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Chapter-I 

INTRODUCTION 



Boron is an es entiat micronutrient element required for normal growth of plants . The 

initial proof" of" this essentiality of" boron in plants was established by Warington ( 1923) although 

the chemical species involVed in bbrol'\"s essentiality in plants have no~ been dctinhely proven 

and many hypothesis have been put forward (Loom is and Durs t . 1991 ). Boron. along with ll~< 

neighbours in the periodic table, ; onc.J Be are not abundunt clctnenLs in the e.nrth'"s crust b..,.ca.U e 

they are bypassed in tho normal chain of" thermonuclear reactions in stars (Reeves, 1974). In spite 

of" its low natural abundanc , B i widely distributed both in the lithosphere and hydrosphere 

(Morgan. 1980) . 

Soils may be divid ·tJ into tWo co.t.cgorieo:s: t.hose wid'l low t3 content ( < I 0 n1il 1::1 kg 1
) Ctr 

high Boron cont ·nt ( > I 0 r'tlg kg· '). Most soils have a low B content and hence out of" all the 

micronutrient de;:Jficienoic=.S In plant .. 1.:1 deficiency is most. widespread . The rapid and sp •cific 

inhibit._ion of" plant growt.h t.t\at ocour upon removal of" B t ·ro•n gro~h media is b c:uu~~ of' t.hc 

structural role B plays In the cell all !"ormation and the limited mobility oF B in majorhy of· 

plant species. Hence f"or optimum plant growth. B has to be s upplied continuously through the 

liCe of the plant and u uall throu h the root. Boron is absorbed from the soil solution by roots 

mainly as undis vciutcd b 

primarily d termincd by a 
(Hu and Brown. 1 997). 

t"lt.:: acid. Which isH pus~ ive proc..:c:s~ . I-lene~ 1'3orun upLukc by pluul.~ i ~ 

nccntration in t..he uptake medium and transpiration rate F the pl&nt 

The (!hemistry of" B ifl so il i s imple as it neither undergoes oxidation-reduction reactiOns 

nor volat-iz.ation reaction . Boron c nlnining minerals in soil are either too soluble or too 

insoluble and u s ually do nOt control the ><olubility of B in soil so lution. The B conccntrotioo1 i11 

soil solution is generally controlled by 13 adsorption reactions . P'lants respond only to activity of' 

boron in soil so lution and not to adsorbed boron. However B in soil solution i s pron to leaching 

losses and hence B deflci •ncy is mos t like ly in coarse textured · il s of" the humid tropic . Soil• or 

t.he terai-agro clirnat.ic reaion of' Wes t Bengal arc coarse in tcxlure and prone t.o leaching los5cs 

due to high rainf"all (>2S00rnrn annual rainCall). Due to excessive leaching oC bases th - soils are 



acidic in reaction . A natural response of" farmers to amend these soils is to apply lime. Boron 

deficiencies are known to be trigard by liming acid soils (Reisenauer eta!. 1973). Or •anic nutltcr· 

in soil has the ability to complex large amounts oF B (Yerrniyaho et al. 1988) and is often held 

responsible as the cause oF B dcliciency. here is little inf'orrnation on the eFFect of' addition nf" 

lime and or organic matter on the availabilit-y and or bioavaila.bili'ty of' boron in soils ur tct"ai 

region of' West Bengal. 

The pres nt study entitled u lnflucncc oC lime and organic ~nattcr addition un 

availability of" boron•• was under taken t.o s tudy the relation s hip bct"ween B .. lime and organic 

matter in t.erai o.gro-climatic z one "vith the f"ollowing objectives . 

I . 

2 . 

~ ,-o study t_hc available B content and its relation to soi I properties in some soi I 

series of' N rth Bengal. 

·ro study the adsotption behaviour of' B in soil amended with lime and or-ganic 

matter. 
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Chapter-II 

EVIEVV 
OF ITERATURE 



Review of' literature has been presently re tricted to the following s ections-

A. Distribution of available boron in soils. 

B . Soil properties effecting boron availability . 

C. Boron adsorbing surfaces in soiL 

D. Modeling boron in soil. 

A. DISTRIBUTION OF AVAILABLE BORON IN SOILS: 

A lot of information tegarding status and distribution of boron has been generated in 

India. Takkar ( 1982) has reviewed the research on boron status of different soils in India. Das 

and Saha ( 1999) has reviewed the research on boron status of different soils of' West BengaL 

However only those reviews pertaining to alluvial acid soils are presented here. 

Out of t:he 3853 oil sam pi s an•.tys cd For boron in Wes t Bengal , the available B content 

ranged from traces to 3. ~.mg kg" 1with a mean value of 0 . 34 m g kg"1 . However these soil samples 

are s kewed towards fiv di s tricts only, belonging to acid soil r e gions and to two districts groups 

name ly alluvial und la t e rite . M a nd•ll <f t a/. ( 1991) analys ed 88 s urface s oil s from three districts of 

North Bengal , namely, Jfllpai g uri (25) ooch Behar (59) and Dinajpur (4) and t'ound available 

boron content to vary rrom u ·ac s l I .02 (mean 0 .29) ppm, traces to I . I 4 (mean 0.36) ppm and 

0 . 19 to 0.47 (mean o. ) ppm r<1 peotively. Pakrashi (1991) analysed 30 soil samples f'rom 

Cooch Behar and and 28 Mlmples From Jalpaiguri district. The available boron content varied 

f"rom 0 .0 I 7 to 0 .279 (mean (j, 128) ppm and 0.070 to 0.437 (mean 0. 137) ppm respectively for the 

above two districts. Later Saha ( 1992) analysed 65 soil samples from Cooch Behar and 

Jalpaig uri disu·icts and fuund that the boron content varied from 0 .065 to 0.456 (mean 0 .261) 

ppm and 0 . 129 to 0 .3 48 (mean 0 .232) ppm respectively For the above two di s tricts . The higher 

mean boron content as compared to previous reports may be because the extractant used was hot 

water in the first two cases and hot aCh in the third . Mandai (2004) analysed 45 surf'ace soils 

ofCooch Behar di s trict and reported hot water soluble boron to vary from 0 . 12 to 0.3ppm . 

3 



Barthakur ( 1992 analysed the available boron content of acidic surface soils of 5 districts 

of" Assam. The available boron content varied from 0 .2 1 to 0 .723 (mean 0 :441) ppm, 0.065 to 

0.5 13 (mean 0.228) ppm and 0 .096 to 0.423 (mean 0 . 189) ppm in the districts of Dibrugarh, 

Sibsagar, Nagaon, Kamrup and Goalpara, respectively . Ali (I 992) reported the res ult of" 12, I 65 

soil analyses in the dist..rict.s or JorhoL. Durrang,. No.gaon,. Kamru(") an<.J Uoalpura. 1\.vuilublc hnn.ln 

content rang d rrorn 0. I 5 to 2.374, 0.16 to 7 .56, 0.14 to 9 .0, 0.36 to 3 .92, and 0.16 to 6 .74 

respectively with mean value of I .66, I .72, 2.1 5, 1.61 and 1.37ppm .The mean boron contents 

reported by Ali ( 1992) seem to be higher than those r eported by Barthakur ( 1992) for 

comparable dist..rict.s. 

Nongkynrih e t al. ( 1996) analysed 136 acidic s urf"nce soils under rice cultivation in 

M.eghalaya and IQund the availabl • boron con't.ent to vary f'rom 0 . 2 to I .9 ppn-... Dutt.a and Ran, 

(1993) analysed soils under Ultisols, lnceptisols and Entisols in Tripura and f"ound the available 

boron content to range rrom 0 .4 to 2. 7 with a mean of" I .33 ppm. 

Analysts of- 100 oils sample in two acid sedentary soil erics of" Chhot.onagpur region 

revealed that available bOron content varied rrorn 0 .0 I to 0 .58 ppm (mean 0 .24) ppm in Jorsol 2 

and 0.2 to 1.78 ppm (rn•un 0.77) pj'>m in Debatoli (Ghosh ond Sarka r . l994) howeve r . in 

Debatoli , Durnka and Laxrnipur of' South Chhotonagpur, Bihar. Kumar et al. ( 1 994) observed hot 

water soluble boron cOntent to vary f"rofn trace to 2.8 (mean 0 . 7) ppm, 0. I to I . 9 (mean 0.6) ppm 

a.t'ld trace to 3 . .5 (mean 0 .7) ppm re pectlvcly. 

-- t .... hu s it. may be sc n that there is considerable variation in the available boron content 

within st.at.cs and even within regions of" a st-ate. 

4 



B. SOIL PROPERTIES EFFECTING BORON AVAILABILITY 

Relationship of' available boron to soil properties: 

A number of !actorS are reported to have a bearing on available boron status of" the il 

namely pH ... organic matt r,. clay, esquioxides,. carbonat:.es and management. The fOllowing 

review encompasses only the main fit.ctors as present.ed here under. 

pH: 

One of the most important factors affecting the availability of" boron in soil is pH. With 

increasing soil solutiol1 pH . boron generally becomes less available to the plant. So luble boron 

content in soil was highly s ignificantly correlated to solution pH ( - lrashidi and O· onnor. 1982) 

and boron uptake by lants at identical water solub l e boron content was greater at lower soil 

solution pH (Wear and Pat:terson. 1962). Singh et al. (2006) summarized the results of" boron 

analysis in soils of' Bihar which showed that: t.he magnitude of" boron deficiency progressively 

increased with a rise in soil pH. At pH less than 7.5 only 16% soils were deficient in boron . 

Be£Ween pH 7.5 and 8 it was 4.5 and above pH 8 the value was 47%. Mathur e l a/. (1991) 

reported a decrease in available boron content with increase in pH in the Indira Gandhi Canal 

Area. 

However Mondal d t a/. ( 1991) f"ailed to observe any significant correlation between pH 

and available boron in 88 surf"aCc soils of" three Northern districts of' Wes t Bengal. Similarly 

Nandi ct a/. (1992) did not obser'Ve any relationship between pH and available boron content in 

soils of" Purulia. Bankura ond Midnapur districts of" West Bengal. 

Organic IVI"atler: 

Berger and Truog (1945) concluded f"rom their s tudy that in acid soi ls. the available 

bor-on eont..ent increased with an increase in organic matter content.., however in a lkali soil 

available calcium content had more effect on boron availabilit:y. In presence of' f'ree calcium. 
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available boron gets fixed in a temporarily unavailable form, partially by organic matter and 

partially by soil minerals. 

However in literature all types of relationship have been reported by workers working on 

different and even slml lat soils. For example Monda! el a/. ( 1991) and Pakrashi (1991) observed 

and inverse (statistically r1on-signiticant) relationship berween available boron and organic 

matter content, Saha ( 19~2) observed a pos1tave relationship (statistically non-slgnit1cant) 

between organic matter ancl boron availability. Nandi era/. ( 1992) observed a similar positive 

relationship but '-"Orkll18 '-"ilh red and lateritic soi ls of" West Bengal. 

In calcareous aHd recent alluvial soils of' North Bihar. SakaJ ei a/. ( 1987) observed a 

positive correlation between organic carbon and available boron . Similarly positive correlatibn 

has been reported by Kumar (2003) ln old alluvial soil s of' Nawada district ol" Bihar. Ghosh Hnd 

Sarkar (1994) also rcpo1'1.ed s imilat-ly. working with acid sedentary light textured s oils or- Bihur. 

Saha er a/. ( 1998) obs rved sign Ill ant and posi tive correlation between available boron and 

organic carbon content in s hrink-swell and red-yellow soils of' Madhya Pradesh. 

However Singh and Sinha ( 1987) tailed to observe any significant relationship between 

avallable boron and organic carbon content in red loamy soi ls of" Chhotonagpur region of' Bihar. 

