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Chapter 1 
INTRODUCTION 

Tim so i l soluticai i s a aedluta that bathes ilant roots . 

îio¾r there exists sufficient convincing evidence ¾nicħ 
supports Ŵe cones )t of soiL solution as the expression of 

s o i l ebcnäical environment that markedly influences ioíł-uitakβ 
by slants and evβntuaî3.y slant response, to o t te r words, 

is-sortanee of so i l solution in αlneral nutr i t ion of plants i s 
well eocuaented* 

Th& overall picture of lon»u¿take In toe soil-plant 
system (I*rlβd and ^r©esħart, 19&?) can be su¾îsuris©ü as Î 

soil solid 
ŵass 

Soil solution plant root 

ĩħ© effective concentration (activity) of ions in 
solution vhich is often described as "intensity factor* 
of nutrient availability to ala.it s, is govβrnotĩ öy sever VL 

cħørjieal equilibria occurring in>sol I system, »h© jh of soil 
solution is one of the master variables wħlcħ uarkedV 

^ _ plant top 
_ _ 
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influβitcðs numerous s o l i ŵ§ïtle¾i react ions^ tmmuy regula t ing 

concentration of various ion 3 MIOİÖS i n s a i l solution* ìon 

exen-jn^e •qull i i»xla cons t i tu t e anotłiβr group or reac t ions ¾fäieö 

ocmir a t s o i l soUfWsolution i n t s r f *¾ee and ari- v-^ty closely 

associate-! ¾dth c¿¿ař½ôá l a s iL»soiutlon co&'positicm* 

»hβπ anhydrous JffiU i s injwcte - i n t o s o i l , I ÎΛΓ. i s d r a s a t i c 

TÍŬø i n s o i l p and 3rotor*atloε¡ of >*¿-, r e s u l t s is* formation of 

M^ ions in ir¾sence of s o i l water* ^ofcn th¡ss¾ eŵíSequenαes i n 

a»'aθniatðđ»soLl are l ike ly t o d i s tu rb ex i s t In . s o i l eneαLcal 

e q u i l i b r i a i n s o i l syst©rs and i n tu rn s o i l sjluti-'-r* composition* 

Uo data ¾¾r© avai lab le i n l i t e r a t u r e on. s o i l so lu t ion 

cos ŵ s î t t o n as influenced by aiditi&»i of anhydrous Ka,* ¾se 
object ive of t ł » present research project wis Uh»refore t o 

c o l l e c t da ta on s o i l solut ion eosnosl t lon of w.* t r o p i c a l s o i l s 

(sriK itKã black æ«i l ¾ i e r i t i e s o i l s ) , containing 1/3 a¾a ^roentŬíŝβ 

jaoistttre as in f luence] by ad&ilijn of anhydrous :-İ½ and 

incuO- t ;oa t i s β . 



 
 
 
 
 
 
 
 

 



CHAPTER 2. 

'the s o i l so lu t ion i s h. cαs SIØÄ quasi-® ".uiULírivm 

aqueous solut ion of mainly e l e c t r o l y t e s th¾t ocnurs .:n 

tħroe»ŵ¾so s o i l system tsUer unsa&urut ? í tfoiuu^ro realise 

{,½aro,Æ Ĩ>71)« <»:i3ll¾r de f in i t ion of s o i l s o l u t e , lias bmn 

a lso r*"~en fey »iklaifcier €U5ô) , '¿sao¿-áLn¿ to Xwja&v of 

So i l J-ciβnee lorns <ĩ/?5>» i t i s an ¾¾ue©us l iquid pbase of 

s o i l and i t s so lu t e s , r e a l i s i n g ti*i i£.-K»rt-*me o* s o l ! so lu t ion 

eħå rac t e r i a t iα s in f e r t i l i z e r use technoLOjr, in l?70»XaBasaki 

and Kiaβlta have reported an excel lent b i s to r i r - l rβvi¾v of 

s tudios on tna s o i l so lu t ion composition and f *-ctors affect ing 

i t . Sol i solut ion con ¾ositicm da ta (¿*wle 1) eo - 'iiecí by ¿-riod 

wctă ¿hαxlro CiföŬJ Irtíłic¾ts tna t a l l tπβ αaĵor n u t r i e n t ions 

except ŵsa¾¾aŵø are noræ¿lly present i n i t a t current r a t i on 

a i'ìToxiznitln¿ l ö β ^ to 10* «» • ŵ o s ŵ a t e » ? co. CŴ.V r a t ion I s 

usual ly low i n too ran^e -jf lũ'7 t o lo*° j¿. 

REVIEW OF LITERATURE 



Eβitβiaaiy©r and ¿vlch&i»ds ClfMł) oatainn ? so i l solution 
of saline so i l by pr¾ssur© a&a¡bτm$ mβtmå and noticed very 

Mφ concentration being 1,6? Å, ** *o the s«u of Ca, %» Iía 

and K. Lo¾rør concentrations of so i l solution for nonsallnβ 
so i l s were obt inβđ by Bard and -¾&rtin (l>¿**)f tne normality 

of Ca • Mg • $a • K varinc between 0.00Ö to Vol? » . 

Table 1 % Soil solution Coiaoosltion * 

Element -ian^e of 
a l l soils 

Aeid s o i l ¿ilearβous 
soil 

,,,,. n α o l e / l i t e r 

Ca 0.5*30 3 Λ lfc 
•¾ ).?-103 1.9 7 
K O.¿-IO 3.7 1 

Sa 0 . W 5 0 1.0 29 

M a.lĜ-55 i ¿ .1 13 

? 0.001-1 0.007 0.03 

â 0.1-150 0.5 ^ 

Ŵ 0 . <à»230 ux .ao 

* Ooαpiled by l-riađ and Jłuoiro ( l ? $ l ) . 

4.1 s Cfagj^eal f¾¾JU¾Sl§ ¾¾d, S¾¾l §¾l¾U¾¾ t 

'A he ion S3sdos in so i l solution are đrαun froa and 
are in quasl-β u i l ibr iua ¾itö aatqr const ituβntí; of so i l 

solid abaset such as ( i ) frβ©f soluble sa l t s ( i i ) adsorbed 

h 



s a l t s ( i i l ) sparing 1/ so »al® a a ^ β r precipitator umpotmas 
¢lτ) exchangeable ions and iw) io»wpalis. I t i s , therefore, 
oovîous to t3:¢p¾ct existence of several siaultansous cbQ/ale&l 
equil ibr ia i n soi l system 

İ O Í J . - VΛÍİ S , 0 . \ . 0 -

'¾ÍΛ¾¿ # ¿au. ^¾*» 

co -1 >łexøs with 

organic anions 

J¾-falvαte 

u 
á+ 

-*a ** 

sol^le salts 

¡.-ÄCħan£ablβ 
) 
¡ ¿a 

11 
::ch3n.:'i,ìL* 

U 11 
+ - < • 

s ĩ sfc-ir;. I- soLu.jle 

Qm**m w^iJv 
J 

L_ 

It 
•if 

k'lg l î ^aid¾3 βviuili^rl'i in t o i l solutioa oi* calc¿reαus s o u . 

Ihes¾ clelurø enåi l iør ia (¿i ; 1) aąy serve ;*s an exaaπLG 
oJf such sisiult.fαieous ehβŁicil ®-iyliibria íu .* r. t u r i l so l i 
solution. ïh i s schia;3β shows that IheriAKiynaraie íïonαaîłtration 
of ŵ r in soi l solution i s in β'÷uilJLbrluDi ő¿:;υ3.tαneou9iy with 

5 
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<i) ion pairs ( Ü ) sparingly soluble sa l t s (UDeaLcnangeabie 

Cat* Xnese equi l ibr ia , of course, are affected by ac t iv i t i e s 

of other e lectrolytes and ions in so i l solution* 

From the aoove example of siniiltanβous Üa equi l ibr ia , 

one can recognise t h i t so i l solution eα¾ xpsitì^n at a given 

ssolsture regii§e end at a given tisrø i s a resultant effect of 

variety of reactions or processes (Adaas, xψł¿, Oster and 

M©S©ŵł 1971), such as : 
a) acid-base reactions, 

b) gas solution reactions, 
β) precipitation and dissolution reacticms, 
d) ftoraat I ®CL of coordinate complex of ueta l ion and 

Uganda, 
e) oxidation.reduction processes, 

f) exchange reactions at the sol id- l iquid interface, 
g) anion exclusion {negative adsorption), 
n) hydr©lytic reactions. 

Ãciđ-oase equil ibr ia play a sarkad role in detera&ning 

s o i l solution composition, ïherefore» so i l (solution ) pa 

i s one of the ^¾asier variable1* whlcb largely influences îsost 

of slm&taneous ehe¾ical equi l ibr ia and eventually governs 

so i l solution c©s¾ositioa, while describing chemical equütì»rìa 

of metal chelates In so i l , ¾orvell (I9?i) has βwnaris«d the 
effects of so i l pB on concentration and/or ac t iv i ty of Ca t 

¾ 2 * , fã}* and ï¢*ψ in so i l solution (Fig 2) . 



d) Solubility product expression of Ja30¾ 

• — ~ .KC.C0 « ĸ r ^ 
(CaC03)

 J 

Using the above chetāical #¾uiìibria f the ,¿* of 

GsŰ fŬ¿p-QO¿ sy steal can be defined as Î 

l¾®n t i » p ¾ « 10"3*^ atia and pH of JαŴ^ìi^o-ŰO, 
system works out to be &.h (Carrels and wr i s t» 1965>• The 
ŵ (HjO) values of calcareous soi ls when in ö iü Librinia with 

atnøsphere are also reported to be in vicini ty of ő»*f 
(Turmr, 1953). In other words, the 0'- (ii ;0) of calcareous 
so i l solution appears to be regulated by OaOOĵ»h ̂ 0-00¿ systeau 

The so i l solution pE under submerged eonđiti .̂ * i s mainly 

determined by řeCCU~HJ5»Cö2 systets and/or âtôO •ĩJiJb»GQj 

syste» ¢?onn&£i?eruaa, 197 2), 

Dissolution and precipitation reactions exert signifio¾at 

influence on eheaical equi l ibr ia in so i l solution, solubi l i ty 

expressions oî so l id-soi l constituents have hel.ieđ in 

understanding variat ion in so i l solution eoisposition<utittf196,2§ 

Oster and ¾cîiβal 1971, Nakaya¾a 19?1>. Ha general dissolution 

of an inorganic sa l t in aqueous system may u® written as s 

¾ ½ Cs) «*•• -.jf a^ 1 * (aq) • H A " * (aq) 

at equilibrium 

ř½AβCs) « ( d # * ) 3 (UA»*)n 

9 
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soluol i i ty product (¾p) ¾x¾½saion i s , 

Whenever the act ivi ty of a nutrient Ì . Λ in the so i l 
solution exceeds tho eqt&lihrirø eoncentraî.iöí; of a mineral 

or iorganlc solid-phase, i t heglnâ to ørβci¾itite out* 

Conversely, ¾&enaver a nutrient ion act ivi ty i.i thα so i l 
solution dro^s below the equilibrium soluolLii;) of a solid 
phase (or s a l t ) , that pàasa begins to dissolve , I t sa> 
therefore, î>® şossi'ole to ¾hara¢taris® soiifc»i : iv / of sulŵastβs. 
chlorides, fluorides sni phosphites of Co, -,„, -a, :!n e t c , 
in so i l solution according to general solubil i ty product 
-»rinctpl®s* However, precautions are nac&ss^ in applying 
KUß as ib¾re are sose problβ¡¾s associated with 'eterœŁnation 
and app l i c r ion of i t , The ions produexl as a resul t of 
dissolution process frequently undergo :sany Ŵ¾JÌC¾L reactions, 

such as acid-bsse reactions, complex formations, ion-pair* 

formations e tc (&akaya."saf 1971, Stwms and orjaπ 1970)#For 
example, the ðoluαillty of -WO^ (s) will no. only depend 
on (i'©3+) (pq3") out also on acid-baa© eiui r.-jria (β*g* 
formation of j.*»LK¼f% FβM P̂Ĉ  )• Ihe avail ;>t3 cora ail ^ ion 
of K^j data in l i t e ra tu re has often shown variation* 

tα so i l syste&» inooîigruβnt solxfelLlty in ¾lso 

prevalent, for example* added solitöle phosphate s a l t s 

dissolve lneongrυently with fomatiun of re la t ively 
insoluble sal ts* âimíiarłÿ î¢gQö.. (3) i . e . aagtiαsitβ,added 
to so i l through liodng isatβrial wil l dissolve ineongruently 
with formation of %<€«)> Ca>. 



11 

*oa« eleπjents such as Ct ãt ö f ü» ¿β aiui ffc are 

present i n s o i l ®j&t®m which are often irone t o redox 

changes, -te¢îox &ąυâ.lioria can be bes t i l l u s t r a t e * ! 

pií o r ih-pB d iagram ( b a r r e l s and ¿ h r i s t 12&5* a l l i e n 

1967, Stusata and -organ 1970) which show, in a coai r*-

hmm±VQ way (a) bow a c t i v i t y of protons and ul",<ctrons 

słuultanβously influence the chemical øquŁliorla and 

(b) wϋat so l id phase controls concent r a t i on , C .¾nnarøpe* 

r » a 197-2). 

