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Ghajter 1

INTROUCT IUH

The s50il sclutimm is & medius that bathes lant roots.
How there exists sufficient convineing evidence which
sussorts the concest of soil golution as the exsression of
soil chendical environment that markedly influences looeuditake
by olamts and eventuaily lant resoonse, [n other words,
innortance of soil solution in mineral nutritien of plants is

we ll documented,

Tae overall -»icturs of ione-ustake in tae sulleplant

syster (Fried and sroeshart, 1957) can be swamuriged &% 3

e

S Y ot — K —_ 4
soll =o144d — 8oil solution | __ oslant root | . |plant top
ashage

The effactive concentration {(activity) of Zons in
golution which is often described as "intensity fuctor?
of nutrient availubility to »lantsy is governcd by several
b

chiesical equilibria occurring in)soll sysiens. ke b of soll

solution is one of thoe muster wvariables which uarkedl)
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influencas nuserous soll chende .l yeactions, tuereuy regulating
concentration of wurious jon srwales in soll sulidion. ion
exchin s equilivris constitube ancther grou) ¢ raactions which
occur at soll solidesolution interfce and ar- vory closely

agsoclated with caanges In soll-zoilution ecourasitlon,.

shan anhydrous 3\2113 iz injeere - into soti, iLer is dramatic
rise in 301l o and Hrotonation of _Qﬁl} resulty in forastion of
By, 1ona In srosence of 3oil water. .iotn thess co.sequences in
anaonlatedesoil sre likely Lo disturs existin soll chemlcal

pquilioria in soll systexdr und in turn soll solupi comaosition.,

o dats were avallaoile 4n Litoerature on soll sglution

ecanoaition as influenced by aiditiom of anhydrous Ni 3° <he
cbjnctive of the present research srojeset wig thverefore to

collect data on soll solution comaositlon of Gy Lrosicald solls
(medium black and lateritlic solls), eontainin. 173 awu percentage
vaisture as influencel by additim  of annydroas ;-Ii3 arx

ineay Loon tins.






Jastey 2
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dhe 301l solution 18 = codsles quasiee:ulliorius

4

*

agueous solution of mainly electrolytes that ocours n
throoce $ass godl systen wniier wnsaturat: i o deuie resdnce

{ fmars.n 1)71). clwilar definition of soil solut..s. has boen
alse riten by -ihlander (1)58). 'ocofding S Locsar. of
Soil [clence Lorms (1979), it 15 an wueous Lisuid phase of
soll and its solutes. reslizing the loortanre o s0il solution
characterigsiies in fertilizer use technowo y, in 1370,Yamasaxi
and Kishita nave reportaed an excellent histori: . reviauw of
studlos on tha soll solution casposition and {otors affecting
it. 501l solution comogition dataz {(sasle 1} e . cilad by sricd
and choodro (1251) indieats taat alil the asjor nuirient ions
axcept abosnave are norouslly present in 1t Ll coocentraidon

a yroxiseing 15™3 to lﬂ'h
usuall, low in thn rance o1 10'5 to 1{,-5 i

- ¢ Phoshates? Qu. o Falion 18
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fReitemeiyer and iichards (19W4) odtadn:® scil solution
of zuline soil by drassure meabrane metnod and noticed very
hgh concentration veing 1,67 4 as to the su: of Ca, Ag, Na
and i, Lower concentrations of sodl solution for nonsaline
soils were obt:ined by Burd and Hartin (1)), the normality
of Ca + Mg + la + X varing betwgen 0.008 to 017 N .

Tadle 1 1 Noil Zolution Somnosition »

- e

Xlenent Axnce of Seid soil +saleareous
all solls soil

m oale/litar

Ca 3s 533 3.b 14
A8 la =10 L3 7
K Oe 2«10 Je7 1
Nm OaM=150 1.0 29
N Je16=55 12,1 13
? 0.001~1 0007 0a03
8 Jel1m150 0e5 b %
ol Oy 22230 1.1 20

* Jpgnlled by sried and hadiro (1961).