Similar res ults \Ncre at o reported by Tcwari era/. ( 1988) f"or soils of" Raj g hat area or Madhya 

Prudesh . Singh u.nd Slnhu ( 1 975) Cv •n reported f'ixution of" bon .. > n in the sun<.J y sui I s u,- Nurth - Eust 

Bihar with increase in ory.anic mnt.t-er content._ 

Singh er a/_ {2006) reported that boron deficiency was continuously decreased with 

increase in organic matter cont-ent. The percentage of' soi l s in deficient in boron wo.s 55 at 

orga:nic carbon values of" l ess t.han 0 .3 5o/o , 29 when it ranged f"rom 0 . 35 - 0 . So/o and 22 at. organic 

carbon content above:: O . SOo/u. 
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Texture: 

Berger ( 1949) had. reported that in the humid regions, the avai I able boron content 
increased wit.h clay conter\t. Sing e t al. (2006) reported wide spread boron deficiency in North­
Eastern part. oa· Bihur Uu" lt> predominance of" coarse t.cxt.urcd soi l s. Ghosh nnd Sarkar ( 1994) 

r-eported non-significant t:Jut negative c<>rJ"""ela~ion bct.ween available boron and clay content. in 

.Jarsol 2 and Debntoli soft series or Bihar. 

Bhana.charjec ( tl>S6) observed t:_hat the:. available boron cont.c:cnt increased with the:: 

increase in percentage or silt and o luy in soil s of'" rvturs hidabo..d distric.Ls or Wes t Bengo.l . F"or th~ 

Terai region or West B hgAl , 1'.11ondat e r ai. ( 199 I) reported Lhat. the availu.ble boron content 

incrc::.n.sed with increase in c lo.y corttcnt. . However Pakrn.s hi ( 1991) observed negative relation 

between clay content aht:l hOt wat.c:s,. soluble boron. 

Pos itive relatiOn hif' bctW t!n available boron and cluy plus sill ,-, .. oction in scn ·ai arid 

region of' Punjab and Haryana was reported by Singh ( 1970). Poshivc correlation between boron 
and clay has at o been reported In sub soils of' Dir district of Pakistan (Ahmed el a/. 1990). 

However Pcrveen eta/. (1993) failed to observe any relationship between available boron and 

clay content in soils ofNWFP of Paki tan . 

Mathur et ai. (I 91) reported the available boron content to increase with increase in clay 

content in flood plain soil!l uf Indira Gandhi Cannl Area. However in an earlier study Mathur el 

a/. (1964) ob5ervcd a significant decrease in available boron content with increase in clay plus 

silt content in Rajasthlih soil . 

Moisture: 

Boron availability generally decreases as soils dry making boron deficiency in plant more 

likely (Fleming 1980 . Diffusivity of boron decreases with decreasing water content because 

drying reduces soil sulution mobility and increases the diffusion path length. Moisture stress also 

restricts the release of boron from organic and inorganic cumplcxc5 and impairs the availability 
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of the plant to extract boron from the soil. Under high rainfall condition, the availability of boron 

decreases due to leaching losses (Singh el a/. 2006). 

Monda I , ( 1991) studied the effect of" moisture regimes in rwo acid soils or North Bengal 

and round that the available boron content was higher under submergence than at field capacity 

mois £ure. The available boron content also increased up to 30 days of" submergence and there 

after decreased at both mol lure regimes. 

Wetting and dryin cycle-s increased the amount of" horon fixation . The effect of' boron 

became more pronounced with increosin • additions of" boron (Biggar and FiremHn. 1960). 

Ot:her Ions: 

Singh (2006) r ported that and increase in available P 20 .s decreased the magnitude of" 

boron deficicn ·y. which wa 42o/u wh n available P 2 0 .s was Jess t.han 30 kg ha" 1 • 38% at P 2 5 

ranging f"rorn 3 0-40 kt;~ had and ::2.9o/o iit P ::. O .s aboYe 40 kg ha· • . Soil available K , O showed 

positive effect on soil aYailable boron up to 600 kg ha· ' K 2 0. The boron deficient soil samples 

were 4:5o/owhcn vailubt K 2 0 was I "Ss tho.n 350 kg ha· ' and decreased to 34% u t ovailuble K , O 

ranging between 350-600 kg ha· • . T he association ol" boron defici e ncy with soil available P 20.s 

and K 2 0 is attributed to better soil Fertility. high organic matter and recycling of" boron bound 

with organic m ~t..er . 

C. BORON ADSORBING SURFACES IN SOJ.L: 

Oxide 

AI and iron oxtde play an important role in boron adsorption behavior in soils (Elrashidi 

and o• onnor, 1982). Boron adsorption i s highly specifically correlated with the aluminium and 

iron oxide content of" oils . Numerous s tudies have investigated boron adsorption on crystalline 

and amorphous iron and aluminium oxides. Results indicate that boron adsorption increases with 

increase in pH up to an adsorption maximum at pH 6 to 8 f"or aluminum oxides and pH 7 to 9 tor 
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iron oxides (Sims and Bingham. 1968). Above the maximum, boron adsorption decreased. Boron 

adsorption was maximum on freshly precipitated solids and decreased with aging due to 

increased crystall inity:J adsorpt:ion being greater Cor a luminium t:han iron oxides because o£ more 

surface area of" aluminium oxides (Goldberg and Glaubig. 1985). 

The mechanism or boron ud~orpt.ion on aluminium and iron oxides is considered to be 

ligand exchange with re. ctive sur"roce hydroxyl group and boron is thought to be s pecially 

adsorbed as inner spher complex (Su and Suarez. 1995). ompet"ing ions such as silicate. 

suJC"o.t.e ,. phosphut.e u..n.d ox.u._IU.t.c decreu.sc the mu"'nit.udc: of" boron udsorption on oxides in tho order 

phosphn_t.e> u.._rser\at:.e::> SLJ I rat.e=> chlor-ide (JVIet:wa.lly ei a./. 1 974) . 

IV'!ag ncs ium hydroxide has an appreciab l e capacity oF boron adsorption which is not 

affected by aging (Rhod s C l a~. 1970). Arid zone soi l s ho.ve consideru.blc boron adsorbing 

cu.pu.c:i~ in c.hc silt:/ sand /clay Fraot.ion . T he site ot-- this adsorption i s the hydroxyl rno.gnesiurn 

c:lust.crs or coa.t.ings t:ha.t. exi S t. n 1.ho weathering surCuces or Cerromugnesiurn minerals as well as 

hydroxyl aluminium .. h y dro yl iron and t.he mica.cce>us l ayer :s ilica..t:c:.M . 

Layer sillcu._1.c c•nys d.l-c importa..nt: boron adse>rbing s ur-f"accs in soi l ,. t:hc order of'" magnitude 

being ko.c:>linit.c-c rnont.morlllonit.o -=: illit.c {K.crcn nnd J'VIcz umnn .. 19R I). l ny rnir.,crol s cxhibil 

increasing boron adsorpt.l n '-vit.:h Increasing solution pH 'With adsorption maxit-na occurring at pi I 

8 toO I 0 a.nd boor<>n ad.s<OrptJon dcztrca.sc5 with increasing pH a.boV'c the n-.a..xin-.um (Sin-.s and 

Bingham,. I 967). The rat.e bC bot"on adsorpt.ion on clay minerals consist.s oC a f"ast. a.dsorptiun 

reaction a _nd a s low fixation ra:Dction . At first boron adsorbs onto the particle edges and 

subsequently migrat s ana get:s structurally incorporated into ~trahcdral sides replacing 

s-rructura.J silicon and aluminium (Couch and Grim~ 1968) by the process or ligand exchange. 

Boron adsorption f"or lon~:o reaction times ( 1 2 hours to 60 days) inc reased with incre.usint;, 

u::rnperaLure {Singh,. 197 I)- Boron adsorpt.ion on clays also increased wit.h increasing ionic 

strcngt..h or .solulion (Keren and Sparks. 1994). Decrease in wat:er cont:ent: decreased boron 
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adsorption on clays. Wetting and drying cycles increased boron fixation with the greatest 

increase occurring during the first wetting and drying cycle (Keren and Mezurnan, 1 98 1 ). 

Cornpetiting ions specially phosphate can appreciably reduce boron adsorption (Jasrnund and 

indcr. 1973), Whereus the presence of" chloride, nitrate and sulphate had little cflcct. Boron 

adsorption on cloy surf"ace is also ancctcd by exchangeable cation (Keren and Mczurnan. 1981 ) . 

Calcium clays ad,.orb more boron than sodium or potassium clays . On a per gram basis, boron 

adsorption by soil cloys is 1nuch less than most oxide minerals . 

Organic Matter: 

Organic mat-ter ~~ important: soil constituent afTecdng soil boron availability. Native soil 

boron and hot Water soluhl • boron are highly significantly correlated with organic carbon content 

(Eirashidi and onnnr. 1982 ) . R rK.,.,. nnd Pratt ( 1963) reported that large part of" the: toto I 

boron in soil is ussociot.lli:d With or~Uhi tnntter in tigh'tly bound compounds . However this boron 

can be rclea ~ed to soil solUtion in f'orms available to plants,. by microbial activities . Oxidation of­

organiC matter rc ult.ed in incrense in plant. uvo.ito.bl boron n .nd dccrco..se in boron fix.ntion . 

Soil humus has a ch ~mical afTinit.y f"or boron and it. appears to have:: .u._n, it'Tlport..n.nt. role in 

the ret.ent.ion of' bor n by s oils (Parks and White~ 1952). omplex CortTUlt.ion berwecn dials an<.J 

boron can explain th fRet t..hat boron i s not leached f"rom soils high in rgo.nic matter. Humus 

extract.cd From soil retained significant. u........,ounts oF boron and wo..s considered t.o piny o..n 

irnpc.rt.nnt rcJie in boron adsorpt:ion (Pu_rk.s and White,. l9.S2).Soil orga..n.ic r-na:t:t.cr o.dsorbs more 

boron t.han mineral s oil con.st.ituent.s on n weight. basis (Gu and Lowe, 1990). Vermiyuho et af. 

( 1 988) r-epon..ed that. b ron uds orpt.ion increased with increasing ndditions oC c.cunpost.ed organic 

matter and this udsorptiun increus d wiLh increasing pH . Boron uds rption on compost.cd organic 

maner occurred t'apidly, re-P.ched equilibrium ,.. after Lhree hours and increased with incrcasin.g 

solut.ion ionic s trength (Verrniyaho ct al . 1988). 
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Calcium carbonate: 

Application of litne increases boron fixation by soils because it raises the soil solution 

pH. In addition to its effect on soil pH , calcium carbonate also acts as an important boron 

adsorbing surface in calcareous soils (Goldberg and Forster, 1991 ). Boron adsorption was greater 

on soils having higher calcium carbonate content (Eirashidi and O 'Connor, 1982). Acid soluble 

boron was highly significantly correlated with calcium carbonate content of soil. Retention of 

boron on calcium carbonate occurs via an adsorption mechanism but it could be exchange with 

carbonate group also. The magnitude of boron adsorption maxima for soil samples treated to 

remove calcium carbonate were s tati s tically significantly lower than those for untreated soil 

samples indicating that calcium carbonate acts as an important sink ror boron ads(.>rption in 

calcareous soils (Goldberg and Forster, 1991 ). Boron adsorption on reference calcite increased 

with increase in pH trom 6 to 9, exhibited a maximum at pH 9 .5 and decreased with increasing 

solution pH rrom pH I 0 to I I (Goldberg and Forster, 1991 ). 

1\.'l:odels of" Boron Adsorption: 

There are two t_ypes of" model s or boron adsorption-one the cmpherical models and to the 

chemical models. Empherital models provide descriptions of experimental absorption data 

without a theor tical ba is. The most popular being Langmuir, Freundlich but Tempkin and 

Brunauer- Emmett-Tellcr (B T) adsorption isotherms are also being used (Mondal el a/. 1993). 

Chemical model s prO id t1 moleuular description or adsorption u s ing an equilibrium approach. 

In t..hese models boron nd!torption occurs via complex fbrrnotion with su rf"ace hydroxyl groups . 

Surface corn.plcx._ation t'ho(Jels define s urt&ce species~ chemical rca:sctions , mass balance.. hurgc 

bala...nce and caleulat.e th rrhodynamic properties such as activity coctTicients and equilibrium 

const:ant.s mat.hcmatically . urface complexation models take considerat.ion of" charge both on 

a.dsorbat.e ion and ad rb t\t s urruce . I lowcver these model s hnve large data requirement and 

involve complex calculations. The mos t common models u sed in lhi s category being constonl 

capacitance model .. triple layer model and $£ern variable surf".a.cc charge variable s urrace potential 

model. Review of" only the empherical models are being presented here. 
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The Lamgmuir adsorption isotherm equation was developed to describe gas adsorption 

on to clean solids, but has often been used to describe boron adsorption by soil materials . ·f·he 
equation is-

xlm= kbc I (l+kc) 

Where x is the amount of adsorbed boron, 

m is the amount of" adsorbent, 

k is the aFfinity coefficient or the adsorbent to boron, 

b is the maximun, capacity ot. t.hc ads rbent_s tOr monolayer (.!UV~•·agc und 

c iR the equilibrium boron concentration in solution .. 

