concentration
was also prominent at high B application rateshwitcreasing levels of
compost resulting in less B in the leaf tissuesoBaoncentration in the leaves
was highly significantly correlated®40.88) with the B concentration adjusted
in the soil solution. This correlation coefficiemas further improved £0.98)
when B concentration in the soil solution was ci@d using a B adsorption
model. The results presented herein indicate tmgamc matter plays an
important role in controlling B concentration iretkoil solution, and that it has
a prominent effect on reducing B uptake by planes(Yiyahuet al.2001).

Because boron (B) and calcium {aseem to have a strong effect on legume
nodulation and nitrogen fixation, rhizobial symhsosvith leguminous plants,
grown under varying concentrations of both nutsentas investigated. The
study of early pre-infection events included th@amty of root exudates to
induce nod genes, and the degree of adsorptiomaieha to the root surface.
Both phenomena were inhibited by B deficiency, amteased by addition of
Cd*, resulting in an increase of the number of nodulgse infection and
invasion steps were investigated in pea noduledoo@ing a Rhizobium
leguminosarumstrain that constitutively expresses green flugees protein.
High C&* enhanced cell and tissue invasion by Rhizobiurichvivas highly
inhibited after boron deficiency. This was combineiih an increased boron
concentration in nodules of plants grown on bomeef medium and
supplemented with high &aconcentrations, and that can be attributed to an
increased boron import to the nodules. Histologicatamination of
indeterminate (pea) and determinate (bean) nodilewed an altered nodule
anatomy at low boron content of the tissue. The erete increase in nodular
boron due to additional awas not sufficient to prevent the abnormal celll wa

structure and the aberrant distribution of pectiygaccharides in B-deficient
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treatments. Overall results indicate that the dgwelent of the symbiosis
depends of the concentration of B and’Cand that both nutrients are essential

for nodule structure and function(Retdl.,2004).

Inplants,excessiveBconcentrationproducesmanyabriiesiathemaingr
owthstream (Reidet
al.,2004)andthiswasduetotoxicBlevels.Borontoxicitysyompsdepicted
theBbuildupatthelastpartofthetranspirationstrearfietittbus
Bdistributioninthemajorityofspecies.The distinctive
apparentsignofBtoxicityinnumerousplantspeciesoftigiatedaschloroticpatches
onolderleafmarginsandtipsofleaves,whichleadstologandnecrosis(Eaton,1944
; Crispet al.1976;Cartwrighét al.1986;Bergmann,1992;Bennett,1993;Mata
al.,2007).Somestudiesshowedthatthenecroticorchlorafedgmentshaveextrem
elyhighBcontentsthenadjoiningleaf tissues and

barleyexhibiteddistinctivesketches forvariouscuts/ (OertliandRoth,1969).

Recently Nablest al. (1997) and Miweet al. (2007) performed research
on toxic effect of B on different crops and hisdiings revealed that B affluent
soils are more significant because these soilsym®d toxicity in the field.
Miwa et al. (2007) reported that in Australia, about 17 % af tharley yield
declined owing to B toxicity. They further reportédiat toxic soil B levels
reduced the yield outputs in many crops and thigity was an international
tragedy in foodstuff production. The findings ofWéiet al. (2007) provided the
fundamental information regarding crop productivitysoils containing excess

B, which are distributed in arid areas of the world

2.10 Critical limits of Boron in soils and plants

Boron requirements vary considerably among crops. dptimum range
in leaf tissue of most crops is from 20 to 100 p@ome crops are particularly
sensitive to boron and can be injured when thebeabn level is too high. For
example, boron levels in excess of 50 ppm have lassociated with boron

toxicity in peaches. The boron critical level foore is about 4 ppm, while
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alfalfa, cotton, peanut, and soybeans have critiea¢ls of 20 ppm. Corn,
having a fairly low boron requirement, is also s$&ves to excess boron.
Toxicities may occur when the boron level in yowogn leaf tissue exceeds 25
ppm (Yermiyahet al.2001 ). Members of the Papilionaceae and Cruciferae
have fairly high boron requirements with criticavéls being about 25 to 30
ppm boron in the leaf tissue. Those plants whickehgairly high boron
requirements are also ones with fairly good toleeato excessive boron. Boron
is not a very mobile element and deficiency symgtamecur in the newly
emerging tissue. The boron concentration in leagg®ins constant during the
growth cycle. Boron deficiencies result in variopiysiological diseases in
plants, such as "hollow heart" in peanuts, pitang cracking in apples, "Hen &
Chick" disorder in grapes, blossom blast in peamigny nuts in almond etc.

2.11 Various techniques for determination of Borp in soils and plants

Boron (B) is a non-metal, in contrast to the othmicronutrient
elements. It is present in diminutive amounts inegus, sedimentary and
metamorphic rocks. In areas with geothermal agtigases flowing from inner
earth contain B. Different scientists around therMlohave developed
various proceduresfor boron determination andtheir
implementationtotheanalysisofsoilandplantsampled{\A@y 4;
ParkerandGardner,1981;SimsandJohnson,1991;Spetincer al.1992;
Keren,1996;SahandBrown,1997). Currently, B comegioph has been
evaluated by employing absorption spectrometrydlammicemission, neutron
scattering testvianeutronradiographyalongpatmp-
activationanalysis potentiometry,ICP-OEC(inductivelycoupledplasma-  iagit
emission spectrophotometery, chromatography, M8sgmrspectrometry) and
spectrophotometry.Spectrophotometricprocedure
implicatedacolorimetricreactionof Azomethane-
HwithBhasbeentheforemostacceptableBestimationtgalforplant,
soilandwatersamples(Bingham,1982; Wi74;  1S0O,1996;WHO,2008
Colorimetricprocedures,ordinarily,go-
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throughfromseveralhindrancesandcomprisereducedpieriandsensitivity.lnmo
dernera,theuseoflCP—MSandICP—-OESforBassessment
insoilandplantsampleshaveintensifiesterrificallh@tstudies alsoshowed
thecolorimetricdeterminationfboronbyusingAzomethane-
Hascolourdevelopingreagent(BergerandTruog,1945; gder 1949; Het
al.,1991;1986;1988;RenanandGupta,1991). Few researchergestigated
variousconcentrationsofBwithinthesoilsolutionbyughiscolourdeveloping
reagent(Janet al.1982).

Chapter — 3

MATERIALS AND METHODS

To study the distribution of different forms of Bor, kinetics of its
Adsorption-Desorption and its availability, compesisoil samples were
collected from ten locations representing almosttia districts of Lesser
Himalayas (Kashmir Valley). The study area liesatsen latitude 3%22'12.0’
to 34495.6" N and longitude 73640.0' to 7583535.0' E at an elevation
ranging from 1582 to 2115 m mean average soil I&vst study area comprises
of three distinct physiographic zones viz. higltadte zone (HAZ), mid altitude
zone (MAZ) and low altitude zone (LAZ). There ix@nsiderable variation in
temperature with monthly mean temperature $18nd maximum of 33C in
June/July and minimum of °@ in January. Soil temperature regime is mesic

and moisture regime is udic.

The present investigation entitledAdsorption and Desorption
Kinetics of Boron in Kashmir Soils”, was carried out at SKUAST-K,
Shalimar, Srinagar, during 2011-12. The detailtheftechniques followed and
materials used during the course of this invesbgatre presented as;

3.1 Materials
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For investigating the “Adsorption and Desorptiomé&lics of Boron in
Kashmir Soils”, composite surface soil samples {Cz&h) were collected from
the following locations in Kashmir, differing in efr properties. Bulk surface
soil samples were also collected from all thesatioas. The exact locations of
these sites and classification according to catefisoil taxonomy are presented

in Table 3.1 and figure 1.
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Table 3.1: Taxonomical Classification and Locatiorof soil samples

Sample ) . ation District Latitude Longitude Elevation Physiography  Taxonomy*
Code (m)

S, Tangmarg Baramulla  34° 43.03" 74°2556.07" 2107 High Altitude Eﬁifg’fﬁrt;ts
S, Khag Budgam  34°2'9.90" 74°3251.84" 1806 Mid Altitude Eﬁifg’fﬁri%ts
S Anantnag Anantnag 33°45'5.26" 75°11'38.63" 1623 Low Altitude Eut-ll’-(?)/(?filcl:’epts
s, Kulgam Kulgam  33°3900.54" 75° 0'17.09" 1763 Mid Altitude Eu;g’ friﬁepts
s Tral Pulwama  33°57'0.22" 75°743.68" 1791 Mid Altitude | agﬁ(ijcaﬁs
Se Shalimar Srinagar 34° 9'49.99" 74°51'35.52" 1586 Low Altitude  Typic udifluvent
S, Bandipora  Bandipora 34°11'34.43" 74°3957.70" 1582 Low Altitude |, a;g%ig epts
S Kangan Ganderbal 34°15'31.57" 75°5'43.49" 2115 High Altitude Ud-l(_))I{{)fiZntS
S Sagipora ~ Kupwara  34°23'54.89" 74°21'28.37" 1593 Low Altitude Eng friﬁepts
St Shopian  Shopian  33°42'33.85" 74°49'33.19" 2088  High Altitude Eu?%itﬁr%pts

*Soil Map NBSS & LUP
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Soil Sampling sites

Figure 1: Exact locations of the Soil Samplg Sites

3.2 Preparation of soil samples

The soil samples were air dried in shade, grourth wiooden mallet
and passed through a 2 mm plastic sieve. For argambon determination, the
soil was passed through 0.2 mm sieve. After mixhgroughly, the processed

soil samples were stored in polythene bags forrktboy studies.
3.3 Chemical characteristics of soll

3.3.1 Soil reaction (pH)

Soil pH was determined in 1: 2.5 soil: water susp@mn with digital

glass electrode pH meter (Jackson, 1967).
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3.3.2Electrical conductivity (EC)

Electrical conductivity of the suspension liquid df 2.5 soil: water
suspension was determined with the help of Soldgericonductivity meter at
25°C (Jackson, 1967).

3.3.3 Cation Exchange Capacity (CEC)

Cation exchange capacity of soil was determinecdoraling to the

procedure outlined by Rhoades (1982).
3.3.4 Calcium Carbonate (CaCQ)

Calcium carbonate was determined by the methochdawyePuri (1930).
10 gram of soil in 200 ml distilled water was tigd with 0.5 N ammonium

sulphate in presence of bromothymol blue and broesat green indicators.
3.3.5 Organic Carbon (OC)

Organic carbon was determined by Walkley and Bkckpid titration
method. 1.0 gram soil was digested with a mixtdrpatassium dichromate (10
ml) and concentrated sulphuric acid (20ml). The essc of potassium
dichromate not reduced by the organic matter ofsibié was determined by
titration using standard ferrous ammonium sulplsalation in the presence of

ortho-phosphoric acid using diphenylamine as aicatdr.
3.4 Mechanical analysis

The mechanical analysis of the soil sample was dgn®llowing the
Hydrometer method (Moodat al.,1959).

3.5 Extraction of different forms of boron

Boron free polyethylene centrifuge tubes, glasswarel distilled and
deionized water was used throughout the studyth@lichemicals used were of
the Analytical Grade.
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3.5.1 Water Soluble Boron

Water soluble boron (WS-B) was extracted by shakidg of soil with
20 ml of deionized water in a 75 ml polyethylenatoéuge tube for two hours
(Hatcher & Wilcox, 1950). The contents were cenogéd and the supernatant

was preserved in refrigerator for B estimation.
3.5.2 Hot Water soluble Boron

Hot Water soluble Boron (HWS-B) was extracted I tmethod
described by Wear (1965). 20 g of soil was takenair250 ml (B-free)
Erlenmeyer flask, 40 ml of deionized water andd@gf activated charcoal were
added and reflux condenser (water cooled) wasledthto the flask. The flask
was heated on the hot plate to first sign of bgiliollowed by refluxing of the
contents exactly for 5 minutes. The contents wdieevad to cool and then
filtered using Whatman No. 42 (B-free) filter paper

3.5.3 CaC} soluble Boron

CaCl soluble Boron was extracted by adding 20 ml ol WDCaCpand
0.4 g of activated charcoal to 10 g of soil in & 25l (B-free) Erlenmeyer flask
(Wear, 1965). Reflux condenser was attached tofldsk. The mixture was
heated on a hot plate for 5 minutes and refluxedetifter for 5 minutes. When
still warm, contents of the flask were filtereddbgh Whatman No. 42 filter
paper to get clear extract.

3.5.4 Acid soluble Boron

Acid soluble Boron was determined by extractingldf goil with 20 ml
of 0.05 N HCI in 50 ml polyethylene centrifuge tuliédne contents were shaken
on a horizontal shaker for five minutes followed entrifuging and
supernatant solution was preserved for boron esbmé&onnamperumet al.,
1981).
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3.5.5 Leachable Boron

Leachable Boron (adsorbed plus soluble B) was ebetiaby the method
of Rhoadest al. (1970b). Five grams of soil was taken in 50 mlyptiylene
centrifuge tube and shaken for 16 hours with 25adh of 0.01 M Manitol-
0.01 CaClJsolution. After centrifuging, the clear supernataalution was kept

in refrigerator for B determination.
3.5.6 AB-DTPA-Boron

AB-DTPA Boron was extracted by adding 20 ml eachldf M NH,
HCO; and 0.005 M DTPA adjusted to pH 7.6 to 10 ml af. g&estring and
Soltanpour, 1984).

3.5.7 Total Boron

For extraction of total boron, one gram of soil wased with 6 g of
Na,CO; at 1006C in a platinum crucible of 30 ml capacity. Theides was
dissolved in 50 ml of 6N HCI according to the maeatif procedure developed
by Gupta (1966). The final volume was made up t0 &0 and subsequently
used for analysis of total boron by Azomethane-Hhoe.

3.6  Adsorption-Desorption of Boron

Surface soil samples representing 10 differenttioca of the valley
were selected varying in physical and chemical attaristics for adsorption-
desorption study. Boron free centrifuge tubes, syl@se and deionized water

were used during adsorption-desorption investigatio
3.6.1 Boron Adsorption Study

Adsorbed Boron acts as a buffer pool between sold solution phase.
Solubility of Boron in soil is mainly governed bylsorption process to soil
surfaces. To determine adsorbed boron, 20 g ofssmilple (in duplicate) was
equilibrated with 20 ml of 0.01 M Caflcontaining 1,2,5,10,20,40,60,80 and
100 mg mt* of boron ( using Boric acid) in 50 ml polyethylecentrifuge tubes,
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in incubator for 24 hours at 25+°@Q with intermittent shaking. After
equilibration, the suspension was centrifuged fdr tinutes, and the
supernatant solution was filtered through Whatmaa #2 filter paper,
following procedure outlined by Erashidi and O’'Conrn(1982). The boron
concentration in the filtrate was determined by #womethane—H method
(Wolf, 1974), using Spectrophotometer. The amounbaron adsorbed was
calculated from the difference between the initiaion and equilibrium boron

concentrations.

The data of boron sorption were fitted to the foilog adsorption
eqguations.
Langmuir equation:C/(x/m) = 1/b (C) + 1/b K
Freundlich equationLog (x/m) =1/n Log C +Log K
Where,
C= equilibrium concentratioruy B mi%)
x/m= adsorbed B pg B g* soil)
b= adsorption maximauf) B g* soil)
k= a constant related to bonding energyu@)
1/n= slope of the regression line, and

K & n= empirical constants
3.6.2 Boron Desorption Study

The boron desorption was studied by adding 20 nidaybn free 0.01 M
CaClL to each soil sample after the adsorption studye Trixture was re-
suspended by vigorous agitation and equilibrate@4ohours at 25+°1C, with
intermittent shaking on rotary shaker. The susmensias centrifuged for 10
minutes and the supernatant was removed for B sisalfhe process was
repeated for three more times, resulting in a tofdbur desorptions for each
adsorption sample. The boron concentration in ileate was determined
through Azomethane —H method, using Spectrophomdthe amount of
boron desorbed was calculated as the differenceelegt equilibrium boron
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concentrations at each desorption step and thelilrquin concentration
previous to each desorption step.

The amount of boron retained (x/m) by soil duringsarption was
calculated as the difference between amount ofrbagtained in previous step
and boron desorbed in the present step. The ddtanel pertaining to the
retained boron (x/m) by the soil during desorptiah the corresponding

equilibrium concentrations were fitted into Langnsiequation, given below;

De/S =1/ Kd Dm + De/Dm
Where,
S = Boron adsorbequg g%
De = Boron desorbeqig g*)
Dm= desorption maximaufy g*)
Kd = constant related to mobility of boron (mt)g
Dm (desorption maxima) and Kd (constant relatechtdility of
solid phase) were worked out from the linear plotsDe vs.

De/S according to the Langmuir desorption relatgms

3.7. Kinetics of Boron Adsorption-Desorption
Adsorption-desorption kinetics of boron was studiedthe surface soil
samples representing ten soils of Kashmir, varymghysical and chemical

properties.

3.7.1. Adsorption Kinetics

Adsorption reactions of boron in soils are impottéor retention and
release of boron for plant nutrition. For adsonptlonetic study, 10 g of soll
sample in triplicate was taken in 50 ml polyeth@eentrifuge tubes, and 10 ml
of 0.01 M CaCJ solution containing 40 ug B mwas added to each tube. The
samples were equilibrated at 25x@Q for 0, 1, 2, 4, 8, 16, 24, 48 and 72 hours
on a reciprocating shaker. At the end of reactiomet the suspension was
centrifuged for 20 minutes. The samples were &leasing Whatman's No.42
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filter paper. The boron concentration was deterchineing Azomethane —H
method as per the procedure outlined by Wolf (197T4he amount of Boron
adsorbed was calculated from the difference betweeamount initially added
and the quantity remaining in solution after edudtion.

3.7.2. Desorption Kinetics

The soil samples used for adsorption kinetics afi8r hours were
equilibrated with 0.05M mannitol in the same cduage tube. The mixture was
equilibrated at 25+°1C for O, 1, 2, 4, 8, 16, 24, 48 and 72 hours ahterend
shaker, followed by centrifugation for 10 minutdhe samples were filtered
using No. 42 Whatman'’s filter paper and kept imigefrator for B analysis. The
boron concentration in the filtrate was determingging Azomethane —H
method (Wolf, 1974).

3.8. Rate of Adsorption and Desorption Reaction

To find out the rate of adsorption-desorption rigaxtthe following

integrated rate equation was used;

Log (B-C) = Log By (K/2.303)t
Where,
B = Total adsorable /desorable B (pg Bspil)
C= Concentration of adsorbed/desoibédg B g soil)
t = Time of adsorption/ desorption.
K = Rate constant
In case the plot of Log (BC) versus time (t) follows a linear
relationship, then the reaction is pseudo-first eoravith respect to B
concentration. The slope of the line will be K/Z3nd intercept will be the log
of total B concentration of the solid phase atdtaet of the particular reaction.
The various other kinetic models used to describeoB adsorption/
desorption from soils were tested for goodnesst dfyf least square regression

analysis. These are;
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1)

2)

3)

4)

5)

6)

Zero order

qt = ¢ +Kot

Where kKis the zero order rate constant [(mg B'k&]
First order

Lngt = Ing + Kt

Where Kis the first order rate constant{|S

Second order

1/qt = 1/ —Kst

Where Kis the second order rate constant [(mg B’X§"]
Parabolic Diffusion

q=a + Kdt*

WhereKd is the Diffusion rate constant [(mg BRG]
Elovich

Gt =Cp + (1/B)In — (B) + (1) Int

Wheren is the initial B adsorption rate (mg B Kdi) andp is B
desorption constant (mg B Kd?)