řorra¾tiołî of aąuocoiÄøxøs or hydroxcco ilexes 

through co-ordinat ion reac t ions butween s e t X IOÎIS and 

water üiolβcule-; i s com ¿on in aqueous system antilogous t o 

s o i l so lu t ion . Such reac t ion has aeon descr ibe , ^s hydrolysis 

o r p ro to lys l s of metal i o n s . ïhβ fora *ti m of soluble 

aquoeozu?lexe9 can be adequately đβscriaeđ by hydrolysis 

• q u l l l b r l i n constant* However, SOΓJ® of these reac t ions 

are r e l a t i v e l y slow and the k i n e t i c intermediates a re 

a s t a s t a b l c or ¾»staale* ¿he following two ruł.w .¾¾r 

fθ¥4fexn hydrolysis β^uHlo r l a i n s o i l solut ion (úttuαt 

and Morgan 1?7Û¿ • (a) In aqueous phase, the jet si ions 

tend t o protoly¿je aore with decrease i n a c t i v i t y of 

protons ( increase i n pH of aqueous sy s t e s ).(b> '¿-ħe 

f rac t ion of -lolynuclear complexes i n a so lu t ion decreases 

on d i l u t i o n . For ¡aσre de ta i l ed information o»* behaviour of 

o c t a l ions in ¢åąueoua so lu t ion (such as s o i l sol-ition) and 

t h e i r co-ordinat ive processes, reviews by ¿ lU r m <1967¿* 

öa r r é l s and Chris t (1)65) Stuæi and ĵor&¿a ilì/0) -¾iy be 

consult e U 



As a result of cation exchan^s, the cations are 

distributed between exchanger phase (adsorbeũ ;¿*ase } 

and soil solution (liquid) phase* Assuming tho cation 

exchange reaction is reversible and stoichiometric 

chemical reaction (which obeys the law of mass action), 

it c n be written as i 

^ ( B — a ) 

K CA-~* ß) 

"were L9 «ith suöstripts ft, and B represent numαer 
of reacting cations of Λ and ¿i respectively, (ad) denotes 
cations in exchanger or adsorbed phase, wnile absence of 
suffix denotes ions in 30İİ solution phasa. 

Various cation exchange equations have öôen used in 
soil science to describe quantitatively, tαe đistrioution 
of cations in two tòases of soil systeia. 

Using thermodynamic abroach suggested ay Argersinger, 

cation exchan¿e equiLioria can be written as (cains and 

Zboαas 1953 )Ï 
-0 

rL e 

Δ ŵ 

a cŕ 8 
3 

Where H » universa l gas constant 
T = absolute texaoerature 
G° « standard f ree energy eìĩan¿® 

= a c t i v i t y 
K » thermodynamic equilioriìiCi constant 
e » base of nattirul log . 
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Xh® equation can be written by substituting ac t iv i ty 

of adsorbed ions as Í 

^ K ( B - ^ A) 

Where r • act ivi ty coefficient 

Jf * tiolβ fraction of adsorbed cation* 

¾tβ values of theraodynaac •ςullibrlucí constants have 

been calculate! bγ applying the wove Argersiagers thermody­
namic approach to the exchange isotherms for various aystems, 
βuch as K-Ka, JC-Űa, ¿\«Kgf Mg-Ca (Jensen and *>3bcock9 1963, 

Jensen ¥an Bladel and Menzel, 19^9 )• I t can therefore, he 

concluded that the theory appears to be valid for the 

syœet r lca l as well as unsyiaaβtricaĩ cation exchange 

equi l ibr ia at so i l solid-solution Interface* 

¿»Z Ionic activity-concentration relationship in so i l solutions 

In orùør to sake the discussion on various chemical 

equi l ibr ia l a so i l solution thenaodynaiaLeall/ -aeaningful 

and to be able to predict crop response fro¿i the so l i 

solution composition data, i t seeas highly desirable to 

correct the jseas¾αred Ionic concentrations of s o i l solution 
to the i r ac t iv i t i es . In th i s connection ionic strength and 
ac t iv i ty coefficient, concepts of physical chemistry are 
important. 



T¿i® ionie strength { ¿-ł ) of an electrolyte solution 
i s a íaαasur© of intensi ty of the e lec t r ica l f ie ld i » the 
solution and i s ;aatħe! itlea&y defined as s 

Where ¾ « aβasuređ concentrat4.ee. of i on ( i ) / Ł%ue/llter 

Ŭ£ « valence of ion ( i ) 

according to Beöye-^tickel theory the individual ion 

act iv i ty coefficient ( †? ) in điliite aąu©ouø oαlution can 
be defined as j 

- i o | J? - * * * )4 
! • B¾Cè4^ 

where Λ & il are constants character is t ic of ui solvent 
(In th is βaâ-'¿ v&ter ) at a specified tea lera¾uru and 

pressure. £4 i s ionic strengtn aαđ ¾ ion sl^u >:iraαeter 
of each ion i n aqueous solution. 

x'hB ac t iv i ty (in simple terms effective concentration) 
of an łαdlvldnal Ions ( i ) i s 

Further« the other theriitO'Jynaa&e r e a c i ^ i constants 
required for correcting the actual eoneentrátlun of 

soil-solution ions to the i r ac t iv i t i e s are (ì¿ ion-pair 

dissociation constant, ( ü ) weak a&dUuea£ Ü-ÌÜ«5 dissoci-

atloì: constant, ( l i i ) hydrolysis constants oí ¡ot-A ions 

and Civ) solubil i ty constants of certain gaao3< ΛIJ¿S 1'¿?1;« 

http://rat4.ee


ïn absence of ion-pairs , æasured ionic conαøt;.ration i s 

equal to actual concentration and calculations of act ivi ty 

of ions^calculated according to the above equations. In the 

case of saixađ electrolyte ( s lö i l a r to that of so i l solution), 

the aβasurel ion concentration i s always aαr•*. tsmn the actual 
ion concentration, A his prodlβ-a i s solved by thð method of 

successive aα^roxiaaτlons t i l l there i s no further change in 
two successive values, Λ iaatheaaiieal ¿rocedαrβ al©ngwith 
suLtaolβ examples for calculating actual loiilc strength and 
subsequently ionic act ivi ty in mτ®9 as well as in saixed 
di lute electrolyte aqueous s o l u t i o n analogous to so i l 
solution i s given by Adams (1971). 

2.3 affect of added anhydrous M$ on so i l solution s 

When anhydrous MH¾ i s applied to so i l using injection 

technique, i t lnterac'.s with sc¾H»solid poas¾, or¿anie as 

well as inorganic, end i s retained i n so i l though physical 

and/or cheaical mechanises, Portland (1966), ¾ r r and 

?aτ®ndiek, (I9ββ) and recently ¾lmjd (1973) ħ-we given 
excellent reviews of anhydrous MIj»soll coHoii in tera­
ct ions, A sussaary of physical, chemical, and biooheπsieal 
fate of anhydrous NHL injected in to s a i l i s ^rosent¾d i s 

She oH and ionic composition of so i l within aonβ of 
infection of anhydrous NłU are to ta l ly unLiko the surrounding 
s o i l . *er t i l l s«rβ containing iîH¾J are known to influence soi l pH 
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1 Anhydrous Łîìj injected í 

i n t o s o i l 
To l a t a l l a â t i on 

ł 

^ħysiCαi 
— - - - - ! r~ 
eiay IÍH~ ^ adsorption î¾i¾(g) 
" ""^ ptςrð½áL :*u" 

dβs©rŵio» β 
o 

O 

t 
® 

d i s so lu t ion In 
s o i l watβi-

f ixa t ion 

îm¾at©s j 

l¾-clayp adsorption 

<c 

í đ©sor>tioĸ 

i n t e rac t ions with 
»»w»n—I-**.-—«>-*• i—»H—,«**'v*mmiUmw*mm > m mw 11 

huïaic substances 

¿¢u i n s o i l so lu t ion 

®mrm 

l©acìalng 

oxMatiαn 

J by n l t r obae t e r 

dβ ï î i t r i f i c t i o n 

(1¿~ or ŪJ» ' 

i¾Oìi 

o 
tî 
ft 
t> 
O 
» 

ð 

ft 

o 
m 

1 
soil 

sαLu¾ion 
ÖH" 

o 
* 
O 
3ł II 

8 
o a l t r i f l e ΛÌOÎ 

b 
-1 
1 

r 

energy y 

•;ig 3 1 ¿'a¾e of anhydrous araaonia i n j o c t e i i n t ;;eí Uŵysie&l , 
eħ©sie'Ŭ and b io log ica l r e a c t i o n s . 

ugttíúiB 
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or soil-solution pH ( Ig«s«c and Walsh, 1971; •iassiøura 

and wetsel^ar, Xψ¡Ą* Iŵengro (19?ź) notice.. >. 9.7 near 
anhydrous £Ħ‡»lnjectlαn xxlnt in a vβr t i so l . í.ouever» as 

n i t r i f ica t ion occurred ¾itñ incubation tia¡íï ho reported 

decrease in so i l pH upto ó.ô# After anhydrous Cw onis 

Injection, i t cart exist in so i l in t¾¾t rorss f ionized and 

nonlαnlsed as Î 

The re la t ive pro»j©rtiøn of thas® two f^.¾s are 

detsruined by p'u of so i l solution, iììβ respective 
¿rørcentages of free a&aonla existing at >í ú.O coa.oared 

to that at pU %Q would bð of tho orđor of 3%1 par cent 

and 50 per cent resaaetivβ¾y (Parr and Papenđlcx, 19&Ŵ. 

As a resul t of drasatic changes in so i l >* and 

eventually in soil-solution atít due to anhydrous füU 

InjQCtioπ into so i l , dissolution*pr@diτİtati-4ĩ reactions 

ar® the f i r s t chβs¡leal reactions l ikely to oβ influenced, 
¾łum anhydrous NHL ¾aa applied to so i l s , increase in 
phosphates in so i l solution was observed hy rì»aeh, as 

reported by ¿lortlanđ {1965) • ïh© solubility- of j ineral 

fαnαs of ? in soi ls <a;i>ears to he affected a shα change 
in p** on a j j l i e tion of í¾¾« It i s l ikel . In ^åe coursa 

of these Interactions that some of the attuootJLis. ŵospbate 

eotap©unđs a i^ i t he formed { lαartland» 19^6). 
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Ig ovikov and Kulakov (1970) observed lucre-s-a in 
słobilβ foras of *>, K and Ca la the deroo-podsαlic so i l 
¾hβn i t v¾s treat®! ¾Liħ anhydrous KH¾. Mc^o¾¾ll and 

S¾itħ (195S) noticed 5 to 6 times increase in in in 
saturation extract of ®si©nia-treated so i l as compared 
with that of week s o i l . 

•Che changes l a so i l pH on aipl .cation of anhydrous 
SHy sot only affect solubi l i ty of inorganic so i l consti­
tuents, but also solubil i ty of so i l organic aatter» Laboratory 
lysine t r i e t r i a l s conducted hj Haaoe (1971) revealed laaxiiauia 
solubilization of so i l hπmlc substances øy onħydrous HE., 
application as eeαpared wita other ï¿-carriβr£î application. 
By and large , siastlar observations were ropurted by .leDoveil 
and Smith (1953), ř¾sguta and Young (196?). 

latere i s a marked increase in concentration ot Vtíζ as 
a result of protonation and/or dissolution reactions in soi l 
water surrounding the injection point or bond. ïne Ifäζ ions 
thus fonseá, may also eater the exchange reic^ions as : 

,n* 
day M 

> I ... « Jt 

and βoncentrâtl'^i of displaced cations αay lncrβ-ise in so i l 
solution. ¡a.3plaσβment of exchangeable X by heavy application 
of f e r t i l i s e r s c©nt¾ining N¾¿* has been observed by Ãbruna 

M a i * * ¢i¾»Ö). Iģlov¿kov and λulakov (1970), also noticed 
hi ther contents of jobl le Ca, :¾ and Ha near the point of 

application of anhydrous My 
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¾ee©rdln¿ t o >ĵørtland» { l jôó ) t .CLu ¿aay be rm-a i iv i by 
i 1 

Cam d a y as » 

Ca (H^Q) x clay • ¿HH. 
* 

Ö3 «3ñ)> * £ ¾ ¢l¾' • (x-¿)H¿O 

:uch re ten t ion react ion may -J® opera t ive In calcareous 

s o i l s ŵlc ì i vould r e s u l t i n increase in JÌ ^+ i n so lu t ion . 

However, I t appears t h a t these C a~* and ;¾¡~+ ay© e f fec t ­

i v e l y remove J frαsa s o i l so lu t ion by precl *Łt .i-¿i JSS 

respect ive or alx-3d carbonate3,thereby preventing any 

extensive re-.exchant;e oî SÖL fret, s i t e s previously occupied 

oy these ca t ions ( J Ö ? 1 © S Ì S , 19*2)* 

I t i s apparent from the wove review of ü t & r a t u r e , 

t ha t very U n i t e d da ta are ava i lab le on d i r ec t ef fec t of 

applied ¾B, on s o i l solut ion composition of cvαn temperate 

so i l s* în so f a r as t r o i l ea l s o i l s are concerned, such 

data* h i t h e r t o , a re not avaiłdŵlβ a t a l l * ."or e f f i c i e n t 

use of anhydrous acBaonia as a sonic© of - t o ;~änts9 under 

t r o p i c a l condi t ions , data on s o l i solut ion composition of 

Φi¾o¾latQï â o l i are » e t s s a r y * 



 
 
 
 
 
 
 
 

 



CHAPTER 3 

3 .1 ¾ t e r i a l s : 

3-1*1 £ìoits : 

Medium blae¿ s o i l Oαrt ìsαUϋ»JO ca, < : ::u) £τom 

ŵntraŁ C J JUS Z ir¡a, Ï?Λ¥, ¿tahurl C¿IOCJÍ J - - J and l a t β r i t Lc 

s o i l (0-20 c:3,<C 2 "3*5) frois \gr ic t i l tur ;l - Ό ¿-ch Jtit»itm, 

.ladhanagari ( L i s t , ^.øtħaiïur) were us© ł i n tao iavestio-jvlon. 

.iθα@ of tìło ;¾¾?sical and coeaie.it *roiβrt io ©f ti½ s o i l s 

are glY»n i n .i.vbl®~ 2 and 3 r e spec t ive ly . 