Langmuir adsorption isot"erm equation is obeyed only f'or a unif'orm adsorbent surf"ace without 

lateral int:.eractions i . e. imply a constant f"ree energy or adsorption. The Langmuir adsorption 

isotllerrn has b '"'-.n used \u des cribe boron adsorption on aluminium and iron oxides, clays. 

calcit.e, humic cld and niht, For many tudies Lo.ngrnuir ads orpti n isotherm cquu.tion was uble 

to describe boron ad or tlon only under conditions ot- low solution boron conccnt.ration 

(Eirashidi and O'Connor-, 1982). When wider boron concentrat:ion ranges were t:akc:n int:o 

consideration (up to 60J')pfh) the relllltionship followed a quadratic curve which could be 

described by BET adsor-pli n equation (Singh, 1964). 

It was lbund that Lh •n tudmum capacity value (b) f"or the 1nonolayer ol' adsorbed boron 

increases with pH. and the af'finit)' of' Lhe adsorbent f'or boron (k) apparently decreases with pH 

f'or kaolinite and montmorillonite but increases slightly f'or illite (Hingston,l964). The variation 

in adsorption coefficie til ith pH was related to changes in the surface of" the clays f'avouring 

Fonnation of" more ad of"ptlon sit s and a decrease at higher pH resulting f-rom a decline in 

molecular boric cld r lutlv~ to borate ions. This adsorption model has two disadvantages: 

(i) 

(il) 

il do s nt)l account tor the existence of two boron species of different al'llnilics 

fbr the loy, af\d their varying proportion in the equilibrium solution with 

varying pH ; and 

ifferent vutues of' t._hc l ...... angmuir cocrticients .. maximum adsorption and 

binding energy const.ants,. must be assigned to boron adsorption at any given 

pH value. 
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The Freundlich adsorption i otherrn equation has often been used to describe boron 

adsorption by soil materials and its use implies heterogeneity of adsorption sites. The equation 

may be written as-

x/m = KC P 

where 13 is heterogeneity parametc,.. The smaller the 13 the greater the expected heterogeneity . 

The expression reduces to a linear adsorption isotherm when 13= I. The reundlich equation is 

strictly valid only fbr ion adsorption at solution ion concentration {Sposito, 1984), it has often 

been used to describe ion adsorption by soi l across the entire ion concentration range 

investigated . The isotherm does not obey Henry's law at low ion concentration nor does it reach 

an adsorption maximum at high ion concentration . The Freundlich adsorption isotherm has been 

used to describe boron ad orption on a luminium oxide, clay minerals. calcite and soil. In 

Freundlich adsorption Isotherm, the affinity terms are distributed approximately log nonnally 

implying hetcroaeneicy of" boron adsorbing sites . 

f\.o1ondnl ct a/. ( 1993) invcslii&otud the adsorption characteristics of' J 6 acidic alluvial soi l s 

of' West Beng I and it.R relations hip to soil properties . lt. was round 'that the boron adsorption 

capacit.y was low f"or these soils making to susceptible to leaching losses. Ads orp'tion capacity 

was significantly influenced by organic carbon .. cation exchange capncit_y and dinerent. fbrms or 
aluminum in s iL The Cn r relatud constant were influenced by fOrms or aluminium . 

Jin era/. ( 1988) stud~cd bol'on adsorption using Langmuir equation in Virginia, USA and 

f""ound tha~ maximum boron adsOrption was related to clay content,. surface are~ ammonium 

oxalate cxtract._oblc iron and aluminium and acidified hydroxyl amine hydrochloride extractable 

manganes e but. did not. orrclut.e t..o ,.... ithcr soil pi I or organic matter content. 

Rcyno.ldo ct al . (2000) st:udie-d boron adsorpt..ion in soil s of· BraziL Adsorption wus higher 

in clayey Oxisols f"ollowed by Alfisols . &.lciurn carbonate prompted an increased in umount of" 

adsorbed boron in all oils . Adsorbed boron was correlated to clay, f"ree aluminium oxide and 

specific surf"'acc area . 

Langmuir and Freundlich isotherm fitted well the adsorbed data and highest values of" 

maximum boron ads orption were f"ound in clayey soi l s which were significantly corrcluted with 

cont.ents oft.ot.n l , Cree and amorphous iron and xides . 
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Chapter-III 

MATERIALS .AND 

METHODS 



Physiographic InCormation: 

West Bengal has been divided into three agro-climatic regions by the Planning 

Commission, Govt. of India. But depending on distinctly identifiable landform- hydrology­

soil combinations and climate prevailing. Directorate of Agriculture. Govt. of West 13el1gal. 

has dividing West Bengal into six agro-climatic sub regions within the three agro-climatic 

regions. 

The area of West BengaJ. north or the river Ganges, comprising the districts or Malda, 

North Dinajpur. outh Dinajpur, Darjceling. Jalpaiguri and Coochbehar is commonly called 

North Bengal. The area -f North BengUI encompasses three agro- climatic s ub regions narn e ly 

Nort.hem Hilly Ti ·ta-Tcrai flood plain and Gangetic flood plain, comprises an area or 21 85.4 

thousand hectares. 

Soils under study al'id their collection: 

The N8J.ional Bur au oT Soi l Survey & La..n.d Usc Planning has iden'tificd twenty-~even 

soil series in Nonh BengaJ . (Noyak e t a/., 200 1 ). We collected composite surr .. ce and 

subsurface soil samples from ten soil series of" North Bengal . All soi ls were collected in the 

month of March to April 2005. bef"orc the onset of" monsoon. Soils were air dried in shade and 

ground to pass through a 2 mm sieve and re~ined for analysis. A portion of the soil was oven 

dried at 105° · f"'or ci ht hours . .. r calcu l a.tion of" mois~urc pcrcent.o.g.c . All results a.re reported 

on oven dry basis. The details of" the soil under study is presented in table 1. 
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Table 1. Selection of sites for sampling: 

Site of collection Depth (em.) Police Station and Soil series name 

Dis trict 

Balarampur 0-16 Tufanganj. Coochbehar Balampur 
-

16-28 Do Do 

Raj pur 0-17 Coochbehar sadar. Raj pur 

Coochbehar 

17-36 D o Do 

Matciar Kuthi 0-16 Coochbeh ar sadar. Matiarkuth i 

Coochbehnr 

16 28 Do Do 
--Lot.atC la 0 - 14 J.>inh.utu ... Coochb~hur Lutult..: h-' 

1 4 - 31 Do Do 

Chu..nabha.t_i 0 - 19 Oebugram • .Darjec::lin.a:;_ Cbunabha.ti 

19- 34 Do Do 

Kumurgrn.m 0 - 13 Kumn..rgram .. Jalpuiguri Kumura:;.ru.m 

~6 Do Do 

'Khn.r-ibari 0-10 Kho..riba..ri ... .Oarjceling, Khuriba.ri 

r io- 2o Do Do 

Da.rbuska 0 - 10 Pha.noidewa.., DarjeeJing Dara.boyjo~ 

10- 20 Do Do 

Binnnguri 0 - 10 Rajgunj, Jalpaiguri Rinnaguri 

10- 20 Do Do 

Durgapur 0-10 Raigunj. North Dinajpur Durgapur 

10 2 0 Do Do 
-
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Methods Used: 

Mechanical Analysis: 

The percent of sand. silt and clay was determined by the Bouyoucos llydrometer 

method after removal of organic matter as described by Day ( 1965). 

Maximum Water Holding Capacity: 

Maximum water holdin~ capacity of the soils were determined by Keen and 

Rockzowski's method (Baruah and Barthakur. 1997). 

pH 

pH of this soils w re determined in water using soil suspension ratio of 1 

glass electrde pH meter (Systronics model 303). 

Electrical conductiVity (EC): 

2 . 5 with a 

lectrical conductivity of the soi l samples were determined in 1 : 2.5 soil water 

su pension at room temp~fll.ture using a conductivity meter (Systronics n-todel 303) . 

Cation Exchange Capttcity ( EC): 

Cat:ion excha.na,e Q.Bpacity wo.s determined using sodium as index ion. Soils were 

saturated with sodium uc lt•te (pi I 8 .2) and leached with ammonium acetate (pl-1 7 .0) . So<.liun-. 

in the leachate was analys d flame photometrically (l·Iessc. 1994). 

Free 0 ides of" Iron aUld Aluminium: 

Free oxides of" iron and aluminiun~ were extracted using citrate-bicarbonate-dithionite 

(Mchra and Jackson. 1 960). Iron in the ext.ract was detern~ined colorimctrically using ortho­

phcnanthrolcin und alun"liniu•n by alun-,inon rcag(.;.nt. (Page u / ul. , t 982) . 

Oa·ganic. Carbon (0 ): 

Organic carbon was determined by the Walkley and Black met.hod as described by 

Page et a/., ( 1982). 

Available phosphorus 

Available phosphorus was t:X~ractt:d using Bray PI cxtracunt and dctcnnincd 

colorimetrically by the ammonium molibdate-ascorbic acid method (Page eta/. , 1982). 
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Available Potassiurn: 

Available potassium was determined in a neutral normal ammonium acetate extract 

using a flame photometer (Baruah and Barthakur. 1997). 

Exchangeable (Ca+2 + Mg ... 2 ): 

Exchangeable (Ca+2 +Mg+ 2 ) was determined in neutral normal ammonium acetate 

extract of' soil by direct titration with ED A using Eriochrome Black T as indicator (Tandon. 

1999). 

Components of" soil acidity 

Total acidity : 

TotaJ acidity vvas determined by using the procedure of' Ka.ppen ( 1934). Soi ls were 

J. '- ext..racted. wiili 1 N Na-acet.ate o...nd. tJ"\e ex:'t.ract: t.itrat.cd with Q_ 1 N Nn.OH using phenolphthalein 

indicator. 

Total potential soU ucidity : 

A. given amount of" s il wns leached with an extractant. consisting of' 0 . 5 N BaCI2 and 

0 .055 N triethanolamine buffer nt pH 8.2. he leachate was t:it:ratcd with standard acid with a 

brom cresol KJ"Cen-methyl red rr•ixed indicator to determine total potential acidity (Baruah 

and Barthakur. I 997). 

pH-dependent soil ncidity : 

The pH-dependent acidity was determined by subtracting exchangeable acidity f'rom 

total potential acidity Bar\Jah and Barthakur. 1997). 

Exchangeable acidity : 
Exchangeable acidity was determined by the method of Sokolov (1939) as described 

by McLean (1965) . Soils were xtracted with 1 N KCI and the extract was then titrated with 

0.1 N NaOH using phenolf\hthal in indicator. 
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Exchangeable AI: 

Exchangeable AI was determined in 1 N KCI extract of soils colorimetricaJiy using 

aluminon reagent. (Jackson 1973). 

Lime requirement (LR): 

LR was determined by N •w Woodruff's 1n.e"thod as described by Brown and Cisco 

(1984) . 

Labile carbohydrates 

Labile carbohydt'atcs was ex£racted by autoclaving at 103 kpa at 121 OC for one hour. 

The extracted cnrbohydrates was filtered and analysed by the method of Dubios et a/. ( 1956). 

Available B: 

Availublc boron ~ nteo:nt hr the expcriment.a.J soils were measured by three methods. 

J IWS and hot n lz sol ubi B ""ll d •tcrmined by extracting 1 Og o£ each soi l wilh 20 mi. ot" 

either hot water or 0.0 I M. ~aCl2 and boiled £or 1 0 min. £allowed by colorimetric 

measurement of" boron b Azomuthlne-H.(Gupta. 1979). For the mannitol - Ca h method. 5 g 

soil was shaken with O .OlM mannitol - 0 .01 M. CaCh Cor sixteen hours and Bin the resultant 

filtrate measured coloromclrically using Azomethine H . I-ICl extractable B was extracted by 

shaking 10 g soil with 20 thl 0 .05 N HCI fbr I 0 minutes. Boron in the extract was mea.o;ured 

colorometrically using Aztlfnethille l..J.. 