Power function

Iny=Ina+bint

Where y is the quantity of boron adsorbed/desodbdiine ‘t’
and a & b are constants ( Dalal, 1974).

In all equations, gland qare the amount of Boron adsorbed (mg B'Kg

at time zero and t, respectively. To determinedfeation that best described

the adsorption of boron in soils, a standard Eofagstimate was calculated for

each equation. A relatively high value of the cimight of determination (B

and low standard error (SE) was used as critenahe best fit (Chien and
Clayton, 1980). The Standard Error was calculaseibiows;

SE Z[(g-q)°/ (N-2)] *°

Where q & q' are the measured and calculated ammamB in soil,

respectively at time't’ and N is the number of measents (Steel and Torrie,

1960).
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3.9. Estimation of boron in soil extract

Boron in soil extract was estimated calorimetricalsing Azomethane-
H method, originally given by Shanire al. (1967) and later on modified by
Wolf (1974), Johret al.(1975) and Gupta (1979b).

For this purpose, 1.0 ml of the extract was takea 10 ml polyethylene
tube. To that 2 ml of buffer solution (EDTA-disodiusalt) and 2 ml of
Azomethane-H solution was added. The contents wexed by inverting the
tubes three times and were allowed to stand forhowoe after which absorbance
was read at 420 nm using spectrophotometer. Theuatmaf boron in the
extract was calculated from the standard curve grezp by taking standard
solutions containing 0, 0.2, 0.4, 0.6, 0.8, 1.0,&hd 4.0 ppm boron.

3.10. Pot Culture Experiment

A pot culture experiment was conducted using bulfage ( 0-15 cm)
soil samples collected from 10 sites varying in 9631 and chemical
characteristics to know the response of Boron apfin to Berseeni¢ifolium
alexandrium crop and also to estimate the critical level @ird@ to separate
boron deficient soils from non-deficient soils. [Saivere air dried ground and

sieved through 2 mm plastic sieve and mixed thdnbug

Polyethylene lined pots were filled with 4-5 kg il after giving the
treatments and thoroughly mixing them. Treatmeataprised of 0, 1 and 2 mg
B kg soil using borax. The basal dose of nitrogen, phosus and potassium
was applied through urea, DAP and MOP, respectivégch treatment was
replicated thrice. The pots were watered to brimg goil to 100 % saturation.
Twenty five healthy seeds of berseem (cv. Multiawgre sown in each pot on
4™ of October, 2011. Thinning was done after one weklgermination to
maintain twenty plants per pot. Uprooted plantseMauried in the same pots

and pots were irrigated as and when required vatiodized water.
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The above ground part of the crop was harvestd&® atays of growth
for first cutting, followed by the second cut at 8@ys after first cut. Fresh
weight was recorded at both cuttings. The plantptesnwere successively and
thoroughly washed with tap water, 0.1 N HCI, distiter and finally with de
ionized water. The samples were dried in oven &C6&nd dry weight was also

recorded. The samples were ground and finally dttmeanalysis.
3.11. Estimation of boron in plant samples

Total boron content of the plant was determinedityyashing according
to the method outlined by Gains & Mitchell, 1978.4 silica crucible, 0.5 g of
dried plant sample was placed and ashed &G&0a muffle furnace. The grey
white ash was dissolved in 10 ml of 6 N HCI andtbédo 80C on hot plate to
evaporate to dryness. The residue was dissolvett-ionized water and was
transferred to 25 ml volumetric flask and volumeswaade to mark with de
ionized water. The solution was then filtered tlgiouWhatman No.42 filter
paper. The boron in the extract was determinedsiniyguAzomethane-H method
as proposed by Gupta (1979b).

3.12. Establishment of Critical Level

To determine critical level of boron in soil angrbeem crop, Bray’'s
percent yield and percent uptake were compute@switted by Bray (1948)
method as under;

Yield without B treatment
Bray’s % yield = ----------mmmmmmm oo x 100
Yield with optimum Btreatment

B-uptake without B treatment
Bray's % Buptake = ----------mmmmmmm oo x 100
B-uptake with optimum B treatment
The plant and soil critical concentration of boneas established by

graphical procedure (Cate & Nelson, 1965). Avernagecent yield response of

Berseem to B-application was also determined.
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Statistical Analysis

Statistical analysis including simple and multipterelation coefficients
were worked out between various soil propertiesmé of Boron and
adsorption/desorption parameters as per the detedsribed by Cochran and
Cox (1957).

Statistical analysis of soil, plant composition apeld were done
according to the methods outlined by Panse and &uoieh(1967).
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Chapter — 4

EXPERIMENTAL FINDINGS

The results of different experiments carried out the present
investigation are presented under the followingdsea

4.1 Distribution of different forms of boron in soils.
4.2 Boron adsorption-desorption by soils
4.3 Kinetics of boron adsorption-desorption

4.4 Response of Berseem to boron and its critical §inmtsoils and plants

The physico-chemical characteristics of differemilss investigated,
varied widely (Table 4.1) in texture ( silt loam g$dty clay loam), pH (5.6 to
7.8), EC (0.11 to 0.36 dS1) organic carbon (0.98 to 3.93 per cent), calcium
carbonate (0.01 to 1.28 %) and cation exchangecitgd0.48 to 18.17 cmegl

kg™).
4.1 Distribution of different forms of boron in soils

The distribution of different forms of boron in tiseils of Kashmir was

studied in ten soils representing major areas shidar (Table 3.1and Fig 1).
4.1.1 Water Soluble Boron

The concentration of water soluble boron in thé samnples ranged from
0.07 to 0.95 mg K§with a mean value of 0.35 mgkgTable 4.2). There was

no specific distribution pattern in water solubleordn concentration.
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Table-4.1Physico-chemical characteristics of diffemt soils of Kashmir

Locations

Parameters

(S) () (S3) (S4) (S) (Se) (S) (Se) (So) (S10)
pH (1:2.5) 6.1 6.5 7.8 5.9 6.4 5.6 6.2 6.2 7.2 5.8
EC (dSm) 0.12 0.21 0.36 0.15 0.19 0.13 0.11 0.19 0.22 0.19
OC (%) 3.93 1.17 0.98 2.80 1.33 2.57 1.72 1.76 1.01 2.69
CaCQ (%) 1.28 0.68 0.03 0.12 0.85 0.01 0.58 0.66 0.72 20 1.
CEC [cmol kgl  15.32 16.20 18.17 11.85 17.30 16.11 14.63 11.63 7.64 10.48
Coarse sand (%) 1.12 0.96 1.23 0.98 1.18 1.15 1.10 0.95 1.47 1.36
Fine sand (%) 19.08 26.64 15.77 28.02 18.62 34.05 2.203 27.65 14.53 40.64
Silt (%) 45.20 42.45 46.64 52.55 44.30 30.20 39.20 51.40 47.50 27.00
Clay (%) 34.60 29.95 36.36 18.45 35.90 34.60 27.50 20.00 36.50 31.00
Textural class Si::)ya%ay Clay loam Si:gyacr:rllay Silt loam Si:gyacr:rllay Clayloam Clayloam  Silt loam Si::)ya%ay Clay loam
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The concentration of water soluble boron wassi@arably higher in the
soil of Sagipora, 0.95 mg Ky followed by Anantnag soil (0.86 mg Ky
Tangmarg soil (0.34 mg Ky, Tral soils (0.34 mg k), Kulgam soil (0.25 mg
kg?), Khag soil (0.22 mg kY, Shopian soils (0.22 mg Ky Kangan soil
(0.15 mg k), Shalimar soil (0.10 mg K§ and Bandipora soil (0.07 mg Kpin
descending order. The average concentration of rwsedduble boron was
maximum in Sagipora soils (0.95 mgBgnd minimum in Bandipora soil (0.07
mg kgh). It was seen that the percent contribution ofewabluble boron to total
boron is 0.74 (Table 4.3).

Clay and silt contents were positively and siguifitly correlated with
water soluble boron content with coefficient valwés = 0.572** and 0.374**,
respectively, whereas relationship of water sollddeon with sand content was
negatively significant (r=-0.813**) (Table 4.4).

Water soluble boron content was also found to geifstantly related with
pH (r=0.860**) and EC (r=0.609**). There was a ngga but significant
correlation between water soluble content and oacgacarbon content
(r= -0.451%*). Calcium carbonate content was nomi§icantly related to water
soluble boron content (r=0.030). The cation exckacgpacity showed positive

and significant correlation to water soluble bo(or 0.602**).

The regression equation of water soluble bororu@ign 1, Table 4.6)
clearly indicates the eighty two (82) percent @wia in water soluble boron
content, was due to soil properties like pH, ECgddic Carbon, CEC, CaGQO
sand and silt content of the soils.
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Table - 4.2 Different forms of boron in different ®ils of Kashmir under investigation

Soils Water soluble Hgg?ﬁlateer extcrzgggzble extrAaf:i':jable Leachable Q(?r-all);;tfl\e Total
mg kg™

S 0.34 0.41 0.58 0.63 0.88 1.08 48.52
S 0.22 0.47 0.64 0.51 0.94 1.14 44.84
S 0.86 0.78 0.95 1.15 1.25 1.45 49.36
Sy 0.25 0.29 0.46 0.54 0.76 0.96 45.64
S 0.34 0.48 0.65 0.63 0.95 1.15 47.82
S 0.10 0.18 0.35 0.39 0.65 0.85 43.78
S 0.07 0.10 0.27 0.36 0.57 0.77 42.46
Ss 0.15 0.13 0.30 0.44 0.60 0.80 41.86
S 0.95 1.27 1.44 1.24 1.74 1.94 50.55
Sio 0.22 0.47 0.69 0.51 0.94 1.19 40.72

Mean 0.35 0.46 0.63 0.64 0.93 1.13 45.46
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Table - 4.3 Per cent contribution of different forns of boron to

total boron
Hot .
. Water CaCl, Acid AB-DTPA
Soils Leachable

soluble extractable extractable extractable

soluble
S 0.70 0.85 1.20 1.30 1.81 2.23
S, 0.49 1.05 1.43 1.14 2.10 2.54
S5 1.74 1.58 1.92 2.33 2.53 2.94
Sy 0.55 0.64 1.01 1.18 1.67 2.10
S 0.71 1.00 1.36 1.32 1.99 2.40
S5 0.23 0.41 0.80 0.89 1.48 1.94
S, 0.16 0.24 0.64 0.85 1.34 1.81
S 0.36 0.31 0.72 1.05 1.43 1.91
Sq 1.88 251 2.85 2.45 3.44 3.84
Sio 0.54 1.15 1.69 1.25 2.31 2.92
Mean 0.74 0.97 1.36 1.38 2.01 2.46

69



4.1.2 Hot Water Soluble Boron

Results on hot water soluble boron in differeniss¢rable 4.2) showed
that it varied from 0.10 to 1.27 mg kgoil, with a mean value of 0.46 mgkg
soil. Higher content of hot water soluble boron.27Lmg kg") was found in
Sagipora soil, followed by Anantnag soil (0.78 nui'k Tral soil (0.48 mg Kg),
Khag soil (0.47 mg kg, Shopian soil (0.47 mg Kj, Tangmarg soil (0.41 mg
kg?), Kulgam soil (0.29 mg K, Shalimar soil (0.18 mg k§j, Kangan soil
(0.13 mg kg"), and Bandipora soil (0.10 mg Kg Per cent contribution of hot

water soluble boron to total boron was found t®18¥ (Table 4.3).

The clay content was positively and significanttyrelated (r = 0.477%)
with hot water soluble boron content of soil. Tledationship between organic
carbon and hot water soluble boron was negativety significantly correlated
with each other (r = -0.362*) (Table 4.4). Calciwarbonate content of soil
showed non-significant negative correlation (r=098B) with hot water soluble
boron. The silt content showed positive and sigaiit correlation with hot water
soluble boron (r= 0.419*) whereas relationship vaimd content was negatively
significant (r= -0.783**). Cation exchange capac#lso showed positive and
significant correlation (r= 0.492*) with hot wateoluble boron. Hot water
soluble boron showed positive and highly significeorrelation with pH and EC
of the soil (r=773** and 0.589**, respectively).

The hot water soluble boron content in the sailgestigated was largely
controlled by soil properties. It is evident frohetregression equation 2 (Table
4.6) that 70 per cent variations in hot water si@uboron was due to soil
properties studied and significant effect was of @ and CEC.
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Table - 4.4Coefficient of Correlation between diffeent forms of Boron and physico-chemical charactestics of

soils
Forms of Boron pH EC CEC Organic CaCOs sand Silt Clay
carbon
Water soluble 0.860** 0.609%* 0.620* -0.451* 0.030  -0.813* 0.374* 0.572%
H;;I‘l:v;fr 0.773% 0.589** 0.492* -0.362* -0.095 -0.783* 0.91 0.477*
CaChextractable  0.742% 0,503 0.510* -0.432* 0.110 608+ 0.163 0.576*
Acid extractable  0.637** 0.520%* 0.359 -0.148 0.460* -0.677* 0.242 0.564%
Leachable-B 0.576* 0.610* 0.140 -0.140 0.327 B 0.203 0.362
AB-DTPA
bl 0.874% 0.684* 0.663* -0.436* 0.043 -0.463* 0.35 0.580%
Total 0.686** 0.421* 0.766** -0.219 -0.080 -0.928%  0.498* 0.563*

* Significant at 5 % level of significance
** Significant at 1 % level of significance
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Table -4.5 Coefficient of Correlation among differat forms of boron

Forms of Water soluble Hot water soluble CaCl, Acid Leachable AB-DTPA
Boron extractable extractable extractable
Total 0.220 0.051 0.246 0.093 0.295 0.170
AB-DTPA 0.995** 0.958** 0.903** 0.833** 0.762**

extractable

Leachable 0.795** 0.811** 0.842** 0.893**
Acid extractable 0.847** 0.881** 0.803**
CaCl, extractable 0.913** 0.897**

Hot water soluble 0.952**

* Significant at 5 % level of significance
** Significant at 1 % level of significance
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Table - 4.6 Regression equations between differefdrms of Boron and physico-chemical characteristicef soils

Regression equation R?
Water soluble = 5.89+0.361(pH) —1.76 (EC)-0.161(CEC)-0.040(0C328(CaCQ)-0.085(sand)-0.0521(silt) 82%
S”(;}L‘évlgter = 8.69+0.221(pH) —2.18 (EC)-0.197(CEC)-0.118(0@10(CaCQ)-0.0969(sand)-0.0559(silt) 70%
CaClextractable =  8.1+0.417(pH) —2.71 (EC)-0.206(CEC)-0.139(OCRO@aCQ)-0.0988(sand)-0.0689(silt) 77%
Acid extractable =  5.63+0.0713(pH) —0.106 (EC)-0.108(CEC)-0.0300(€01)115(CaCg)-0.0584(sand)-0.0336(silt) 97%
Leachable = 4.54+0.032(pH) +0.58 (EC)-0.0923(CEC)-0.0187(D@25(CaC@-0.0418(sand)-0.0245(silt) 85%
AB-DTPA = 4.54+0.032(pH) +0.58(EC)-0.0923(CEC)-0.0187(0@R6(CaCq)-0.0634(sand)-0.0376(silt) 84%

extractable
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4.1.3 Calcium Chloride extractableBoron

Perusal of data presented in Table 4.2 showed QiGt M CaCl
extractable boron in different soils range betw8e¥ to 1.44 mg Kgwith an
average value of 0.63 mg kgoil. The CaGl extractable boron content in the
soils investigated was in the order of Sagipora>anag>Shopian>
Tral>Khag>Tangmarg>Kulgam>Shalimar>Kangan>Bandipwith the values
of 1.44, 0.95, 0.69, 0.65, 0.64, 0.58, 0.46, 0@30, and 0.27 mg Kgsoil,
respectively. Calcium chloride boron contribute@6Lper cent to total boron
content (Table 4.3).

Calcium chloride extractable boron was positivelyd asignificantly
correlated with pH (r= 0.742**) and EC (r= 0.593*9f the soil. The clay
content was positively and significantly correlated 0.576**) with calcium
chloride soluble boron while as silt content wasifreely and non-significantly
correlated (r= 0.163) with calcium chloride solubleron. Significant negative
correlation (r=-0.432*) was observed between G&Gluble boron and organic
carbon content of soils. Calcium Carbonate showedgignificant relationship
(r= 0.110) with CaGl extractable boron. Positive and significant catieh
(r= 510*) between cation exchange capacity and £a&iractable boron was
observed (Table 4.4) while as significant and neggatelationship was
observed between CaClextractable boron and sand content of soils
(r=-0.608**).

The regression equation 3 (Table 4.6) indicatet Zfgper cent variation
in the CaC] extractable boron was largely controlled by thiéfagotors given in
the equation. Organic carbon showed significareaff

4.1.4 Acid extractableBoron

The content of boron extracted in 0.05 N HCI variexin 1.24 to 0.36
mg kg* soil with an average value of 0.64 mgkspil (Table 4.2). The acid
soluble boron was higher than water soluble, hdemsoluble and calcium
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chloride extractable boron. The data in table A@wed that there was wide
variation in acid soluble boron concentrations ifiedent soils. Acid soluble
boron was maximum in the soils of Sagipora (1.24 ku soil) while
minimum in Bandipora soils (0.36 mgKg

On an average the acid soluble boron content ofaiis were 0.63, 0.51,
1.15, 0.54, 0.63, 0.39, 0.36, 0.44, 1.24 and 0.§lkgi" soil in Tangmarg,
Khag, Anantnag, Kulgam, Tral, Shalimar, Bandipdfangan, Sagipora and
Shopian soils, respectively. Acid soluble bororcti@n of the soils contributed
1.38 per cent to the total boron fraction of thitsss@able 4.3).

There was a significant positive curvilinear etation between 0.05 N
HCl extractable boron and clay (r= 0.564*%), pH (8&637**) and EC
(r= 0.520**) of the soils (Table 4.4). The acid edtable boron was positively
and significantly related with calcium carbonatatemt of the soils (r= 0.460%).
Organic carbon content of the soils was negativatyl non-significantly
correlated (r= -0.148) with acid extractable borbhere was positive and non-
significant correlation (r= 0.359) between catiorcleange capacity and acid
soluble boron. A negative but significant correati (r= -0.677*) was
observed between acid soluble boron and sand damitéime soils under study.
The results clearly revealed that available forrh®aon (water soluble, hot
water soluble, calcium chloride extractable andl aitractable) were mainly

associated with clay fraction followed by pH and &Ghe soils studied.