î a a l e ¿ s ŵ y s l c a l p roper t ies of $å» aβđiUL. JI-IQ,\ and 
l a t e r ! t i c s o i l s used 

Property ¾βdlυu ->1Ŵ. s o i l **ïL.i*Ltic s o i l 

S«fŵit ck¾ /̂. 5^.10 3á.6θ 
S i l t ,.- 6 29.00 i½.10 
Slay-ĴS Scrw¿ł/, 15.90 29.30 
£extural d a s j Olay Jluy loaa 
0 a ta oβro©nta¿β 7>.í?3 ¾í«00 
1/3 a t á percentage 31.60 j i . 8 6 
3 ¾tis percentage 27.10 -3*00 
15 atK percentage 2¼.93 '1.1.2 

MATERIALS, METHOD AND EXPERIMENTAL 

file:///grictiltur
http://coeaie.it


ŕZL 

ï a s l s 3 t C¾QrjieaL i roper t i t s of the jaeđiuu al^.ck and 
l a t¾r l t i c soi ls ¾sβđ 

¾p©p©rty .¼dl¾;?ł b l ade s o i l ¡łŬtCíVi¾ic s o i l 

Φ (fí^D) l t l a.i 5.Ì 

¾ű a stio/csa JĹ. J-~ 0.27 

AOüal n i t r o ς e » €¿) 0 .07 í .10 

HB¢ - » Ca¡gAøö g) ¿ . ¿¡ř 3Λ5 
HOĴ - i imŕxm g) 7 . 6 2 I Λ 
Organic carbon {;*) 0 . 3 * û .90 

Ği¡i r a t i o 5 .6 ΛOÕ 

Cai¾K (íO 0 . 6 2 ÖÜ.OQ 

jaα {-aβ/ioö g) ¼l.¼Ü 1 Í . ? 0 

föcŵaagβaliiθ Ga n -ä¡á.7* / • 9 6 

.áschangβaaLe i;g « S.di 3 .67 

J¾cetłaag©aöltj :»a « 3.39 -UoO 

3*¿εcħan¿;®aole K » 0 .15 ; . i 7 

Avai laαlβ P ( / } 0-0002 .-.0O2J 

AatxMiia r e t e n t i o n 
c a p a c i t y { v.C) 
Cag/lÖÖ g) 

161 .53 l ü θ . 7 2 

3 . 1 . 2 ¾aħydrôias asaon iα ¡ Î 

Aïtayáro¾§ a„itaonia gas cylinder CM) «) » a suiolieđ 

by Vs "tlαa Jheatcils U :. ¿υmt ¾-H 005. 
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$.2 Methods j 

3*-2*1 So i l ana lys i s Ï 

These s o i l s were analysed by adopting standard 

methods of analys is as shewn i n ï a b t e h. 

ĩ aα le h t Methods used for s o i l analys is 

So i l property Method adopted 

Pa r t i c l e s l s e 
d i s t r i b u t i o n 

Moisture 
percentage 

Aãgaonia r e t en t ion 
c a ¾ e i t y ( UlC) 

Inorganic forsis 
of ni t rogen 

ûr;f¾nie carbon 

CaCCK equivalent(¡î) 

pH (H¿D) ¢ l t l ) 

ĵa®etr ica ĩ 
conduct ivi ty 

üouyoueos 
Hydrometer 

Tension ? l a t e 
pressure p l a t e 
or pressure 
æa¿ranβ 

Pepandick and 
Parr as aodtfled 
by űhimpi (1973) 

ŵeraiaicro 
d i s t i l l a t i o n 
:½lkl@y •¿łlaek 

Pressure 
calcimeter 
Potentìouötrlc 

Conducto ¾βtric 
and 

exchangeable 
cations 
Avallaαle •?• 

Hapiđ sβainiero 

reference 

ß r a y - l and 
01s en 

Bouyαuθ*ð(19õ) Ì 
Day (1965) 

Äic'aax-đŁ (1965) 
J lack (1765) 

Pepsttulck and 
Parr (I?65) 

Drwβhur (1965) 

α u ^ - Í1965) 

Skirm., JüLAÍ^» <*9%> 

Jackson (195Ő) 

Jac¾öori (195**) 

£haiüir. Í19¾f)t 
Jackson (195Ô), 
3 b c . (19¾5> 

Bray and Kurtz (19**5) 
ûlsβn ÄŁ a i * f (1954) 



a 
3*3 ¾¾ oβrl¾gntai ¡ 

3*3*1 Âaraoniation techniques 

Fabrication and calibration of anhydrous I*fí¾ injector 

apparatus used in the present investigation w s siiailar to 

that of ?e;*andick and Parr (1965)* îhβ methodology of 
determination of aœaonia rβtβntion capacity C * J) was that 
of Sħlicpi (1973)/ Sufficient quanti t ies of soi l wβr© brought 
t o 1/3 at® percentage moisture content and equilibrated for 
âÖ-<^ ħr at ambient room teaper&ture. £tm areaoistened so i l 
samples were then asaaoniatβd equal to 0 (check), 33, 66 and 
100 şer cent of i t s AÄC . 

3*3*¿ Incubation technique t 

Four l o t s of 650 g soi l sauplβs (in duiUcatejcontaining 
1/3 atas percentage moisture were aræaoniatø »íiβse aaaaoniated 
so i l samples were kept i n suitaałe p las t ic bags, and their 
îsouths were t ied with str ings to prevent loss of ¾oistur© 

during incubation* ?or proper aeration about aα pin-holes 
were made in each p las t ic bag, ïhe p las t ic ba^s were stored 

at 2? j> 3 C teaperature and about 75 to 90 . ħuεiidity* in 
dark chaster. 
3*3*3 ¾ t r a c t l α i of so i l solution g 

After 3# 35, 70 and l¿O-day incubation, soi l solution 

was extracted using Richards * pressure oeabrai* apmratus 

supplied by î/s Soil loisturβ áquipjient Zo» California ü»¿* '.• 

(Richards 1965; Blaci 19&5,. For the e x t r a c t I Λ of soi l 
solution 15-at j air-pressure wis a>?Lied for a period of 6 ħr 
and 15 hr for aediua blacx and ła tβ r iv ic soi ls respectively* 

ĩaJLrty s i of so i l solution was collected after ^ c a r d i n g 's 

¾-ł MI of solution. 



3«3»*» ĥoil solution analyses s 

Isatediately after collection of so i l solution, i t was 

analysed for pHt ,-?c and organic carbon, KCC-N and «BJ« H 

content, After these analyses tti@ so i l solutions were stored 

a t ¼ C after addition of ¿-3 drops of toluene, un t i l a l l 

rβnainlng cher&cal analyses were completed by adopting the 
procedures gi¥@n In Table 5# 

"íaöle 5s .¾tłiođs used for analyses of so i l solution 

Soil solution Method adopted -eforsnce 
determination 

pH (¾0) i¼tentioaetric Jackson (195**) 
J l ek (1965) 

-Slectrleal 
conductivity 

ConductOíS©trlc Jackson (195Ö) 

Organic carbon l4odlfied 
*îalkey<*Black 

Jackson (195Ô) 

űaleiUï'.;; and 
i¼^iesiua 

¼IC A- t i t r a t i o n Jaŵcson (1958) 

Phosphate Jolorlmetric using 
ascorbic a d d as 
redactant 

Ua&anaoe and 
ulsβa (19©5) 

Sulphate lurbidlrastry Jackson (195Ö) 
Chloride årgaato¾etry ŵ¾saan and 

w a t t (1961) 
Carbonate and 
Bicarbonate 

-otöntioraetrie ¿afαs j t ^ i » ř 
(1971) 

Xroa Soloriaetric using 
O-pbβnanthroXlřiθ 

i-'fir- a j t a l # f 
T1971) 

Manganese Qolarimtrt¢ę using Black (1965) 
potassium periodate 

3*3*5 ft¾U βWŁπttt Ï 

Soil revaluing after extraction of so i l solution was 

analysed for l»¾jöáö-ex t ract able 3a and iíg (Table **)• 
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3#¾> Calculat ions of unđisaoci&teJi ¿¿¾u coucuńir-itivai 3nd 
jMM»»alBwaMMWMW»li^»^iilWiWW^.TiMiiMi IW» W t » HlitøliM—(HUH* J ¾ « M M # m i W I M W ' İ M « P M k W * N n M M P M a M W l M M M 

i o r i o a c t i v i t y ¾ ionic coαcentTrttlon -¿: a c t i v i t y of 
Ions i n s o i l so iu t l cm 

a) 3alcu~atlo»3 of tmdlssoeiated -&U e~ ü¾m*. r a t ion Î 
(ü©sâicθîc JäŁ £&•» 1371) 

Calcul itiíaia of i«í unđlssocia te î *ldL coi-cuntraLiati i n 

s o i l so lu t ion were a r t e on voluae oas i s of iR».cor» -he follow Hag 

ca lcu la t ions ver¢ usβi ŵ » r ø tħβ © u i l i J r i u : ecû'¿staîïŁ for 

"í¾^ÛÍl ÎQTíímtim from MU and H p equals « 

K * (ĩîl¢ ) C0H)/Ifřl3 « l#& π İ 0 " 5 

cosbinβ-l vitr* the autodlssoci^ticfcu of vauex 

(OS) (H+) * 10*XS 
Kİ » (KBkJ )/{H+) ( rø j ) « 1.Ó* C İÛ$ 

t o t a l ana ly t i ca l aasonla was defined as 

½ 3 « ( î¿¢ ) * ¢ũi3) 

¾y combining the aoove two equations 

K Î4H>—(i¾ł¾} 

<H+> ( M : 3 ) MPKV LIBRĤRV 

solving for ,*íH» 

^, 
: Ö . İJL 

l . d x 109 (H+) * l 

100617 

¾H, for eccb s¾sïl¾ was convert®i to .c loí í /Ütor 

and ca lcu la t ion for -íJrls ( α o l e / l i t e r ) ¾ere α . :β • 



b) Ja gul . t lαns of i on ic a c t i v i t y , Ionic concentration 
and a c t i v i t y Oł ions i n s o i l so lu t ion (λdøas 197 U . 

ÄIΘ me-iBurod concentrat ions of cat ions rnrŵly üaj" 

lígf íia, K* iαsd '*% and anions n a æ l y COÏJ " ^ 3 9 GİT 

J¾^ , and * ¾ ^ displaced s o i l so lu t ion uβr» considered 

1*04* t23θ pur >ose of ca l cu l a t i ons , 

1) Ionic s t rength (tf) 

Ionic s t rength of s o i l solut ion wm* sa leuia teđ 

by using fo Uo¾dng formula s 

»ħ©r© £4 « ion ic s t rength 

Qt * raaasur¾Ki concentrat ioα ař ion 

Z± » valancy of res Motive iox» 

a Total 

ü ) Conic a c t i v i t y coeff ic ient 

Ionic a c t i v i t y cof f ic ien t of each io<. w -s ca lcula ted 

according to tne equation 1 

loaf, r A z ? ( µ ) ^ 

t¿ħer¢ 

1 14- B ¾ ( ¿ O ^ 

/ . . a c t i v i t y coeff ic ient of «,„ C í ) 

A and d are temierature d©œnìent co^auants 

( A » 0.5Ö9 And j 3 >.3¿1 at ¿5 - ) . 

ne¿sis Individual i'^ri s l¿3 varaaetor. in angstrom 

un i t s for the ueote-HucAel equation for t c t i v i t y coef f i c ien t , 

for Oaf* .¾f* íö¢, 1003 a n d ""°C" ^ ® ,is ""» 2*5f ^ 
and % respec t ive ly . 
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i l l ) Ionic act ivi ty 

Ionic activity of individual ion w s calculated 

by using following equation. 

log Q; s l o s j í * log ¾ 

W»βre Q^ » act ivi ty of ion¢¾) 

^ * act ivi ty coefficient *>»" W*} 

Q{ 3 measured concentration of ¿onUĵ 

iv ) lon»pair concentrations y©re caleuluied for CaSQ¼? 

*¾ŕθÇt N¾¿£j, CaHOO î sad ¿fgB£OŶ using e m e l o n s * 

(CaSOi0) 

¾soÇ 

(ca2*) / <sog-) 

5.^5 x io-3 

<ĸg2*> (so¢*) 

5.5ð x lo*3 

7.93 * I t 
.2* 

- 2 

C-aUOO-

¾HCO" 

( 0 a ~ r ) CÍİCO3 ) 

- a 5.5 x 10' 

6.? x 10 
v) Calculated ionic concentrations cmn aβ given as Î 

r d . ałculate l ionic 
concentration 
iaoles/li ter 

Measure 1 ion 
concentration 
aoles/llter 

ioî¾- pairs 
calculated 
moles/liter 



 
 
 
 
 
 
 
 

 



CHAPTER 4 
RESULTS AND DISCUSSIONS 

.<Høvled¿e of so i l solution c&ar¾σt¿risilss i s a valuaαie 
tool in α iking Trβdletiαis of p i ait response to the so i l 
chemical environment, ylteraiwre reviews pu^iAshed by Parr 
ana Pβpandlck (1966), Portland (l^ó6) f ϋh l aû \1973)» and 

others, suggest, that ap^ücati¾¾ of anhydrous -í*¾ in s o u 

woui<ì bring about dramatic ¢han¿-¿s in soi l ..o tut ion composition, 

jr©-¾łbly t h r ø u # changes in chβude 3. so i l e u l l ib r l a occurring 
İÄ the Nü‡»rete¿ition £one« I t wis, therefore-, thought that 
probable ¢h¾å£Qi» in sd . i solution composition ¾řou-d a l t e r 
s o i l chβŁđ-Cál enrlroraseiït and m®ntvnUy d©îŵ'¾in© efficacy 

of anhydrous HE* as a source of îi to plants* , tsiice attempt 

¾a. aaåe to study the soi l solution coutxwl'J- ** of ;¾βdiu¾ł 
black and l a t e r ! t i c soi ls froiα λ-ìhur' an J > -;jcîħ aiagarl 
respectively as influenced by auh¿đrous -îU¾ implication 

\đ.fcħ tiiöö undar laboratory coalitions* 
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The s o i l s v»rβ aar¡xmlate- at *f l eve l s lï.'.»eL;- 0 , 33 > 6>f 

and 100 " v.". so as to aLmtlate concentration unOient of : l l 

and/or ïfiU tha t normally đeirêloïs i n a aaĵoni¿ r e t en t ion 

aone i n so i l* "í¿iβ s o i l so lu t ions ¾ere ex t rac t 3 from ti¾e 

asöoniate l - s o l l samples a f t e r ineuøatlon for ¥ürylag periods 

C3» 35f 75 and l¿O days) and αa¿maineu -at V J «ar percent-j£β 

(apirox* ¿'lβld eapael ty) &y ađo^l.ng Licħar»;;* pressure 

sMKBbrane act¿jo¿ (¿iienardu» l¿*tl> «λ&?ordiu t-o r,ia*as <lj>?½ 

personal eoau*inica~lons}s the jn'£SHìsr&»j'Làu^ j¾Uiod a l t e r s 

so 3o aspects of tħø t rue s o i l sol*αti*^r\ ¢¾,ĸ „",vioaf na¿ely9 

i i t e f fac t ive ly re¾oves ono&pna^es fie. ,-.łil Bolution, 

11 I t JKaÿ ùäă contaminants t o &ħβ s o i l ö'jvì--ionf 

ü i ðxcesτ yat-ŵr say be neβi-ri vo e s t ^ ü . v . contiguous water 

f i l a froßî smîŝìT'jne to so i l *-.rticlà" ( î i l u t l o n 

effect t h a t cannc; os corrected ) an l t 

i v the hij¿ħ a i r piVϋ/.ure wi l l l u t e r CO > "-* "< u t i i t y and 

hmoù s o i l soiulioii -jtî. 