Laboratory lncubatioh: 

Field soil was collected In buJk. air dried and processed. Salient characteristics of "the 

soil are presented in table 2. One kilogram of soil was taken in plastic containers to which 

three doses lime nan\ ly o . 0 . 5 and I times or three lime requirement was superimposed with 

three doses of" well composed FYM (which was leached with di-ionized water to minimized 

boron content) at 0, I 0, 20. tons I ha. Thus a total oF nine treatments were obtained which was 

replicated thrice in a ompletely Randomized Design (CRD). The soils were watered to field 

capacity moisture content with deionized water and total of nine wetting and drying cycles 
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were performed within a period of one month. After a month the soils were thoroughly 

mixed. oven dried at 40° ' and ground in mortar and pes tle and sieved to pass 0 .2rnn, . pH. 

EC. organic carbon. exchangeable aeidlt:y. exchagcable aluminium and labile carbohydrates 

were measured u s ing SUl.ndn..rd mct.hod . 

A.dsorp~ion st:udy: 

For ilie adsorp ioh s t.udy , t.en grams of soil .. each, Crorn. t.he nine t.rcat•ncnts of" t.h~ 

incu.buted SOi l or tJ"\e preViOUS C:Xpcrimc::nl, WU..S S haken Wit.J"l 20 ,,, Q(" 0 . 01 """ u.Cl so lutions 

conLa..in.ing various s trc nHLh of" boron viz. 0._ 0 .5,. 1 .. 2 .. 4 ppm respectively Cor a period or 24 

hrs. cy were t.hen filt.ered t..h.rough What.man 4 2 f'ilt.er puper and boron. was estimated in the 

filt..rute using, A zom thin H . - 1-he du.t..u. c::>bt..oined u sed to calculate: pc:rc::c:nt.ogc of" boron 

adsorbed by so il . 

Sta:et.ist.ical a .. aalysis: T h e s Lo.ti s ticaJ analysis was done f"ollowin the procedure ot· Gomez 

and Gomez (1984) . A11 correla.t.ions a..n.d regress ions were done by SPSS (Version 12. 0). 

ll) 
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The results obtained are discussed in the following sections to follow­

(A)Physico-Chernical properties of' the experimental soils: 

The physico-chemical properties of the experiment soil arc presented in table 2 . All 

the soils were trongly to moderately acidic in reaction with pH ranging from 4 . 16 to 6 .16 in 

top soil and 4.21 to7.28 in sub soil except BaJararnpur soil eries which had neutral top soil 

and aJkaJine sub-soil, (pH 7.29). In general the pH of the top soil was less than the sub-soil. 

This may be probably because or leaching of' bases from top, and migration to sub- soil under 

the influence of' heavy rainf'all experienced in these regions. A simi lar trend was also noticed 

in pi I rnca.c;;ur'-.!d in CaC"'J '\.Yith hi her s c:')il pll in the sub- soil than in the tc.')r sniL T he rang.._ ... ,,r 
the pH in t:he top soi l being 3 . 59 t 6 . 31 and in the sub- soil being 3 . 55 to 7 .02 . In general the 

pH measured in 0.0 I M a 12 was lower than lhat measured in water. 

The elect:rica.J conductivity of" all the soils were low and all soils were non-saline with 

ranging Crom 0 . 02 to 0 .24 d i:h- 1
• T he C in the top soil was in general higher than the 

sub-soil . ,..,.,is i s probnbly bc:cau,.e t.op s oil is the sit.e ror Certilizer application I so.Jt addition .. 

wh.ich re;:: s ult..s it\ hi,y.hcr _,.• · ot · lup HuiL 

The maximum wdt r holdihg capacity varied from 27.2% to 55. I o/o in top oil and 

25.2% to 54.4% in sub s lls. In general t:he top soi l had more water holding capacity than the 

sub soil , except Kumargran"l soil series where a reverse trend was observed. 

Texnu-e of thi soil varied from loam to sandy clay loam with most of the oil having 

sandy clay loan-, texture. The clay c ntent varied f'rom I O.Oo/o to 3 I .6o/o in top soi I and I 6.5o/o 

to 25 .6% in the sub soil. In general the top soil contained more clay than the sub soil except 

Balarampur. Matiharkuthi, K.u11...-guuu and Durgapur. 

The oxidisable organic carbon was low to high, varying from 0.42% to 1. I 7% in top 

soil and 0 .27% to I .44% in sub soils. Only the Durgapur soi l was low in oxidisablc organic 
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carbon. Higher content of oxidisable organic carbon was found in sub soils of LotaiCla and 

Kharibari soil series. In rest of soils, oxidisable organic carbon was higher in the top soils 

than in the sub soils. 

The cation exchange capacity was in general low and varied from 3.0 to 19.8 

cmol (p~ kg"1 in the top soils and 2.5 to 2 I .2 cmol (p+) kg"1 in sub soils. The gencrul trend in 

most ot- the soil el"ie>t b •ihg lo er CEC in the top soil than in lhe subsoil. a r<!sult which 

could not be explained from the existing data. 

the I N NH4 Ac (pi I 7) extractable a+Mg was in general greater in the top soils 

than in the sub soil:;. Available Cu+Mg varied between 0 .23 to 1 .21 cmol (p+) kg- • in the top 

soil and 0 .3 I to I .05 crhol(p+) kg·' in the sub soil. 

The available P content of all the soils were generally low. The available P content 

varied from 13.45 to 1 .94 kg ha- • in the top soils and 7.22 to 31.73 kg ha- • in the sub soil. 

Kurnargram soil serie& had the highest P content and Chunabhati soil series the least. 

The available K ontcnt varied from 72.42 to 203 .84 kg ha"1 in the top oil and 58.24 

to 206.08 kg ha- • in the sub soils . "l"he available K content was low to mediuJTt and more K 

was present in the sub >;oils of foul' out of the ten soil series under study. 

The CBD exU'nctable Fe ranged between 287 to 1780 J.1g g - 1 in the top soil and 587 to 

4325 J.lg g · • in the sub oil. Higher CBD extractable Fe in the subsoil is noticed. Heighest 

CBD extractable Fe was present in subsoil in Rajpur. Cbd Extractable AI also followed the 

same trend with lower nlucs in the top soil than the subsoil. The range hcing 4:\ .97 to 124 .74 

in the top soil and 50. I 0 to 34 7.65 in the sub soil. 

(B) Nature of" soil acidity 

Some important components of soil acidity viz. exchangeable AI, exchange acidity, 

total potential acidity and pH dependent acidity was studied in the surface and subsurface 

soils often soil eries and is presented in table 3. 
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Table: 2. Physico-chemical properties of soils under study 

Max 
Soil a Depth pH EC VIIHC Sand Silt Clay Texture 

dS 
Water CaCI rn·' •/o •Jf. % •/o 

Bal_arawn.pur 0-16 6.78 6.3"1 o_.,., 48.2 1515.2 20 24. 8 Sandy Clay loam 
16-28 7 . 28 7.02 0.09 33.8 38.4 36 215. 8 Loam 

Raj pur 0-17 4 .88 4 . 34 0 . "12 35.6 40.8 35 23. 2 Loarn 
17-36 15 . 23 4 . 68 0.04 25. 2 28.8 5"1 "19.2 Silty loam 

M•tiMr 0 - 1<• 
Kulbi •L6 4 . 0il 0.07 4-6 . 8 5.4 . 8 26. 9 1943 Sandy Clay loam 

16-2H 5 . d4 4 . 42 0 . 015 40 . 9 46. 9 28. 1 22 Sandy Clay loam 
Noc.af"ela 0-14 5 .48 5 . 38 0 . 19 49. 1 156.8 21 23. 2 Sandy Clay loam 

14-.31 6 . &8 15. 42 0 . 15 41 . 2 47 . 2 34 16. 8 Sandy Clay loam 
C hunabhat:i 0-19 6.21 4 . 9& 0.24 42.9 49.1 19. 3 31.6 Sandy Clay loam 

19- 34 8.74 5 -- 0 . 05 41.1 47.1 23.3 28.& Silty loam 
Kul"nllllol""''lrawn. 0 · 1 3 4 . "16 3 . 58 0 . 12 27. 2 3"1 . 2 52 "1& . 8 Sandy loall'n 

13- 36 4.21 3.58 0 . 11 49. 4 70. 4 "12 17. 6 Sandy Clay loan"' 
K.h•rib•ri 0.10 4.73 4 . 411 0 . 23 50. ;2. 71.1 a 20 . 8 Sandy loam 

10-20 4.8 4.2 0.06 48 . 6 &8. 1 12.3 18. 6 Sandy Clay loam 
Dar-bask.a 0 - 10 4 . 76 4 . 17 0 . 06 55. "1 63. '"1 11 . 3 25. & Sandy Clay loam 

10- 20 4 .88 4 . 58 0 . 02 51.5 159 . 1 115. 3 26. 6 Sandy Clay loam 

Blnnaauri 0 - 10 4 .88 4.48 0 . 2"1 - -5 5"1 . "1 17.3 31 . 6 Sandy Clay loa.n 

10-20 4 ••• 4.di 0 . 09 43. 8 151 . 1 "19 . 3 29. 6 Sandy loam 
Durgapur 0-10 ..... 4 . 3 0 . "12 50.2 7"1 . 1 18. 8 10 Sandy loam 

10-20 4 , 1J:l 4 .:J& 0 . 07 54. 4 62. 3 21 . 2 16. 5 Sand loam 

A..ancc (TopSoil) 4 . 18• 3.159- 0 . 02- 27 . 2 - 31 . 2 - 8 . 0 -
& . '78 6 . 31 0 . 24 55. 1 71 . 1 31.2-71 . 1 152. 0 Loarn-eandy clay 

loam ,.,._ .. (TopSoil) ..... 4 . & 0 . "1<47 --98 54.43 5-4. 43 22. &7 

Rance (SubSoil) .... 1- 3 . 55- 0 . 02- 25.2- 28.8- 12.0-
1' .28 7.02 0.15 54.4 70.4 28.8-70 . 4 51.0 Loarn-andy clay 

lo•rn 

Mean (SubSoil) 5 . 198 4.833 0.073 42. 96 52. 04 52 . 04 25. 7 

Overall mean 5 .0795 4 .7165 0 .11 43.97 53. 235 24.06 22.405 



Table: 2 . (cont.). Physico-chemical properties of soils understudy 

0>< Org Av 
Soils Depth c CEC Ca+M g A v P Av K CBD Fe CBDAI 

OA, cmole{~+) kg' ' kg ha· ' 1:!9am · ' 

Balarampur 0-16 0 .99 10.00 0 .65 13.55 72 .42 424. 20 51 . 12 
16- 28 0 .48 11 .20 0 . 51 10. 18 68 .70 658 .28 55. 21 

Raj pur 0-17 0 .75 11 .00 0 . 36 25. 21 94 . 82 287 . 21 60 .33 
17-36 0 .83 12. 30 0 .58 16.91 92 . 58 4325 .67 68 . 51 

MaLiar 0-10 
KuLhi 0 .93 9 . 20 0 .71 18.49 134.40 843. 92 52. 15 

16-28 0 . 76 10.60 0 .65 9 . 59 89.60 830.69 5 0 . 10 
NoLaf"ela 0-14 0 . 57 9 . 00 0 .70 12.06 178.46 936.75 48.06 

14-3 1 1 .08 6 . 00 0 .65 21 .36 202 .34 543.48 57.26 
Chunabhati 0 - 19 1 .6!1 4 .00 0 .85 24 . 12 120.22 1466.78 58.28 

19· 34 o.48 4 90 0 . 55 7 . 22 58.24 3742.72 60 . 33 
K u rnargra•n 0 - 1 3 1 . 17 7 .00 0 .36 31 .94 109.76 463. 89 43 .97 

13-36 0 .90 7 .60 0 . 31 32.73 89.60 2244. 56 81 .80 
Kha.ribari 0-10 0 . 78 19. 80 1 . 21 29. 56 12:2.46 1206.25 108. 38 