The water soluble, hot water soluble, calcium dHblrextractable and
0.05 N HCI extractable boron were found to be highhd significantly
correlated with each other (Table 4.5).

The regression equation 4 (Table 4.6) clearly iagis that 97 per cent
variation in 0.05 N HCI extracted boron was dusad properties like pH, EC,
CaCQ, CEC, sand, and silt content of the soil. The aawptent was highly
related to the variation.
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4.1.5 Leachable Boron

The leachable boron consists of “adsorbed plusbé®loboron” (Rhoades
et al., 1970b). It ranged from 0.57 to 1.74 mgkgoil with a mean value of
0.93 mg k@ soil (Table 4.2). The content of leachable bama@s maximum in
soils of Sagipora (1.74 mg Rg), followed by Anantnag (1.25 mg kg, Tral
(0.95 mg kg ), Khag (0.94 mg kg, Shopian (0.94 mg Ky, Tangmarg (0.88
mg kg' ), Kulgam (0.76 mg K§), Shalimar (0.65 mg ky), Kangan (0.60 mg
kg?) and Bandipora (0.57 mg Kypin descending order. Per cent contribution of
leachable boron fraction to the total boron frattd soils was found to be 2.01
(Table 4.3).

Leachable boron was significantly and positivelyrelated with pH
(r= 0.576**) and EC (0.610**) following curvilinearelationships with these
parameters (Table 4.4). Non-significant but negatoorrelation was found
between organic carbon (r= -0.140) and leachableomoThere was also a
significant and negative correlation between sawd-(.486*) and leachable
boron. A positive but non-significant correlatiorasvalso observed between
CEC (r= 0.140), CaC®(r= 0.327), silt (r= 0.203) and clay (r= 0.362)dan

leachable boron.

There were highly positive relationships of leadbatoron with water
soluble, hot water soluble, Ca€xktractable, 0.05 N HCI extractable forms of
boron (Table 4.5).

The regression equation 5 (Table 4.6) showed thaie8 cent variation

in leachable boron was controlled by soil factaveg in the equation.
4.1.6 Ammonium Bicarbonate-DTPA Extractable Boron

The recently developed AB-DTPA (Ammonium bicarb@aat
diethylenetriaminepenta acetic acid) extractant pr@sen to be effective for
boron on alkali soils (Gupta, 1993). The extractaoinsists of 1.0 M
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NHsHCOzand 0.005 M DTPA, maintaining the pH to 7.6 (Sgbaur and
Workman, 1979).

In the soil samples, the concentration of AB-DTP#&ractable boron
ranged from 0.77 to 1.94 mg kgoil with a mean value of 1.13 mg fapil
(Table 4.2).The concentration of AB-DTPA extractabbron in the soils was
in the order of Sagipora> Anantnag> Shopian> TrKlag> Tangmarg>
Kulgam> Shalimar> Kangan> Bandipora, where it wasnfl as, 1.94, 1.45,
1.19, 1.15, 1.14, 1.08, 0.96, 0.85, 0.80 and 0.77 ke’ soil, respectively.
AB-DTPA soluble boron fraction contributed 2.46 memt to the total boron
fraction of the soils (Table 4.3).

pH and EC were significantly and positively cortethwith coefficient
values of r= 0.874** and r= 0.684**, respectivelyaple 4.4). Positive and
significant correlation was observed between sitt@.399**) and AB-DTPA
boron, while as clay content observed highly sigaiit and positive correlation
(r= 0.580**) with AB-DTPA boron. Organic carbon wasgnificantly and
negatively correlated (r= -0.436*) with AB-DTPA loor. This form was also
positively and significantly correlated with catioexchange capacity
(r= 0.663**) of the soils. The sand fraction wassalsignificantly and
negatively correlated with AB-DTPA boron (r= -0.4%3It was interesting to
note that this form of boron was also significamtyrelated with other forms of
boron (Table 4.5).

The regression equation 6 (Table 4.6) revealed 84 per cent of
variation in AB-DTPA boron was largely controlleds the soil properties
studied.

4.1.7 Total Boron

Although total boron does not affect the plant giowand its
concentration is low as compared to other formsbafon, but it helps in
knowing its potential reserve in the soil. The datdable 4.2 show that total

boron content ranged from 40.72 to 50.55 m{ &gil with an average value of
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45.46 mg kg soil (Table 4.2). The higher content of total bor(560.55 mg kg
1) was observed in Sagipora soil, followed by 486 kg* in Anantnag soil,
48.52 mg kg in Tangmarg soil, 47.82 mg Kgn Tral soil, 45.64 mg K§ in
Kulgam soil, 44.84 mg k§in Khag soil , 43.78 mg Kgin Shalimar soil, 42.46
mg kg' in Bandipora soil, 41.86 mg Kgin Kangan soil and 40.72 mg kdn

Shopian soil.

Total boron content of soils depends upon therpareaterial (Aubert
and Pinta, 1977). Soils derived from sedimentagksocontain higher content
of boron. The perusal of Table 4.4 showed thatl tbtmon content was
significantly correlated with pH (r= 0.686*), ECrH 0.421%*), CEC
(r=0.766**), silt (r= 0.498*) and clay (r= 0.563)f the soil. There is negative
and significant correlation between total boron aadd (r= -0.928**) and non-
significant negative correlation with organic camb@= -0.219) and CaCQ
(r=-0.080).

The total boron content was non-significantly clated with all the
forms of boron (Table 4.4). The relationships ameagous forms of boron
extracted with different extractants are shown abl€ 4.5. All forms of boron
were well correlated with each other. Generallyhkigcorrelations were found
when most commonly used hot water soluble boron seaelated with water
soluble boron (r= 0.952**), 0.01 M Cag¥oluble boron (r= 0.897**), leachable
boron (r= 0.811**), 0.05 N HCI soluble boron (r=881**) and AB-DTPA
boron (r= 0.958**).

The 0.01 M CaGl soluble form of boron was highly and significantly
correlated with water soluble boron (r= 0.913*), BATPA boron
(r= 0.903**), leachable boron (r= 0.842*f) and ONDIHCI soluble boron
(r= 0.803**).

Acid soluble form of boron was also significantlpreelated with
leachable boron (r= 0.893**), water soluble boras (0.847**), hot water
soluble boron (r= 0.881**), AB-DTPA boron (r= 0.833.
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Leachable boron showed significantly higher cotrefa with water
soluble boron (r= 0.795**) and AB-DTPA boron (r=/62**).

4.2  Boron adsorption-desorption by soils
4.2.1 Adsorption of boron by soils

Surface samples representing ten soils of Kashmemewsed for the
study of boron adsorption. The results of boronoguton by these soils are
shown in Table 4.7 and Fig. 2. The results of badsorption clearly showed
that all the soils have affinity for boron adsoopti The amount of boron
adsorbed for all the soils were plotted against #wuilibrium boron
concentration to obtain the adsorption isothermdicating the effect of boron
concentration on boron adsorption. The adsorptsmtherms indicated that
though the adsorption of boron increased with iasirey concentration in
equilibrium solution, yet the percentage adsorbewi decreased (Fig 2) the
amount of boron adsorbed is different for differesdils. The adsorption

isotherms were L-shaped in the soils studied.

The data on boron adsorption by different soilgressented in Table 4.7
showed that the adsorption capacity of differenissimr boron was different
and behaviour of adsorption of boron by differeatlsswas not uniform in

whole concentration range.

Adsorption of boron was found to be maximum in Semipora soils,
and Khag soils have the least adsorption capacitypdron. The data of boron
adsorption (Table 4.7) when analysed statisticalpwed that adsorption of
boron by these soils were positively and signifigarcorrelated with clay
content (r=0.906**), CEC (r=0.726**) and negativeind non-significantly
with organic carbon (r=-0.222) of the soils.
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Table - 4.7 Amount of boron adsorbed (uggsoil) in different soils

treated with different concentrations of boron

Initial B Equilibrium B adsorbed
added Concentration % B adsorbed
(ug B mL?) ©) Odm)
S
1 0.37 0.77 77.00
2 0.48 1.52 76.00
5 1.32 3.68 73.60
10 3.54 6.46 64.60
20 7.56 12.44 62.20
40 20.12 19.88 49.70
60 35.8 24.2 40.33
80 52.7 27.3 34.13
100 71.25 28.75 28.75
S

1 0.29 0.71 71.00
2 0.65 1.35 67.50
5 1.89 3.11 62.20
10 4.2 5.8 58.00
20 10.1 9.9 49.50
40 23.87 16.13 40.33
60 40.78 19.22 32.03
80 59.4 20.6 25.75
100 78.65 21.35 21.35
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4.2.1.1 Langmuir Adsorption Isotherms

The data on boron adsorption were first calculaaedording to the

Langmuir adsorption equation. The linear form & éyuation used was;
C/xIm=C/b+1/kb

where, C is the equilibrium concentration (mg BYnix/m is the amount of
boron adsorbed per unit weight of the soil (ug Bajl), b is the adsorption
maxima (ug B soil) and k is a constant related to binding epéngl g%). A

plot of C/x/m versus C gave a straight line witbp& 1/b and an intercept of
1/kb. The data fitted to the Langmuir equation #&m&l Langmuir constants for
boron adsorption by soils were calculated from slope and the intercepts of

the curves.

A straight line (linear curve) was observed in Kh&gandipora and
Sagipora soils. This showed that the adsorptioa dathese soils conform to
the Langmuir adsorption over the entire range ofuildgium boron
concentration. The soils of Tangmarg, Anantnag,gkm, Tral, Shalimar,
Kangan and Shopian showed curvilinear isotherngufEi 3).
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The adsorption maxima (b) value was found to be imam for
Sagipora soils (34.84g Bg® soil) followed by Bandiporasoils (29.94 Bg*
soil) and Khag soil (24.8ig Bg* soil) among these soils. The adsorption
maxima for Tangmarg soil was 13.{i§ B g* soil, for Anantnag soil (11.44
ug B g* soil), Kulgam soil (13.5Qg B g* soil), Tral soil (13.93ug B ¢* soil),
Shalimar soil (14.0%ig B g* soil), Kangan soil (9.78g Bg* soil) and Shopian
soil (15.75ug Bg* soil), respectively. In these soils, the fit aftalin Langmuir
adsorption isotherm was curvilinear and was sigaift and excellent when the
curves were resolved into two linear parts (FigyeThe two portions of the
curves were considered separately because thesskhpd intercepts of the
lower part of the isotherms were significantly dréént from those of the upper
part and provide justification for considering sepely. The values of
adsorption maxima and bonding energy constant baem designated as bl
and k1 for lower part and b2 and k2 for upper paErithe isotherm. The
Langmuir constants from the isotherms for eachamwilgiven in Table 4.8. The
maximum value of bl i.e. 34.84 B g" soil was observed in Sagipora soil and
minimum value in 9.72ug B g soil in Kangan soil. The bonding energy
constant (k1) was maximum 0.313 pgin Anantnag soil and minimum of

0.064 mlugin Bandipora soil.
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Table - 4.8 Langmuir's Coefficients of boron adsorpion by different

soils
SolS  (gBg) (mugy N oBg) (g  F
S 13.193 0.276 0.991 34.722 0.068 0.999
S, 24.814 0.080 0.997 - - -
S; 11.442 0.313 0.991 34.130 0.062 0.997
Sy 13.495 0.150 0.980 34.842 0.042 0.991
S 13.908 0.255 0.996 32.468 0.076 0.997
S 14.065 0.214 0.999 36.900 0.058 0.998
S, 29.940 0.064 0.996 - - -
S 9.718 0.235 0.993 36.900 0.034 0.983
S 34.843 0.086 0.995 - - -
Sio 15.748 0.177 0.999 47.170 0.028 0.994
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The difference in slopes and intercepts of the pads of adsorption
isotherms gave highly different values of Langmeonstants. Regardless the
type of soil, the adsorption maxima (b) were higloempart-2 (upper part) while
bonding energy constant (k) were higher for pgftower part) of the isotherms.

The nature of the Langmuir isotherms and magnitfdthe constants
calculated (Table 4.8) varied with the soil textare organic carbon content of
the soils. The values of Langmuir coefficients werarkedly different for fine
and coarse textured soils. The adsorption maxima \lere much higher for
fine textured than those of coarse textured sdite clay content and CEC of
soils possessed significant and positive correfatiath bl (0.565**, and
0.506**, respectively) (Table 4.10). The relativending energy (k) of boron
adsorption by soils also varied among the soil Kh was higher than the
respective k2 for almost all the soils, thus shgafirmer retention of boron at

part 1 i.e. at lower concentration than at higlmroentrations (part 2).

4.2.1.2 Freundlich adsorption Isotherms

The boron adsorption data has been fitted to tleairfetlich equation.

The linear form of the equation is given as under;
Log x/m=1/nlog C + log k

Where, C is the equilibrium boron concentrating B mi), x/m is the amount

of boron adsorbed for unit weight of the sqigj(g?), k and 1/n are the constants
which depend upon the nature of the adsorbatetenddsorbent. The values of
the constant k and 1/n can be determined by pépttg x/m versus log C. The
plot should give a straight line if the data comisrto the Freundlich equation. k
can be obtained from the intercept at unit conedioimn and 1/n is the slope of
the plot k and 1/n provides the estimates of adsdrbapacity and intensity of
adsorption. The values of 1/n also indicate theekgf non-linearity between

solution concentration and adsorption.
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A plot of boron adsorbed against equilibrium boommcentration in a
log-log scale gave linear relationship in all tlelss The concentration ranged
from 1 to 100ug Bml™* (Fig 4).

The results of the present investigation alsociai@id that Freundlich
equation was valid for wider range of boron concmins than by the
Langmuir adsorption equation. Freundlich model ams1 multilayer
adsorptions and heterogeneity of the soils as coedp#o the monolayer
adsorption and homogeneity of soils in Langmuir agun. A higher
concentration of applied boron, multilayer adsamptiand/or precipitation
reaction appears to have occurred thereby thidteglsin a better fit of the data
on the latter than formal model.

Freundlich k values ranged widely among the sdilse value was
maximum of 2.78g g* for Sagipora soil, followed by that of 25y ¢* for
Tangmarg soil, 2.58y g* for Tral soil, 2.47g g* for Annatnag soil, 2.3ig g*
for Shalimar soil, 2.1mg g* for Shopian soil, 1.9ig g* for Khag soil, 1.8ig
g* for Bandipora soil, 1.35 g* for Kangan soil, and 1.78g ¢g* for Kulgam
soil (Table 4.9).
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Fig 4: Freundlich adsorption Isotherms for boron adorption by
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Sagipora soil and j) Shopian soil
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Table - 4.9 Freundlich Coefficients of boron adsorfion by

different soils

Soils 1/n (19 &Y R?

S 0.6298 2.5722 0.976
S, 0.6178 1.9085 0.977
S 0.6240 2.4729 0.982
Sy 0.7044 1.7278 0.983
S 0.6255 2.5345 0.975
S 0.6639 2.3142 0.979
S 0.6630 1.8746 0.981
Ss 0.6778 1.7543 0.990
S 0.6303 2.7221 0.981
Sio 0.6646 2.1468 0.991

The perusal of the data in Table 4.9 indicates byatand large, the
difference in values of k was associated with tlegnitude of variation in clay
content of the soil. Highly significant relation thfe k values with clay content
(r=0.906**) substantiates these observations (T4Ml6).

The values of Freundlich constant 1/n are less thaty in all the soils
indicating L-shape isotherms (Fig 4).The maximurtugaof 1/n was obtained
in Kulgamsoil(0.704) and minimum in Khagsoil (0.§18able 4.9).

105



Table 4.10 Coefficient of Correlation of Langmuir and Freundlich constants

of boron adsorption with soil characteristics

Langmuir constants

Freundlich constants

Soil'
properties 4 b2 kL k2 n K
oH 0241 0422 0143 0353  0.614*  0.446
EC 0121 0119 0345 0071 0455  0.286
oc  -0.412 0271 0245 0122  -0408  -0.065
CEC  0506* -0.714* 0122  -0.910% 0793  0.691*
CacO, 0011 039 0048 0045 0171  0.323
Clay  0565%  -0.142 0254  0.694*  0.797*  0.906**
Sand 0374  0501* -0013 0088 0320  0.737%

4.2.2 Boron desorption by soils

It was of interest to determine whether the adsbith@on of soils can

be readily released. Desorption studies were uakiemt by replacing the soll

suspension after adsorption process by 10 ml df 80CaC} solution. The

amount of desorbed boron in different soils eqalied for 24 hours are shown

in Table 4.11.

The data in table 4.11 indicated that coarse tegtspils tend to desorb

higher amount of boron as compared to fine textsmld. The soils which have

higher affinity for boron adsorption like Sagipofi@ngmarg, Tral and Kulgam

tend to desorb less amount of boron per cent afrbdd boron, respectively.

This indicated that adsorption and desorption abbovere almost inversely

related.
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Table - 4.11 Amount of boron desorbed (pg Y soil) in 0.01 M CaCh

solution from different soils

lrgct:;illleg B desorbed (De) o g yesorbed De/S
(ug B mLY (Mg Bg)
S
1 0.05 6.49 0.0649
2 0.15 9.87 0.0987
5 0.42 11.41 0.1141
10 0.93 14.40 0.1440
20 2.01 16.16 0.1616
40 3.55 17.86 0.1786
60 5.03 20.79 0.2079
80 6.33 23.19 0.2319
100 7.65 26.61 0.2661
S

1 0.06 8.45 0.0845
2 0.12 8.89 0.0889
5 0.33 10.61 0.1061
10 0.67 11.55 0.1155
20 1.16 11.72 0.1172
40 2.43 15.07 0.1507
60 4.87 25.34 0.2534
80 6.01 29.17 0.2917
100 7.3 34.19 0.3419
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*0% of B adsorbed (Table 4.7)



The initial adsorption of boron in soils is follodidy slow changes that
ultimately govern the rate of boron release fronfsstoreover, the difference
between magnitude of adsorption and desorptioroofrbdepends on the time
of contact of boron solution and intensity of botmnding in soils. The data in
the table 4.11 also revealed that the rate of gésor was slow at low
saturation of solid phase matrix and at high séitumathe desorption of boron
was fast and these results suggested that soilsghaigher adsorption, releases

boron slowly into the solution and vice-versa.

Desorption of boron was found to be maximum in ¢@m Shopian, and
Shalimar soil and this showed that these soils \pevae to release the applied
boron. Whereas the soils of Sagipora, Tangmarglaaldshow less desorption.
Very interesting results were obtained in case ahd@an soil where large

amount of boron was desorbed although the sogafin texture.

The data of boron desorption when analysed statilst showed that
desorption of boron by these soils is positiveld amgnificantly correlated with
sand content (r = 0.662*) and negatively with ataptent (r = -0.479) and CEC
(r =-0.587%*).