Keeping tħesβ ll¾iicïiioríS of tħ¾ xetltu ' ŵ-f obtaining 

s o i l so lu t ion in view fcfce cħan¿§¿ i n s o i l t¿olu-iion composition 

as influenced by aïtòydrcus NH, a-jVJLu^icwi in Ł,.;e s o i l s 

s tudied, reported i n ï^ol-ss ¾ tîàrou¿ħ 2a ¾J%.; dĴscussŵi, 

k*l "cdL sDluïlon iH 
in. in .in in i i » - i~ -ii • i if • ' •" *•— 

'ŵø cħ"ii*, cs 3n <ioH-3olutl^n ">• as ì .-fl -..crtl by 

d i f fe ren t l c v e l r of ^ .vonia t ian -ml tucu.> ' ^iae -ire 

shown i n :"!£• ¼ ¾ni 5 • 
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ŵ i l - s o i t i t i o n iłí of the ðħ©ŵi s o i l s -jraetic¾lly 

regained unchanged during the lneubatiLon period. After 3~day 

incubat ion, s o i l - s o iut Ian ŵ values ineresőo í ¾dtn increase 

i n l eve l s of aααoniatlon» fh@ Increases i n s o i l so lu t ion ÿä 

values were ł.¼5 and 1.10 u n i t s for medlus bläcłc and ĩ a t e r i t i c 

s o i l s r espec t ive ly , yhen these s o i l s were acjo¾iafce. equal 

t o 100 % JUO. Khβ»gre (1975) amoniat>3d the .. diua alack 

v a r t i s o l and n o t i c e ï r i s e i n s o i l M values by a¿out 2.0 

u n i t s . So i l - so lu t ion p¿í appears t o αe detαi\-J.«eđ oy the 

following d i s soc ia t ion reac t ion ( 4daas» 1^?1). 

<ï¾3 ( aqì ) 

So i l - so lu t ion pK of the a¿¾aoniated s o i l s decreased 

af ter 35-day incubat ion, oalnŁy due t o adđi¿yì¿-.g effect of 

nátrifica&i©rs process . Data given in ' iaplesl? and 18 shows 

.-xrođuctlon of StfJ as a r e s u l t of oxidation of AÜ¾J and 

concomitant disappearance of îß¾J* troa s o i l so lu t ion . The 

lowest o¢i WT¡S observed when the s o i l s ¾ere αa.jθ¾İated equal 

t o 66 í¾ i ö î incubated for 70 days. 

¼*2 üolL»¾σlutiqtt ¾t. 

îhe chances i n soi l , -solut ion c as influenced by 

d i f fe ren t l e v e l s of •sameniatlon and lneub Λ.ÌJ& time are 

shown i n ¿a¿lβ 6¿£lg **• and 5 . 
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ïa&U 6 i SolUsolîłtion ŵ a»t ?:α of the so i l s ta l led as 
influenced by added anhydrous -íH¾ and Incubation 
time J 

HH¾ aâđ©đ "• " T " 
Incuo t i o n f 

tiíSÔ • 
(đ¾ys) j 

%<liu.¾ 

pB 
ö l æ k s o i l 

Cm wkm/cm) 

J ^atoxltic soil 
| pii i2G 
! (îa αho/ca¡) 

3 ? Λ 5 1.8õ 6.'A) OΛ? 

0 & y.*K> 1.30 6 . Ŵ o.w 
(check) 70 7.*K> 1.90 7 .00 0.50 

im 7.**ö X.¾> 7*00 o.5o 

3 8.70 4 .53 7.&j 0.5Ö 

33 35 7«¿0 S .0 İ ; . i o á .00 

70 7 .¿0 ô.ao á . 8 θ 3.30 

120 7.30 5.8o 7 .0 i 3 .20 

3 8 .8* a .ÿ f 7 .70 0.&2 

66 
35 

70 

7-50 

6.30 

8.T> 

12.00 

7.1' i 

6.¼0 ½.70 

120 6.90 8 .00 6 .60 ½.80 

3 İ . 9 0 a . ¿ 3 7.Ô0 0 .69 

ł¡ÖÖ 
35 

70 

7.ÔØ 

7.30 

1.90 

2Φ2Ö 

7.30 

6.70 

3.0Ö 

¼.5ö 

iao 7.00 ¼.3θ 6 .30 6.36 
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34* 
ižleetrieal conductivity of an electrolyte aqueous 

solution can be given by the following equation s 
S a KG 

v(h«re9 s » e l ec t r i ca l conductivity of an e lectrolyte 

solution a t 25 St 

K K * ce l l constant at ¿5 2, 

G * e l ec t r i ca l conductance • 

After 3-¢iaj Incubation, soi l .solut ion , values were 

f ix tua l l unchanged, ¾t a l l levels ©f røsonlaticíi of the 

so i l s , vhicħ say be due to incomplete exchange reactions, 
and practically absence of n i t r i f i ca t ion ¿ábĩe 9 and 17f 

18 respectively). In general, soil-soìutiJ§s ;,c of the 

ssnonlatβd so i l s increased with incubatioo tXm except that 
of raediυo black so i l äæraoniateđ equal to 100 /•'• åĩtC upto 

fQ day incubation, ŵβáe resul t s are su isorted by Increase 

In Measured concentration of cations in so i l solution of 

the aa-ooniatec soi ls with t læe. AS lncuō ¿tl¢n progresses, 

added HH, t o so i l i s n i t r i f i ed to n i t r a t e s (¾clntosh and 

řredrlcfef 19$&$) fh®»gre» (1W&) has noticed ¾ultβ rapid 
production of ¾'0-¾ l a the atvaoidat«d»a«diiĸi black soli, studied* 

ïhe data on changes In Mtíζ and NO" in s o i l solution presented 
I n Tables 12 and 1? res "Jβctiyeiy also su¿cøst nltrlfic¿i-ion 

of added ĪŬU vlth t iaβ In both the soils* -his indicates, 
tha t after 3~day incubation soil»solutior; v appeared t o 
be largely a function of (a) soluble cations exchanged 
and (b) n i t r a t e s produced in the aaaoαlatei soi ls studied. 
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½#3 Measured concentration of cations in so i l solution t 

MaasureJ concentrations of cations v i z . ¿a¾' Kgf^ 
S% K* and ¡¾¾* (13î£ • Iffik ) as influenced by levels of 
amsoíiiation and incubatiu§ş time are ¿iven in ¿ ŵ s ? 

tsr©w£ħ l¼ and ¿ig, <y tbrougłi 13. 

**.3«l -aleiuia and Hagneslw \ 

tlm w&mmmà concentration of 3a*" and ¾T* In week 

solutions vera in the range of 10*3 t @ ¾)*¾ sutó <Ü<* Sí& 

show variat ion during l¿o»day incubation (¿ables ? and 8 ) , 

Fig. 6 and 7 show that the trends in changes In uβasurβd 
concentration of Ca2* iα so i l solution as affected by 
aaaβnlatlcα levels and incubation ¾ere v i r tua l ly sðuilar 

to tłaos® in aecβuređ concentrations of Mg*** In so i l solution 

of tli® so i l s studied* 

1ft er 3-day incubatiαi aeaaured Ja^* and -V *̂ ion 
concentrations did not significantly increase ¾dUt increase 

in levels of aatanlati xi of tne so i l studied, -i*- -*: resul ts 

BW&'st ttaat probar-ly αa¿l£iĵLble or small uhAo¿~,αde of 
βaεc¾an e reaction sight navŕ occurred due t o SĴ» .̂ TH / leant 

proportion of added NH. existing in undlssodU-¿-ou or free 

ł¿¾¾ (aq) form ( ï ŵ l e 13)• Another possible reatí¢¢ i s tbat 

ħiga so i l pH prevailing during 3-day incubation C¿abłe 6) 
aay nave cau¾eå sitaaltaneous p r e c i s t a t i o n of displaced 
öa mâ śg"2* as carbonates (Øu-|řl©assis, and tqn×sijβ, 1964, 
Russell* 1965). 
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OJi A í : 3 -i:; i v t t ; ín O i l ¾ lu t l c¾; ŴJ t.*5 ;ű ^ U T b l - α ; 
I:H] l ' . ú ? r l „ t e sot i s , *ÌS in^'l '¿snco ' 'ay ifli.1 :i:iïi '-roαs 

i 

/ " ~ \ " ¡) ti\<<¾ Qo.iüðïiir ïtl >/. Aσti» conooĩ-tr . ! n """"Activity 

3 2 .Ŵ 

¡ r ø l θ / l l t i 

1.76 0.55 0 .52 3 2»>->l 2 .Ŵ 

¡ r ø l θ / l l t i 

1.76 0.55 0 .52 ϋ.V) 

35 2 .85 .2.60 1.76 0 .55 3 .51 Q.tøj 

0 
iħOCíí) 

70 3 .06 2.77 l . ŵ 0 .65 3.59 OΛS 
l á ' ì 3 .05 2.75 l . ð 3 0.70 . . ŵ 0.50 

3 if.3ö 3.61 uk5 1.10 3.33 0 .73 

35 17.23 16 .59 7M 2.59 í.½^ 1.5^ 

33 70 15 .0^ l¼.¼O 6 .61 3.60 'ì.hìi 2.03 

12'3 12 .05 1 1 . ½7 5.27 ¼.l3 ¼.Ŵ 2 .33 

3 h.Xk 3.39 >.J6 1.15 0.Ö9 0.69 

35 1 6 . 90 15 .33 7 .35 3.06 Í . 8 Ó 1.7b 

66 70 29.3S iü.¾-3 •ŁmiW φ ' ¿"T-Ĵł 5.30 ) g jL í¿ ¿.7& 

120 ->3.Ŵ 19.17 8,62 6.63 i . ½ 3 Λ O 

3 ¼.O¼ 3.62 2.19 0.95 O.üfc 0 .6c 

35 2 .71 2.0υ 1 > 9 2 .81 ;*53 l . ó l 

100 70 2 .59 ^.18 1.38 **.50 Ł>.29 .ì.kQ 

120 9 .03 7 .03 ½-.SO 8 .03 7 .65 3.A-
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;ΛV;İQ )Ì :*®a&ur^>i •inä ő JLcututo • coneoutr ŵi ¿is oC . it^3İu; 
on€ i t s a c t i v i t y i n s o i l solut ion of ^hβ ,„>o iiu uL~ek 
arU l a t ^ r i t i e S O İ L J , aa iiifLuc'••;£»-? i by αdío I - ¾ / U Ό U S 
"3¡¾ ani ineŵ-r t i^n titaβ 3 

12* Incifc- _ LJL-.JGL,JL-JL. J2..JUJU — x, — _ , 
- Med a t i o n • .• & 4 t e frV.Φî ?<?U ^k¿¾¾¾ŕž,,^^., _ 
* ' ( l ays ) ï¾¾sur ti CalcuTìvēα *,łv :îβ s u r e ì ", .„.;;. Ł"t *d 

3 

ao îθ7 l l t Jr _ 

u„;ÿł 0.30 0.-S6 0 > 5 

35 W 5 Q.3? 0.30 0.-+J 
0 

(e'..3c¿) 70 1.13 l.Q<i 0.73 0 . ¿5 

l?ϋ 1.26 U l ? ^ . 7 ^ 0. ** 

3 1.50 l.**o O.JÓ J.ÒO 

35 5.*α u i a ¿ . 5 Ô L.0-3 

33 70 3.53 3.32 L67 1.70 

l ¾ ,2.7 i i.î>o l.¾ĵ» l . ? 3 

3 1.55 1.3- 0.*; - -!.«# 

35 *».3^ ½.l l .2.07 1.^1 

66 70 ' / . ^ 7.J5 3.17 1.Ö5 

t-¾ V / J ¼.33 ¿.Λ -¿.7> 

3 0.7 J O.¾ O.V) 0.73 

35 ).*7 0.3 > o . .V L.3 : 

i no 70 ) .o i >.7? O.1*-; l.c}J 

1 A 0 3.**- 3.3¿ 1.93 *.¿5 

. * β 0.33 

».J¿ 0 .3 Ĵ 

i .3- J O.¿S 

ì . j j α.¿ ĩ 

•.'A V55 

»..oo 0.65 

İ.Ó¾- 1.00 

U 7 - ĩ.α5 

•»viO Q.Sv> 

uv¿ O . ŵ 

Ì . .00 1.0) 

-. 59 1.50 

. -• JÓ Ô.V/ 

0.'/-) 

'"..73 1.01 

v. l . 2 . 1 ; 
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Clay ¾ÎT •¢HB¢ ^ ± Ę ¾ ¾ H S Ge/÷ • ^ 