10..20 1 . 44 21 .20 0 .95 22 .54 59.74 · 662. 76 85 .89 

Oarba.ska 0 - 10 0 .93 10.60 0 .23 13.45 203.64 1760.67 69 .53 

10-20 0.42 11 .30 0 .32 7 .71 206 .08 2063 .40 71 .57 

Binnaguri 0-10 0 .61 3 .00 0 .86 22 .05 136.64 755. 58 124 .74 

10- 20 0 .6 2 . 50 0 .75 25 . 81 159.04 587.65 347 .65 

Durgapur 0-10 0 42 9 . 10 0 .95 19.38 129.92 932 .26 60 . 33 

10-20 0 2., 10. 50 1 .05 7 . 91 147 . 10 1519 .92 334 . 36 __ 

Range Top Soil 0 .4:Z L 3 . 0 - 0 .23- 13.45- 72.42- 267- 43 .97 -

1 . 17' 19. 8 1 .21 31 .94 203 .84 1780 124 .74 

Mean Top Soil 0.8,,. . 29 0 .688 20 .98 103.294 909 .75 67 .69 

Sub Soil 0 2"1- ~ - 5- 0 . 31 - 7 .22- 58 .24- 587- 50. 10-
Range 

1 .« 21 . 2 1 .05 32.73 206 .08 4325 347 .65 

Mean Sub Soil 0 . 714 9 .81 0 .632 16. 19 117. 302 1717.91 121 .27 

Overall mean 0 . 78 9 .55 0 .68 18.32 123.80 1313.83 9 4 .4 8 



Exchangeable Al varied from 0.63 to 1.75 meq 100"1 
gm of soil in the top soils and 

0.50 to 2.38 meq 100· 1 gm of soil in the subsurface soils. Exchangeable Al is an extremely 

important cation in the exchange equilibria and acidifying process and has deleterious 

influence on plant grovvth when present in high conc~o:ntrations. Exchangea~le Al is a measure 

of reserve acidity and is related to root growths and yield. Exchangeable AI consists of both 

hydroxyl Al monomeric and polymeric species and is extcactcd by rather concentrated (0.5 to 

1 M) unhuncrcd salt (KCI /BaCI_,) sululiun. ll is the AI that is exchanged fnlln the surface is 

equilibrium. xchangcable Al was more in the top soil than in the subsoil. But in the Rajpur 

and Kurnargram soil series. the an"lount exchangeable AI was more in the subsoil, 

emphasizing the importance of subsoil acidity in crop production. 

Exchange acidity ranged from 0.25 to 1.75 meq lO·o - • g of" soil in the top soil and 0 .25 

to 2 .75 meq 100" 1 g soil in the subs il. Exchangeable acidity arises out of" the hydrogen and 
A.l ions rct.u..incd on th4.:: oKchun»u cotnpl...:x. u.su.J i to un. inlportunl con1pu1h,;nt of" suil ucidity. 

xchange acidit:y was in gencr 
Balarampur and hun bhati soil 

greater in the top soil than 

ries 

in the s ub soil except in 

Tot.al potent.ial acidity . o1Ro known as potential acidit.y comprises u large part or t.ot..aJ 

s oil acidity and i s due to hydrog en was in various chemical c ombinat.ions a_nd ads orbed on t.hc:. 

s urface of" s oil part.i~l es. hi s fof'Th F acidity wu..s measure d hy e xt-ruc ti n wit.h Ba 1 2 -,~EA . 

T he Lot.u.l pob.:nli i.sl a cidity ru..J""gc (_l Crona 3 . 50 lu 1 2.00 a•ncq 1 o o - • • s oil r··ur top soil un'--1 4 . 00 tn 

12-00 rneq 1 oo-• ~:;. s oil in subs oil.. , -op s oils contained us"Uu.lly h..igher total poten~ia.l acidit.ies 

t.h..a.n. sub s oils except in K.u.ma..rg.ra.m and Binna.gu.ri s oil series. 

pH dependent ncidily g ct\tirnlly ari s es due to .. i niz.at.ion of" carboxylic and phenolic 

groups in s oil orgu.nic ma.tt.er4 Toni.z.ation of terminal hydroxyl g roup a.ssociat.cd wi't.h 

s esquioxidcs al s o cont..ribut.es to pit dependent acidity . A s can be s een lrom table 3 , pH 

depen.den~ acidi~ rang ed f r o m 2.50 Lo 10. 50 mcq too· • g soil in Lhc to p s oil and 3 .25 to 9 . 7 5 

mc.q too-• ~ s oil in the ~ub soil _ Sub s oil pH dependent acidities in L.:>aru.bu.s ka .. Oiru··u:\.~u.ri und 

Durgapu.r soil s eries wa..!l mar·gj.n.ally greater than t.op soil but f"or K..u.margra.m .._ sub soil acidity 

was much greater than top soil acidi~ . 

Lime requirement varied from 0 . 5 to 14 .5 cmol(p+) kg" ' in the top soil and 0 to 15 

cmol(p+) kg- • in the subsoil. Average lime rcquircn1ent in the top soil was 7 .6'J cntol(.p ") kg 
1 

,..,,.., 



Table: 3. Nature of soil acidity (meq 100"1 g ) of soils under study 

Depth Exchange- pH 
Soils (in em.) ble Exchange Total potential dependant Lime 

AI acidity acidity acidity Requirement 

Balarampur 0-16 0 . 88 0 . 50 4 . 50 4 . 00 0 . 5 
16-2 8 0 .75 0 .75 4 .00 3 . 25 0 . 0 

Raj pur 0-17 0 .75 0 . 75 7 . 00 6 .25 8.4 
17-36 1 .25 0 . 50 6 . 50 6 .00 6 .4 

Matiar 
Kuthi 0 - 16 0 . 75 0 .63 5 . 00 4 . 38 7 . 5 

f6-2~ 0 . 50 0 . 50 5 . 00 4 . 50 6 . 0 
Notaf"ela 0-14 0 . 88 0 . 75 4 . 50 3 . 75 3 . 8 

14-31 0 .63 0 . 75 4 .00 3 .25 3 . 7 
Chunabhati 0-19 0 .63 0 . 50 9 . 50 9 . 00 5 . 9 

19-34 0 . 50 1 . 00 6 . 50 5 . 50 5 . 5 
Kumargram 0-13 1 . 75 1 .75 7 .00 5 .25 14. 5 

13-36 2 .38 2 . 75 12.00 9 .25 15. 0 
Kharibari 0-10 1 .25 1 . 50 12 .00 10. 50 11 . 6 

10-2 0 1 . 13 0 . 50 10.00 9 . 50 9 .2 
Darbaska 0-10 1 . 25 1 .00 3 . 50 2 . 50 7 . 7 

10-20 0 . 88 0 .25 4 . 00 3 .75 7 .4 
Binnaguri 0-10 1 . 13 0 . 50 9 .50 9 .00 11 . 5 

10- 20 0 . 88 0 .25 10. 00 9 . 75 4.4 
Durgapur 0-10 0 . 75 0 .25 3 . 50 3 .25 5 .4 

10~20 0 . 75 0 .25 4 . 00 3 .75 4 . 7 

Range (Top Soil) 0 .63-1 .75 0 .25- 1 . 75 3 . 50-12. 00 2 . 50- 10. 50 0 . 5-14 . 5 
Mean (Top Soil) 1 .002 0 .813 6 .60 5 .788 7 .69 
Range (Sub Soil) 0 . 50-2 .38 0 .25- 2 .75 4 .00-12 . 00 3 .25-9 . 75 0 - 15 
1\Aean ( ub Soil) 0 . 965 0 . 75 6 .60 5 . 85 6 .23 

Overall mean 0 . 98 0 . 78 6 .60 5 .82 7 . 0 



and the subsoil was 6.23 cmol(p+) kg- 1• the soils of Balampur being neutral in pH had almost 

no lime requirement. 

C. Boron in soils as extracted by different extractants: 

All the s oils (both top and subsoil) were extracted with different extractants f"or 

e s timation of" a vailabl e boron .. and is pres ented h"'l 'table 4 . .Boron cxt..raclc::: d by hot water ancr 

boiling Cor 10 minutes ranged between 0 .03 to 1 . 3 ppm in the top soil with a mean value of" 

0.66 ppm . The lowes t hot water soluble boron (HWS- B) w as lound in top s oil of Kha.ribari 

and highes t in top soil of' Balarampur. Thi s is a matter of concern because Khacibari is a 

vegetable growing region with predominance of" ole crops being grown which has a higher 

boro n r c quircn,c nt. <>nl y lhc: top ~oil s of- Kh~•rihur-i und f':harh:...as ka :-:oil s ct· i c:-: ;.u •c dif"f".._-, · .... -ut in 

boron c ons idering 0 . 5 pptfl o.s th '-! riti c ul lit,it. the r est of- the s oil s urc s \lnl c icnt in hc.""rc."n . 

Sufficiency in boron ifl top s oil o f' major s oil s eries of' Nort.h Bengal i s probably bccnuse of" 

rcpeat.ed applic.ntion of" b ron by Carmers as u ..-csuJt. or incre ase in consciousness among 

C"nrTTlcrs rc.,l;urding, bornn dcflc i~rf ·y . In lhe s ub s oil also the ubovc mc::ntioncd ~oil scrie.s a:.rc 

deficient. in boron probably because oC lack oF hot water s oluble boron (1-IWS- B) was above 

the crit._ical Jin"liL 

T he:: hot a l 2 t_ract..nbl boron in top s oil s ranged betwee n 0 . 07 to 0 . 7 3 ppan with a 

mean vaJue o £ 0 . 38 pprn . 1n 't.hc:: s ubsoil the vaJues ranged b e tween 0.04 and 0 . 68 ppm with a 

mean o£0.2 ppm . The M...-u:ll~ol oCI:z boron ranged betwee n 0 .03 to 1 . 51 ppm in the top soil 

(mean 0.37 pp,........) and 0 . I .3 Lo 2.4H ppm in the s ubsoil (mea.a-. 0.46 ppm). The HCI extractable 

boron rang ed f"r m 0.~2 to 1 . 08 ppm in the top s oil (mc:a.n 0 . 76 ppm) a nd 0 .35 to 0 . 71 ppm 

(mean 0 . 50 ppm) in the s ubs oil. 

Con"lpnri s on o £ t.hc:: mea n v a lues of" boro n .. extracted b y various e xLrac tants reveal that 

in gcnera.l t..h.c cx:£rnc: t.i o n ertlciency ot· HCI :>HW> Hot CaCI2=>.M._a..n..nitol CaCI2- However in 

the s ub soil 'Lhc:: extraction cffl.cienc:y was 1-JVV'> H J> M'annitol 

efficiency is generally rei ted to t.he mechanism o£ extraction and boron adsorbing surCaces oC 

t.he soil. 
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Table: 4. Boron content (ppm) as extracted by various extractant& 

Depth 
Soli a (ern . ) HWS Hot CaCia HCI M•nnltoi- CaCI 2 

Balarampur 0-16 1 . 30 0 . 72 0 . 74 1 . 51 
16-:lS 0 . 89 0 .63 0 . 46 0 . 25 

R cjpur 0-17 0 . 57 0 . 28 0 . 67 0 . 33 
17- 6 0 . 06 0 . 06 0 . 35 0 . 22 

Ma.Liar Kuthi o-16 0 . 58 0 . 15 1 . 02 0 . 17 
16--28 0 . 55 0 . 13 0 52 0 . 36 

Nou.Ccla 0-14 0 .60 0 .43 0 89 0 . 1 7 
14~ 0 . 67 0 .68 0 . 71 0 . 14 

Chunabhn.ti 0-1<> 1 . 03 0 . 56 1 . 08 0 . 03 
19- 4 0 . 67 0 . 07 0 . 37 0 . 18 

Kumnrgrorn o - 13 0 54 0 . 64 0 .67 0 . 23 
13•36 0 . 65 0 . 16 0 .45 0 . 13 

Khoribari 0 ¥ 10 0 . 03 0 . 11 0 .65 0 . 08 
I <1- 20 0 . 09 0 . 04 0 . 58 0 . 19 

Darbaska o~ lo 0 . 06 0 . 12 0 . 52 0 . 32 

10-20 0 . 10 0 . 04 0 . 39 0.47 

Binnaguri 0~10 0 .68 0 . 07 0 . 52 0 . 31 

10-20 0 .67 0 . 09 0 . 61 0 . 14 

Durgupur 0-10 1.24 0 . 73 0 . 80 0 . 56 

10•20 1 . 54 0 . 14 O .S8 2.48 

Range (Top oil) 0 . 03- 1 . 30 0 . 07- 0 . 73 0 . 52- 1 . 08 0 . 03-1 . 51 

Mean (Top Soil) 0 .66 0 . 38 0 . 76 0 . 37 

R nge (Sub Soil) 0 . 06-1 . 54 0 . 04-0.68 0 . 35- 0 . 71 0 . 13- 2 .48 

Mean (Suh Soi l ) 0 . 58 0 . 20 0 50 0 46 

Overall mean 0 . 62 0 .29 0 .63 0 .41 



In the top soil, Mannitol CaCh was positively correlated to pHH2o (0.724•) and 

pHc.c12 (0.652•). Available P was, negatively correlated to both HWS-B (-0.729*) and 

Mannitol-CaCh-B (-0.785*•). Boron and P are .both anions and share the same 

exchange/adsorption sites. Hence a negative correlation between them is expected. HWS-B is 

negatively correlated to exchange acidity (-0 .695*) and hot CaCI2 extractable B to CBD-AI 

(0.646*). With increase in exchange acidity, there is likely to be increase in hydroxy 

aluminium surfaces which can adsorb boron. Hence a negative relationship obtained. But the 

positive correlation b etween CBD-AI and Ilot CaC)z-B can not be explained. Hot water 

soluble boron is positively and significantly correlated to hot Ca 1z extractable boron i.e . to 

say that boili these extracLtLnts extract :similarly. 