The data of boron desorption was applied to Langrtyge equation.
Very few workers have tried this equation for bodesorption, although it is
commonly used to describe phosphate desorption i(\Afash Bhat, 2010). In
present study, keeping in view the good applicghdf this equation describing
phosphorous desorption, an attempt has been madeply Langmuir type
equation for boron desorption. Desorbed boron (iegn plotted against boron
desorbed/boron adsorbed (De/S) for different sadslinear relation was
obtained in all the soils. The straight line redaship showed that the
desorption of boron in these soils as determined.0% M CaCJ solution could
be described by Langmuir type equation as giveavizel

De/S = 1/kdDm + De/Dm
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Where,
S= Boron adsorbeqi§ g*)
De=Boron desorbedi§ g*)
Dm= desorption maximar(g g*)

kd =Constant related to mobility of boron (mi)g

The Langmuir desorption parameters such as desorptaxima (Dm)
and constant related to mobility of solid phase) (kére worked out from the
linear plots of De versus De/S according to the doanir desorption

relationship and presented in Table 4.12.

The plot was found to be linearly correlated fockeaf the soils (Fig 5).
The desorption constants computed from these pitdgarly indicates the
differential behaviour of each soil sample in sypm boron to the plants.
Desorption maxima (Dm) indicate the maximum desoldaapacity of the
soils. More the Dm values, less is the potentiathef soil to release boron for
meeting the requirements of the crop. Similarlyviatles (a constant related to
the boron mobility) are also indicative of borompply to the crops. Smaller the

kd value, less is the desorption of boron fromssoll

The desorption constants worked out are preseimedable 4.12,
revealed that fine textured soils had higher degsmrpnmaxima as compared to
coarse textured soils. The values of Dm varied f&8190 to 50.76 mgfand
kd values ranged from 0.163 to 0.412 nilig the soils studied. The maximum
value of 50.76 mg g for Dm was observed in Sagipora soil followed ioy58
mg g'in Tral soil, 46.51 mg ¢ in Kulgam soil, 45.45mgtjn Tangmargsoil,
37.45 mg g in Shalimar and Shopian soil, 36.76mdirg Anantnagsoil,
34.36mg ¢in Kangansoil, 33.00 mg“gin Bandiporasoil, and 28.90 md'ig
Khagsoil, respectively. The values of kd, a coristatated to boron mobility
was found to be maximum in Khag soil (0.412 i) gnd minimum in Tral soil
(0.163 ml g).
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The mobility constant has almost inverse relatigmswvith bonding
energy of boron adsorption. This showed that thbilitp of adsorbed boron in

heavy textured soils was at the lower rates.

Table - 4.12 Langmuir coefficients of borondesorptn for
different soils

Dm Kd

Soils (mg g°) (ml g*) R’
S1 45 .45 0.222 0.934
S2 28.90 0.412 0.993
S3 36.76 0.271 0.925
S4 46.51 0.165 0.780
S5 50.51 0.163 0.903
S6 37.45 0.281 0.973
S7 33.00 0.350 0.974
S8 34.36 0.222 0.995
S9 50.76 0.194 0.898
S10 37.45 0.276 0.970
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4.3  Kinetics of Boron adsorption-desorption
4.3.1 Kinetics of boron adsorption by soils

Batch studies were used to investigate the lasedf boron adsorption
process. Calcium chloride (0.01 M) solution coritagn40 pg mf boron (as
boric acid) was added to each 10 g soil in 50 nhygibylene centrifuge tubes.
In all the soils, the boron adsorption was charad by an initial fast reaction
followed by a slow process. Initial adsorption s from Anantnag, Sagipora
and Tral sites was fast, followed by Khag, BandgpoFangmarg, Shalimar,
Kulgam, Kangan and by Shopian soil was the slo{Easble 4.13). Adsorption
of boron was almost complete after 24 hours irttadl soils, though complete
equilibrium was not attained until 48 hours hagséa.

The concentration of boron in the equilibriumws@n ranged from 27.5
to 36.1 pg mf at the completion of the adsorption reaction. Eheilibrium
concentration of boron for Tangmarg, Khag, Anantkaggam, Tral, Shalimar,
Bandipora, Khag, Sagipora and Shopian soils at24shwas 31.6, 30.8, 29.8,
32.7, 30.2, 31.5, 32.1, 33.0, 30.0 and 33.1p{, méspectively. Finer the
texture, the lower was the concentration of bomorihie equilibrium solution.
Texture and CEC of the soils influenced the borothe equilibrium solution.
The boron equilibrium concentration was negatiaiy significantly correlated
with clay content (r= -0.757**) and positively asdynificantly correlated with
sand (r= 0.776**), which strengths the above statgism Maximum boron was
absorbed by Anantnag soil, followed by Sagiporaal TKKhag, Shalimar,
Tangmarg, Bandipora, Kulgam and Kangan soils, sy, while minimum
boron was adsorbed by Shopian soil.

Six different Kinetic models viz. Zero order, Rigder, Second order,
Elovich, Power function and Parabolic diffusion weested by least square
regression analysis for describing boron adsorptiosoils representing major
soils of Kashmir. The model which had the highesfficient of determination
(R? and the lowest standard error of estimates (Salt)es was considered to
be best fit.
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The first orders kinetic equation could not deserthe adsorption of
boron by soils, as Coefficient of determinatioff)(Ralues were very low (0.733
to 0.857) and S.E values were large (5.1 to 8.@ve? function model also did
not described boron adsorption quite sufficientlyail the soils studied, as is
evident by large S.E values of power function mg@ed to 8.0) although the
coefficient of determination @R values were high (0.959 to 0.975). The second
order kinetic model also could not describe theogutton of boron by soils
because of considerably large S.E (6.9 to 10.6)egaand lowest coefficient of
determination (B values (0.639 to 0.759) for second order model.

The Parabolic diffusion was best of the otheekimequations studied to
describe the rate of boron adsorption as evidebgdtie overall highest values
of coefficient of determination @Rand lowest standard error of estimates (SE)
over the entire time range (Table 4.14: Figurdréjhe present investigation the
R? value was maximum of 0.997 in Kulgam soil followled 0.995 in Kangan
soil, 0.994 in Shopian soil, 0.988 in Tangmarg,<ai®76 in Anatnag soil, 0.973
in Khag soil, 0.969 in Tral soil, 0.968 in Sagip@ail, 0.967 in Shalimar soil
and 0.949 in Bandipora soil.

Elovich kinetic model was as good as parabolftusiion equation in
describing the boron adsorption kinetics in all $ods (Table 4.15: Fig 7). The
values of coefficient of determination{Rvere quite high and standard error of
estimates (SE) values were lowest. The Elovichtlareguation was followed
by zero order equation which was nearly as goodEkwich model in
describing boron adsorption kinetics in all thdss¢rable 4.15). The values of
coefficient of determination R were high and standard error of estimates (SE)

values were low.
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Table - 4.13 Amount of boron adsorbed (ug Y by the soils under investigation with respect ttime

Time (h)
Soils
0 1 2 4 8 16 24 48 72
s1 35.6 34.5 34.0 335 327 32.1 316 30.0 29.0
S2 34.6 33.8 33.2 32.4 315 31.0 30.8 29.4 28.1
S3 336 32.8 323 31.8 30.7 30.0 29.8 28.4 275
sS4 35.7 35.0 34.9 34.2 33.8 33.1 327 31.1 30.0
S5 34.4 33.4 33.0 32.2 311 30.8 30.2 29.1 28.0
S6 355 34.7 34.6 33.4 32.0 317 315 29.7 28.7
s7 35.6 34.9 34.6 34.0 33.2 32.8 32.1 30.8 29.9
S8 36.0 35.1 35.0 34.4 34.0 333 33.0 31.8 307
S9 34.2 33.1 32.9 32.0 31.0 305 30.0 28.9 28.0
S10 36.1 357 35.1 34.8 34.1 33.8 33.1 31.8 31.0
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Table - 4.14 Parameters of Parabolic diffusion Kingc equation for B-

adsorption

Soils B R? SE

St 4.8359 0.988 0.2496
S2 5.8062 0.973 0.3715
S3 6.7754 0.976 0.3321
S4 4.2887 0.997 0.1116
S5 6.1046 0.969 0.3895
S6 4.7638 0.967 0.4519
S7 5.2347 0.949 0.7402
S8 4.2163 0.995 0.1325
S9 6.3248 0.968 0.3922
S10 3.9587 0.994 0.1419
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Table 4.15 Parameters of Elovich and Zero order Kietic equation for B-
adsorption

Soils Elovich Zero order

B R® SE B R® SE

S 4831 0956 0478 5906 0871 0816

S2 5.773 0.962 0.441 6.863 0.848 0.876

S3 6.731 0.974 0.346 7.802 0.841 0.861

S4 4.328 0.928 0.539 5.198 0.932 0.575

S5 6.051 0.974 0.362 7.166 0.827 0.925

S6 4.713 0.965 0.465 5.931 0.844 0.985

S7 4.555 0.958 0.422 5.509 0.892 0.672

S8 4.239 0.937 0.453 5.048 0.907 0.551

S9 6.272 0.972 1.305 7.377 0.818 0.935

S10 3.970 0.948 0.421 4.815 0.913 0.543
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4.3.2 Kinetics of boron desorption by soils

All the soils used for boron adsorption kineticsrevalso subjected to
desorption study after 48 hours of adsorption stddye soils were pre-treated
with 40 pg B g soil. The concentration of boron desorbed (C).06(M manitol

solution as a function of time (t) for ten soile ahown in Table 4.16.

The amount of desorbable boron was strikingly higime the coarse
textured soils as compared to the fine texturel$.siiincreased with decrease in
CEC and vice versa. Desorbed boron when expresspdraentage of adsorbed
was higher in soils with low CEC as compared tdssuwiith high CEC. The
difference in the desorbable boron appears to hangely resulted from less
number of boron retentive sites as well as theilitglbo retain boron with great
tenacity in coarse textured soils. Furthermore, diesorption of boron took
relatively lesser time i.e. 48 hours in soils witkv CEC and coarse texture and
72 hours in soils with high CEC and fine texture atill it was not complete.

The desorption reaction was initially fast andréladter desorption of
boron became slow. The desorption reactions seemédve completed in 48
hours in Tangmarg, Kulgam, Shalimar, Kangan andig®ag soils. In Khag,
Anantnag, Tral, Bandipora and Shopian soils, tletren was not complete even
up to 72 hours and therefore, the values of totglodbable boron could not be
ascertained. For kinetic treatment of the datacteeentration of solution boron
at the plateau of the curves was considered asothedesorbable boron (Bo)
with the assumption that the desorption reactiothat stage was complete in
these soils. The values of Bo thus obtained wer@51010.22, 11.28, 12.95,
11.54, 11.59, 11.62, 13.58, 9.55 and 14.58 fifpg Tangmarg, Khag, Anantnag,
Kulgam, Tral, Shalimar, Bandipora, Kangan, Sagipaad Shopian soils,

respectively (Table 4.16).
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Table - 4.16 Amount of boron desorbed (ug?1) from the soils in 0.05 M mannitol solution with espect to time.

Time (h)
Soils
0 1 2 4 8 16 24 48 2
s1 7.65 7.94 8.35 8.56 8.85 9.25 9.79 10.25 10.25
S2 7.11 7.44 7.78 8.56 8.89 9.22 9.46 9.87 10.22
S3 6.82 7.28 7.78 8.55 8.69 9.42 9.84 10.23 11.28
sS4 9.33 9.92 10.56 10.98 11.94 12.29 12.63 12.95 12.95
S5 6.89 7.73 8.89 9.04 9.72 10.67 11.15 11.41 11.54
S6 7.33 7.84 9.47 9.63 10.45 11.09 11.29 11.59 11.59
Y 8.88 9.35 9.45 9.78 9.98 10.22 10.49 11.16 11.62
S8 8.76 9.35 10.13 10.55 11.02 11.78 12.18 13.58 13.58
S9 6.35 6.80 7.52 7.76 8.34 9.03 9.14 9.55 9.55
S10 9.82 10.27 10.89 11.65 11.88 12.88 13.45 13.86 814.5
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Table - 4.17 Relative amounts of total desorbed bon and that associated
with each retention site

Desorbed boron Relative
Total
. desorbed . . amount of
Soils b Site - 1 Site - 2 desorbed
oron
1 boron
M99)  (ugg)  wof  (ugg)  %of [A/B]
[A] Total [B] Total
S1 10.25 8.01 78.16 2.24 21.84 3.58
S2 10.22 8.41 82.34 1.81 17.66 4.66
S3 11.28 8.43 74.75 2.85 25.25 2.96
S4 12.95 10.34 79.84 2.61 20.16 3.96
S5 11.54 8.87 76.91 2.67 23.09 3.33
S6 11.59 9.03 77.90 2.56 22.10 3.53
S7 11.62 9.38 80.71 2.24 19.29 4,18
S8 13.58 9.97 73.42 3.61 26.58 2.76
S9 9.55 7.26 76.00 2.29 24.00 3.17
S10 14.58 11.39 78.14 3.19 21.86 3.57
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The data was then tested for kinetic treatmentguia integrated rate

equation (Frost and Pearson, 1961) given as under;
Log (Bo-C) = log Bo-(K/2.303)

Where Bo is the total desorbable boron and K rdfetse rate constant,
the values of log (Bo-C) for different soils areepents in Table 4.19 and the
plots of log (Bo-C) versus time (t) are presentefigure 8. The curves of all the
soils indicate two distinct linear portions suggesgthe involvement of two types
of pseudo-first order reactions in boron desorptibime slopes of the two linear
portion of the curves represent different sitebafon retention by the soils, the
sites 1 and 2 corresponding to the upper and ldiweri.e. to the steep and less
steep slopes of the curves, belonged to fast awl Isbron desorption reaction
sites, respectively.

In the present study, the values of desorbabterbfr the site 2 were
calculated taking antilog of the intercepts of the#tes in different soils. The
values of desorbable boron from site-1 were worked as the difference
between the total desorbable boron and the dederlasisribed to site 2. It is
evident that about 73 and 82 percent of the to&sorbable boron could be
attributed to site-1, which represents the mosidipglesorbable fraction and the
rest meagre amount of about 17 and 27 per cent $itm¥2 which comprises less

readily desorbable fraction (Table 4.17).

These results thus indicate the existence of tywedyf boron desorption
sites in these soils. The?’Rind SE values for pseudo-order kinetics of boron
desorption described by two curves indicating tespective sites are presented
in Table 4.18. The relative constancy of the peges of desorbable boron at
site 1 and 2 indicated the desorption of boron dr&ginated from two sites of
retention on the same substance, possibly the kydAd and Fe compounds.
Boron may also be adsorbed on the edges and ayter tegions of clay minerals
by anion exchange and/or hydroxyl substitution.
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The data of boron desorption was also fitted toows kinetic models
like zero order, first order, second order, powserction, Elovich and parabolic
diffusion and were tested by least square regnessialysis for describing boron
desorption from the soils. The models which hadhésy coefficient of
determination (B and the lowest standard error of estimates (Sfi)es was

considered to be the best fit.

The perusal of the data presented in Table 4.20vethathat Elovich
kinetic equation was best among different modelseaslent by the overall
highest values of coefficient of determinatiorf@nd lowest standard error of
estimates (SE) values over the entire range of.tifhe maximum Rvalue of
0.986 was obtained in Shopian soils, followed 88Q.in Khag soils, 0.976 in
Tangmarg soils, 0.974 in Kangan soils, 0.971 in minag soils, 0.964 in
Sagipora soils, 0.954 in Kulgam soils, 0.946 inlT&ails, 0.936 in Bandipora

soils, and 0.908 in Shalimar soils.

The Power function model was found to be equadlgd in describing
boron desorption kinetics in all the soils. Th&&ues were quite high and SE
values were low. The Rralues ranged between 0.874 and 0.983 while Skesal
varied from 0.0174 to 0.0644. The data further adae that zero order, first
order, second order and parabolic diffusion modeldd not describe the boron
desorption rate satisfactorily as thé\Rlues were low. Though in some soifs R
values were high indicating the suitability of pawhc diffusion model in
Tangmarg soils (0.948), Khag soils (0.910), Anagtsails (0.959), Bandipora
soils (0.987), Kangan soils (0.960) and Shopials 6.948). The values of SE
were also found to be somewhat low for some soilsase of parabolic diffusion

model.
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Table - 4.18 Coefficient of determination and stanard error of estimates for
boron desorption kinetics in different soils of Kagmir

Site - 1 Site - 2
Soils
R? SE R SE
S1 0.981 0.0136 0.963 0.0429
S2 0.983 0.0190 0.996 0.0163
S3 0.999 0.0031 0.937 0.0440
S4 0.993 0.0104 0.972 0.1687
S5 0.973 0.0287 0.939 0.4158
S6 0.881 0.0787 0.985 0.0413
S7 0.885 0.0256 0.986 0.0283
S8 0.985 0.0125 0.992 0.0131
S9 0.966 0.0264 0.963 0.0541
S10 0.996 0.0074 0.947 0.0648
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Table - 4.19 Values of log (Bo-C) against time fatifferent soils of Kashmir

Time (h)
Soils
0 1 2 4 8 16 24 48 72
S1 0.414 0.363 0.278 0.226 0.146 0.001 -0.339 -
S2 0.493 0.444 0.388 0.221 0.126 0.003 -0.116 -0.456
S3 0.650 0.602 0.544 0.437 0.414 0.269 0.159 0.020
S4 0.559 0.481 0.378 0.296 0.005 -0.176 -0.492 -
S5 0.668 0.581 0.424 0.398 0.261 -0.060 -0.404 -0.876
S6 0.630 0.574 0.327 0.294 0.057 -0.299 -0.520 -
S7 0.438 0.356 0.338 0.265 0.215 0.149 0.055 -0.337
S8 0.683 0.626 0.539 0.481 0.408 0.256 0.146 -
S9 0.506 0.439 0.308 0.254 0.084 -0.277 -0.385 -
S10 0.677 0.635 0.567 0.466 0.431 0.231 0.052 -0.146
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Table - 4.20 Parameters of boron desorption kinetg

' Zero order First order Second order Parabolic diffusion Elovich Power function
ol R? SE R SE R SE R SE R SE R SE
S1 0.779 0.4821 0.752 0.0569 0.723 0.0068 0.948 0.23470.976 0.1595 0.977 0.0174
S2 0.721 0.6172 0.678 0.0775 0.635 0.0098 0.910 0.34940.982 0.1557 0.971 0.0233
S3 0.818 0.6648 0.761 0.0864 0.699 0.0113 0.959 0.31710.971 0.2649 0.972 0.0297
S4 0.607 0.9072 0.577 0.0842 0.546 0.0079 0.842 0.5759.954 0.3092 0.939 0.0321
S5 0.627 1.0895 0.574 0.1268 0.518 0.0151 0.856 0.67730.946 0.4154 0.915 0.0566
S6 0.533 1.1646 0.489 0.1297 0.446 0.0146 0.775 0.80810.908 0.5165 0.874 0.0644
S7 0.899 10.4215 0.873 0.0328 0.844 0.0036 0.987 3.056 0.936 0.2378 0.945 0.0217
S8 0.803 0.8147 0.757 0.0813 0.705 0.0082 0.960 0.36840.974 0.2985 0.973 0.0269
S9 0.640 0.7614 0.600 0.1010 0.558 0.0136 0.866 0.4648).964 0.2417 0.945 0.0375
S10 0.781 0.8278 0.739 0.0751 0.695 0.0069 0.948 0.40420.986 0.2075 0.983 0.0190
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4.4Response of Berseem to Boron and its critical linstin soils and plants
4.4.1 Response of berseem

A greenhouse experience was conducted to studesipense of berseem
to boron application at 0, 1.0 and 2.0 mg B'lspil. The bulk soil samples from
different areas of Kashmir were selected varyinghgsico-chemical properties
and available boron content (Table 4.1). The plardee harvested for after two
cuttings, first at 60 days of growth and second,dags after first cutting. The
observation recorded on growth characteristics,ndayter content and uptake of
boron by berseem as influenced by boron applicatd@0 and 90 days of growth
are presented in Table 4.21 and 4.26.