I 
ŵβci;*! uate ¿s 

In so f i r as, effect of aßSĴoniatl¢rt of tho , ¿ 1 on 

eαan&es In a® isnreű Oa^* and Kg^ in so i l soluti on as a 
function of t i æ are concerned, the ®©dlîsa ol ie so i l 

showed d is t inc t ly different behaviour from the l a t β r i t i c 
s o i l . ïħβ πieaauređ concent rat ions of Ca^* and Uπ"2* in so i l 
solution of the medium black so i l aasoniated a t the 33 and 
66 per cent AHű I n i t i a l l y Increased and tended to dveereas* 
t©mrd the end of l¿ø-day inclination* ¾fcβreas that of 

İÖŴ< ÅuC» ssasurβd CaÄ and Í% concentration rβ»elned 
constant up to 70-àąy incŵat ion and shewed incre-÷aa towards 

the end of láQ-đąγ incubation* On the other nana Bβasurβd 
concentration of Ca and %*" in so i l solution of l a t e r i t i c 
so i l εuv:ìoníaLe' equal to 33, ó½ and 100 AäC continued to 

increase tbroqghfc»out 12&»4ay exaericiental period* ïhβsβ 
changes in maaured £a2* and Kg'2* in so i l solution can be 
at tr ibuted part ly to cation exchange* Boreas® in MA^ĴAC 

extract able Qar and Mga,+%dtb added ¾ŬU and incŵat icn time 

vas noticed *ζ ¾ai¾ 9), 



hi 

TΛ¡»ÌΛ 9 t Changes i s NI¾LOΛC -.®ztractatolβ Ca and & contents 
of the asasaoniatβđ soi ls after extraction of so i l 
solution with time 

mì Incub­
a t ion 

(days) 

Medium b laű í SOİL Łatβri£ic s o i l 
múûBŬ 

($ ma) 

Incub­
a t ion 

(days) 
Ca ¾g Ca • Mg 

Łatβri£ic s o i l 

Ca • Mg 

¢B a & W l i t İ β » -M 

35 as. 71 6 A 3 35.1** 7.90 3.65 11.55 
0 

(cðMKđc) 
70 

120 28.56 

7.31 

6.M* 

3SA2 

35.00 

?.?5 

7.55 

3.65 

3.80 

UΛO 

u.-o 

35 26.20 8.31 3^.51 10.32 3.65 13.97 

33 70 29.39 5 . U 3^.50 6.68 3.0V 9.72 
> 133 17.89 SΛ3 2V.32 8.51 ł . 4 á 10.33 

35 2 7 . ^ %75 33.23 6.68 3.65 10. İ3 

66 70 36.8% 3.83 30.67 5Λ? 3.0** 8.51 

1.20 9.59 1.91 U . 5 0 V.25 i#a¿ 6.07 

35 22.72 7.31 30.03 7.90 3.65 11.55 

100 70 26.Ŵ 5.11 31.95 ^.50 3.65 8.15 

130 15.3** 1.28 1^.06 if.á5 3.0½ 7.29 
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In the case of ¡aβdiua blaβk *cαl» peak concentrations 
of űa2* and ¾g * i n so i l solution ¾βrβ observed iŵβn i t was 
asaonlated equal to 6$2 Λ^S and incub ted upto ?ö»day period* 

l a the case of l a t e r l t i c so i l , such peaks were not observed 

at mm level of aπ¡εĩσniation studied during the Iŵ»dąy 
incubation* Ihese resul ts indicate that the choolcal nature 
of the sources of eaútdUBi and Bagnesiuas and processes deter* 
alnŁqg the changes in measured Ca and Kg concentration in soi l* 
solution were probably different in the m®ðlm black and in toe 

l a t e r l t i c so i l studied* 

^.3.2 Sođluα and Potassium a 

By Mid large the æeasureâ concentrations of ìîa* in so i l 

solution increased a i th increasing levels of aujoniatlαbs and 
increasing Incubation periods up to 7ü-đay3 but showed decreasing 

trends thereafter , exchange reactions appear to be largely 

responsible for these changes in Ha in soi l solution* 

d a y l a * SB¢ *»•?.:.'.—-.. clay ĩ l ¢ + Ma* 

ΛS the concent r a t i on of řői¡J ions ¡aigbt hsv© decreased 

ultfe t ine (Table 12) wing to n i t r i f i ca t ion , the displaced üA 

lens probably were readsorbeđ on so i l colloidal clay complex 

by asking the exchange reaction occur in opposite direction 

before reaching equilibrium* 
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Table 10s Measured and ca lcu la tor sodlui» concentration ¾nd 
i t s a c t i v i t y in s o i l so lu t ion of mβđi¾u black and 
l a t e r i t i c s o i l s as inf luence! by added anhydrous hń 
and incubation time 

3 

îfi^ Tncub-
adđed ? î ^ n 

ttf Ai.-r* \ &3İ30 
</» JUυ ) ¢ d a y s ) 

ü Q 4 , 1 .µ..¾ 

o 

3 

35 

<check) ' 
120 

3 

35 

70 

lao 

33 

60 

100 

3 

35 

70 

120 

3 

35 

70 

120 

Measured a c t i v i t y taeasur^d a c t i v i t y 
cone, cone. 

¾ J 

1.65 1.52 

1.73 1.57 

1.37 1.57 

2.00 1.75 

2.09 1.79 

3.52 2.89 

3.Ä 2.62 

2.00 l . Ö f 

1.96 1.67 

3.91 3.11 

»f. 78 3.66 

2.78 2.19 

1,86 1.5$ 

2.17 1.73 

1.96 1.58 

2.52 1.8? 

0.63 

0.78 

0.33 

0.78 

0.52 

1.30 

1.70 

l.hß 

0.65 

1.91 

2.00 

1.80 

0.55 

1.39 

1.8l 

1.50 

0.58 

0.72 

0.76 

0.71 

OΛ7 

1.13 

1.1*6 

1.2? 

0.57 

1.65 

1.6d 

1.51 

ü .^3 

l . ¿ ö 

1.53 

1.07 
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Table 11 t Measured and calculated potassium concentration 
and i t s act ivi ty in the so i l solution of the 
medium black and l a t e ï l t i c so i l s , as InTluenced 
by added anhydrous NIU and incubation ti¡se 

NH¾ Incub­
a t ion 
time 
(days) 

P o t a s s i u 2| 3 
added 
(.% ARC) 

Incub­
a t ion 
time 
(days) 

Medium black s o i l „ï»¾l¾«ittfi 
measured 

cone. 

s o i l 3 
added 
(.% ARC) 

Incub­
a t ion 
time 
(days) 

a»asured 
cone. 

a c t i v i t y 
„ï»¾l¾«ittfi 
measured 

cone. 

a c t i v i t y 

3 

_ _ a m o l e / l i t e r 

3 0.08 0 .07 0 .07 0 .07 

35 0.03 0.07 3.07 0 .07 
0 

(check) 70 0.09 0 .08 0 .09 0 .08 

120 0.09 0 .08 0 .08 0 .07 

3 0.10 O.OB 0 .09 0 .08 

35 0.12 0.09 0 .25 0 .22 

33 70 0.13 0.10 0.2Ö 0.2*+ 

ia> 0.10 0.08 0 . 1 3 0 . 1 1 

3 o.i3 0 . 1 1 0 .10 0 .09 

35 O.l»f 0 .11 0 .38 0 . 3 2 

66 70 0 .18 0 .13 0.if9 OΛI 

120 0.10 0 . 0 3 0 .30 0.25 

3 0 .15 0 .13 0 .10 0.09 

35 0.18 0 .15 0 .56 OΛS 

100 70 0 . 2 1 0 .17 0 .58 OΛ8 

120 0 .13 0 . 1 1 o.*β 0.35 
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For unknown reasons bomwerş changes i a æaeured 
concentrations of Sa* in so i l solutions of the medium black 
so i l , assaoniatβd equal to 100,- AUð ¾erβ differeat froia those 
of ©Ŵβr two aajonlatlon ierels* 

As regards the cαanges in jseasuređ concentrations of K* 

lαa ia so i l solution, trends were as :MT exsections* ït i s 

well known that ionic al¾e of K reseså»l©s tha i of î¡hî 

CfeŵaXX» 1990* and hence the i r exchange bahaŵour i s also 

s ia l lar» ?roĵably therefore increase i a aeasured *-.* concent­

ration was noticed in so i l solution «i th increase i n addition 

of asiaonia to the mβdiuaj black and l a t β r i t i e s o i l s . Aaount of 
K in so i l solution decreased after 7$~day incubation and can 
be explained as followss l¿ue to n l t r i f i c lU. an process Wăζ 
Ion on the so i l exchange say have decreased (labia l¿Kheref ore, 
K İOÌÏS aay have been reabsorbed b j soi l -sol id ¾¿aâe, 

¼»3*3 Aaaaonlαa * 

She measured í¾^ ion concent r a t i cm in so i l solution 

increased whe» as»oniation levels increased frora 3 to Ĩ0<Ŵ> ARC 

in both the so i l s (Table 12. Fig. 10 and H>« :¡năax favourable 
conditions the Wà£ ions in so i l are oxidised t o n i t r a t e s by 

nitr ifying bacteria (Frederik and 3road^ent 1966)* Secondly 

s o i l sicro-organiS'inp are reported to u t i l i z e auaoniuti ions 

result ing in the i r immobilization (Janson gí ,â*.f 196$ and 

Jansββ¢ » 195Ö). 



kQ 

Table 1 3 J Measured and ca lcu la te ì coneentr.ition oí íiH_ 
and i t s a c t i v i t y in s o i l so lu t ion of the •* 
mediua black and l a t β r i t i c s o i l s , as influenced 
by added anhydrous ĨŒL and incubi t iαn tiiaβ 

added 
(:í "aid) 

Incu» 
b αtion 
tir.iβ 
(days) 

A a ¡ í 1 0 n i u m 
added 
(:í "aid) 

Incu» 
b αtion 
tir.iβ 
(days) 

Mediua þlack so i l ..i¿ateritic : s o i l added 
(:í "aid) 

Incu» 
b αtion 
tir.iβ 
(days) 

.,. <S9*W9 :it.p¾tion 2? . . COllCβi i t r a t ,on Act ivi ty added 
(:í "aid) 

Incu» 
b αtion 
tir.iβ 
(days) measured ca lcula te : ^ πeasur .d 

ϋ 
ca lcu la ­
ted 

, M i ao le / l i t e r 

3 1.10 1.09 0.96 1.80 1.79 1.66 

Λ 
35 1.01 1.00 0.88 1.80 1.79 1.66 

0 
(check) 70 

1.30 1.29 1.01 1.85 1.8¥ I .69 
• 120 1.30 1.29 1.01 1.85 1.8¥ 1.69 

3 7 .60 7.56 6.¥2 6.00 5.96 5.36 

35 3.0d 3.06 2.37 3.80 3.78 3.28 

33 70 3.10 3.09 2.»f2 3.22 3.21 2.73 
12) ¥ .50 ¥.¥8 3.59 ¥.66 ¥.59 3.90 

3 12.1*0 
WW 

10.03 10.03 7.80 7.75 6.75 

35 5.00 ¥.96 3.35 6. ko 6.36 5.¥¥ 

66 70 ¥ . 0 0 3.9a 2.91 6.19 6.17 5.10 

120 6.60 ĩ>.57 5.00 6.67 6.65 5.60 

3 15.50 15.53 12.93 13.30 D . 2 1 9.05 

35 l ¥ . 0 0 13.69 11 . 7¥ 9.30 9.22 7.92 

100 70 13.50 13.29 11.19 3.12 8.09 6.7¥ 

120 10 .15 10.02 SΛI 10.15 l ¿ . l ¿ 8.11 

http://entr.it
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ni t r i f i ca t ion of ađdteå anhydrous łBL in tħe irertisol 
studied at ap iroxinjat.¿ f ie ld capacity n&s υeen reported 
by Kħengre {19?o> . ïb» data reported in i'ao .*¾ 1? and 18 

also clearly suggest, tha t tnere was incrβaso in MÖt concen­

t ra t ion in so i l solution* t t can tia<srefores b* äaid tûat 

n i t r i f i ca t ion of łffl£ ¾»as largely rQsponsial> /or decrease 
in đ»asuređ J ł¢ concentration In so i l solution of taβ 
aanαuiated soi ls* In the cαsa of ¿aβdiuBł Ö ΛC- so i l sBssonlsted 
equal to l£fâw AíC*, toe decrease in -«|* - N i ; ¾αred to oe 
ratner slo¾i prooaoly dint to lessor rata of n i t r i f ica t ion* 

(ra j ie 1? and l8,*lg* 13 and 1? ) . Xhen^re (t¿7i) also 

noticed "delay phase* during ni t r i f icat ion c? -^íonla in 

to* ver t i so l to ¾hieb ¾aoönia ¾¾» added equal t© l¢H¾í Aiu¾ 

øreoably dα» to ¿art lal s t e r i l i s a t ion effe¢»t i Alβeαt and 
Alexandery I960). 

In tl'.ő case of l a t β r i t i c so i l s , tħa £ n i t r i f i ca t ion 

being slow, jprobaöly because of i t s nifafou¿'.¿¿le so i l pBttne 

decrease i n »¢íis¾ir®d » ¢ ion concentration i». i¾β so i l 
solution was retber slow* ï¾is i s also suo¢»or» >d by the data 

os engages i s aβaiwtá HÔ  concentration i s i t s so i l solution 

(Table 1? and 18)* f¾engrβ (197& personal eoαjur&eatlon ) 
observed very slow ra te of n i t r i f i ca t ion in ŴIÔ ¾òaoniâtød 

l a t e r l t l c soli* 
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Ta¿lβ 13 * Changes in ¾a¾áissoøiateđ ifflL i n s o i l so lu t ion , 
as influenced by ®ăå®û anoydroi¾s aoaonia with 
incubat ion tím 

Aîsmonia 
added 
$ ARC ) 

ûłc¾tbation 
time 

î½điura alack 
s o i l 

La te r ! t i c 
s o i l 

, , m a o l . / l i t e r 
3 1.65 0.15 

33 î* 35 0.03 0.03 

70 0.03 0.01 

laû 0.05 0.03 

3 3.a: o.a. 