Jn ilie subsoil. h l a ' lz extractable boron was positively correlated to pHHzo 

(0.672"'). pllcoc12 (0 .681"'} and · '(0.737"'). HCI extractable boron was positively correlate d 

to EC (0.683"') and negatlvely .correlated to CBD- Fe (-0.799"'"') - Hot water so luble boron was 

positively correlate to Manltitol Cu lz extractable boron (0 . 7 13 "'). 

When all soils wei'.O together used tor the correlation s tudy, HWS-B was negatively 

correlatoed to lime rcquircnient (-0 .47*) and EC (-0 .446*). 1-1 1-B was n egatively correlate: 

to CBD-Fe (-0.51 0"') and J')ositively correlated to EC (0.557"'). T lot a l z -B was negatively 

correlated to CBD-Fc (-0.447"') and Mannitol Ca.Ch- B positively correlated to CBD-AI 

(0.475"') which arc prcscnt~d in tb~le 5 . 
Among the various exunctants. IIWS-B was p si tive ly correlated to hot a h 

extractable and Ma.ni'litol a 12 extractable boron (0.637**) . Hot aC)z-B was positively 

correlated to H 1 extrtuotd~le-B (0 .491"') only. No other torms of" boron were correlated to 

each other (table 6) which arc pr"'s nted in table 6. 

C. Incub tion study: 

An incubation experiment was conducted wiili f"arm soil. salient properties of which 

are presented in table?. The soil was incubated with three doses ol lime vi z . O. 0 .5, and I of" 

lime requirement, over which three doses of" FYM @ 0. I 0 . and 20 tonncs ha- • was 

uperimpo ed. The oils were wetted to field capacity moisture content and incubated f"or one 

month during which nine wetting-drying cycles were given. After one month the soils air 
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Table: 5. Correlation of'various soil properties ._ith B extracted by various 
extractants 

EC CEC R CBD-Fe CBD-Al 

HCI 0 .557"' - 0.51"' 

Hot wat.er -0.446"' -0.47"' 

-0.447"' 

Mann itoi - CaC I , 0.475* 

Table: 6. Correlation be~cen various cxtractants of" B 

Hot water Hot CaC I2 H C I Mannitoi-CaCI 2 

Hot water 0 .56"' 0.369 0.637"'"' 

ot CaCI2 0.49 I"' 0 .081 

HCI - 0 .047 

Mannitol-CaCh 



Table: 7. Change in properties of incubated soil 

Treatment pH Exchange AI Exchange ceo Fe CBDAI Carbohydrate 

meq 1 00- 1 Q &Oil 
acidity 1-'Q gm-• 1-'g gm- • 1-'9 glucose C 

meq 100- • g 100- • gm soli 
soil 

LoFo 4 . 60 4 . 94 0 .39 2764.65 59_66 560.75 

LoF1o 4 . 66 4 . 50 0 . 34 3155. 94 112.28 626. 19 

LoF2o 5 .04 3 . 94 0 . 31 4269. 60 172. 16 715.08 

L,12Fo 5 . 13 3 .88 0 .26 3279. 70 122.26 751 . 95 

L,12F1o 5 . 19 2 . 93 0 .24 3774 .75 159.68 801 .99 

L1nF2o 5 .23 2 .81 0 . 22 4331 .68 202. 10 834.26 

L,Fo 5 . 34 3 . 38 0 .20 3465. 35 132.24 798 .04 

L,F,o 5 46 2 .25 0 . 19 4146.04 244. 51 636.23 

L1F2o 5 .62 2 . 14 0 . 13 4686.61 339.32 690.23 

Overall 
mean 5 .91 3.42 0 .25 3788. 50 171 .60 759.41 



--------------

dried then dried in an hot air oven at 40° C before performing any analysis. Result of the 

experiments are presented in table 8 . 

The snil h..:ing acidic.: in n:a..:linn lin1ing was un ohviuus pn>posi liull. a11u l~u -1\lcl·s ur 

the region use a lot of FYM at least once a year before the rabi crops. The pH of the soil 

changed from 4.80 at Lo'Fo to 5.62 at L 1 F20, a change of 0 .82 pH units. However the mean 

effect of lime was more promjnent than FYM in increasing pH. At Lo treatment the pH was 

4 .9 and at L 1 the pH ihcreased to 5.47 . However the increase in pll was n"lore between L112 

and 1 than between Lo and L 112 . The mean effect of FYM alone increased pH from 5.09 to 

5.29 an increase 0 .2 pH units, which is not much. However the combined effect of lime and 

FYM was beneficial in increasing pH which are presented in Fig. 1. 

xchangeable AI was 4 .94 meq 100"1 soil at LoFo treatment and decreased to 2.14 meq 

too·• g soil by the combined effect of full doze of lime and 20 tonnes ha· ' FYM. The mean 

effect of' lime was 4 .46 at L., and 2 .59 at L 1 • The mean crrect of" FYM was 4 .06 at no l'"YM 

addition and 2.96 at 20 tonnes ha· • FYM addition. The decrease due to lime was 1.86 and that 

due to FY M was I . I rn q I 00~ ' g soil. Exchange acidity followed a similar trend to 

exchangeable AI which o.r prcsel'lt.ed in Fig.2 . Exchange acidity was 0 .3 9 meq 1 00" 1 g soil at. 

no lime or FYM udditiof\ and de reused to 0 . I 3 meq 1 oo· ' g soi l due to addition of" lull doses 
of lime and FVrvt. D rea...c;e in exchange ncidi't"y was mainly n..n ellbct of" Hrne addition . 

Wilhout lime addition. the oncan aluc or exchange acidity was 0 .35 meq I oo·' g soil and it 

decreased to less ~han hnlf· (0 . I 7 tneq I oo- • g soil) at t"ull dose or lime. FYM also decreased 

the exchange acidity but only by 0 .06 meq I oo· • g soil by 20 tonnes ha· ' FYM addition. pi I 

was highly and significantly co,.related ~o exchange AI (-0.94"'"') and exchange acidity (-

0.983"'"') which are presented in table 9 . The significant negative correlation or pH to 

exchange acidity and e,.change AI has also been reported which is presented in Fig. 3 . 

The CBD extractable Fe wns 2784.65 ).J.gl00"1 gm so il at no lime or FYM addition. It 

increases to 4RRR.61 ~lJ;J I00- 1 gn-o soi l at Cull lirnc ond l'"YM dose. The increase in CRD 

extractable Fe was 22 .42 o due t t-ull lime dose over no I ime application and was 41 .55% 

due to f"ull dose of' FYM pplication over no FYM application. Increase in BD extractable 

Fe due to eit.her lime or l ' YM was probably due to decrease in s lubilization of" Fe brought 

about as a result of' in.:Niasc in pH and subsequent neutralization and chelation ot· Fe b y 

organic legends in organic matter and or formation of a - FeOOH or Fe(OH)3 precipitates, 

whlch could be extra tetl by CBD. CBD-Fe was significantly negatively correlated to 
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Table: 8. Some Physico-chemical properties of experimental field soil 

Particular 

pH 

EC (dSm" 1) 

Organic arbon ('Yc.) 

CEC (meq 1 oo·• g) 

Part.icle size distribution (o/o) 

Sand 

Sil~ 

lay 

Availubh: Phos phorus ( rng kg- 1 ) 

Avnilublc PotoRs iutT1 (tH2, k 1
) 

Maximum Wut.er Holding - apacily (o/u) 

Lime r-cquirerncnl (-lo nne....s/ho..) 
-=--- - -

Value 

5 .70 

0 . 14 

1.42 

8 .23 

62 . 3 1 

20.87 

16.82 

1 2.71 

I 14 .90 

49.20 

4 " 1 
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Fig. 3. Change in exchangeable AI of' Incubated soils 
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exchangeable AI (-0.825**) and exchange <1cidity (-0.747"') and positively correlated to pH 

(0.766*). CBD-AI (0.932*•) and labile carbohydrate content of' the soil (0.807••) which i 

presented in Fig. 4. 

CBD extractable AI followed a simHar trend to CBD-Fe. In soils neither treated with 

lirne or organic rnat:tcr. CDD-AI was 59.88 ~g gm· • soil and increased to 339.32 ~g grn·• soil 

at full dose of lime and FVM. The increase in CBD-AL due to the mean etTcct of' lime was 

from I 14. 77 to 238.69. an increase o£ 107.9% whereas t.he increase in CBD- Al due to the 

mean effect oC FVM was from I 04.79 to 237. 86 1-LS gm·' soil. an increase or 126.98%. The 

incre-ase in extruct-ability of- BD-AI is probably due:; t..o the same:: r asons u.s uscribcd to BD­

Fe. BD-Al wus posidvely and significantly correlated to pH' (0.873••) and labile 
ca..rb<>hydrat-e (0.8 •-) and negatively and sig:n.ifica..n.LJy correlated to excha..n.geo.blc .AJ ( -

0.883*•) or'ld cxchun~c o idity (-O. R:ls••) which is ,.,rcs e:ntcc..J in 1 -~ i~. ~ . 

J ... abilc arbohydratc incr Q.sc::.d fi-om 580.75 J-&.g glucose C I oo-• gn""l soi l without a _ny 

t:rc::at:rr.cnt to 890. 2.3 J-&.8 glucose I oo-• gm soil by FuJI dose ot:- lime::: and FYJ'V'I . The:: mean 

effect or lime was 640 .6? ut o -_.'ld 841 _50 ut. L •• an increo........_e or 1 . 34 o/o_ Whereas the ITl.ea.n 

c:::ffcct of FVrvf wu..s 710.:25 nt Fo l 813.19 tA-g glucose:: 100- 1 gm soi l ot F2o. an increo...se or 

14 .49o/o. Thus it n,ay he seen thut the increase in liobility oF c:o.rbohydrote i s more ROan e-t-t""'ec t 

of" lim~ ~dciiti_on._. LHYLiftg increase ~c ra1:.e o.C orgnrlic mancr deg.ro.d.aLion and helps in 

conversion ol complex rc8ist.a.nl compounds to simple n.nd labile: c. rbohydrates which is 

present.ed in Fiw. 6 . 