Boron deficiency symptoms
The boron deficiency symptoms on berseem plantsvigron control

treatments were observed at 45 days after seedimg.deficiency symptoms
ranged from mild to severe (Plate 1). Mild defi@gnsymptoms were
characterised as younger leaf margins acquiringrplish red tinge that spread
and engulf the whole leaf in case of severe defaye(Plate 2). The severe
deficiency symptoms of boron were noted in plamtsag in control treatments
of Kangan and Shopian soils. Whereas mild to maedevasual deficiency
symptoms were observed in control pots of KhagBaudipora soils.

First cutting (60 days growth)

The data on dry matter yield of berseem at firdtiog after 60 days of
growth is given in table 4.21. There was significarcrease in dry matter of
berseem at 1.0 mg B Rgand 2.0 mg B kg soil over control. Application of 2.0
mg B kg soils resulted in non-significant increase in drgtter yield of berseem

as compared to 1.0 mg B Kgsoil.
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The dry matter yield of berseem in control potsiadiin different soils
and it ranged from 1.073 to 2.500 g patith a mean value of 1.480 g PotWith
the application of 1.0 mg B Kgsoil, the DMY on different soils varied from
1.410 to 2.763 g pdtwith a mean value of 2.057 g pofThese values with the
application of 2.0 mg B kg soil ranged between 1.483 to 2.843 g’pwith a
mean value yield of 2.137 g pb(Table 4.21). On an average the dry matter
yield of berseem in control treatments was 1.48®t} and it increased to 2.057
g pof' with the application of 1.0 B Kysoil, showing 27.78 per cent increase
over control. Further application of 2.0 mg Bspil increased the dry matter in
the soils but the increase was non-significant. @erall mean was 2.137 g pot
which showed 44.43 and 3.9 per cent increase owetral and 1.0 mg B k§
soil.

The soils differed in their response to appliedobmorThe maximum
response to boron was observed in Anantnag soithadave the relative yield of
97.30 per cent. The lower responses were observe8halimar, Bandipora,
Kangan and Sagipora soils, which gave 60 per cemtooe of relative dry matter
yield. The data showed that 62.98 to 97.30 per ¢dnt matter with boron
application=100), with a mean value of 76.90 pemtosas observed without

boron application.

The data pertaining to the effect of boron appicaton boron
concentration in berseem at 60 days of growth aeegmted in table 4.22. The
boron concentration in plants grown in control p@isged from 12.26 to 35.400
1g g* with a mean value of 19.477 pi.grhe concentration of boron in plants
increased with application of 1.0 and 2.0 mg B kgil. It ranged from 16.767 to
34.533 ug g with a mean value of 21.707 pd with the application of 1.0 mg
B kg soil, where as it varied from 22.900 to 38.833gitgvith a mean value of
27.950 pg g with the application of 2.0 mg B Kgsoil (Table 4.22). The mean
boron concentration in the control pots was 19.47¢ and it increased to
21.707 and then to 27.950 pg'guvith 1.0 and 2.0 mg B kY soil
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applied,respectively. There was a successive isergaboron concentration with
the rates of boron application. The soils used gogsent study also gave
significant differences in their boron concentratimehaviour in plants grown in
them. The highest mean boron concentration in plg86.255 pg §) was

observed in Shopian soil and lowest (17.311 Jyjm Tral soil.

The uptake of boron by berseem with the applicatadnboron is
presented in Table 4.23. Boron uptake in contrdis pearied from 17.620
t075.085 pg pot with a mean value of 33.609 ug pothe boron uptake ranged
from 28.670 to 93.663 g pbtvith a mean value of 45.980 pg pait 1.0 mg B
kg' soil application. It increased from 37.588 to10@.61g pot with a mean
value of 61.026 pg pdtwhen 2.0 mg B kg was applied (Table 4.23). The boron
uptake in plants increased significantly and susigely with the application of
increasing rates of boron. The mean increase iorboptake with 1.0 and 2.0 mg
B kg’ over control was 36.81 and 81.58 per cent, resmiyt Boron uptake by
plants was markedly lower in the soils with lowdés/of boron as compared to
moderate and adequate levels of available borom Bd¢ron uptake highly
increased with the application of 2.0 mg B7kgn the absence of boron
application, the highest boron uptake was foun8hopian soil (75.085 ug pdt
followed by Kulgam soil (66.60 pg pdt and lowest in Tral soil (17.620 ug
pot?). The relative boron uptake was highest in Kulganih (68.48 %), followed
by Shopian soil (68.46 %) and lowest in Shalimalr (86.99 %).
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Table -4.21 Effect of Boron applications on dry mder yield of Berseem at first cutting

Soils Dry matter yield (g pot™)
Boron levels (mg kg soil)
00 10 20 Mean Bray’s % vyield
S1 1.663 1.867 1.953 1.828 85.15
S2 2.257 2.540 2.670 2.489 84.52
S3 1.443 1.730 1.483 1.552 97.30
S4 2.500 2.730 2.783 2.671 89.82
S5 1.417 1.727 1.790 1.644 79.14
S6 1.250 1.883 1.970 1.701 63.45
S7 1.367 1.927 2.170 1.821 62.98
S8 1.367 1.993 2.127 1.829 64.26
S9 1.073 1.410 1.583 1.356 67.79
S10 2.123 2.763 2.843 2.577 74.68
Mean 1.480 2.057 2.137 - 76.90
Soil=0.19
CDat5% B level=0.17

Soil x B level= NS
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Table - 4.22 Effect of Boron application on boron @ncentration in berseem plant at first cutting

Soils Boron concentration (g g*)
Boron levels (mg kg soil) _
0.0 10 20 Mean % B concentration
S1 15.933 17.067 25.333 19.444 62.89
S2 15.733 16.833 22.900 18.489 68.70
S3 16.467 20.100 25.367 20.644 64.91
S4 26.600 29.700 34.967 30.422 76.07
S5 12.267 16.767 22.900 17.311 53.57
S6 14.833 16.833 25.433 19.033 58.32
S7 17.867 20.800 28.133 22.267 63.51
S8 19.467 22.167 27.600 23.078 70.53
S9 20.200 22.267 28.033 23.500 72.06
S10 35.400 34.533 38.833 36.255 91.16
Mean 19.477 21.707 27.950 - 68.17
Soil=0.81
CDat5% B level=1.49

Soil x B level= 2.57
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Table - 4.23 Effect of Boron application on boron ptake in berseem plant at first cutting

Soils Boron uptake(ug pot?)
Boron levels (mg kg soil) Mean Bray's % B uptake
0.0 1.0 2.0
S1 26.765 32.233 49.449 36.149 54.13
S2 35.535 42.761 60.845 46.380 58.40
S3 23.809 34.772 37.588 32.057 63.34
S4 66.601 81.029 97.252 81.627 68.48
S5 17.620 28.670 41.179 29.156 42.79
S6 18.537 31.098 50.116 33.251 36.99
S7 23.997 40.071 61.068 41.712 39.29
S8 26.445 44.195 58.755 43.132 45.01
S9 21.696 31.308 44.338 32.447 48.93
S10 75.085 93.663 109.674 92.807 68.46
Mean 33.609 45.980 61.026 - 52.58
Soil=4.91
CDat5% B level=8.95

Soil x B level = NS
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Second cutting

The data on dry matter yield of berseem at secattthg taken at 30 days
after first cutting is presented in Table 4.24. Tg matter yield of berseem in
control pots varied in different soils and it raddeetween 2.367 to 5.007 g fot
with a mean value of 3.483 g pdt The dry matter in different soils with the
application of 1.0 mg B kfvaried from 2.917 to 5.417 g powith a mean value
of 3.977 g pot’. It ranged from 3.267 to 5.687 g fawith a mean value of 4.293
g pot* with the application of 2.0 mg B Kgsoil (Table 4.24).

The mean dry matter in control was 3.483 g'ptd it increased to 3.977
g pot® with the application of 1.0 mg B Kgsoil. Further application of boron at
2.0 mg B kg soil resulted in further increase in dry matteelgiof berseem.
There was 14.18 per cent and 23.27 per cent irergaslry matter yield of
berseem with 1.0 and 2.0 mg Bkgoil application over control, respectively.
The relative dry matter in different soils rangextvizeen 70.41 to 94.07 per cent.
Some soils responded more to boron application thihers. The maximum
response of 94.07 per cent was observed in Anarsmigdgollowed by 88.04 per

cent in Khag soil.

The perusal of data in Table 4.25 indicated ti@bn concentration in
berseem plants in control treatments varied fronD@2 to 36.00 pg fwith a
mean value of 19.404 ug'glt increased with the application of 1.0 and @

B kg' soil, respectively. The boron concentration varfEtween 15.500 to
31.233 pg gwith a mean value of 21.620 ug gt 1.0 mg B kg soil application
where as it ranged from 20.767 to 37.300 pitwith a mean value of 27.440 pg
g'at 2.0 mg B kg soil application. The mean boron concentratiorhiz ¢ontrol
pots was 19.404 pglgand it increased to 21.620 and 27.440 [fgwith the
application of 1.0 and 2.0 mg B kgsoil, respectively. There was a significant
increase in boron concentration in berseem plaiits thve successive increase in
boron addition in soils. Similarly boron concentratin different soils varied

widely. Irrespective of boron levels, the mean Imoconcentration in soils varied
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from as low as 16.878 pg'dn plants grown in Tral soil to as high as 34.§a#

g™ in plants grown in Sagipora soil.

The data on boron uptake by second cutting of bersae given in Table
4.26. Boron uptake in control treatments varieanfr28.561 to 151.923 pg pot
with a mean value of 68.829 ug potThe boron uptake in plants increased
significantly with the application of 1.0 and 2.@rboron kg soit application.
The boron uptake varied between 46.658 to 155.95pqi* with 1.0 mg boron
kg' soil application. However, it ranged between 61.83 195.703 pg pot
when boron was applied at the rate of 2.0 mg B &gjl (Table 4.26). The mean
boron uptake in control pots was 68.829 mg'pand it increased to 87.155 and
118.776 pg pot with the application of 1.0 and 2.0 mg Bksoil, respectively.
The mean per cent increase in boron uptake withahd 2.0 mg B kg soil
application was 26.62 to 72.57 per cent, over abntespectively. The boron
uptake in different soils varied significantly te bw as 50.694 pg pbtin Tral
soil to as high as 167.860 pg pdn Shopian soil. The relative boron uptake
varied from as low as 42.08 per cent in Tral smibs high as 77.63 per cent in

Shopian soil.
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Table - 4.24 Effect of Boron application on dry mater yield of Berseem at second cutting

Soils Dry matter yield (g pot™)

Boron levels (mg kg' soil) Relative dry

0.0 1.0 2.0 Mean matter (%)

S1 2.573 3.023 3.340 2.979 77.05
S2 5.007 5417 5.687 5.370 88.04
S3 4.497 4.893 4.780 4.723 94.07
S4 2.720 3.463 3.863 3.349 70.41
S5 2.367 3.127 3.267 2.920 72.45
S6 2.643 2.917 3.367 2.976 78.51
S7 3.507 4.003 4.253 3.921 82.45
S8 3.697 3.997 4.613 4.102 80.13
S9 3.597 3.933 4.517 4.016 79.63
S10 4.220 4,993 5.247 4.820 80.43

Mean 3.48 3.97 4.29 - 80.31

Soil=0.16
CD at5% B level= 0.28

Soil x B level= NS
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Table - 4.25 Effect of Boron application on boron @ncentration at second cutting

Soils Boron concentration (g g*)
Boron levels (mg kg soil) Relative bo_ron
0.0 10 20 Mean Conc(e;z;ranon
S1 13.667 15.500 23.467 17.544 58.24
S2 14.200 16.767 21.200 17.389 66.98
S3 16.500 20.200 25.400 20.700 64.96
S4 27.600 30.467 35.200 31.089 78.41
S5 12.067 17.800 20.767 16.878 58.11
S6 14.967 16.000 25.233 18.733 59.31
S7 18.267 21.333 28.100 22.567 65.01
S8 19.900 21.700 25.600 22.400 77.73
S9 20.867 25.200 32.133 26.067 64.94
S10 36.000 31.233 37.300 34.844 96.51
Mean 19.40 21.62 27.44 - 69.02
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CDat5%

Soil=0.17
B level= 0.31
Soil x B level=SN

Table - 4.26 Effect of Boron application on boron ptake at second cutting

Soils Boron uptake (ug pot?)
Boron levels (mg kg' soil) Mean Relative boron
0.0 1.0 2.0 uptake (%)
S1 35.162 46.839 78.476 53.492 44.81
S2 71.118 90.812 120.575 94.168 58.98
S3 74.195 98.849 121.366 98.137 61.13
S4 75.098 105.530 136.051 105.560 55.20
S5 28.561 55.651 67.871 50.694 42.08
S6 39.560 46.658 84.958 57.059 46.56
S7 64.053 85.403 119.518 89.658 53.59
S8 73.569 86.725 118.101 92.798 62.29
S9 75.055 99.126 145.136 106.439 51.71
S10 151.923 155.955 195.703 167.860 77.63
Mean 68.82 87.15 118.77 - 55.39
Soil=3.42
CDat5% B level= 6.25

Soil xB level = 10.83
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4.4.2 Relationship of different extractants with cop yield and B- uptake
Evaluation of soil tests as a measure of boroimability was carried out
by the crop response in terms of relative dry matield relative boron uptake.
Correlation coefficients were also worked out betwehe boron extracted by
different extractants and absolute yield and altedboron uptake and values are

presented in Table 4.27.

First cutting

The coefficient of correlation between plantrgmaeters and boron
extracted by different methods indicated that watduble extracted boron had
the highest correlation with Bray's per cent yialfl berseem (r=0. 884**),
followed by hot water extracted boron (r=0.854*A)so boron extracted by 0.01
MCaCk gave significant coefficient of correlation withrdy’s per cent boron
uptake (r=0.755**) at first cutting (Table 4.27)

All the methods except AB-DTPA gave significant ffméent of
correlation with boron concentration. The highestficient of correlation was
observed with 0.01M Caglextractant (r=0.595**), followed by hot water
extractant, water soluble, 0.05 N HCIl , 0.01 M Ga€l0.01 M mannitol (r=
0.560**, 0.547**, 0.521** and 0.472*) respectiveljlowever there was non-
significant and positive correlation with AB-DTPAxteactant (r=0.272).
Similarly the boron extracted with different exti@uts gave significant
correlation with Bray's per cent boron uptake, thmhest coefficient of
correlation was observed by hot water soluble ettra (r= 0.835**) followed
by 0.01M Cadl soluble extraction (r= 0.755*F), water soluble mdtion
(r*=0.710**), 0.05 N HCI (r=0.659**) and 0.01 M Ca@l 0.01 M mannitol
extraction (r= 0.612**). However, there was nogrsficant correlation with
AB-DTPA extractable boron.
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Table - 4.27 Coefficient of correlation between diérent extractants and plant parameters

First cutting

Second cutting

Extractants
B Bray’'s % Bray’'s % B Bray’'s % Bray’'s %

concentration yield B uptake concentration yield B uptake
Water 0.547** 0.884** 0.710** 0.640** 0.913** 0.695**
Hot water 0.560** 0.854** 0.835** 0.684** 0.886** 0.884**
0.01 M CaCh 0.595** 0.850** 0.755** 0.702** 0.883** 0.724**
0.05 N HCI 0.521** 0.762** 0.659** 0.595** 0.785** 0.668**
0.01 M CaCl- 0.472* 0.616 0.612% 0.548 0.748* 0.642%
0.01M mannitol
AB-DTPA 0.272 0.305 0.287 0.352 0.321 0.366

* Significant at 5 % level of significance
** Significant at 1 % level of significance
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Second Cutting

The data in Table 4.27, showed that among diffepamameters water
soluble extraction gave the highest coefficientafrelation with Bray’s per cent
yield (r= 0.913**) followed by hot water soluble,00 M CaC}, 0.05 N HCI,
0.01 M CaCj+0.01 M mannitol extractants (r= 0.886**, 0.883*6,.785**,
0.748**, respectively). All the extractants gavegrsficant coefficient of
correlation with Bray’'s per cent yield except AB-BA extractant. There was
significant and highest coefficient of correlatibatween Bray’s per cent uptake
with hot water soluble (r= 0.884**) followed by A.0M CaC} extractable, water
soluble, 0.05 N HCI, 0.01 M Cagl 0.01 M mannitol (r= 0.724**, 0.695**,
0.668** and 0.642**, respectively) and lowest wB-DTPA (r = 0.366). The
results also showed that the extractants whichhaylely correlated with Bray’s
per cent yield and Bray’s per cent boron uptakeeweater soluble and 0.01 M
CaCb. Keeping in view all the methods except AB-DTPA,aher extractants
showed positive and significant coefficient of ebation with different
parameters of plants. 0.01 M Ca@i= 0.702**) extractant showed the highest
coefficient of correlation with boron concentratiftmiowed by hot water soluble
(r= 0.684**), water soluble (r=0.640**), 0.05 N HQF= 0.595**), 0.01 M
CaCb+ 0.01 M mannitol (r= 0.548**) respectively. Lowestlue for correlation
of coefficient was seen with AB-DTPA witf value of 0.352.