35 o.o9 o.o¼ 
6ó 70 0.01 0.01 

120 0.03 0.01 

3 h.75 0.35 

35 Q.ł$ 0.10 
100 70 0.13 'J.Ü4Ž 

Xáß 0.06 o.o¿ 

• Calculated according t o taβ stβthod ÍJ¾ ;., 3¿te fcy 

Bβzđic©îc ¿Ł JUL- > (1971). 



ïhβ a»asured l&ζ eoneentratlcn includes ur.dissociated 
or free HH, (aαj . As Ŵ®§ ĵffiL¢aq) i s toxic to j lants t as wall 

as so i l jaicro-organiausjs, an attempt w¾s ìsαdα to calculate 
free îÆL(aq) using the aβttood of calculation suggested by 
(Basâlesk âŁ £ĴL»» 197D • 2bβ calculated frcu or unđlssociat¾d 

¾UC©¾) concent rations lα so i l solution of both the aaasïoniated» 

so i l s are glean in ïas»la 13• I t i s apparent řrαu the data tħat 
free 3H*(aq) concentration rařk. 4 fro» O.ûl to ¼.75 si¡j/liter 

in so i l solution of so i l s studied* ¿tftβr £•&$* incubation, 
free NBL(aq) was aaximss; however i t decreased rapidly ¾rŁtħ 
incubation ti@s, proj&bîy 4ue to protonmti¾a reaction and/or 

subsequent chemical sorption ¢¾ortland, 1966}* ¿.ħ@sβ data 
©onfira the oαserτřãi,iθfis aadβ by Parr arid ¿¼>εmdick (1966), 
and probably explain the changes i n 30il-solU'cica píí and 

æasuređ Hš¾* concentration i n s o i l solution. 

łf*3»ł> Iron and Manganese i 

ïhe data on effects of addition of aiil^ürous BEL to 

the m u t t s black and l a t i i t l c soi ls on αeasurβd oonoentratlon 
of m and î¾ in so i l solution at different periods of incuba­

t ion are presented i n iable !*•• . 

I t i s apparent froα %m Ftg. 12 and lh‡ tħat after 
3»dsjr incubation time,oeasuređ βαnesntraiior* of í*β and lα 
decreased tilth Increase i n aæsoniatiαn lave Is 1Λ both the 
so i l s . Stole uas possiøiîy due to r ise in soil-solution pü» 

eventually result ing In decreased so lub iü t ; of ¿e and Mn 

ooapunds and/©r Increased s t ab i l i t y of ì e ;¿ř¿đ J¾ ®eaplexβs 
(detailtzar arid Khan, 1971). 
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Table 1¼> s ½aaurβd concantrv&lon of ¿e a»d fe in so i l 
solution of aβÄttâ tolaek cu¾ł l a t o r i t l e so i l s , 
as influenced by add ad anhydrous BŬL with Łi¡sβ 

added 
(ĵíilHC) 

Incub­
a t i o n 
t i s » 
(days) 

Medium oĩ¾ek s o i l 

Fβ Mn 

La tβr i t i c -

F β 

s o i l 

— — » _ Wm 

3 3 .20 2 .70 2.10 2 ,06 

o 35 
< check) 

70 

3 .10 

3 .30 

2 .75 

2.70 

1.95 

2 .15 

1.98 

2 .00 

120 3 .25 2.70 a. oo 1.95 

3 1.20 0 .95 i.5o 1.70 

33 35 3 .*3 2 .95 3.*i0 2 .60 

70 ½.90 5 .00 ¼.IO 3.85 
120 **.90 **.8θ 5 .30 3 .70 

3 1.10 1.00 o.5o 1.30 
33 35 3 .90 3.00 3.**0 2 .50 

66 70 6 .90 S.02 if. 20 5 .93 

120 5 .00 7.oi 6.00 8 .00 

3 X# *s¾? %90 1.00 1.90 

35 1.80 1.50 **.5θ 2.50 
100 70 3.70 2.00 h.$5 5.95 

120 7 . 0 1 *.9»* 6.*f9 6 . 21 
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KLg 1*5 * Change? in mα-suređ i ron and raangaeso coneentr;-tione 
in s o i l so lu t ion of the incubate' ' s o i l as influenced 
t>y added anhydrous arnnonia. 
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However, as incubation period progressed the acidifying 

effects of n i t r i f i ca t ion of added IŒL wore observed (Table i¾ ), 

the lowering of soil-solution pa seemed to hav^f i n general, 

increased ŵ and Fe in so i l solution. McDo¼eĩl and Saith (1958) 

measured ŵ concent r a t i <¾i in saturation extract of assaonla» 

treated s o i l , and noticed 5 t o $ t i aes »ora Ma than that 

found in the so i l receiving no asuonia as a resul t of the 

increased E* ion act iv i ty (Stevens and .mess 1975). While 

studying the effects of î a , on βhessical properties of a 
tβsparatβ calcareous so i l , Stevens and ¿ieuss (1975) noticed 

IXTPA-estr act able % vas higher near the in jec t ! en point of the 

*••*• Measured concent rations of anions in soi l solution s 

The data on changes i n measured concentrations of 

anions n¾aβly CO¾»̂ * SOO¾ • Cí% Sβr t SO¿" aaâ phosphate 

in so i l solution as influenced by increasing levels of 

aaaoniation of the so i l s studied are given in ¢¿ >ole |¾ through 

2-υ and presented in ¾g »* through > 9 , 

½ Λ . İ Carbonate and bicarbonate i 

Stmtar a . oo f ion . a r . c o n o i d , ttagr wer. fαaođ in 

the anonlated aeđius black soi l after 3-day incubation only 

and the i r concentration in so i l solution increased with 

increasing levels of aswoniation i . e . fr©a 3 * to IQQf¿ tHC. 

Xais æay he due to soil-solution ©H being &.¼ (ïablβ ĉ and 

ř i g 5 ) . \s soon as soil-solution JΓ* dro>½I ..¿s a resul t of 

n i t r i f i ca t ion (ï¾biβ*ö and Fig.*6 ) car-ŵis e could not be 
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i'able I f Í ¾θasurod and calculated concent r .itioat. ojf C0*~ J and liyJZ and t h e i r a c t i v i t i e s in .>oii ¿ðlutionβ 
of aöditŁ- bluc.-c s o i l as influβnc r t by 
inny»irotis ML with tizno 

>d 

~ * M « W » » * M 

Ì¢L 
3 

.., ... Λ ę d \.„M-; I-,&,?»•,, Ł--.¾ ¾...-,-,¾ -A -4JL 

cone. v i t y ìo-¿dured Galeae - J 
•c t iv ì ty 

r¡ĴOlci/Lìt¿ì* 

35 

(check) ? ö 

1 'O 

.90 

1.10 

3.65 

0,79 

l.l½ 

0.9* 

•Î.¼Ö α..¿i 

33 

35 

70 

120 

1.30 

0%Mî 

O.Vj 

1.10 

O.SĴ 

1.5** 

0.38 

ö.3¿ 

0.91 

6ö 

3 

70 

&• ÍJ¿ĄJ 

o.5 % Ĩ¾ 

l.-¿l 

l . ¿ 7 

0 .3^ 

0.95 

xm 

9 3 

70 

•î .33 

0.55 ?.3½ : . J0 

A . / j 

X»iĩ¿ 

V99 

- •^ 

* • ~yj 

0 . 3 5 

•J<W>MWtlfIBř , * _ * • * ¾ t t ŵ ' * 

» í iot IβU-cc 



m 
-able 13 Î .•Iθ-osurođ and calculαvet concent r a i l nta o¿" JCK" 

and Ĵ> " and tiiαir 'ictivt¾Iôs İΛ aoi i ^ l i ^ i o n 
of In te r ! t i c soil us influence J ¾v !''*•-• ' ar.¾/ Lrmis 
<Ĥ  u i th tiraβ 

Incub iv ion 
t i řüβ 

Xi ,a t .® t» 2, t ± ŕ* t* , ' 
added 

Incub iv ion 
t i řüβ 

-ì, q 
2 

ß n 
««ř TŁm »*. , 3 nmi. .¿ .11" ¾»—mš-V -J*-**«β 

added 
Incub iv ion 

t i řüβ 
-ì, q 

2 

ß n 
««ř TŁm »*. , 3 nmi. .¿ .11" ¾»—mš-V -J*-**«β 

Incub iv ion 
t i řüβ 

. ¾asurβi -TlCUl-žt^"1 c t i v l t y 

tii ' ÎΛ! Le/ l i t^ r __ , . 

3 

35 

0.50 

0.5¼ 

o. 5o 
o.5¼ 0.50 

0 70 

133 

3 

35 

0.69 0.69 

I . l ó 

0. Ì7 

t).55 

J.-İ3 

l.Oo 

0.7 J 

33 70 

3 

35 

v*5 
o.¾» 

1.60 

I . 00 

J.6S 

1.57 

o. ?β 

0.39 

0.59 

l.*»0 
0.Ö6 

66 70 

3 

35 

O.Λ-> 

0.60 

a.2o 

0.56 

¿.l? 

iα6 

OΛ> 

o.5o 

2.00 

100 7 0 

1<¾) 

0 . ^ 

O . ŵ 

OΛ ; 
0.53 

0.3¿ 
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Fig 14- : Changes i n measured Cũ‡", HCCŪ and Gl concentrations 
i n so i l solut ion of the aiaαoniateì s o i l s as influenced 
by incubation t ime. 
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Carbonate ions were not at a l l found in S Ĵ İ I solution of 
aausoniatsi l a t e r l i i c so i l during 120-day incuααtlon :>βriod» 

As regards HCÖt in so i l solution, i t s concentration 

Increase} with increasing anaaoaiation levels in botn the 

soi ls after 3-day incubation. With n i t r i f i c a t i n of aiaao»iuæ 

in soi l solution apparent increase in H* ion ac t iv i ty æ l ^ t 

haw decreased measured H00," ion concentratlas in soi l 

solution of the aaαoni&t£i soi ls with t l a s i . e . after 3-day 
incuoaticn. 

The æ©asure'i concentration of CI" in so i l solution 

increased ¼ith Increasing levels of aaaoniat. jti of the 

soi ls studied after 3-day Incubation (îa»le 17 and Fig iB ) . 

The changes in concentration of J ~ in so i l solution of 

a¾soniatei soi ls did not show any definite trend with tiaβ 
(Fig. 14 ) . Chloride ions exhibit negative adsorption 
phenomenon a t soi l solidVsolutlon interface .i-o satisfactory 
explanation can be giirβn for the changes in JX" concentration 
in so i l solution of the aaìaoniated so i l s with tiiæ» 

Figures í6 and J? show that the HÛ-Tion concentration 

in soi l solution increased with increasing levels of aismonl» 

atlon and with incubation tiia© in both the soi ls studied, 

í h i s was at t r ibuted to n i t r i f i ca t ion of a¿aomu¡:* ions in 

solution of the aasgnlated s o i l s , ^roductloî» of n i t ra tes 
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¾'olβ 17 i ŵasurod concantration of II \á.vn Ita uct ivi t i t . . . 
i n s o i l so lu t ion of the s o i l s tudied aa inf luencei υ; 
add ¾ \ anhydrous NAÍ- and lneubati on t ioo 

KH3 Tnçυb- Ģ ft 1 v y ¾, Ŭ ¾ , 

^ d e d t î i ? 1 J lQŴ^Ì fr¾a¢* 8<¾Ł1 Łątor¾tt¾ SOU 
C- VO) (¾^L^ i½αsurp'ì a c t i v i t y sβasur-'à a c t i v i t y 

^ Ły eoncentr- conoβntr-
- a t i on • at ion 

m αole _ _ 

3 

35 
33 70 

120 

3 

35 
66 70 

120 

3 

35 
100 70 

120 

3.66 7.Ó3 

J . 02 ;.oi 

0.3-> 7 .65 

Ö.32 7 .65 

U . 9 7 10.87 

9.0¼ 7 .02 

8.92 7 .02 

6,30 5.0Ó 

3 6.66 7.Ó3 l . ó ύ l .V / 

35 ¿.0¿ ż .o i - .03 1.50 
(0) 

íchβM) 70 ő .3 í 7.65 1.30 I. Ŵ 

120 ö.3> 7.65 1.8 J 1.6U-

1.30 1.61 

2.70 2.33 

3 . Go ,2.62 

¿.70 -2.30 

11.3^ 10.71 1.8) 1.56 

a. 63 6.86 2.60 2 . ^ 

)M 6.99 2.36 2.37 

6,3;- if.82 2.¿5 1.86 

11.71 10.73 -1.60 2.23 

8 Λ 8 7.15 2.97 ł.9+ 

6.30 5.¿5 2.60 2.17 

9.00 7.k) l.¿5 I .69 
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7'ê¿jlo lό i î4e:isurβd concentr-ition of u£¡ witt. l b s acŁivi t ios 
i n s o i l solut ion of s o i l s tudied ¾s influence i by 
added anhydrous HH-> and incuoat i jπ iiíis© 

\7tT Incub­
a t i o n 
t i a β 
(days) 

N 1 t r a t a 
3 

addod 

Incub­
a t i o n 
t i a β 
(days) 

áSLăXm ¾ a ς k ßsãl 
measured a c t i v i t y 
cone . 

αβ-¿ðu¿-ei! a c t i v i t y 
cone . 