2.1 s chemical equilibria and soll soluticn »

The jon soecles in soll solution are drawm fyoum and
are in quasi-e-uilibrium with gany constituent: of soil
solid ohase, such a3 (1) free, soluble salts {11) adsorbed
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salis (1i1) syaringly solusnle and/wr precisitated compounds

{iv) exchangeable icns and (v) ionepaiis. Ii is, thereforae,

obvicus to expect existence of geveral simultaneous chemiecal
squi Mibria in s0il systeu,

S, e e ey
10n= nds Sy 24 S0l sciuole salts |
i 2 "

FulaX g . AL N e o

T S f .o i
232’1: t:i.}% '] :Ei,‘u;i}’ l . . " uﬁ( Libj)é
- - —d
~
S
[ gl
P31 .
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co 31 laxas with //f 1 s»ain_ L. soludle
organic anla.s P wn s

s %
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é_ aefaivate ) T‘—"‘J w0y
‘ T . .xdamg;abl.éa e
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Lsa
ehan gl
' A ¥ Y
ig AR N L}
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Eg“ Ja* fh* - llr

Fig 13 <caledus eculiiovis in solil sclution oo ealeareous soll.

Thes» e-ledus o wdliorin (L3 1) may sorve &8 un exzuio
of such simult-neous chericil ejuilibris 1 . 1 tural soil
solution. This schase shovz that Lhormodynanie councentration

of ::a‘z'“ in soil solutioz 1s in e:ullibrium siuliansously with
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{1} ion pairs (11) sparingly saluble salts (iiilexchangeabla
Caes these equilibria, of course, are affacted by activities
of other elsctrolytes and lons in soil solation.

From the aoove example of gimultanecus Uz equllibria,
one can recognize that soll sclution comresition at a given
moisture regime and at a given tine is 2 resuliant effect of
variety of reactions or processes (Aidams, 177., Uster and
Moleal 1971}, such as :

a) acidebase reactions,

b) gas solution reactions,

¢} precipitation and dissclution reactions,

d) formatlon of coordinate complex of wetal ion and
1igands,

e) oxidationereducticn processes,

f) axchange reactions at the solideliiquid interface,
g} anion exclusion (negative adserstion),

h) hydrolytic rasctions,

Aglde0a8s equllibris play a marked role in determining
801l solution coumposition., iherefore, soil (scluilon ) pH
18 one of the "master variable” which largely influences most
of sirmultaneous chenical equilibrias and eventually governs
sail sclution corxnosition, Whille describing checienl eculllibria
of petal chalate: in soil, Horvell (1972%) hus sunmarized the
effects of soll pli on concentration and/er activity of Caa:
#g2*, A13" and re3” in soil soluzdon (Fig 2).
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d) Bolubility sroduct exvression of .33;}33

(ca®") (3™

= KeaCp, = ~ve3
(%33003) 3

Using the sbove chemical equilibria, the & of
Cam3-H H=00, system can be defined as 3

PH-_-, R-*%PC-O. + ,}1{ pCOQ_

“hen the p*02 = 10737 aty and pif of Jall ek 0-C0,
system works out to be 8,4 (Garrels and Christ, 1955). lhe
H (H0) values of calcareous solls when in e;uilibrium with
atmosohere are also reported to be in vicinity of 8.b
(Turner, 1958). In other words, the pii (} 0) of calcareous
801l solution asnears to be regulated by cacas.n. do-co 2 systoun,
The soil solution »h under submerped conditi :: 18 wmainly
determined by FeCGa-H 20-&)2 system and/or fn-;:{}jnﬁ Ao..ao 2
system (Ponnaseruma, 1972).