E. A.dsorp~lon oC boron: 

All Lh~ incubat.c:d soi l s were t.rea.t.ed wiLh varying doses of" boron vi~ . O . S. I. 2 and 4 

ppm .. cquUibro.t d f"or n period of" 24 l"'lrs and then boron wu.s estimated in the equilibrium 

s lut.ion . The un"loUnt nf" boron nd •rbcc.J wus round by suhtrocting the urTu..,unt or hc-.ron in th..: 

equilibrium olution Crom the a..n"l.ou.nt of boron applied . Table IO represents the percentage o _f" 

boron adsorptl n in s ils trcaLed wiLh lime and organic matter. Perusal of" the table reveals 

that boron ad,.orpLion was around 29 o/o to 32 o/o with neither lime nor FVM addition over all 

the concenLrati n or boron applied with an average of" 30.93 o/o. At no lime applicat:ion . with 

the increase in FYM addition. boron ad · orption decreased . the mean decrease being f"rom 

30.93 o/o to 15 .60 o/o. The decrease was similar over all the concentrations tested but was more 

26 



Table: 9 Correia 'lion ben¥een properties oC incubated soil 

Exchange exchange CBD ·Labile 
pH AI acidity Fe CBDAI Carbohydrate 

pH 1 -0.94** - 0 .983** 

Exchange AI 1 

exchange 
acidity 1 

CBD Fe 0 . 766* - 0 . 825** - 0 .747- - 1 0 .932-- 0 .807--

CBDAI 0 .873** - 0 . 883-- - 0 .835-- 1 0 .83--

Labile 
Ca rbohvd rate 1 



Table: 10 . Adsorption ( 0/o) of Boron at various levels of addition 

Treatment 1 2 4 8 Mean 

j.Jggm- • 

LoFo 32. 54 31 .87 30 .20 29. 12 30. 93 

LoF,o 28. 12 25.45 25.45 21 . 35 25 .09 

LoF2o 17. 75 16. 26 14. 57 13.83 15.60 

L ,12Fo 25. 66 22 . 03 19.99 18. 29 21.49 

L H.zF.,o 18. 91 16. 16 15. 95 13. 54 16. 15 

L ., ,2F2o 15. 36 14. 97 12. 26 11 . 70 13. 56 

L.,Fo 69. 60 61 . 96 82 .63 79. 34 63.49 

L,F.,o 51 . 3 6 45 . 31 45 . 1 2 44 . 90 46.67 

L , F 2o 29. 77 29. 39 26.05 26_05 26. 32 

C>veralt me n 34~37 31 .49 30 .49 26. 66 
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Fig. 7. Boron adsorption of incubated soils 
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at higher concentrations of boron application. than at lower concentrations which is presented 

in Fig. 7. Thus. only by addition of FYM. a decrease in boron adsorption could be achieved. 

This is probably because addition of organic matter decreased/marked the sites of boron 

adsorption. Fixation of boron by boron-diol complex formation was not evident. 

At half" of" the do!!ie of recommended lime addition. boron adsorption was 21.49 

% . On comparison it may be seen that this value is less than LoF 10 treatment but more than 

LoF2o treatment. meaning thereby that decrease in boron ad orption by half" the dose of" lime 

application was superior to I 0 tonnes YM application but inferior to 20 tonnes FYM 

application with repeat to decreasing boron adsorption. However half the dose of lime 

combined with 10 tonnes FYM per hectare was superior to either half dose of lime or 10 

tonnes FYM when appli t1 alone but was interior to 20 tonnes FYM alone. But since both 

lime and Vl\.11 application can both decrease soil acidity and decrease boron adsorption .. it 

s hould be the treatment of choice over only 20 tonnes FYM application. Hall the dose of" lime 

combined with 20 tonnes of F YM was based in decreasing boron adsorption over all the 

treatment tested. 

Application of" f"ull dose of" lin~e although had beneficial effect of" atneliorating the 

components of soil acidity but increased boron adsorption tremendously. the value being 

83 .49 o/o . This probably b caus e r increase in a 0 3 con'tent o£ t.he soil and or increase in 

Ca- saturatcd clay whic h cau e bor'On to become adsorbed and or fixed . The Cull dose of" lime 

should not be applied to crops that are sensitive to boron deficiency. But when 10 tonnes 

F VM was applied i n c o mbination with rull dos e ot~ lime ... there wns con s ide rable decrease in 

boron adsorption . The increase in availability of" boron over L 1 Fo treatment is due to 

complexation or covering ot" surf ces of" CaCO:>. that act as sites of' boron adsorption and or 

adsorption of humus on to a -saturated clays. This effect was more when 20 tonnes of" FYIV1 

was combined with fi.I.JJ dos e o£' Jime but the overall effect was not. better than L 1 t~ Fzu . Hence 

L 1n F 2o should be trearment of" choice f'or Curther experimentation. 

When the data were no significant positive correlation was f"ound between boron 

adsorption and any of" the properties of" the incubated soils under study. But when three 

treattnents containing full dose of" lime was removed from the correlation study. significant 

negative correlation between boron adsorbed and BD extractable 
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and CBD extractable AI ( -0.887* *) was observed. Thus these are the main adsorbing surfaces 

of boron in acidic soils under study. 
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Boron is an essential micronutrient element required for normal growth or plants. In 

spite of its low natural abundance, B is widely distributed both in the lithosphere and 

hydrosphere; but B deficiency is most widespread. Soils of the terai region are acidic in 

reaction and Carmer amend these soils by applying lime, but B deficiencies are known to be 

trigard by liming acid soils. Organic matter in soil has the ability to complex large amounts of 

B and decrease B availability. There being little information on the effect of combined 

application of lime and or organic matter on the availability of boron in soils of terai region 

of" West Bengal. the present study was under taken to study the 

(i) Available B content and its relation to soil properties and 

(ii) To study the adsorption behaviour of B in soil amended with lime and 

Ten surf""a..ce soil and ten sub- surface soil was collected From various soil series or 
North Bengal tor fulfilling the first objective and UBK V larn'l soil was u sed for the second 

experiment. Ali the soils were sn-ongly to moderately acidic in reaction with pl-1 . In general 

the pH of" the top soil was less than the sub-soil. The electrical conductivity of' all the soils 

were low and all soi ls were non-saline . In general the top s il had more water holding 

capacity than the sub soi l. Texture or these soi ls varied fr m loam to andy clay loam with 
most. or 1.he soi l having sandy cloy loam t.exture. T he oxidisnble organic carbon was low to 

high .. varying f"rom 0 . 42o/o t.o 1 . 1 7~ in t.Op soil n..n.d 0.27o/o to 1 .44o/o in sub soi l s . ""rhe cation 

exchange capacity wa in enerol low and varied from 3 .0 to 19. 8 cmol (p• ) kg- • in the top 

soils and 2 . 5 to 21 . 2 cmol(p) kg- • in sub soils. 

Exchn..n.ceablc Al varied C"rom 0 . 63 t..o I .75 rn.eq 1 oo- • g.m of soil in the top so iJ s und 

0 . 50 t.o 2 . 38 mcq too· ' w,rn. oC soi l in t..he s ubsu..rfa e soils. Exchange acidity ranged f'"rom 0 . 25 

to 1.75 mcq Joo· ' grn. o l · soil in the top soil and 0. 2 5 to 2.75 rn.eqi00- 1 gtn. soi l in t.hc s ub soiL 

The ~otaJ potential acidity rung<Od ,-rom 3 .50 ~0 12.00 mcq 1 oo- • gm soil ror t.op soi l and 4.00 to 

12.00 mcq_I00- 1gm soil in sub -oil. pH dependent acidity ranged Crom 2.50 to 10.50 meqloo- • 

gn> soil in the top soil and 3.25 to 9.75 meql00- 1 gm soil in ~he sub soi l. Liming these soils 
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could be beneficial for crop production, except Balararnpur soils, which were neutral 

reaction. 

1n 

Boron was extracted with hot water, hot-calcium chloride, hydrochloric acid 

and Mannitol- calcium chloride. Boron extracted by hot water ranged between 0.03 to I .3 

ppm in the top soil with a mean value of" 0.66 ppm. Only the top soils of Kharibari and 

Darbaska soil series are deficient in boron considering 0.5 ppm as the critical limit, the rest of 

the soils are sufficient in oron. The hot CaCI2 extractable boron in top soils ranged between 

0 .07 to 0 . 73 ppm with n mean value o10. 38 ppm. The Mannitol Ca 12 boron ranged between 

0 .03 to 1 .51 ppm in the top soil (mean 0.37 ppm) The HCI extractable boron ranged from 

0 .52 to I .08 ppm . Con'lpnrison of' the mean values of' boron. extracted by various extractants 

reveal that in general the extraction efficiency of HCI >IIW> Hot CaCh>~an.nitol CaC1 2 • 

HWS-B was negatively correlated to lime requirement (-0 .47"') and CE (-0.446"'). HCI-B 

was negatively correlate to BD-Fe (-0.5 10*) and positively correlated to EC (0.557*) . I lot 

Ca h-B was negatively correlated to BD-Fe (-0.447"') and Mannitol n "12 -B positively 

correlated to CBD-Al (0 .475"'). 

The pH of Lhu s it changed on incubation from 4 . 8 at LoFo to 5 .62 at L,F2o. on 

incubation with lime (f"ull LR) and F'VlVl (20 tonnes ha" 1
) . Exchangeable AI was 4 .94 

meq too-•g soil at LoFo treatment and decreased to 2.14 meq too· • gat L,F:zo Exchange 

acidity .Collowed a s i1'1"1ilar trend to c=xcha..ngenble AI but decrease in eo:xchonge acidity was 

main.ly nn effect of lime addition. The Increase in BD extractable Fe was 22.42°/o due to full 

lime dose over no li_m application and was 41 . 5So/o due l.O r-ull dose of' F'Vl'VI application over 

no FY!Vt application. 13 e~ct.ablc .A.1 C'ollowed a sirn.ilar trend to CBD- 1:-·c, but. result.s 

were lower. Labile carbohydrate increased due 'to both lime and organic matter addition. 

Boron adsorption ~as around 30.93 o/o with neither lime nor FYM application. Boron 

adsorption decreased. with the increase in FVM addition . the decrease was similar over all 

the concentrations test d but was more at higher concentrations. Half' the dose or lime 

combined with I 0 tonnes FYM per hectare was superior to either half" dose ol· lirne or 10 

tonnes FYM when applied alone. Application of full dose of lirnc although had beneficial 

effect of" runeliorating the components of soil acidity but increa cd boron adsorption 

tremendously and hence should not be recommended for soils growing boron sensitive crops. 

30 



Chapter-VI 

REFERENCES 



Ahmed, R.S.; Pcrveen ajida and Khattak, J .K. 1990. Hot water soluble boron status of Dir soils 

and its relationship with soil properties. Sarhad J . of Agriculture. 6 : 509-5 15 . 

Ali. M . H . 1992 . tudl •s on rnicronutricnts - an overview of' t~c work done by IBFEP. I . 

Dclineo.tion Ol ~ micronutrients deficient areu.s . Proceedings of" t.hc:= Workshop on 

Micronutrients. 22-23 january. 1992, held at Bhubaneswar. 273-279. 

Barthakur. I J.P. 1992. Avuilable rnicronutricnts and crop response to micronutrient application 

in acid soil of" Assam. Proceedings oF the Workshop on Micronutrients. 22- 23 

J .. nuary, 1992, held nt Bhub .. ncswar. I 72- 179. 

Buruuh. T. and Bat1:hnkUt· ... I LP . ( 1997) . A text Book Of" Soil Ann I) !'ooi S., Viku~ Puhli.shing hou s ..: 

P T L T D. ew l.:>elhi 

Berger, K. . 1949. Boron in soi Is and crops. Adv. Agron . . .l : 32 1-35 I . 

Berger, K .C. and Prall. P . F . 1963 . .. In I •ertilizer 'IechnuloXY und Usuge · · (M . II. JVtcVickar, <.; . 

E ridger ond I . . B . Nelson. .ds.). Pr> · 287- 40. Snil S c i . Soc:. A111 . Madison. 

Wi con ln . 

Berger, K.C. and Troug, E . 1945 . Boron availability in relation to soil reaction and organic 

matter cUr\tent. Soil SCi. Soc. Am. Proc . 10 : I I 3- I I 6 . 

Bhattacharjee, J . . 19 6. Water soluble boron in soil oF Murshidabad , West Bengal. J . Ind. ' oc:. 

Soil Sci. 4: 161-166. 

Biggar J W and Fireman M 1960 Boron adsorption and release by soi ls. Soil Sci. Soc. An?. Proc . . 

24: 115-120. 



Bray, R. H. and Kurtz, L.T. 1945. Determination of Total, Organic and Available Forms of 

Phosphorus in Soils. Soil Sci. 59 : 39-45. 

Couch Land Grim r E 1968 boron fixation by illites. C lays clay Miner. 16, 249-256. 

Day, P . R. 1965 . Particle Fractionation and partical size Analysis. In: Meth d of" soil Analysis 

(C. A. Black, Ed. ) Agronomy No. 9, Part I . American Society of Agronomy, 

Madison . WI , pp. 545-567. 

Dutt.a, M . and Ram, Munna. 1993. tatus of micronutrients in some soil eries or Tripura. J. Ind. 

Soc. Soil Sci. 41 : 776-777 . 

Elrashidi. M .A . and O'Connor. G . A. 1982. Boron sorption & desorption in soils. oil .«ci. Soc. 