3 
........ m n » l β / l i t a r 

3 2.00 1.75 1.Ĵ0 l.»f7 

CO 
(check) 

35 

70 

1.91 

2.30 

1.67 

2.00 

1.50 1 A 7 

1.80 1.0* 

120 2.30 2.00 l . A - 1.68 

3 2.70 2.29 1.Ĵ0 l . V j 

35 39.16 30. **û 1 3 . Bi 11 .95 

33 SO 3¿ .26 30.10 20. ϋ J 16 .99 

120 29.03 ****s? * ^mπ 17 .02 I ^ Λ Ó 

3 2.30 1.93 i.7o IΛB 

35 35.06 2 7 . 2 ' 1 6 . 9 ^ 1**A2 

66 70 60.59 50 .51 Äİ.3Ö 23.70 

120 50.10 3 ^ . 3 ^ 27. 9 J 22.77 

3 2*^ 1.8% i.so IΛO 

35 ¿.kB 2.09 10 .31 9 .23 

100 70 h.7ó 3 .91 2M-.52 20.52 

120 2^.38 20.30 36 .91 29.66 
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l a a typical aasaoniateđ and Incubated ve r t i i o l of the 

Maharashtra - t a t e has been noticed by Kbengre (1976) • 

After 70-day incubation period, however there was sl ight 

reduction i s measured WO" Ion concentration in so i l solution 

in the case of 33 and 6ó a»aonlatiαa levels* ..his laay oe 
due to lisaoalllzation of n i t r a t es present in so i l solution 
by soi l microorganisuas and/or cħ¾sicα denl ir i f icat ion 
CPang 1975)• 

With increase in levels ©f aa.aoniatlan of the so i l s , 
measured concentration£S¾^ ion in so i l solution increased 

after 3-day Incubation,but subsequently i t tended to decrease, 

reaching original concentration in so i l solution of the 

check so i l s ¢řig. *ĉ and w ) • The provable r®asørm tor these 

observation are not known* 

After 3-day incubation as act ivi ty of łì ion declined 

(ïablβ 6 ) , the calculated HPĈ *** ion concentration increased 
and that of H-Fo£ decreased i n so i l solution with increasing 
levels of aoiυoniatiαn (Fig i¾ and «9 )• Howevor, with time 

n i t r i f i ca t ion occurred, soil-solution pK decreased, and as a 

resu l t , calculated HF£¾̂ " ion concentration decreased,whereas 

¾*¾~ increased in so i l solution in the case of aaaoniated 

ædiuœ bl¾ek s o i l . The changes in measured t o t a l ?, and i t s 
in 

dis t r ibut ion of HPC^ and H¿PC^ i n so i l solutivn of sumaoniated 



m 
iblö H i , e-isur^i and calculate*! concentrat ions u£ -O "̂* ¾üth 

i t s a c t i v ì t i :s i:i s o i l solut ion of αe-îiu blue*: and 
l a t e r i t i c s o i l s 13 influence'1 by added α¿hy<lŕous 
ITi._ with tJLnse 

17 Inequ­
ation 

\ t i i® 
Cdï¾ys) 

İ¾ . , ì | 1, 3 ì\ 4- -a 

3 
C Λ Î -

Inequ­
ation 

\ t i i® 
Cdï¾ys) 

rfcždiua b l a c k sođ ¡ j â t o r i t i c f t t ì i l 3 
C Λ Î -

Inequ­
ation 

\ t i i® 
Cdï¾ys) 

concβr t r a t i o n concen t r \ c t i v i t y 
3 

C Λ Î -

Inequ­
ation 

\ t i i® 
Cdï¾ys) iîeasurαd Ca lcu la t ed to isuro i - * " ¿ 1 ^ i ł lα o i 

/ . v o l e / l i - or 

3 J .Ä) %A ì \5¿ OΛS 0.37 

35 İ . 1 4 0.3k ì . ó3 0.69 J . 62 ) .50 
0 

} 70 1.-5 o.?o 0 .72 0.3*. VA 0.5k 

12ø 1.25 0 .39 0 .72 0 .72 o.ó½ 0 .54 

3 0.96 O.ó l 0 . 5 1 1.04 ' j . í i? 0 . 7 1 

35 1.31 0 .35 1.51 J.7Ó i . 53 •).45 

33 70 teJĹ^ o . ŷ * 0.47 0 .53 ).35 J . Σcì 

120 1.1 í 0. ÎŁ9 OΛ9 o.5o ' i.32 0 . 2 / 

3 1.6Ó 1.05 3. 33 i.n , . 9 í ł O.óO 

35 1.91 0 .57 ) .7k 0 .93 , 6 J ).52 

66 •70 1.25 ) .13 OΛI O.W , . .¿¿ 0 . 2 . 

120 •J»β *«-</ 0 . 2 ) JΛ*S 0.V5 . -'3 

3 2.0 2 1.J6 1.01 1.33 i .06 •y» 'J J 

35 1^.00 3. n 2.0) Ł. J.Ì. -.33 

100 
ł/0 3 .30 ¿ » j ¿ IΛJ %**7 ì.^y 

İ2Ö ?.5o ).o¼- U , ì 7 ? 
'• f j 

file:///ctivity
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VMÖI¢Î ¿: Î -¾an.'os ir; calculated concentration oï }
J'^u and 

íî̂ fJli in s o i l solut ion of taedìuπi bŁ¿c.. ifttì l a t β r i t i c 
3oi ls J.S influenced by added anhyđroí~j ajuuonla and 
incubation t ioo 

" 3 
ad -βd 

Ineub-
at ion 
t i l » 
(d ora) 

.2-Ji—o.-JŁ~,,j. ħ ,4 J¿ ft. 

U Λ " Mi. <¿ 4- % 

3 

35 

C check ) 70 

120 

0 

m^mmmmammmmmmmmmmm m π ä o l e / l i t a r 

0.003 0.003 0.005 o.oo¿ 

0.003 0.005 O.OOS u.003 

0.00** 0.007 v.007 i . . C ^ 

0.003 .".oo5 O .OΛ- J .ÜO¿ 

33 

66 

103 

3 

35 

70 

læ 

3 

35 
70 

JO 

3 

35 

70 

120 

0 .001 ; « Ü J . 3 

0.007 0.006 

0.007 0 .006 

o.oo¼ 0 .005 

0.001 ).ö¿7 

0.005 0.010 

o.ooy 0.00** 

0.007 o.oŵ 

O.OO¿ 0.0 9¿ 

0.01k 0.056 

0.01,2 0.016 

J.01V 0.009 

0.00J 

0.0 Od 

0 .009 

o.oo½ 

O.OÖ¼ 

0.007 

0.01.4 
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0 .005 

0.019 
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0 .003 

0 .006 

o.ocŵ-

0.003 

0.013 

0.036 

0.002 

O.OOá 

O.Olò 

...017 

;.oo5 

u • 00 J 
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MEDIUM BLACK SOIL LÄΓERITIC SOIL 

. m 

AMMONIA ADDED C%ARC) 
Fícj 19 s C.iangcs in calculated Ĥ PO "* and 'Φö/*" conc-jπtrati >ns 

in soi l solut ion si incuĥatad εα i l s as ìníluoncod by 

addíîJ ařłħydi»us afltDwia. 



l a t e r ! t i c 
λ so i l ¼itto t ine shoved .aofβ or lass same tron=lf but the 

magnitude of ? ŵa¾g®s was snaLl¿r ¼b«n eoiamroti «ith that 

in the c¾ae of medium öl¾ek so i l . 

I t i s in terest ing to not© tha t , as a resul t of aoE¿oni-

ation of the so i l s , ay and large* t o t a l ? βieâsuređ^sαLL 
solutions incrs seâ« \s a r»suit of anhydrous NH., application 

in í err¿o-pocl»ôliō soil* Iglori&ov and Kulauύ»v (1970) noticed 
hl¿her contents of isoblle * n&^ϋe the ;>olnfc oí* -> o lie-¿ lion* 

**••!? organic carbon content of βo&l solution * 

A aarkeu increase in so i l j»u following αj)l ic¿tlou of 

l¡ŁL in i t s retention sonβ i s a conεaon abeao&ena, &hen:;re¢197á) 

not lee-} so i l pt, of ?*7 in the vic ini ty of a*xaoGla injection 

point l a vertisol* ïho so i l solution pu roso ix-oαt Λ ¼ to 8.> 

vbβn the sasie aadlun o l tok so i l <τβrtl8ol) -J « ayasaoniated 
aofjual to 2ûθ^ AĥC (¿ablø ĉ ) . I t i s reports tàat solubi l i ty 

of so i l organic oat tor increases ¾Łtħ lnero se i n soi l pü 
Ctehnii^βr an:î Khan* 197Ł). Organic earbor. e x t e n t , ir. so i l 
solution was oβavuro^ aßđ the data are ropαrte-4 in .able 2-! 

and ¿ ig» 2.0 and ¿f • ¾crease in organic carbon in so i l 

solution of both the seals studied was ¾ł>¾rθr?t. š©¾iev©r» the 

aisaeunt of or¾¾iio carbon solŵlîls©d was snr l ,probably dueto 

lev organic matter content (sedans blaev: s->i?-> or presence 

of ?90St of (organic »atter in clay-organic »r»f tf?r complexes 

C a t s r i t i c s o i l ) , ĩhe Incre-îsal soluble or,,/j¿e carbons 

(probably organic anions) in so i l âolutio: u have provided 

coraplexing agents ¢XJL¿jä&đs ) which, probabi, ¾řßr© responsible 
for aai»t fining fa and íîn in soi l solution C-«u»Le >4- ) , 
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ïa»L» 2 3 i ¾mυεt®á concentration of organic sorbon in so i l 

solutions of üf»đi¾§ bloek and l a t e r ! t i c so i l s as 
influenced øy added mriψûmm KB. v i tħ t i s» 

3 
added 

, r.,.Qx * * a i c e a p b ô a 3 
added 3 

¡RŴβtlon f&ie (day¾I 
føAa¿} 3 ~~~ir 70 X20 

, pm . — 
aađitts bl¾U so i l 

c 
(ebueft) 

«28ö 3 Ŵ 253 250 

ł*3β .#8 ¿75 333 
66 507 M*6 3H 305 

100 583 03 37f 3 ŵ 

l a t e r l t l e so i l 
0 

168 161 171 135 
«5«# aō6 168 15a ¿2h 
46 5S§3 435 a¿6 4fθ 

100 %Qé 287 «*^«í «»£$«» 

£•6 ŵuβ of cations, and anions aaâ normality of so i l solutions 

A¾® change ε in S¾KÎ ©f co lons ( -a â* 4- ¾~* • .«** • K** Mlζ 
ver» vi r tual ly alaular t o ŵanges in mβasurŵi concentrations of 

>2a ¾tó/or Hs l a s e l l solution of the aunonlatcC soi l s (Fig 3Q and 3 

%ìM* ¾ i s i s because of 3r@dθ2ïlïłâfłe© of Ja*~ and %"" ions 
in the 3oil solution as βoαparφi vLtb otbβr i^t icns in so i l 
solution (£¾bl© &^$« vi¿ures 2Ä am 2-5 show ¾*Ł A cbangea in 
mm of anions v¾r© a*?*" .-ođly influenced by cħα,, Ĝ:; in i¡OC in 

so i l solution of tee^-aooniatel soils with tl4K» . 
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l ab ia 22 t Chaiiros i n aβ'isu1- đ t o t a l ca t ions , LOtjiL anions and 
ionic s t rength of s o i l solut ion of u-jđiuu black s o i l 
as influence ì by added anhydrous Nil- and incubation 
t i a » -* 

HH, Incub­
a t i o n 
t ime 
(days) 

Medium b lack SOİĴ, 
added 

Incub­
a t i o n 
t ime 
(days) 

c i t i ons an ions i o n i c 
s t r e n í-. 

^ o r u - d i t y 

3 

l ü θ / l i t í 

10.35 

ĨΓ 

3.01 > 

¡ 
1* 

3 

l ü θ / l i t í 

10.35 12 .96 3 .01 > 0 .Üİ0 

0 
( check) 

35 10#»f7 13 .11 0.017 >.01l 
0 

( check) 70 1 1 . 72 I½Λ¿ 0.019 J .012 

120 12.00 l ^ . Ó ¿ 0.019 0 . 12 

3 21.5$ 19 .19 0 .0 ¿? Ö.0¿2 

35 51.93 51.30 0 .07 J 0 .052 

33 70 **3.ó¿ i f9 .βö 0.0 ¿V O.OMf 

120 36 .12 3¿ .37 0 .053 0.036 

3 25.82 20.15 0.030 0.026 

35 50.95 M-8.30 0 .073 0 .051 

66 70 32 .28 80 .98 0 . 1 £5 0 .082 

120 ŐQ.22 61.11 0.087 O.O6O 

3 26.98 21 .81 0 .031 0 .02? 