Iissolution and precinitation reactions exert significant
influvence on chexical etuilibria in soil solutiun. wolubility
axpressions of solidesoll constituents have heljed in
understanding variation in soll solution composition{iuti,19623
Oater and Helleal 1971, HNakayama 1971). In general dissclution

of an inorganic salt in aqueous system may we written as @

Yan (8) === m®* (ag) + ™" (ag)
at equtlibriua,
Uty (3) = ((LP%)B (() ATy
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solunility produet (Kzp) axaression is,
Ksp ( dmén) = (Q W) (Qa™)"

Whenaver the activity of a nutrient 1.3 in the soil
solutlon exceeds the eaqwllibriurn concenirailics of a mineral
or :rprganic solid=phase, 1t beginsg to preci iiats out,
Converssly, whenevar z nutrient ion activity i.: tho soil
solution dro»s below the equllibriws sclubiiiiy of a solid
phase (or salt), that piase begins to dissolve.lt may
tharefore, be nossislae to charactarise soluvi it of sulshastes.
chlorides, fluworides znl phosphiiez of Ca, .., 24 In ete,
in sell soluiicn sccording io goneral aolubllity osroaduct
arinet nlaa, Howaver, srocautions are nacess.y, in ap lying
Kga a8 thers are some problems asscclated with ‘stermdnation
and amlici ion of 1t, The ions srodus:d as o rssult of
dissqlution nrocess frequently undergo many cheulcal reactions,
such as acidebase reactions, couplsx formaticus, ionepair
formations ete (Nakayasa, 1971, Stwas and .or an 1970).For
examole, the scluullity of FaPg, (s) will mo. auly depend
on (1503*) (qu =} but also on acidebase e u’ .ria (@.4.
formation of xeia;’m**, Feﬁg?q,* 2» ihe avall .-l comsil.tion

of Kgp data in literature has oiten showa varlaoiion,

In soil sysiem, incongrusnt solabiliity is also
arevalent, for exauwiles, added saluole phosphate salls
dissolve incongruently with fornution of rel_ tively
insoluole salts. simiiarly é-!gCOB (3) Lt.0. sumesita,added
to sall throurh liming waterial will dissolve incongruently
vith formation of fa(dH), (a).
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The elements such as <o d, Uy 4, e uul iIn are
srezent in soll system which are often 2rone wvo redax
chasi 28, n@dox equl Boria can be bhest 1llustirated
pil or ‘heo diagrams (Garrels amd Jhrist 1385, .illen
1967, Stumw and .organ 1970) which shov, in = cosoree
hensive way (2) bhow activity of srotons ani ol ctrons
sirdltneously influence the chemicul equilivrig and
(b) shat solid phase controls concentration, { ‘onnamse-

meya 197.2).

kormation of agquoco:silexes or hydroxceo loxas
throush co-ordination reactions botween met.l ions and
watar uoleculs: lg com.on in wueous systan andopous to
gsoll solution. Such reaction has soon deserilbia. w8 nydrolysis
or protolysis of metal lons, the forg dim of soluble
aquoeconslexes onn be adequately deseriosed by hydrolysis
eyuilibrius constant. liowsver, seue of these pouctlions
are relativel:r slowv and the kinetic intermediztes are
matastable or wmstaole, Yhe followling two rul v oy
govern hydroly-'s auuilioria ia soil solutiwn (Ltuan
and Yorzan 1370: . {3) In aqueous nhase, the »t.l ions
tend to »rotolyse nore with decre:ss in activii, of
apotons (ineraise in 9 of agusous system ).(bi “the
fraction of rolynuelear comdlexses in a soluwiicn dacreasss
on dilution. For more detalled information o.. behaviour of
mot-l lons in agusous golution (such as so0il soition) amd
their coeomiinative processes, reviews by sililwm (1967),
Garrdls and Christ (17359) stwm and lorsan (370 2y pe

conguwlie 1.
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48 a result of cation exchangs, the callans are
distributed between exchanger "Mase (adsorbel ;i.u8e )
and s0il solution (liquid)} phaze. ‘“ssuming the cation
exchange reaction is reversible and stolchiocustric
chemical reaction (which cobeys the law of muss agilion),

it ocn De written as 3

Kg—nj
\GA cacy + WpB == WA + 19 Bcad)
Kop—a)

where | O with suostrists 2 and B resresent nmumoer
of reacting catlons of . and 8 respectively, (ad) denotes

cations in exchanger or adsorbed shase, wnile absance of

suf'fix denotes ions in goil soluition nhas:.