A"'· J . , 46 : 27-3 I. 

Fleming G A 1980 E:ss cnt.ial rnict<onulr-ient.s ~ .1: Boron and molybdenum . In applied Soi l trace 

elements. d . BE davie~ . PP- 155- 197. John wih: y and s on s .. New York. 

Ghosh, G . K . and Sarkar, A . K. 1994. Availability of" su lphur and some micrQnut.rient.s in o.cid 

Se.dcnt.ary sotls of" hot.onagpur region. J. Ind. Soc . . so;J .. :t:;c/. 42 : 464--466. 

Goldberg S and Frostcel" H S 1991 Boron sorption on calccrous soils and rercrence calcites . oil 

Sci. I 52 , 304~3 I 0. 

Goldberg S and Glaubig R A 198S l3oron adsorption on aluminium and iron oxide minerals. Soil 

sci. Soc. An>. J . 49: I 374-1379. 

Gu Band Lowe L E 1990 studies on the adsorption of boron on humic acids. Can. J Soil sci. 70, 

305-3 I I . 

Gupta, U.C . 1979 Some Factors affecting the determination of hot-water soluble Boron from 

podzol soil using Azomethine-H. Soil Sci. 59 : 241-247. 

II 



Hesse. P . R . 1994. In A Text Book of soil chemical analysis . CBS Publishers and Distributors. 

New Delhi. 

Hingston. F. J. 1964. Reaction between boron and clays. Ausr. J . Soil Res. 2 83- 95. 

Hu. H . and Brown. P . ll. 1997. Absorbtion oC Boron by plant roots. Pt. Soil. Vol. 193 Page 49-5 8 . 

.Jacks on. ~. L. 197 - Sntl ch •rnic.al analysis . Prentice ll.nll oC ln<.Jiu (P) Ltd. , New r.>...:lhi. 

Jasmund K and Iinder B 1973 Experiments on the fixation of" boron by clay minerals. Proc. Int. 

clay Coni". 1972.399-412. 

Jin ,.. Ji - Vun ; Martens .. D .. ; Z ela.zry ... L . W . 1988. Plant availity of" o.pplied nnd native boron in 

soils with divers e properties. 

Kappc:n ,.. ( 19 4) . Po'-!hvc.:.:nnuyu Kislotnns t .. Selkh01;i~ rvtosc.ow, (c.. C J . Indian ... tt;;;uc .... ~uil ... ~c.:i. 39 

246. 1991). 

Keren R and Mezumah U 1981 boron adsorption by clay 1nincrals using a phenomenological 

C<.IUO.Lion . C:lnys clay miner. 29. I 98- 203 . 

Keren R and s parks 1:> L 1994 Effect or pH and ionic strength on boron adsorption by 

pyrophyllite. Soil 8 i . Soc. An•. J . 58. I 095- 1 I 00. 

Kumar. A. ; Dutta. S . P .; Singh. R . P .; Singh . K . P . Otlld Sarkar. A.K . 1994 . Available sulphur and 

micronutrient..s s~tus of" dominant soil series of' South hotonagpur in Bihar. J . 

Jnd. Soc. Soil Sci. 42 : 649-65 I . 

Loomis. W D an<.l Durs l. R W 1992. hcmistry and Biology oC Uoron. Biofactnrs. Vol. 3 . 229-

231. 

iii 



Mathur, C . M . ; Moghe. V.B.; Talati, N.R. 1964. Distribution of boron in soils of Westem 

Rajasthan irrigated with high boron water. J. Ind. Soc . • '>.oil sci. 12 : 319-324. 

Mathur, S.K . ; Pantamkar, S .S. and Talati, N.R. 1991. Note on the availability of boron in salt 

affected soils of" Indira Gandhi Canal Command area. Curr. Agric. 15 : 81-84. 

Me~wally A I , i - Damaty A II and Vousry M 1974 Anion adsorption as a possible mechanism of" 

boron retention by soils. Egypt J . soil sci. 14, 23-3 1. 

Mandai, M. 2004. Studies on suitability of" extractants f"or assessing the available B status in 

soils of tcrai regions of West Bengal, M .Sc. Thesis. Uttar Banga Krishi 

Viswavidyalaya, West BengaL 

Mondal A K. Mandai B and Mandai L N 1993 Boron adsorption charactcrics of some acidic 

alluvial soils in retention to oil properties . Commun . Soil Sci. Plant Anal. 24, 

2553-2567. 

Morgan, V. 1980. Boron geochemistry In Supplimcnt to Mellor' s comprehensivetreatise on 

inorganic and theoretical chemistry. VoL 5 Part A : Boron oxygen compounds. 

Nandi. T .; Karan , A.K .; Hassain, M . and Ali , M.H . 1992. Boron and molybdenum status in red 

and lateritic soils of Bankura, Midnapore and Purulia districts of West BengaL 

Proceeding s of Workshop on Micronutrients. 22-23 January, 1992, held at 

Bhubane war. 157-160. 

Nelson. D.W. and Sornrners, L.E. {1982).Total Carbon. Organic Carbon and Organic Maner. PP-

539-594 . In : A . L . Pllge eta/. (ed . ) Methods of soil analysis . part 2. 2"d cd . Ag.ron . 

Monogr. 9 . ASA and SSSA, Madison, WI. 

Nongkynrih , P . ; Dkhar, Paul , S. and Khathing, D.T. 1996. Micronutrient elements in acid 

Alfisols ofMeghalaya under rice cultivation. J . Ind. Soc. Soil Sci. 44: 455-457 . 

iv 



Pakrashi, A. C. 1991. Studies on the availability of boron in acid soils of North Bengal in 

relation to growth and nutrition of green gram ( vigna rad.iata. cv. B 1). Ph.D. 

Thesis. Bidhan Chandra Krishi Viswavidyalaya, West Bengal. 

Parks W L and White J L 195 2 Boron retention by clay and humus s y stems saturated -.vith 

various c Lions. Soil Sci. Soc . An7. Proc. 1.6, 298- 300. 

Perveen, S .; T arig. M .; Fo.rrnnnullaf\ ; Khatta.k. J.K. ; Khatta.k. M . K . 1993. Hot water soluble boron 

status o•"NWJ.='t> s oil s ~nd its relation wit..h soil properties . .Sarhe~dJ. Agricu/Lure. 9 

: 3489- 3 5 4 . 

Reo:vcs .. H . 1974. On t:hc origin oCiia&ht. clement . An-n . Re-v. A .~rron. A ·rrophys·. Vol 12 : 437-4-69 . 

R.ei s eno.ucr H """ · Wal s h L IV1 und Hooft R G I 9 7 3 ~l~cst:ing s oil s ror s ulphur .. boron . molybdenum ,. 

o.nd chlorine. f,-, Soil Testing u.nd Plant ana.lys i s. ds . L """" Wal s h .and J D Beat.on . 

Rev. ed . pp 173 -200. oil S c i. S oc . Am. . l.o.c ... rvtudison . Wi s con s in ,. USA. 

Rhoades J D ,. lnsval.son R. D and Jlo.Lcher J T I 970b aborat:ory deterrninution of" leachable soil 

boron . Soil S i . Soc. Am . Proc. 3 4. 871 - 875. 

Saha. A . R . I 992. tudics on boron in acid s oils oC North Bengal in relation to growth and 

nutrition of" green gram (Vigna radiate var. Pus a Baisnkhi) . Ph . D . 

handra Kri hi Viswnvidyalayu, Wcsl Bengal. 

hesis . Bidhan 

Sakal, R . et al. 1987. Boron and sulphur nutrition of" ground nut in calcareous soi I. Annual 

Progre s Report or the All India oordinated A Scheme or Micro and ecendary 

utrienll< and Pollutant . lemenls in Soils and PlanL<; {ICAR). Pp. 37- 40. Rajcndra 

Agril. Univ., Pusa., Bihar. Cited f'rom Sakal, R . ( 1992) ; Interaction ot· boron with 

other nutrients . 68- 77 . dited by Tandon, II.L . S . ( 1992) Management of 

Nutrient interactions in Agriculture. 

v 



Sims. J . R. and Bingham. F .T. 1967. Retention oF boron by layer silicates. sesquioxides and soil 

materials : I Layer Silicates. 

Sims. J . R. and Bingham , F .T. 1968. Retention of boron by layer silicates, sesquioxidcs and soil 

materials: II. Sesquioxides. Soil Sci. Soc. Am. Proc .. 32; 369. 

Singh M 1971 equlihrium adsorption ofboron in soils and clays. Geoderma 5. 209-217. 

Singh M . V ., Sakal. R. , howdhury.K. 2006. Boron status in s oils of Bihar. In Sing et. at. edited 

boron nutrition of' crops an s oils of Bihar. PP I 9 - 25 . Fl . .. flh n pal 

Tech Bull No. S : 1- 70. 

Singh S S 1964 boron a sorption equilibrium in soils . Soil Sci . 98 , 383-387. 

RA£ / Bihar. 

Singh. K . P . and Sinha H. 1975. Fixation or boron in relation to certain soil properties. J . End. 

Sac. Soil Sci. 23 : 2 2 7-230. 

Singh. R .N . and Sinha, H . 1987. - valution of critical limits of available boron for Soya.bean and 

Maize in acid red loam soil. J . End. Soc. Soil Sci. 35: 456-459. 

Sokolov, A . V . (1939) . Kimizastia Sots Zemledelia. 7. c . f. Journal ot. the Jndian Society ofSoi/ 

S t::ience. 246. I 99 I . 

Sposito G 1984 The surf"ace hemistry of" soils. OxFord University Press. New York, USA. 234p. 

u . . and Suurc:z. t:> . l ... . 1995. C oor-dination of" ad s orpcd bnron : A FIIR s pectroscopic s'tudy. 

Environ. Sc:i. T echno/ .. 29 : 302- 3 I I . 

Takkar, P .N . 1982. A Review " Micronutrient-Corms, contents. distribution in profile, indices or 

availability and soil test. methods." 361 - 391 . Edited by Randhawa, N.S. ( 1982) : 

A review of soil research in India. Part- 1. 

vi 



Tandon. H. L . S . (I 999). M e thods of' Analysis of' Soil, Plants, Waters nnd Fertilizers, Third Print, 

Fertilizer Development and Consultation Organization, New Delhi. 

Tewari, R.J.; Tewari . A . K . and Sharma. R.A. I 988 . Status of available B in soils of Rajghat 

command area in Madhya Prades h . J. Ind. Soc. So il Sci. 36 : I 80- 1 8 I . 

Waringt.on , K. 1923 . Ann. Bor. rr,.<>ndon.). 37 : 629-672 . 

Wear. J . l. and Paucrson , I~ . M . 1962. Effec~ of" soi l pH and ~ex~ure on the availability or water­
soluble boron in the soil. Soil Sci. Soc. Am. Proc. ::Z6 : 34-4--6 . 

Vermiyaho Keren R und "hen V 1988 boron sorption on compo ·ted organic rnauer. Soil Sci. 

Soc. Arn . J . 5~. 13 09- 131 3. 

vii 


	IMAG0001
	IMAG0002
	IMAG0003
	IMAG0004
	IMAG0005
	IMAG0006
	IMAG0007
	IMAG0008
	IMAG0009
	IMAG0010
	IMAG0011
	IMAG0012
	IMAG0013
	IMAG0014
	IMAG0015
	IMAG0016
	IMAG0017
	IMAG0018
	IMAG0019
	IMAG0020
	IMAG0021
	IMAG0022
	IMAG0023
	IMAG0024
	IMAG0025
	IMAG0026
	IMAG0027
	IMAG0028
	IMAG0029
	IMAG0030
	IMAG0031
	IMAG0032
	IMAG0033
	IMAG0034
	IMAG0035
	IMAG0036
	IMAG0037
	IMAG0038
	IMAG0039
	IMAG0040
	IMAG0041
	IMAG0042
	IMAG0043
	IMAG0044
	IMAG0045
	IMAG0046
	IMAG0047
	IMAG0048
	IMAG0049
	IMAG0050
	IMAG0051
	IMAG0052
	IMAG0053
	IMAG0054
	IMAG0055
	IMAG0056
	IMAG0057
	IMAG0058
	IMAG0059
	IMAG0060
	IMAG0061
	IMAG0062
	IMAG0063
	IMAG0064
	IMAG0065
	IMAG0066
	IMAG0067
	IMAG0068