35 22.70 20. 56 0 .0 J f Û.023 
100 70 22.M9 18 .03 0 . 0 > 0 .023 

130 37.7*f 3 9 A 7 o.o5*+ 0.038 
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Tab I s ¿İ s< Ohan.-.es in meisurod t o t i l c o l o n s , to* J, 'îr.ions and 
ion ic s t rength of s o i l solut ion of 1 .t rftic s o i l 
as influenced by added anhydrous l¡iU ¡ml incubation 
ł ' łma J time 

Mti, 
add¾đ 

Incub­
a t i o n 
t ime 
(days) 

3 

L a - β r l l i c s o i l Mti, 
add¾đ 

Incub­
a t i o n 
t ime 
(days) 

3 

cai-i 3ns anions i o n i c 
Stl'ös. th 

n o r u i l i t y 

Incub­
a t i o n 
t ime 
(days) 

3 If. 50 

m / L i t e r 

O.OOó 

ä 

Incub­
a t i o n 
t ime 
(days) 

3 If. 50 K?h O.OOó 0.005 

Λ 35 **.55 5.15 o.<: & 0.005 

(check) 70 K77 5.88 0.-JJ7 0 .005 

120 *+.76 5.76 0.007 0 .005 

3 IOΛI -S.68 ) . Ö Ĩ Ì 0 .011 

35 l a . 63 l β . 9 3 0 . ÌJÙ 0.012 

33 70 15.80 Ŵ . 5 9 .).C-:ó 0.016 

120 13 .11 21.79 Ü.Ö ¿ 0.013 

3 12.55 7.32 O.Ol½ 0.013 

35 17 .62 ¿iM 0 .0 d$ O.OIÖ 

66 70 22 . 9S 3^.97 0 .033 0 .023 

120 27'.9* 31.37 0 .039 0.02Ö 

3 1^.30 8.99 0.015 Q.Ol¼ 

35 19.50 17 .^9 0 . 1 h 0.019 

100 70 23.11 29 .13 0 .0 J 0 .023 

120 36 .63 MΛÓ Ö.C5¿ 0.037 
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Normality of so i l solution of the cheek so i l s varied 
froa 0.00^5 ( l a t β r i t ł e soi l ) to 0.0103 (medium olae* s o i l ) . 
I t increased ¾lth Increasing levels of aaiooni tion and In 
general increased with Increasing incubation uliae. The hignest 
normality of soi l solution recorded, was 0.0β.i3 wnen medlus 
black so i l was asnonlated β¾ual to 6á$ AHJ an¢! incubated for 

70-đays. Th® highest normality in the case of l a t e r i t l c so i l 

was 0*0366 when i t was aαaonlated equal to lôOr J O and 

incubated for 120 days, 

^•f Calculated Ionic concentration and ionic act ivi ty 
in so i l solution t 

Tbβ significance of calculated ionic ac t iv i t i e s in 
equilibrium so l i solution i s now sufficiently well documented 
¢¿½arson, 19?1| Ihasawnela, 1971)* 2bm principles of ion-pair 

formation and ionic ac t iv i t i e s in mix i d i lu te elβctreolyte 
solutions (anlogous to equilibrium so i l solutions), are being 
used by so i l chemists to elucidate so i l chemical, reactions 
such aβ,catioiw#xehaii¿e« clay ainβral s tabi l i ty , e tc . ïhe 

Measure^ ionic concentration In displaced so i l solution can 

be corrected to ionic ac t iv i t ies ,by following the procedure 

suggested ì»j Ađa¿ss (1971)* *his procedure dis t r ibutes so i l 

solution electrolytes at equilibrlua aεsoung thöir various 
ionic species,by using a score of related equations for 
lorw act ivi ty coefficients, lorwpair dissociation* weak-acid 
and weak-base dissociation and hydrolysis. Mass İX97X) has 
advocated a raβthod of successive approximations to be 
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continued unt i l a l l ionic concentrations regained unchanged 

with successive calculations. Hu¡ærous i tera t ions ranging 

from 31 to 8θ were required by h is for getting the f inal 
estimates of ionic and ion-pair concentrations and ionic 
a c t i v i t i e s . Because of numerous equations to solve, and 
unavailabil i ty of computer f a c i l i t i e s , ionic concentrations 
and ionic ac t iv i t i e s in so i l solution vere calculated with 
the ne l i of desk-calculator u^to f i r s t approximation only 
and the pertinent data are reported in the a;> xropriate 
Table £ through J9 . 

The calculated (or so-called actual) concentrations of 
Ca¿*, Mg2*, m^t HCO • and S0^~ were always leas than that 

measured. As orσdensity of S0^~ for ion-pa i r ing especially 
with divalent cation l ike Ca2* and Mig**+

f i t s calculated ionic 
concentrations were significantly redueei* īn εx»st of the 
eases, t he i r values were negati?e. his may ¿Q due to two 

reasons s 

i ) Ihe calculations were carried out upto f i r s t 

approximation only, £ìmt i s , taore i t e ra t ions UΘÍC» necessary. 

ü ) 5ö3» s®âsurani®ntal errors in the anal, i l ea l procedure. 

By and large, effects of added SB. mod incubation t lαe 
on calculated ionic concentrations vere similar to those on 
»asured ionic concentrations. 
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"able 25 8 CalcuLαLβ con£βntr 'iiicn of ion j a i r s ( :a;,ú£ .¾£¿O? , 
NÊ SO*̂ , ¿-:; 30*, îfKCOp i n s o i l soluti^L of l a t ^ r i t i c 
s o i l as influence.! by a i l ed anhydrous .¡Λ- \tlta tt-aβ 

Eli- Incub­
a t i o n 
time 
(days) 

X. a t β i ¡ , İ . U c s 
added 

Incub­
a t i o n 
time 
(days) 

I ,P 0-. .2 
(.- ÏÏC) 

Incub­
a t i o n 
time 
(days) Caso£ HßSQ¡J ífl^íiOζ CaKCυ^ 1.Cİ.J0* 

3 
ía'ãoížÆl 

0 . 0 1 

Lter 

3 0.03 0 .02 

ía'ãoížÆl 

0 . 0 1 0 .01 0 .002 

35 Q.O1* 0.02 0 .01 0 . 0 1 J .002 

( check) 7 0 0.06 0 .03 0 .01 0 .01 0 .002 

12) 0.05 0.02 0 .01 0 .01 0 .002 

3 0.08 0 .05 O.O½ 0 .01 0.009 

35 ).13 0.05 0 .02 0 .02 0.C07 

33 70 0 .11 o.o5 0 . 0 1 0 .01 ϋ .006 

120 0 .12 0.05 0 . 0 1 0 . 0 2 0 .009 

3 0 . 0 8 O.O»f 0 .05 0 .02 0 .009 

35 0.17 0 .07 O.O¼ 0 . 0 3 0.010 

66 70 0 .11 0.0** 0 .01 0 .02 0 .007 

120 0.1** O.Oó 0 . 0 2 0 . 0 3 0 .011 

3 0 .09 0 .06 0 .09 0 . 0 2 0 .013 

35 0.2*f 0 .11 o.oð 0 . 0 3 0 .012 

100 70 0 .17 0 . 0 6 0 . 0 3 0 .02 0.00'ł 

120 0.2*f 0 . 1 2 0 . 0 3 0.0*f 0 .016 

file:///tlta


concentration 
¾å¾lβ 35 i űalculat©d/of ion pairs (ϋa&O¡µ ¾^o£, i^í¾ζ , 

CaHCO^MgHCO-} in so i l solution of modiuci black soi l 
as influenced by added anhydrous HüL¾iti¿ time 

KH- Incub-
a t i o n 
t ime 
(daya) 

: M d i u a b l a c k s o ‡ 1 
3 

added 

Incub-
a t i o n 
t ime 
(daya) 

* 9 n - ft a, i r s 
(, ' AtC) 

Incub-
a t i o n 
t ime 
(daya) Cafîo£ %s¾° :¾soζ űaíï¿u* MgHCO* 

i oœaolô/litβï • 

3 0 .1 > 0 .05 0 .01 0 . 0 2 0 . 0 1 

35 0.22 0 .07 0 . 0 1 0 .03 0 . 0 1 
0 

(check) 70 0 .25 0 .09 0 .01 o.o¼ 0 .01 

120 0 .25 0.10 0 .01 0 .03 0 .01 

3 0 .23 O.OÖ Q.O¼ 0 .07 0 .02 

35 0 .72 0 .22 0 .02 0 .05 0 .01 

33 
70 0 .60 0 .13 0 . 0 1 O.O»f 0 . 0 1 

120 0.*+9 0 . 1 2 0 .02 0 .09 0 . 0 2 

3 0.37 0 . 1 3 0 . 1 1 ).0đ 0 . 0 2 

35 l.OV 0 .26 0.0*f O.Oá 0 .01 

70 0 .88 0 . 2 2 0 .02 0 .07 0 .02 

120 0 .76 0 .17 0 .03 0 .1? 0 .03 

3 0.»f2 0 .07 0 .17 0 .09 0 .01 

35 0 .59 0 .10 0 . 3 1 0.0M- 0 .01 

100 70 0 .39 0 .12 0 . 2 1 0 . 0 2 0 . 0 1 

120 1.13 Q*kO 0 .13 0 .07 0 .02 
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Ionic ac t iv i t i e s of so i l solutions of a^oniated so i l s 

at a l l the h levels and a t a l l incubations studied were always 

considerably less than the corresponding œrsuređ ionic 

concentrations* These differences were less apparent in the 

case of monovalent ions such as K, Ka, HCÛ and CI but 

markedly noticed in the case of divalent cations studied such 

as Ca , Mg and -C^ ' . ïhβse resu l t s , were expected and can 
be explained on the basis of ionic concentration-activity 
relationship, because of iricrei.se in ionic strength, of soi l 
solutions due to aππaoniation of so i l (Table 25 ) and the 
chemical transformations of added K1L during incuaation, 
ionic act ivi ty of so i l solutions .aay not have increased 
proportionately though there were incre¾sβi ir¿ measured 

ionic concenty3vions* *h® changes in ac t iv i t i es of soil — 

solution ions of aaαoitistôđ so i l s wβr¾ more or less similar 

but of such s.aalier £a¾gnitude as compared yi ta those in 

measure ì ionic concentrations. 

http://iricrei.se


 
 
 
 
 
 
 
 

 



Chapter 5 

SUMMARY 

TOam ðł»j active of töe present i n v e s t s t¿ori v¿s to 

study the cmoocLtloa of so i l solution as Influenead by 

added anhydrous aajonia with tlae« "¿©r th i s jurpose» swo 

sjrfaee soils aödi¾a black clay (vertisol» ìrc¿. IL¾V, 

Central Far , Kahurl } and l a t e r ! t i c cl¾ loan (fro® JÚ\L-9 

Sadħaπagarl, Dis t r ic t .Colbaaur ) were aaKaoni.ite'í {ŵpaadlck 

and ?®ττt 1965) ®q¾al t© 0, 33# o¾§ and líŵ* aπuaonia 
retention capacity iå¿ìϋ) to simulate coneeaatr tion gradient 
In the SH^rβtβatlon son© following i t s a p j l l c t i c n * -he 
:Hiγ>treate '• so i l samples wβr-đ incubate I at ¿/ jt 3 G for 1, 

35, To and 120 days t and then so i l solutions vera obtained 

by r.icfeaydcs'pressure »¾mjrane method ( l ^ f i ) . Pleasured 
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l¢Kàlc eoε¾eøřπr >tions in sa i l solution wear-,* e©rrectθ'i to 
lonie ac t iv i t i e s using Adams ak»thođ of successive approxi-

α i t ions (X971)« however, in t&e aresent stuĵ¿~9 Ionic 

ac t iv i t i e s ¾røra calculated using f i r s t aiir©jđja.-ìtisfi only. 

Soil solution pH aortsθdly incre-isei fallowing addition 
of KB,f but đøcrβiâKđ with Iracub tion tiiaβ arúxxly due to 
acidifying effect of n i t r i f i ca t ion of ìffiL, ~ii© t»a®urad 

cs t ioşs ->+ + + •* 
s©il-solutloą¿Ca*, 4g , Ka and K in tbe laeâita black 

so i l showed by and largev incre-isű ul tn increasing levels 
of aααonlatlon, unto 7ö-đay ineub -.tiosa ε4a©f but tesđø ì to 

decrease tbersrafter, wìώle in tbe case of Łat÷ritlc so i l 
contiguous increase in concentrations of t&ose cations due 
to aεaaoniation was øaservei duŵî¾ lncuoatiαñ time. Ihese 

resul ts are explained m the øasriU; of casiui**o%ch&&gef 

preci¾ltatloïĩ aad dissolution a«d n i t r i f i ca t ion reactions* 

Measure* NBĵ  concentration In so i l solution of tbβ 
atsfsonlatβd so i l s eqrual to 33 and Si par cent decreased 
r¾pådly duo t o oxlðsjtion of HH* t© Kcζ ¢ ¾ħβreas i t decre­
ased slowly in thø c-¾se of aæsjoniat* - sol Is equal to 3D0 $ ÁSC» 

She changes in soil-solution ~© and ím of ¡LI-¿ soïxiiŵöd soi ls 

a¾¾ared t o be largely influenced by the eüanr e? in so i i -

solutlon ŵ# 

As regards sαH»solutiαn anions nas»l. -l» -0^ no 
definite effect of so i l asLsonlHtion and laα.w „ior. t iaβ on 
the¡a was ooservβd • Aüere was consider a& I© incr<3 ;sβ in Ncũ 
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eonesntr^tion in soi l solution due ĩ,o oxide ti*j; of 

BĄ¢ t o ll¢ff in öoth the soi ls studied, Saraŵ¾itθ ions were 
noticed after 3»đay incubation only in the case of amaoní-

ated sodium black s o i l . -fa© ae-isuređ HJOTcon¢entratìαn in 
so i l solution increased in the a¾^oßiatβd so i l s after 3-day 
incubation but i t decreased thereafter* In ganer&l»æβaβarad 
phosphates increased in so i l solution of the aiœoniated s o i l s . 

As¾©rîiatiαn of the so i l s tudie ì , prooaoly soiuöiliaed organic 

nat ter resulting in sore organic carbon in the so i l solutions* 

Nora&llty of th¾ soi l solution lucre astíđ due to the 

aw 10211 at ion of so i l s and the highest normalities recorded 
•Hie 

were O.ûd¿ J and 0.03? iĩ for/sediua black so i l ¢óó #« ĄrfJ) a^ 
•H»e 

fo r / l a t e r ! t i c so i l (100 ;¿ Λ¿U) respectively, l ec t r i ca l 

cenđuetlvitar and ionic strength of the soi l solution also 

3ho¾ŕ>d a sarked increase as a resul t of addition of ammonia 
t o the s o i l s . 

Ihβ calculated ionic concentrations of the atauoniated 
so i l s were always less than that sβasured l¾¾ely due to the 

assumption tha t so i l solution was a mixed e lec t ro ytβ solution 
containing ion-pairs . As e¾^e¾£ed. the ac t iv i t i es of soi l* 

B'ű.-uτion ions were d is t inc t ly less or* a l l dccasslofis as 
compared with aeasured ion concentrations in so i l solution 
due to addition of aosaonia t o the soils* although treads i n 
the changes in ionic ac t iv i t i e s in so i l solution of aaüoniated 

so i l s were apparentiy comparable with th©sα in measured 
ionic concentrations, the siagnitude of thus© changes were 
relat ively saalle. in the for¡asr* 
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