Vardous catlion exchange equations have been used in
soll sclence to describe quantitatively, tne distrioution

of eations in two Hiases of soil systen.

Using thermodynamic asosroach sugsgested by Argersinger,
eation exchange equilioria can be written as {(Lains and
Ihommas 1993):

Vg, W °
a A —BG/r
Bad) A = e
On., 0%
Arad) B
Whare ] = universal gas conatant
T = absolute temoerature
Go = standard free energy cumnge
= activity
X = thermodynamlc equilibriu constant
e = bigs of nutur-l log.
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ibe eguation can be written by subsiicuting activity
of adsorbed lons as ;3

Where f = activity cosfficlent

K = Jole fraction of adsorbed ecation.

The values of thersmodynanc exuilibrius coustants have
beon caleulated by ajorlying the above Argersingers thermodye
naaie asodroach to the exchange isotherms for vurious systems,
guch 28 K-Xa, K=Ca, ralg, MgeCa {(Jensen and ..abcock, 1963,
Jensen Van 3ladel and Menzel, 1959). It can therefore, he
concluded thal the theory apnears to be valid for the
'aqutrical as well as unsymetrical cation exchange
equilibria at soil solidesolution interface.

2,2 Ionic activity-cohcentration relationshi, in soll solution:

In or.er to mak: the discussion on various chemical
emullibria in sail solution therzodynamicall ; meaningful
and to be able to predict crop response frou the soll
solutlon compoaition data, it seems highly desirable to
corract the measured ionic concenirations of s¢il selutlion
to thedr activit@es . In this conneciion ionic strengin and
activily cosfficient, concepts of physical chemistry are
important.



p L

The fonie strength { 4 ) of an elecirsi te solution
13 2 measure of intensity of the electrical field in tha

solution and is nather tieally defined as s

et G oz®

shers Q = measured concentratioc. of fon{i}/ .wla/liter
by = valenee of ion (1)

secording Lo Debdye-.uckel theory the indlvidual ion
activity coefficient ( f; ) in dilute aqueows sclution can
be defined as s

2
og £ - AzsP( p 3k
17 QeBay ()t
where 1 & B arc ecngtants characieristic of vy solvent

(in (his cas~ water ) al 4 spyecified temrerziuve and
arassurs. M ig lcnle strengla aad sy lon sive arapeter

of eangl ton in anusous sclution.

ibe activity (in sium)le terms effective cuncentratlion)
of an individual dons (i) is

d; = £;C;

¥urther, &the oiner theraodynauic rezc i consianis
requlred for corracting the actual concentrztion of
sollegclution ions to their activities are (i, lounepalr
dlssociation counstant, (11) weak acldeveax wise dissocli-
ation constant, (141) hydrolysis constunis of il dons
and (iv) solubility constants of certaln zasos{ Jdiag 1371,
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In absence of ionepnairs. messursd lonlce concer.vation is
equal to agtual concentration and ecalculatic.s of activity
of 1onscalculated accordln; to the avove equations.In the
ecase of mizxad electrolyte {similar to that of soil sclution),
the 2easural ion concentration 13 always more tusn the actual
ion ecncentration, :his sroslen is solved Sy ii2 method of
succassive agz roximaciomzs till taere is no furtiier changze in
two successive values, ! pathematical jrocedure alongwith
sultanle examples for caleulating actual idoudc strength and
subsenuently ionle activily in npure, as well a3 in aixed
dilute electrolyte agueous soluticns analorous ito 301l
solution is given by Adams (1971).