4.4.3 Critical levels of boron in soils and plants.

The critical level of boron in soils and plantssagetermined by plotting
Bray’s per cent dry matter yield against soil boaoral plant boron concentration,
respectively, adopting graphical method of Cate ldatson ( 1965). The critical
levels below which soils are expected to give raspoto added boron varied
appreciably for different extractants because fiédint extracting power of each

extractant.
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Critical deficiency level in soils
The critical deficiency level of boron in soils svdetermined at both the

cutting stages of berseem.
First cutting

The critical limit for available boron extractegt 8.01 M CaCi+ 0.01 M
mannitol was found to be 0.74 mgksoil, showing the highest value, followed
by 0.01 M CaGl i.e. 0.70 mg kg soil. This extractant also showed highly
significant correlation with Bray’'s per cent yie{fd= 0.762**), Bray’'s per cent
boron uptake (r= 0.612**) and non-significant cdaten with boron
concentration (r= 0.472*) at first cutting. Boroxtracted by hot water was
highly and significantly correlated with Bray’s peent yield (r=0.854**) and
Bray's per cent boron uptake (r= 0.835**) and thetical value for this
extractant was found to be 0.48 mgkgoil (Table 4.28: Fig 9). Hot water

parameter also showed better correlation with ptanhmeters.

Second Cutting

The critical limit of available boron extracted By01 M CaCj+ 0.01 M
was found to be 0.94 mg Kgsoil (Table 4.28). This extractant also showed
highly significant correlation with Bray's per ceyield (r=0.748**), Bray’s per
cent boron uptake (r= 0.642**) and plant boron @rication (r=0.548**). Boron
extracted by hot water was significantly correlatath Bray’s per cent yield (r=
0.886**) and Bray’s per cent boron uptake (r= 0884nd the critical values of
this extractant was found to be 0.49 mg'kspil. Hot water extractant also
showed better correlation with plant parameterbl@4.27; Fig 9). The critical
values of water soluble and 0.05 N HCI was fountheéd.34 and 0.63 mg Rg
respectively. These extractants also showed sogmifi correlation with Bray’s
per cent yield and Bray’s per cent boron uptake QiZ48* and f= 0.642**,
respectively). Boron extracted with AB-DTPA extraat was not correlated

significantly with any of the plant parameters.
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Critical deficiency level in plants
The critical value for boron in berseem plant astfand second cutting
was 23.0 and 19.0 pg'@n dry weight basis, respectively (Table 4.28: Fiy.

Table - 4.28 Critical levels of boron in soils anglants at different cutting

of berseem
Critical levels
S. No Parameters
First cutting Second cutting
1. Water 0.34 0.34
2. Hot water 0.48 0.49
3. 0.01 M CaCl, 0.70 0.71
4, 0.05 N HCI 0.62 0.63
0.01 M CaCl-
5 0.01M mannitol 0.74 0.74
Plant
Total boron concentration in berseem 230 19.0

plant
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Chapter - 5

DISCUSSION

The results of different experiments carried ouhig present investigation

are discussed in the chapter under the followiraglbe

5.1 Distribution of different forms of boron in ssil

5.2 Boron adsorption-desorption by soils
5.3 Kinetics of boron adsorption-desorption

5.4 Response of berseem to boron and its critical dinmt soils and

plants

5.1 Distribution of different forms of Boron in s0ils

The different forms of boron presented in Tablea&&discussed as under;

5.1.1 Water soluble boron

The concentration of water soluble boron in thé samples ranged from
0.07 to 0.95 mg K§with a mean value of 0.35 mg k@nd there was no specific
distribution pattern. Water soluble boron conteh&gyptian soils ranged from
0.1 to 26 pg mt with a mean of 0.6 ug ml(Elseewi and Elmalky, 1979).
Nathaniet al.(1970) reported that water soluble boron in sdilRajasthan varied
from 0.42 to 8.2 ppm with an average of 1.72 ppire €ontent of water soluble
boron varied from 0.43 to 1.29 ppm with an averaf®.73 ppm in non-saline
soils and 0.43 and 2.58 ppm with an average of p#h in low saline soils of
Delhi (Gajbhiyeet al, 1980). Water soluble boron in saline alkalinelssaf
Punjab varied from 3.0 to 11.8 ppm as compared18 @nd 2.44 ppm in normal
soils (Kanwar and Singh, 1961 and Mair,1965).
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Clay and silt were positively and significantly celated with water
soluble boron (r = 0.572** and 0.374**). Singh akdnwar (1963) also observed
significant and positive relationship between watauble boron and soil texture.
Water soluble boron and silt and clay content wassetated significantly (r=
0.840**) in both non-saline and low saline soilsélhi (Gajbhiyet al, 1980),
indicating that water soluble boron increases wittreasing content of silt and
clay. Many other workers have reported that fingwed soils contain more
available boron than coarse textured soils (MogtteMathur, 1966; Paliwal and
Anjaneyulu, 1967; Singh and Randhawa, 1977, Shaf8&4). Water soluble
boron also showed significant relation with pH (&®**). Hingston (1964) and
Sims and Bhingam (1967) foundboron retention asiretion of pH, and was
maximum between pH 7.5 to 8.5 and, therefore mapfaéx the reason for the
lower value of correlation coefficients obtainedtlre present study. Kanwar and
Singh (1961) and Sharma (1984) also reported thailadle boron content of
saline-alkaline soils increased with the increasepiH. A significant positive
correlation (r=0.468 **) was observed between pHI awater soluble boron
(Nathaniet al, 1970).

Significant positive correlation of water solublerbn with EC (r=
0.609**) of soils suggested that boron concentraticreases during the process
of salt accumulation. Similar results have alsonbegported by Mair (1965) and
Paliwal and Anjaneyulu (1967). Gajphiygal. (1980) reported that water soluble
boron content and EC of low saline soils were dateel significantly (r=
0.860**). Water soluble boron showed negativelyngigant relationship with
organic carbon content (r= -0.451*) of the soilsmlay be due to low organic
matter status of some soils and might not haveritanéd to a considerable
extent in releasing water soluble boron. Similautes were shown by Afritt al.
(2010) in some coffee growing areas of Ghana. Diand Beni (2006) also
observed negative correlation of different formsbofon with organic carbon
content of soils. Calcium carbonate content shop&sitive and non-significant

relationship with water soluble boron, these obs@owns are inline with those

167



reported by Singh and Singh (1972) ; Sharma (1984ndhi and Mehta (1985
a& b).

5.1.2 Hot water soluble boron

Results showed that hot water soluble varied froh® @o 1.27 mg kg
soil, with a mean value of 0.46 mgkgoil. The average concentration of hot
water soluble boron ranged from 0.10 to 2.0 mg &g worldwide basis (Aubert
and Pinta,1977). The range of available boron ifs s different soils of India
varied from traces to 12.2 mg kgDas, 2000). Katyal (1982) reported that mean
available boron content of Aridisols, Vertisols aAlfisols of Punjab to be 1.70,
0.59 and 1.06 mg kgsoil, respectively. The hot water soluble boronteat of
alluvium derived soils from Ferozpur and Faridkstidcts of Punjab ranged from
0.2 to 3.85 mg kg soil (Singh and Nayyar, 1999).Nagifal. (2006) studied the
status of micronutrients in soils of district Bhierl{Azad Jammu & Kashmir) and

found that hot water soluble boron ranged from @@2mg kg

The clay content was positively and significantiyrrelated (r=0.477%)
with hot water soluble boron content of soil. Thessults are in line with the
findings of Singh (1970). Singh and Sinha (197&paleported that hot water
soluble boron content tends to increase with irgingaclay content of the soils
and is negatively and significantly correlated wdtganic carbon content (r=-
0.362*). Singh and Randhawa (1977) also found aifstgnt but negative
relationship between available boron and organittenaf the soils. Calcium
carbonate content of soil showed non-significargatige correlation (r=-0.095)
with hot water soluble boron. This may be due #® dfffinity of CaCQ towards
boron adsorption. These results are in line wits¢hof Singh (1970). Sost al.
(1961) also showed that calcareous soils of Bilmartained considerably less
boron than non-calcareous soils. The silt contbotved positive and significant
correlation with hot water soluble boron (r=0.41%%hereas relationship with

sand content was negatively significant (r=-0.7§32ation exchange capacity,
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pH and EC also showed positive and significantetation (r=0.492*, r=0.773**

and r=0.589**, respectively). Positive significanbrrelation was also noted
between hot water soluble and CEC by Borkakati 898imilar results were
observed by Sharma and Katyal (2006), who fount tth&content of hot water
soluble boron increased linearly with an increas&C and pH when fifty-seven

benchmark soils of India were investigated.

5.1.3 CaC} extractable boron

Perusal of data showed that 0.01 M Ga€ttractable boron in different soils
range between 0.27 to 1.44 mg'kgith an average value of 0.63 mg lewil.
Sahaetal. (1998)reported that swell-shrink soils of Madhyad&sh contained
0.13 to 1.51 mg K§ ofCaC} extractable boron. Calcium chloride extractable
boron was positively and significantly correlatedhwpH (r=0.742**) and EC
(r=0.593**) of the soil. The clay content was pogty and significantly
correlated (r=0.576**) with calcium chloride solebboron while as silt content
was positively and non-significantly correlated Qr¥63) with calcium chloride
soluble boron. Clay content contributed positivedyboron extracted by Cagl
(Dattaet al.,1998). The results are also in accordance witHitiggngs of Sahat

al. (1998). Alleoniet al(1999) studied the correlations between hot calcium
chloride-extracted boron and chemical and physatibutes of some Brazilian
soils and found that Cagéxtractable boron was significantly correlatedwalay
content (r = 0.690%), specific surface area (r 680*), and CEC (r = 0.630%).

Significant negative correlation (r=-0.432*) wassebved between CaLl
extractable boron and organic carbon content dé.s8alcium Carbonate showed
positive but non-significant relationship (r=0.110ith CaClextractable boron.
Suet al. (1994) also showed that amount of Ca€ttractable boron decreased
with addition of calcium carbonate. Similar reswtsre obtained by Dattat al.
(1998). Positive and significant correlation (r859 between cation exchange

capacity and Caglextractable boron was observed. Significant angatinee
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relationship was observed between Ga&dtractable boron and sand content of
soils (r=-0.608**).

5.1.4 Acid extractable boron

The content of boron extracted in 0.05 N HCI vaffrean 0.36 to 1.24 mg
kg' soil with an average value of 0.64 mg'kgoil. Acid extractable boron
content ranged from 1.4 to 22.8 mg'kspil with an average of 10.2 mg kin
soils of Egypt (Elseewi and Elmalky, 1979). Sharmiaal. (1989) observed that
0.05 N HCI extractable boron in the profiles oftsaffected soils of Punjab
ranged from 0.1 to 25.3 ppm with an average ofppsd. Acid extractable boron
ranged between 0.1 to 2.1 with an average of 0.6gTgin the soils of North
East hills of India (Diwedet al.,1993). Acid extractable boron was higher than
water soluble, hot water soluble and Ga&itractable boron in most of the soils.
This could be attributed to the dissolution of samsoluble salts of boron under
acid conditions.

There was a significant positive curvilinear coateln between 0.05 N
HCI extractable boron and clay (r=0.564**), pH (r687**) and EC (r=0.520**)
of the soils. The acid extractable boron was pgdifi and significantly related
with calcium carbonate content of the soils (r=046as was also reported by
Elseewi and Elmalky (1979). Organic carbon contdrihe soils was negatively
and non-significantly correlated (r=-0.148) with icacextractable boron.
Significant and positive correlation of acid sokibdboron with pH, EC and
negative and non-significant correlation with onganarbon suggested that in
these soils, high in pH and EC, the dilute acidld¢dawt extract appreciable
amount of boron that is associated with organictenafThese results clearly
revealed that the available boron (water solulbé water soluble, Caghnd acid
extractable) were mainly associated with silt atay ¢ractions followed by pH
and EC. There was positive and non-significant etation (r=0.359) between
cation exchange capacity and acid soluble boromeg@ative but significant

correlation (r=-0.677**) was observed between acid
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soluble boron and sand content of the soils untietys The content of boron
extractable in 0.05 N HCI has been reported to beetder index of boron
availability by Ponnamperureaal. (1981). The water soluble, hot water soluble,
CaClk and 0.05 N HCI extractable forms of boron werenfbtio be highly and
significantly correlated with each other (Table )4.5his suggests that all the
forms of boron can be considered to be almost ggaéicient indices of boron

availability in the soils under study.

5.1.5 Leachable boron

Leachable boron consists of “adsorbed + solubléRBioadest al, 1970
b). It ranged from 0.57 to 1.74mg kgoil with a mean value of 0.93 mgkgoil.
This shows that most of the boron is prone to Idamim the soils. The manitol-
CaCl, extractable boron ranged from 0.3 to 2.5 mg kgil with a mean value of
1.22 mg k@ soil in soils of Meghalaya(Dwivedit al.,1993).

Leachable boron was significantly and positivelyretated with silt, clay,
pH and EC following curvilinear relationship withese parameters. Leachable
boron content was strikingly higher in fine texuirgoils as compared to coarse
textured alluvial and lateritic soils of Assam (Bakati, 1988). Non-significant
and positive correlation between mannitol+Gaéttractable boron and pH was

also reported by Dwivedt al.(1993).

5.1.6 AB-DTPA extractable boron

The recently developed AB-DTPA extractant has proto be effective
for boron on alkaline soils (Gupta, 1993). The astant consists of 1.0 M
NH4HCO; and 0.005 M DTPA maintained at the pH of 7.6 (&giour and
Workman, 1979). The concentration of AB-DTPA extsdte —boron ranged
from 0.77 to 1.94 mg kg soil with a mean value of 1.13 mg tapil. Similar
results were reported by Dwivedial. (1993) for Meghalaya soils. pH and EC
were significantly correlated with AB-DTPA extrantawith coefficient values of
r=0.874** and r=0.684**, respectively. Dwivesti al(1993) also reported
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positive but non-significant correlation between phd AB-DTPA extractable

boron.Gestringand Soltanpour (1984) also concluldatclay and pH governs the
AB-DTPA extractable boron content of the soilsislinteresting to note that this
form of boron was significantly correlated with etlforms of boron. Thus it can
also be used as an index of boron availabilityhase soils. This method of
extraction of boron is easy and the extractantschemaper and easily available
(Soltanpour and Workman, 1979).

5.1.7 Total boron

Although total boron does not affect the plagowth and its
contribution is low as compared to other forms ofdm, but it helps in knowing
its potential reserve in soil. Total boron conteartiged from 40.72 to 50.55 mg
kg' soil with an average value of 45.46 mg’kgoil. The magnitude of total
boron appears to be quiet comparable to thosetezpearlier. Dass (2000) stated
that total boron in Indian soils varied from 7 t806ppm. Total boron content
showed significant correlation with pH (r=0.686**EC (r=0.421*), CEC
(r=0.766**), silt (r=0.498*) and clay content (r8&3**) of the soil. Total boron
was associated with finer fractions of soil. Negatbut significant correlation
was seen fortotal boron with sand (r=-0.928**) amah-significant with organic
carbon (r=-0.219).

5.2 Boron adsorption-desorption by soils
5.2.1 Adsorption of boron by soils

The results of boron adsorption by the soils urlady clearly showed
that all the soils have affinity for boron adsoopti The amount of boron adsorbed
for all the soils was plotted against the equilibriboron concentration to obtain
the adsorption isotherm, indicating the effect ofdm concentration on boron
adsorption. The adsorption isotherm indicated thatigh the adsorption of boron
increased with increasing concentration in the légiim solution, yet the
percentage of adsorbed boron decreased. This magdaise of an increase in
the ratio of adsorbate to adsorbent. Bloesthal (1987) also reported that
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adsorption of boron increased with the increasingcentration of boron in
solution. The amount of boron adsorbed is diffefentdifferent soils. The shape
of adsorption curve has been classified on theshafsihe classification given by
Giles et al (1960). The adsorption isotherms were L-shapetiadicated that
more sites in the substrate were occupied thusaohée molecules faced great
difficulty to find any vacant site available. THsads to a suggestion that either
the adsorbed molecule was not vertically orientedthat there is no strong
competition from the solvent. L-shaped adsorptswtherms for boron adsorption
have also been obtained by Krishnaswashyal. (1997) in the soils of Tamil
Nadu and by Arora and Chahal (2010) in the soiBwijab.

The data on boron adsorption by different soilsagkthat the adsorption
capacity of different soils for boron was differemtd the behaviour of adsorption
of boron by different soils was not uniform in thadole concentration range.
Adsorption of boron was found to be maximum in $agr soils and this may be
attributed to the high clay content and CEC ofdbis. Khag soils have the least
adsorption capacity of boron which is likely duectmarse texture and low CEC.
From these results, it could be concluded that rptiem of boron was mainly
governed by clay content and CEC of the soils. Kexed Talpaz (1984) reported
that the increase in boron adsorption on the smelég particles was related to
the increase in CEC of the clay with fineness. diat of boron adsorption when
analysed statistically showed that adsorption ofoboby these soils were
positively and significantly correlated with clayorgent (r=0.906**), CEC
(r=0.726**) and negatively and non-significantlytiviorganic carbon (r=-0.222)
of the soils. The clay content and CEC of the seiss also significantly
correlated with adsorbed boron (Elrashidi and O'n@w, 1982). They also
showed positive relation between organic matter laon adsorbed, but could

not find any precise correlation.
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5.2.1.1Langmuir adsorption Isotherms

The data of boron adsorption was first calculatedoeding to the

Langmuir adsorption equation. The linear form @& éguation used was;
C/x/Im=C/b+1/kb

A plot of C/x/m versus C gave a straight line wglope 1/b and an
intercept of 1/kb. The Langmuir constants for boamsorption by soils were
calculated from the slope and the intercepts ofctih@es. A straight line (linear
curve) was observed in Khag, Bandipora and Sagigaita. This showed that the
adsorption data of these soils confirm to the Lamgradsorption over the entire

range of equilibrium boron concentration.

The adsorption maxima (b) value ranged froii2@ 34.84 ug B g
soil. Maximum value was found in Sagipora soils &wabt in Kangan soils. The
bonding energy constant (k1) was maximum (0.318Hlin Anantnag soils and
minimum of 0.064 ml g in Bandipora soils. Boron adsorption data of Assam
soils also confirmed the Langmuir equation (Dekanmneet al, 1998) with
adsorption maxima and bonding energy of 12.04 té94 kg' and 0.046 to
0.098 L mg", respectively. In case of Khag, Bandipora and [&agi soils, a
straight line relationship for boron adsorption vadsserved up to limited boron
concentration. This showed that the Langmuir egquatwas found to be
applicable only up to the concentration rate ofidg)B mi* in the equilibrium
solution. Rest of the soils showed curvilinear heoms. Curvilinear relationship
has also been reported by Sa&ahl. (1994) and Arora and Chahal (2010). The
two portions of the curve were considered separdtelcause the slopes and
intercepts of the lower part of the isotherms weignificantly different from
those of the upper part and provide justification ¢onsidering separately. The
values of adsorption maxima and bonding energyteaohfiave been designated
as bl and k1 for lower part and b2 and k2 for umaet of the isotherm. The data
for Langmuir constants confirms to the results ofg8 (1964) and Arora and
Chahal (2010). The data for part 1 of the cunteedi very well indicating
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that the Langmuir isotherm explains best the adswrpphenomena at low

concentrations of adsorbent which of course wdsrdift for different soils.