23 Bffect of added a hydrous illi on soll sv.utdon 3

When anhydrous ﬁHB 1s andlied to soil soing injection
tachnique, it intazrac.s with soilesclid phass, crgandic as
well as inorganice, and ig retainsd in soll tirough physical
and/or cheaical mechanisnus. fortland (1963), Uarr and
Parendick, (1966) and renently Shimsd (2973) h-ve given
excellent raviews of anhydrous EH3-3011 eolleid interae
etions, A summary of physical, chemical, and biochenmical
fate of anhydrous 333 injected into soll 18 nregsented in
g 3.

The pH ard ionlc cowsosition of soil witidn zone of
injection of arhydrous NH} are totally unlike ihe surrounding
soil, rertilizers containing HH, are known to influence soil pH
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into soil ) {

Emdrous ldig injfaez;@d? volatallzation
diglg) o+ H0

Mysieql + dissolulion in
— .~ 7 — -
alay Eéi%3 _ adsorpcion Hli3(€53 soil water L
desoyation 5 y o
o s =t
& i 1
+ of 1S
be [s} 4]
m 2 12
},_-M - 5 ‘{’ &4 2nd _g
; fixation T at ey | 3d80rstion A S
W= [ iy meday | 2I20TXL0 T
L. _.1desortion | P i
>lant }:a“mmmm 7 __intersctions ulth soli  + OF
" ' < solution |
ugstake huwsates | hwice substancas L;’“"‘; s
A S ©
] 2
- . 35’5%‘7 nitrifie io
|50y in soll solution | oxidsilon 5 8"y
! 59 1
I g 1 by nitrobacter L *
| " L— — |
| o :
ansy | ORI
{ o v v il
leashing denitrific tion
M &
e
i 1*12 or IQQQ“J

RN o

Fig 3 1 fave of anhydrous amusonizx injoectal Int 2ol leahysical,
chepic:l and blologlecal reuciions.
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or scilesolution pi (Isensec and .alsh, 1971; -‘assioura
and ~etselaar, 1972}, Khengrs (1773) noties 3. J.7 near
anhtydrous 1€ii3-1njaetim wint in o vertisocl. .ovever, a3
rdtrificacion eecurrad yltn incuwation tima ko rejorved
decrasse 1in soll pH wito 9.6, After ankbydreus oo onla
injection, It ean exist in soil in two forms, lonized and
nonjionized uy 3

}‘;}}3 + li‘?ﬂ ... :U.“.OIE SR :Iﬁ: + {}' -

The relative prosortion of these vwo {.w.:s are
detorained by pi of soil solution. ihe resyacilve
rarcantagzes of free amnonda existing ot 3l 5.0 eounared
to thiat at pil 9.0 would be of the crdor of J¢l sor cent
and 50 par cent resnsctively (Parr and fapendic:, 196%).

A8 & resultl of dramatic chanes in soil % and
aveniuilly in sollesolution xi, dus to anbydrous iﬁﬁ3
injection into soll, dissolutionepreecipitati. .+« reaccions
are the first chesical reacilons likely to se influenced,
whan anbydrous IﬁiB vas applied to soils, incroise in
shosphates in soll soluiion was ovserved by roach, as
reported by iortland {(1369). The solubility of dneral
forns of 2 in solls anrears to be affectod 0 vhe change
in p.- on arlle tlon of :?553. It is 1ikel 4u ..o course
of tihese interaciions that some of the aomo:iw. (hospbate

compounds might be formed { lortland, 1995).
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Igloyikov and rfulaikov (1970) observed incre s=2 in
mobile forms of 2, K and Ca in the derno-podzoalic soil
vhen it was treate: with anhydrous NH}. Meoowell and
Saith (1958) noticedl 5 to 6 times increase in n in
saturation extract of aimonias-treatad soil a9 coudered

with that of check soil,

fhe changzes in soil pii on aml.cation of anhydrous
KHS, not only affect solubility of inorganic soil congti
tuents, but also solubility of soll organic aatter,Labaoratory
lysimetric trials conducted by lemec (1971) rovealed wmaximum
soluwbilization of soll humic substances oy wnikydrous HH3
anpplication as ¢oaparsed witn other lNecarrisrs anslication.
By and largs, slullar observations were repurie by 4cDowell
and Cmith {1953), Mangun and Young (1965).