The marked variation in slopes and intercepts eftwo parts of isotherms
suggest two types of reaction of boron with solieTower part of the isotherm
resulting largely from monolayer adsorption of borand upper part from
multilayer adsorption and/or precipitation react@s well as heterogeneity of the
sites at higher concentration of boron against mhenolayer reaction and
homogeneity of the soil assumed in Langmuir equat®yerst al. (1973) also
observed two types of adsorption reaction of phospls in soils because of two
population of sites, which have widely differentaiffy for phosphorous and each
of which was defined by the Langmuir relationsi8gmilar Langmuir adsorption
isotherms for boron were obtained by Borkakati @98nd Arora and Chahal
(2010) in soils of Assam and Punjab, respectivBgikly and Takkar (1981)
reported the lower part as mono and upper partwdslaer adsorption for zinc
and copper. Hingston (1964) concluded that dewiatioom the Langmuir model
at higher concentration resulted due to differeactions occurring at higher than

at low boron concentration. However, he did noegive nature of reactions.

The difference in slopes and intercepts of the paots of adsorption
isotherms gave significantly different values ohbauir constants. Regardless of
the soil, the adsorption maxima (b) was higher dpper part while bonding
energy constant (k) were higher for lower part loé isotherm. This suggests
strong retention of boron applied in lower amouritee strength of retention
decreased with increasing concentrations of bandhe equilibrium solution as a
result of precipitation reactions. The similar léswere obtained by Elrashidi
and O’Conner (1982) and Arora and Chahal (2010 mhture of Langmuir
isotherms and the magnitude of the constants vavi#dsoil texture and organic
carbon contents of soils. Singh (1964) also fourad soils with high clay content
have high “b” values on the other hand Singh ()98®orted the higher boron

capacity of Bhopal soils than Indore soils whichghti be due to high clay
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content. This is also due to high clay, CEC ofsaithich possessed significant
correlation with bl (r=0.565* and 0.506* respeel)). Boron adsorption
maxima were significantly correlated with organiartwon in soils of Assam
(Dekamedhet al., 1998). Very poor relation of b2 with these soibpperties
indicated the multilayer adsorption and/or preeifpin reaction of boron at site 2

of the adsorption isotherm.

The relative bonding energy (k) of boron adsorptiynsoils also varied
among soils. klwas higher than k2 for almost allssdhus showing firmer
retention of boron at site-1 i.e. at lower concatidn than at higher concentration
(site-2). The very low values of k2 are possiblgdiese of multilayer adsorption
and/or precipitation of boron at higher boron carications while high value of
k1 has resulted from the adsorption of boron iontow concentrations in the
equilibrium solution. These results are in linehwihose obtained by Borkakati
(1998) and Arora and Chahal (2010).

In fine textured soils, having high amount of clayd organic carbon,
large additions of boron could be made availablthauit it becoming toxic to
plants because of high adsorption capacity andibgrehergy of the soils. These
results suggest that low and high rate of borotilif&tion have to be adjusted to
fine textured soils to bring the same in the adexmuavel for optimum crop
production depending upon the magnitude of the staly and organic matter
content of the soils.

5.2.1.2 Freundlich adsorption Isotherm

The boron adsorption data was fitted to the Fraahdéquation. The

linear form of the equation is given as under;
Log x/m=1/n log C+logk

A plot of log (x/m) versus Log C gave a straighelias the data confirmed
to the Freundlich equation. k can be obtained fthenintercept and 1/n from the

slope of the isotherm. K and 1/n provides the estias ofadsorbent capacity and
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intensity of adsorption. The values of 1/n alsoigated the degree of non-
linearity between solution concentration and adsomp Although Freundlich
equation is empirical in nature, it could be usedekplain the adsorption of
compounds on soils and it is best suited for arbgeneous system like soil-

nutrient-water system (Krishnaswaetal, 1997).

The plot of boron adsorbed against equilibrium botoncentration on a
log-log scale gave linear relationship in all trelss The concentration ranged
from 1 to 100 pug B m, indicating that boron adsorption data confirms to
Freundlich equation. Many workers have reportedba@dsorption data could be
successfully described by Freundlich modeloverethi@re range of concentration
(Saha and Singh,1997; Dekamesthal, 1998; Arora and Chahal, 2010).

The results of present investigation also indicabed Freundlich equation
was valid for a wider range of boron concentratiblan by the Langmuir
adsorption equation. Freundlich model assumes laygti adsorption and
heterogeneity of the sites as compared to monokgysorption and homogeneity
of sites in Langmuir equation. At higher concemtrat of applied boron,
multilayer adsorption and/or precipitation reactiappears to have occurred
thereby this resulted in a better fit of the datatlee latter than the former model.
These results are in agreement with those repbstdtishnaswamgt al. (1997),
Saha and Singh (1997), Dekameddtal. (1998) and Arora and Chahal (2010).

Freundlich k values ranged widely among soils, mragpdgrom1.73 t02.72
ng g'. Dekamedtet al(1998) also reported a range in k-values from €086.29
ng g*in Assam soils. Freundlich k values for adsorptifboron in Tamil Nadu
soils ranged from 0.18 to 1.96 pg @Krishnaswamy eal., 1997), and the range
of 1.08 to 1.91 pg §of k values in Punjab soils was also reported byr& and
Chahal (2010).

The data of this study indicates by and large,difierence in k values
was associated with the magnitude of variationlaly content of soils and have a

highly significant relation with clay content (r8.906**). Max adsorption
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capacity appeared to increase with fineness oftegture (Biggar and Fireman,
1960). The values of K are also in consonance With results obtained by
Krishnaswamgt al.(1997) and Arora and Chahal (2010).

The values of Freundlich constant 1/n are less timty in all the soils
indicating L-shape isotherm. The 1/n values ranfyjech 0.618 to 0.704 in the
soils under study. The Freundlich 1/n values rarfgad 0.703 to 1.203 in Assam
soils (Dekamedleit al, 1998) and 0.661 to 0.734 in Punjab soils (Arond a
Chahal, 2010). The Freundlich ‘n’ value, which te®n designated as bonding
energy related term (Huang, 1980) was found toowmees$t for Calciorthent but
equal for haplustertHaplustalfs, and Ustochrept soils (Saha and Si9§ 1L

5.2.2 Desorption of boron by soils

It was necessary to determine whether the adsdybesh of soils can be
readily released. Desorption studies were undentag replacing the soll
suspension after adsorption processes by 10 mladf M CaC} solution. The
amount of desorbed boron in different soils equalied for 24 hour is shown in
result chapter. The percentage of desorbed boranhigher at higher level of
added boron. Similar results have been reportecElbgshidi and O’Connor
(1982). The soils having higher affinity for boradsorption tend to desorb less
amount of boron. This indicated that adsorption dedorption of boron were
almost inversely related. These results are inaromty with the finding of Saha
and Singh (1997) and Elrashidi and O’ Connor (1982)

The initial adsorption of boron in soils is follod/dy slow changes that
ultimately govern the rate of boron release frone tpils. Moreover, the
difference between magnitude of adsorption andrgéiso of boron depends on
the time of contact of boron solution and intensityporon bonding in soils. The
perusal of data also revealed that the rate ofrbdesorption was slow at low
saturation of solid phase matrix and at high sétmathe desorption of boron
was fast, suggesting that soils having higher gud&or capacity, releases boron

slowly and vice-versa.
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Desorption of boron was found to be maximum in knhg Kangan and
Shopian soils, indicating that these soils wereammone to release the applied
boron which might be attributed to the lower comteinclay and low CEC of the
soils. Whereas, Sagipora, Tangmarg, Tral and Shalisvils showed less
desorption due to high amount of clay and highsogation sites. Saha and Singh
(1997) also reported that the amount of boron sbite the soil was always
higher during desorption than adsorption process given equilibrium solution
concentration in the soils. The desorption of bon@s almost same as the order
of sand content and from these results it coul¢deluded that desorption of
boron from these soils are mainly governed by textBoron desorption was
positively and significantly correlated with sanshtent and negatively with clay.
Similar results were reported by Pergtral. (1985) from a leaching experiment

on boron.

The data on boron desorption was applied to matifingmuir equation
which is commonly used for phosphate desorptiora®haet al, 1995). In this
study, keeping in view the good applicability ofstlequation for describing P-
desorption, an attempt has been made to apply Laingype equation for boron
desorption. Desorbed boron (De) when plotted agdrdesorbed/ B-adsorbed
(De/S) for different soils, a linear relation wastained. The straight line
relationship showed that the desorption of borothase soils as determined by
0.01 M CadC} solution could be described by Langmuir type eigumaas given

below;

De/S = 1/kdDm + De/Dm

Where,

S= Boron adsorbed (ug'p

De=Boron desorbed (ug'y

Dm= desorption maxima (ug“y

kd =Constant related to mobility of boron (mtg

The Langmuir desorption parameters such as desorptiaxima (Dm)

and constant related to mobility of solid phase) (were worked out from the
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linear plots of De/S versus De. The plot was fotmdbe linearly correlated for
each of the soils. The desorption constants cordpfrtan these plots clearly
indicates the differential behaviour of each saiinple in supplying boron to the
plants. Desorption maxima (Dm) indicate the maximdesorbable capacity of
the soils. More the Dm values, less is the potEenfithe soil to release boron for
meeting the requirements of the crop. Similarly,vadlies (a constant related to
the boron mobility) are also indicative of borompply to the crops. The smaller
the kd value, the less the desorption of soil bptbareby suggesting a need for
boron fertilization (Sharmeet al., 1995). The data of desorption constants
revealed that there are higher values for desorptiaxima in fine textured soils.
The mobility constant (kd) had almost inverse refethip with bonding energy
of boron adsorption. This showed that the mobititydesorbed boron in heavy

textured soils was at lower rate.

5.3  Kinetics of Boron adsorption-desorption

5.3.1 Kinetics of boron adsorption by soils

Batch studies were conducted to investigate theetkim of boron
adsorption process. Ca&D.01 M) solution containing 40 pg B thivas added to
each 10 g soil in 50 ml polyethylene centrifugeesibln all the soils, the boron
adsorption was characterized by an initial fastctiea followed by a slow
process. Similar reaction rates of boron adsorpt@ve been reported by
Krishnaswamy (1996) and Krishnaswaetyal. (1997). Rapid rate of reaction can
be attributed to chemical reaction and slow reactm diffusion of boron into

micropores of organic and inorganic compounds {Kraswamy, 1996)

Adsorption of boron was almost complete after 48irhmll the soils,
though complete equilibrium was not attained u@fl hr. Bingham and Page
(1971) showed that boron equilibrium was only atd under conditions of
prolonged reaction periods. The prolonged time irequent is probably relatedto
diffusion of boron from the outer solution intoesitthat are not readily accessible

for adsorption reactions. Mezuman and Keren (1984¢d 24 hrwhereas;
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Elrashidi and O’Connor (1982) adopted 12 hr of Bguum time for their

experiments on boron adsorption by soils.

The concentration of boron in the equilibrium smnotranged from 27.5 to
36.1 pg mf at the completion of the adsorption reaction. Tiialso consistent
with the data reported by Elrashidi and O’Conn&8Q).

Six different Kinetic models viz. Zero order, Firstder, Second order,
Elovich, Power function and Parabolic diffusion weested by least square
regression analysis for describing boron adsorptiosoils representing major
soils of Kashmir. The model which had the highestfticient of determination
(R? and the lowest standard error of estimates (Sakjes was considered to be
best fit.The Zero order, firstorder, second ordad &ower function kinetic
equation could not describe the adsorption of bdygrsoils, as coefficient of
determination (B values were very low and S.E values were large dmount
of boron adsorbed by eight soils of Tamil Nadu wwasrly described by Zero
order, first order and third order reaction equaig¢Krishnaswamst al, 1997).
The Parabolic diffusion was best of the other kineguations studied to describe
the rate of boron adsorption as evidenced by theratlvhighest values of
coefficient of determination iRand lowest standard error of estimates (SE) over
the entire time range. Such conformityhas alsolveported by Krishnaswarey
al. (1997), whilestudying boron adsorption kineticsTaimil Nadu soils. Elovich
kinetic model was as good as parabolic diffusionagign in describing boron
adsorption kinetics in all the soils.

5.3.2 Kinetics of boron Desorption by soils

All the soils used for boron adsorption kineticsravalso subjected to
desorption study after 48 hours of adsorption stuthe soils were pre-treated
with 40 pg B@ soil. The amount of desorbable boron was strikimigher in the

coarse textured soils as compared to the fine redttisoils. The increase in
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desorbable boron with time can be attributed tdeése number of exchange sites
due to the low clay content to retain boron moghtty. Also desorbed boron
when expressed in percentage of adsorbed contemtlomger in fine textured
soils. This again suggests that boron was held tigindy and thereby more time
for it’'s desorption was taken from fine texturedisoThe similar results were
reported by Borkakati (1988) in Assam soils. Thigedence in desorbable boron
resulted from more number of boron retentive saesvell as their ability to retain
boron with great tenacity, because of the largétian in physical and chemical
properties of these soils. Furthermore, the demorptf boron took relatively
more time in fine textured soils. Similar result®res reported by Borkakati
(1988). The behaviour of boron desorption reactitth time is due to the nature
of reaction because of variation in clay conterdt amount of organic matter and
calcium carbonate content which have a substamialin boron adsorption and

release by soils.

The desorption reaction was initially fast and #dadter the desorption of
boron became slow. The desorption reactions seéméave completed in 48
hours in most of the soils and only in few soils teaction was not complete even
after 72 hr and therefore, the values of total Habte boron could not be
ascertained. For the kinetic treatment of the ddia,concentration of solution
boron at the plateau of the curves was considesetthea total desorbable boron
(Bo) with the assumption that the desorption reactt that stage was complete

in these soils.
The data were then given the kinetic treatmentgutie integrated rate
equation (Frost and Pearson, 1961) given as under;
Log (Bo-C) = log Bo-(K/2.303)

The curves of the soils after plotting loge{B) vs. time (t) indicate two
distinct linear portions suggesting, thereby, thgolvement of two types of
pseudo-first order reactions in boron desorptionffi@ and Burau (1974) also

studied the kinetics of boron desorption from d#fg soils and postulated that
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the slope of the two linear portion of the curvepresent different sites of boron
retention by the soils, then the sites 1 and 2espwnding to the upper and lower
line i.e. to the steep and less steep slopes afuihees, belonged to fast and slow
boron desorption reaction sites, respectively. Ha present study, 73 and 82
percent of total desorbable boron could be atteithud the site-1 and only 18 and
27 per cent to site-2. These results are in agreemih those of Griffin and
Burau (1974) who also reported about 90 and 1@&@et of the desorbable boron
attributed to the site 1 and 2, respectively. Tledative constancy of the
percentages of desorbable boron at site 1 andi@ated that the desorption of
boron has originated from two sites of retentiontlo® same substance, possibly
the hydroxyl Al and Fe compounds, as suggestediimg &nd Binghanet al.
1971, Rhoadest al. 1970a, Griffin and Burau ,1974) and Keren and GH383).
Boron may also be adsorbed on the edges and ayer tegions of clay minerals
by anion exchange and/or hydroxyl substitution. @tssolution of borate salts or
precipitated boric acid may release a consideratiieunt of boron to site 1, in
addition to the desorption from some specific apson sites. But, boron
dissolved from the borate salt or acid could beeeigxl to come in solution phase
in first few minutes and during later periods, tlesorption of boron may
continue from the site-1. The soils representingpmsoils of Kashmir used under
present investigation are dominated by illitic clayneral (Wani and Rajkumar,
2008) which can be expected to control the adsmipéind desorption of boron
due to presence of large amount of tetrahedral ialum (Hingston, 1964 and
Fleet, 1965).

According to Couch and Grim (1968), B (QHis held at the edges of
illitic crystal. They proposed that the first stepmechanism for boron retention
by illite is a rapid chemical adsorption of B (Offnion in the “frayed edge” of
the illite flakes. The second step is a much slodifusion of boron into the
tetrahedral structural position in the crystal. Simand Bingham (1968a)

concluded that hydroxyl iron and aluminium compaosirah the layer silicates
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dominated over clay mineral species in determinibgron retention
characteristics which in turn may be conditionectlay mineral species.

The study thus suggested the possibility of croppup of boron
deficiency in the soils which have already desordkdut 90 % of its leachable
boron in soils belonging to the high rainfall aremsd are being intensely
cultivated with high vyielding varieties and the ueé& boron free chemical

fertilizers.

The data of boron desorption was also fitted toous Kinetic models
like zero order, first order, second order, powerction, Elovich and parabolic
diffusion was tested by least square regressiomysisafor describing boron
desorption from the soils. The models which hadhés coefficient of
determination (B and the lowest standard error of estimates (Sffijes was
considered to be the best fit. The results areoimsanance with the findings of
Peryueaet al. (1985) and Sharmet al.(1989).

The perusal of the data showed that Elovich kinetjoation was best
among different models as evident by the overaghést values of coefficient of
determination (B and lowest standard error of estimates (SE) sateer the
entire range of time. The requirement of short tieactime (Aharoni and
Ungarish, 1976) for fitting data to the Elovich atjon may be one of the reasons
for higher SE values observed in the present stlilg. Power function model
was found to be equally good in describing borosodgtion kinetics in all the
soils. Sharmaet al. (1989) also indicated that power function, pseudsi-brder
and Elovich Kinetic models adequately describedbaelease from salt affected

soils of Punjab.
5.4  Response of Berseem to Boron and its critical linstin soils and plants
5.4.1 Response of Berseem

A greenhouse experience was conducted to studeiponse of berseem

to boron application at 0, 1.0 and 2.0 mg B'kspil. The boron deficiency
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symptoms on berseem plants grown on control tre@iSneere observed at 45
days after seeding. The deficiency symptoms rariggd mild to severe. The

symptoms were almost similar to those describeBdrgman (1992).
First Cutting

The mean dry matter yield of Berseem in contrchtireent was 1.480 g
pot* which increased to 2.057 g powith application of 1.0 mg B K§ soil,
showing 27.78 per cent increase over control treatnurther application of 2.0
mg B Kg' soil increased the mean dry matter yield by 3.80 gent over the
control. The difference in dry matter yield in @ifént soils might be due to
variation in available boron status of soils. Saniincrease in dry matter yield
with application of boron to clovers was reportgdSterell (1983) and Dear and
Lipsett (1987). The soils differ in their respongeboron applied. The mean
Brays per cent dry matter yield of 76.90 % was olesin these soils. The rest of
the yield may be attributed to boron applicatioom® soils respond more to
boron application than the others. Such responsealga reported by Dat& al.
(1994) for soybean crop at Chotanagpur. The vanain dry matter yield of
berseem in different soils was mainly due to veratn the boron contents of
plants and secondly due to the level of soil abéddoron.

The mean boron concentration was 19.47 figug it increased to 21.707
and 27.950 pg § when boron was applied at 1.0 and 2.0 mg B lgil,
respectively. There was successive increase innboomcentration with boron
application. Increase in boron concentration witbréasing levels of boron was
also observed by Dattt al. (1994). Malewaret al(1999a) and Sherell (1983).
Characteristic symptoms of boron deficiency werseobed in the berseem when
plants were deficient in boron contents. Thesessovhich responded more to

boron application, were poor in boron status.

The boron uptake in plants increased significaatig successively with
the application of increasing rates of boron agicsn. The mean increase in
boron uptake with 1.0 and 2.0 mg Bkgver control were 36.81 and 81.58 per
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cent over control, respectively. The marked vasiain boron uptake by plants in
different soils was due to the variation in dry teatyield as well as their boron
concentration. Sakait al. (1991) also reported significant increase in tbtaion

uptake with the increasing levels of boron appigratin all the varieties of

mustard tested on calcareous soils of Bihar.

Second cutting

The data on dry mater yield of berseem at secattthg taken at 30 days
after first cutting is presented in Table 4.24. Thean dry matter yield in the
control treatment was 3.483 g pband it increased to 3.977 g pbwith 1.0 mg
B Kg' and 4.293 g pot' with 2.0 mg B Kg. The Bray's per cent yield in
different soils varied between 70.41 to 94.07 pemtcNone of the soils have
Bray's dry matter yield more than 100 %, indicating toxic effect of boron
content of these soils. The soils were low to higlavailable boron, thus such
type of mixed response was observed. The respohdmsron application to
various field crops has earlier reported by Siaehal (1991). The variation in dry
matter yield of berseem in different soils was réfi@e, mainly due to variation

in the boron content of plants.

The mean boron concentration in the control treatmes 19.404 pg
and increased to 21.620 to 27.440 [fgngth the application of 1.0 and 2.0 mg B
kg™ soil, respectively. The boron uptake by secondraybf berseem was 68.829
ng pot' in control treatment which increased to 87.155ppt' and 118.776 pg
pot* with the application of 1.0 and 2.0 mg B’kgoil, respectively. The boron
uptake in different soils varied significantly ts fow as 50.69 pg potin Tral
soils to as high as 167.860 pg pan Shopian soils. There was a considerable
variation in boron uptake in different soil. The nked variation in boron uptake
by plants in different soils was due to the vaoatin dry matter yield as well as
their boron concentration. Daté al. (1994) reported that soybean differ in the

response to boron application.
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The data on effect of boron application on dry eratyield, boron
concentration and boron uptake by berseem at twtongs i.e. after 60 days of
growth and second at 30 days thereafter, are pesbém Table 4.21-4.26. This
shows the increased yield with the application.6frhig B Kg' soil and 2.0 mg B
Kg™ soil, respectively, over control. Significant respe to the application of 1.0
mg B kg" soil showed that this much boron was sufficientratse the soil
available boron level of these soils significantty meet the requirement of
berseem crop. Response of clovers to boron apiplichts been reported to some
of the workers (Dible and Berger, 1952; Sherell 3;98estring and Soltanpour
1984; Dear and Lipsett, 1987; Ralal.,1989).

5.4.2 Relationship of different soil extractants wh crop yield and boron

uptake

The coefficient of correlation between plant partre and boron
extracted by different methods indicated that watduble extracted boron had
the highest correlation with Bray's per cent yialél berseem (0. 884**),
followed by hot water extracted bororf50.854**). There was non-significant
coefficient of correlation with AB-DTPA extractabloron. Water soluble gave
the highest coefficient of correlation with Brayer cent yield at second cutting.
Steenberg (1954) has presented a valuable disous$ithe factors affecting
nutrient concentration in plants and given reasfarspreferring the nutrient
uptake as a measure of the nutrient status of ldr@spand of the medium in
which it grows. Thus the correlations between adéd boron and boron uptake
may be more reliable than correlation coefficiebétween the available boron
and crop yield. Keeping this in view, the corredas between the Bray’s per cent
boron uptake by berseem and boron extracted witbreint extractants from the
soil were worked out. It is clear from the resuliat methods which are highly
correlated with Bray's per cent yield and Bray'sr pgent boron uptake by
berseem are 0.01 M Caf-hot water and water. Very good correlation betwee

boron extracted by 0.01 M CaCind relative dry matter yield of soybean have
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been reported by Dat&t al. (1994). The effectiveness of boron extracted by10
M CaCh, hot water and 0.05 N HCI has been also reportedsbstring and
Soltanpour, 1984; Dattt al.(1994) and Dwivedet al. (1993);

5.4.3 Critical levels of boron in soils and plants.

The critical level of boron in soils and plantssadetermined by plotting
Bray’s per cent dry matter yield against soil boes plant boron concentration,

respectively, adopting graphical method of Cate ldalson (1965).

The critical limit for available boron extracted bpt water was 0.48 at
first cutting and 0.49 mg Kgsoil at second cutting, respectively. Hot water
showed better correlation with plant parametersie&¢ workers have reported
different values of hot water and 0.01 M Ca&ltracted boron for different crops
grown on different soils. Malewaet al. (1999) reported 0.52 mg B kgs the
soil critical level for cauliflower using hot watas extractant. Dattet al. (1994)
compared hot water and 0.01 M Ca€ktractants for boron and showed that the
critical levels of soil available boron extractall#h hot water and 0.01 M Cagl
were 0.46 and 0.65 mg Kgsoil, respectively for soybean. Boron extracted by
both the extractants was also significantly coteslavith Bray's % vyield, plant
boron and boron uptake. Work done at Pusa and plab@lakkaret al., 1989)
also indicated good correlation between hot waidéraetable boron and crop
yield. Boron extracted by 0.01 M CaCt 0.01 M mannitol showed better
correlation with plant parameters. Similar reswiese reported by Tsadilat al.
(1997). They reported soil boron content correspando boron toxicity in
kiwifruit as 0.80 pg g for 0.01 M CaCJ + 0.01 M mannitol extractant. Dagaal.
(1994) in the green house study observed with BLGECI extractable boron was
not related with Bray's % vyield for soybean, altbhuit was correlated

significantly with plant boron and boron uptake.

Boron extracted with AB-DTPA extractant was notngigantly correlated with

any of the plant parameters.
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The critical value of boron in berseem plant at mttings was found to
be 23 and 19 pgpn dry weight basis, respectively. At first cuttiofberseem,
boron content was highly significantly correlatetharelative yield (r= 0.884**).
Whereas at second cutting the boron concentrati@s aiso significantly
correlated with Bray's per cent yield (r= 0.913*Similar positive and significant
correlation of Bray’s per cent yield with boron ¢emt of soybean and blackgram
plants was obtained by Salalal. (1985) and Dattat al. (1994) respectively.

Chapter 6
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SUMMARY AND CONCLUSION

The present investigation deals with the differémtms of boron in
relation to physical and chemical characteristiéssoils, boron adsorption-
desorption behavior, kinetics of its adsorptionestpson and its availability to

berseem. The salient findings of these investigatare summarized as under:

Different forms of boron in relation to soil properties.

The average WS-B content in the soils was 0.35 midsdil. It was
positively and significantly correlated with clay=0.572**), silt (r=0.374*) and
CEC(r=0.620*) and negatively with organic carborotHvater soluble boron
content ranged from 0.10 to 1.27 mg*kspil with a mean content of 0.46 mg kg
!soil. Sagipora soil had higher content of this for@alcium carbonate was
negatively and non-significantly correlated with t hwater soluble boron.
Correlation with organic carbon (r= -0.362*) andnda(r= -0.783*) was
negatively significant. Silt and CEC were signifitlg correlated.

The mean content of CaCextractable boron was 0.63 mgkgoil.
Kangan soil had least amount (0.30 mg B)ghereas; Sagipora soil had highest
content of this form (1.44 mg B K The correlation of Ca@xtractableboron
with pH (r= 0.742**) and EC (r= 0.593**) was posié and significant. Organic
carbon was negatively and significantly correlated-0.432*) with this form of
boron. The mean content of acid soluble (0.05 N)H®@ron was 0.64 mg kg
!soil. Maximum content of this fraction was presenSagipora soil (1.24 mg B
kg™). This form was also negatively and significantyrrelated with sand (r=-
0.677**) and organic carbon (r=-0.148) content. diah carbonate was
significantly and negatively correlated with acidluble boron, while clay
(r==0.564**) and CEC (r= 0.359) showed positivetyrrelation. Leachable boron
varied from 0.57 to 1.74 mg B Kgsoil with a mean value of 0.93 mg B kg
Organic carbon was negatively (r=-0.140) correlatgith leachable boron. Silt,

clay and CaCe@content showed positive but non-significant catieh (r=0.203,
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0.362 and 0.327, respectively). Ammonium bicarbedA2iT PA extractable boron
varied from 0.77 to 1.94 mg B Kgsoil in different soils. The AB-DTPA boron
content was significantly correlated with pH (r-8D4**), EC (r= 0.684**), clay

(r=0.580**) and silt fraction (r= 0.399*)with thiform. Organic carbon was
negatively and significantly correlated with AB-DARextractable boron. Mean
total boron content varied from 40.72 to 50.55 myg kn soils with overall mean
of 45.46 mg kg soil. Total boron was positively correlated with = 0.498%),

clay (r=0.563*), CEC (r= 0.766**), pH (r= 0.686*and EC (r= 0.421*) while
negatively significant correlation was observedhwstnd content (r= -0.928**)

and negatively non-significant correlation with anic carbon content(r=-0.219).

Regression equation showed that 82, 70, 77, 97ar@b 84 per cent
variations in water soluble, hot water soluble, Ga&Rtractable, acid extractable,
leachable and AB-DTPA extractable forms of bororrevgoverned by various

soil properties.

All the forms of boron were significantly correldtevith each other in
these soils. Most commonly used form of boronha. water soluble boron was
highly significantly correlated (r= 0.897**) with.01 M CaC} extractable boron.
Ammonium bicarbonate-DTPA extractable boron wasifigantly correlated

with all the other forms of boron.
Boron adsorption and desorption by soils.
Boron adsorption

Boron adsorption increased with increase in comagan of adsorbate.
The adsorption isotherms were of L- shaped almostli the soils. Boron
adsorption was positively and significantly cortethwith the clay (r= 0.906**)
and CEC (r= 0.726**). Sagipora soil adsorbed maximamount of boron. Boron
adsorption for the Khag, Bandipora and Sagipords stonform well to the

Langmuir adsorption equation over the entire cotraéon range. In case of
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Sagipora soil, relationship for boron adsorptiors\iaear up to 60 pug B mlin
the equilibrium solution. Langmuir equation was laggble only up to limited
concentration. The band k values were 34.843 ug-Baijl and 0.086 ml |ig

respectively.

All the other soils, gave curvilinear relationshmglicating two sites of B
adsorption, which may be attributed to the incdesisenergy of adsorption in
these soils except S2 and S7. At the first site ofayer adsorption and at the
second site multilayer adsorption and/or preciitatreaction of boron are
dominated. The adsorption maxima, bl and b2 vdrad 9.718 to 34.843 ug B
g'soil and 32.468 to 47.170 pg B'goil, respectively. The bonding energy
constant k1 and k2 values ranged between 0.0643t8@&nd 0.028 to 0.076 ml
ng', respectively for these soils. Bonding energy stakingly influenced by soil
texture. The clay content markedly influenced ttsoaption capacity of the soil.
The bl values were significantly correlated witayccontent (r= 0.565**) and
CEC (r= 0.506**).

Freundlich equation gave a straight line relatigmsiver the entire range
of equilibrium solution of 1 to 100 pg B thladded. The Freundlich equation
assumes multilayer adsorption and heterogeneitysafs as compared to
monolayer adsorption and homogeneity of sites imgbauir equation. Freundlich
k values or the adsorbent capacity increased sgfikiwith the increase in clay. It
was maximum of 2.722 for Sagipora soil and minimaefm.738 for Kulgam soil.
The values of 1/n, the intensity of adsorption wless than unity for all the soils,

with maximum of 0.704 for Kulgam and minimum of B46for Anantnag soil.

Desorption of boron by soils

192



Boron desorption in soils was far less than th@ba@dsorbed. The results
denote that adsorbed boron was not readily releiastte solution. The per cent
desorbed boron (of the adsorbed) was higher atehitgvels of added or pre-
sorbed boron. Boron desorption by soils was paditivand significantly

correlated with sand and negatively with clay.

Boron desorption was maximum in Kulgam and minimiumSagipora
soil. Boron desorption obeyed the Langmuir type adign over the entire
concentration range. The desorption maxima (Dm) kigker in fine textured
soils as compared to coarse textured soils. Thep&agsoil having maximum
value of Dm indicating that this soil has less ptitd to release boron for meeting
the boron requirements of the crop. The values arfstant related to boron
mobility (kd) ranged between 0.163 to 0.412 misyil.

Kinetics of boron adsorption -desorption
Adsorption kinetics

Boron adsorption reaction was initially fast folledv by slower process.
Adsorption of boron by these soils was almost cetephfter 48 h in all the soils,
although the complete equilibrium was not attaioatl 72 h has elapsed. Boron
concentration in the equilibrium solution rangednfr27.5 to 36,1g mi* at the
completion of the adsorption reaction. Maximum lonas adsorbed by Sagipora
and minimum by Khag soil.

Boron adsorption was applied to different kinetiodels and it was found
that zero order, first order, second order andpdweation rate equation failed in
describing the boron adsorption kinetics in almalstthe soils. The Parabolic
diffusion kinetic equation was the best in desdfiltlee rate of B adsorption as
evidenced by the overall highest values 6faRd lowest value of standard error
(SE). The Elovich equation was also found to b&able for describing the rate of
boron adsorption by the soils.
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Desorption kinetics

The soils were pretreated with 40 pg'Bgil and desorbed with 0.05 M
mannitol solution as a function of time. The tatakorbable boron was higher in
coarse textured soils as compared to the fine tedtsoils. Maximum desorable
boron of 13.58 pg g soil was in Kangan, while minimum of 9.55 pg @

Sagipora soil.

Furthermore, the desorption of boron took relagiveks time (24 to 48 h)
in coarse textured soils in comparison to 48 toh7ia fine textured soils. The
integrated rate equation when applied to the désorpdata, indicated two
distinct linear portion expressed as site 1 arelZindicating two types of pseudo
first order reactions in boron desorption. The tsites represented two boron
retention sites, the first belonging to the fastl &ne second to the slow boron
desorption reactions. About 73 to 82 per cent efttital desorbable boron was
attributed to the first site that belonged to thesmreadily desorbable boron
fraction and the rest meager amount of 18 to 2&eset to the second site, which

retained boron tightly.

Boron desorption data were also fitted into othaetics models like zero
order, first order, second order, Elovich, powandiion and parabolic diffusion
equations. The Elovich kinetic equation was foumdbé successful in describing
boron desorption data in these soils. The Powestiimm model was equally good
in describing boron desorption kinetics in all #als. The Parabolic diffusion

kinetic model could not describe the boron desomsatisfactorily.

Pot experiment

Ten bulk surface soil samples of major soils oftifas were used in a pot
experiment. Boron was applied at the rate of 0ah®2.0 mg B kg soil through
borax with three replications. Berseeifrifolium alexandrinum)was raised in
polythene lined earthen pots and was harveste® an@ 90 days of growth. Six
extractants for boron viz. water, hot water, 0.01C8C}, 0.05 N HCI, 0.01 M
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CaCl + 0.01 M mannitol and 0.1 M NfHICO; + DTPA were tested for predicting
boron availability to berseem.

Dry matter yield of berseem increased significamtith the application of
1.0 mg B kg and 2.0 mg B Kg soil with respect to control. At first cutting,eth
mean increase in yield with the application of h@ B kg' soil was 2.057 g pot
and it was 27.78 per cent over control treatmentoB concentration and uptake
increased significantly with boron application. Tte#al boron concentration in
berseem plant in control treatment varied from 18.35.4 ug g, whereas, its
concentration with the application of 2.0 mg Bspil varied from 22.9 to 38.8 g
g™ at first cutting. At second cutting, boron concation in plant varied from
12.1 to 36.0 pggwith zero boron level and with the applicatior2e® mg B kg
soil it ranged between 20.8 and 37.3 [gdgy weight. The mean percent increase
in boron uptake with the application of 1.0 and 2@ B kg" was 45.98 and 61.03
ng pot' over control (33.61 pg pod}, respectively at 60 days of growth. At
second cutting, boron uptake increased from 68@%et" in control to 87.16
and 118.78 pg pdtwith the application of 1.0 and 2 0 mg Bspil.

The amount of boron extracted from the soil by masiextractants was in
the order of AB-DTPA> CaGl+ mannitol> 0.05 N HCI > 0.01 M Caghot
water >water. All the extractants used for ava#albbron estimation were found
to be significantly correlated with each other. Mosmmonly used hot water for
extracting available B was significantly correlatedh all the other extractants.
Correlation was highly significant with AB-DTPA @958**) followed by 0.01
M CaCh (r= 0.897*) 0.05 N HCI (r=0.881**), and 0.01 M CaCt 0.01 M
mannitol (r= 0.811**). Among the different extranta, boron extracted with 0.01
M CaCl, gave the highly significant coefficient of correte with Bray’'s per cent
yield (r= 0.854**) at first cutting and r= 0.886" @aecond cutting of berseem,

respectively.

The critical levels of available boron estimatedvimter, hot water, 0.01
M CaCh, 0.05 N HCI and 0.01 M Cagh 0.01 M mannitol, below which
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berseem will respond to B application, were of ehaer of 0.34, 0.48, 0.70, 0.62
and 0.74 mg K¢ soil, respectively for the first cutting. For teecond cutting, the
soil critical level was estimated as 0.34, 0.49100.63 and 0.74 mg Rgsoil
using water, hot water, 0.01 M CaC0.05 N HCI and 0.01 M Cagd 0.01 M
mannitol, respectively.

The critical levels of boron in berseem plant astfiand second cutting
were found to be 23.00 and 19.00 |1y @spectively.

CONCLUSION

1. There was no particular trend regarding distributaf different forms of
boron because of different physico-chemical charestics of soils.

2. Boron adsorption data was satisfactorily describgdboth Langmuir and
Freundlich adsorption isotherms over the entire ceatrations used.
Adsorption of boron was mainly governed by the ataytent and CEC of
soils.

3. Desorption of boron was found maximum in soils hgvow clay content and
lesser CEC.

4. Parabolic Diffusion and Elovich model was found e the best fit for
studying the adsorption kinetics in different so¢hile as Elovich and Power
Function was found to be best fit for desorptiomekics

5. Berseem was used as an indicator crop for boromeSsoils were quiet
responsive to application of boron as comparedhers. The variation in dry
matter yield of berseem in different soils was raniue to variation in the
boron content of plants and secondly due to leebt available boron.

6. Critical limit for available boron extracted by haster was 0.48 mg Kgof
soil and showed better correlation with differefanp parameters. The critical
value for boron in berseem plant at two cutting ¥eamd to be 23 and 19 mg

kg* on dry weight basis respectively.
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