There 1s 2 marked increase in concentraiisn of HH.: as
a2 rosult of protonation and/or dizsolution reactiions in scil
water surrounding the injection point or bund. Yhe il lons

thus formed, may also enter the exchange reiciions as i

e

LNt cr |
clay [# +nﬁ&i§-—-——-‘* 1 + nilty, -ala‘fyt

and concsniration of disalacad catiomns 533’ jincresse in soil
solution, Idsplacement of exchangeable X by hoavy apsrlication
of fertilizers coniaining NH' has veen observed by Abruna
gk al., (1798). Iglovikov and hulakev (1370}, also noticed
hicher contents of tobile Ca, ¥z and Na near the point of

axslication of anhydrous 54113.
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wecording to sortland, (1766), .-1113 agy bes rovaln-d oy

CasClayl as s

TR

ca (d0) x E;j.av M ;
Ca (OH), + 2y | elay| + (x=2)H0

Lueh ruetention reaction may s8 ojarative in ealeareous
solls which would result in inerease in oa”" in solution.
Hovever, 1t anpears tinat these ca=" and ;w;;;“’”‘" aye alfiacts
ively removai frop soll solutlion by »meedl iy 1.0 a8
resctive or nlx:d earbonates,thereby srevonddng any
axtensive re-cxchange of “&I}’ fro. sites sreviously occusied

by these cations (Julesis, 1932).

It 1s apparant fros the »bove review of Litsrature,
that very lirdited datn are availosie on diraet effact of
asslied 1&33 ol 8ol solution ceomrosition of ovoen temperate
soils., ™ 30 far as troxcal soils are councornad, such
data, hitherto, are not availuable at all, .'o- efficient
use of anhydrous ammonda as a sowee of - Lo ,.ants, under
trodesl condivions, data on soii solution cooowsition of

armoniate® goll are necassary.
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3.1 ‘faterials :

3141 Goils 3

Madiws blues soil {vertisol, 0= o, & @ 33) Srou
wentral O s ramdy 1AV, Lwhurd (Block sel) and lataritic
soil {O0=20 cu,<C 2 97 from jgricultur:l _ o ach Jtaision,
sadhanagard (List. -olbaour) ware use! in vao lnvestis.ion,
soue of the jaysiecal and chemie :1 sronsrtic . of thae soils
are glven in blex 2 gnd 3 regowciively.

laple 2 ¢ Jhysical projerties of the mediw. olnes and
lateritic soils used

Pronerty Hdedlwa o1 0 301l svoitde soil
Sand-i k% 54,10 jiae 50
Cilt [ . 29400 34,10
Stay % Send’% 135,90 23e 30
fextural clas. Slay «1y Lloas
0 atm nercentage 7353 33400

1/3 ataz narcento.e 31.%0 Mo

3 atm »nercentage 2710 i3e

15 aim darcenta e 2,93 .12

- =


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

b1 §

sasle 3 1 Chemieal srosertles of the mediw. dl.ck and
lateritic solls used

Pronperty Jediuws black soil saacritde soil
pli (Hy0) 111 Hel Fal
i m mho/cm l.12 e 27
fowal nitrosen () .07 e 0
K, - N (m2/100 g) 2425 3445
iﬁt)'é - ¥ {(mg/10G g) 7482 Lade
Urganic cardon (-) 0e33 a0
Sia ratio a5 PR
C&LX)B “) 0.82 Dire 00
SIS (1a/100 g) Wl.h0 13430
Huchanzeabls <o " 23473 ‘e 30
Zxchangeasle g » 6 8.2 3e57
Sxehanpeapla la " 337 ie0
Lxehanseadsle X " Usld .el7
svailaole 2 () 0- 00023 P 1s X
Amonia retention 151,53 L RPN
canzeity (5.3)

(g/100 g)

-y e -

3.1.2 Anhydrous auwmonis ¢

Anhydrous a wonia gas cylinder (M0 ) . & suwiied
by Vs Haa Jheaicals L. June, 411 005.



3. 2 Hethods %

3e2+1l So0il analysis

ihese solils were analysed by adooting standard
methods of analysis as shown in Table b,

Taole & 5 Methods used for soil analysis

———

——— i -

5031 projerty Method adonted saferance
Particle size douyoucos Bouyoudea(1952;
aistribution Hydrometer Day (1965)
Jolsture Tension »late Aicuards (1999)
percentage Jregssure plate Jlaeiz (176%)

Ammaonia retention
carzeity (WC

Inorganic forms
of nitrogen

Crranlc carbon

33303 equivalent()

pi (H30) (181)

Aleectrical
conductivity

R Ja

exchangeable
cations

Avallaole ' 2t

or arassure
maimbT ane
fenandick and
Parr as modified
by chimpl {1973)

wemimiero
distillation

Halkley «3lachk

Aragsure
calclinmeter

fotentiosetric

Conductonetric

lapid senmimicro

NHy «OAc

Bray-l and
Ulsen

Day 2& Mc, (1967)

fcenwriick and
2arr {1255)

dram.ay (1)65)

“1liue.. € 1965 )
Skimi. . 2k akey (1953)

Jackson (1953)
Jaekoson (1358)
Chaiiw {1959),
Jaekson {(1358),
Blae. {1955)

Bray o Xurtz (1949)
Olsen gt al., (1954)
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3.3 Experimental :

3.3:1 Amuoniation taclmimz

Fabrication and galibration of anhydrous :-;Ha injector
apparatus used in the psresent investigation ws similar to
that of “epandick and Parr (1945}. The methodology of
deternination of ammonia retenti-n eapacity { = o) was that
of Shimpl {1973), Sufficlent quantities of soil were brought
to 1/3 atm percentaze moisture content and e:uilibrated for
20-2+ hr at azblent room temparature. ihe sresoistensd soil
samples were then ammoniated equal to 0 (checu), 33, 9 and

100 ser cent of its ARC .

3¢3.2 Incubation tochnique

Four lots of 550" g s0il sa.ales (in du:.lcate)containing
1/3 atm percentage moisture were armoniatz .. lese ammoniated
soll samples were kept in suitasle plastie bugs, and thedr
mouths were tled with strings to prevent loss of moisture
during incubation. For proper aaration about 20 pineholes
were made in each plastic bag. :he plastic ba s were storsd
at 27 2 3 € temperature and asbout 75 to ) . humidity, in

dark chamber,
3¢3.3 Extraction of soil solutioq @

After 3, 35, 70 and 120-day inecubablion, soll solution

was extracted using Richards' pressure memor:ne apjaratus
surxlied by /s Soil doisture iquinsent Jo., walifornia U.s, ..
{iidchards 13653 Blac< 1355}, For the extracui.m of soil
solution 15-ats air-sressure was adiplied for a period of 4 hr
arrl 15 hr for mediun black and lateriiic soils respectively.
Oy

'Rx;.rt&r ml of so0il solution was collected afiey dlScarding
Fe=3 nl of solution,
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33k Loil soluiien snalyses i

Immediately after collection of soll solution, At was
anslysed for pH, iIC and organic carbon, z.’US-R and fHje N
content, 4fter these analyses the soil solutions were stored
at & ¢ after adaition of 23 drops of tcluene, until all
remaining chexical analyses wers complated by adopting the
srocedures given in Table 5,

fanle 53 Jdethods used for analyse: of soil soluction

5011 sclution Mathod adopted ~eference

determination

pH (H,0) Jotenticmetric Jaczson (1953)

S1 ex (1963)

ilectxical Conductometric Jackson {(1958)

conductivity

Organic carbon lodifled Jackson (1958)
Walkeyeillack slacx (1969)

Caleius and LI Awtitration Jdacsson (1958)

Hagnesium

fhosphate volorimetric using «atanage and
aseorbic acid as visen (1965)
reductant

Sulphate furbidimetry Jagkson (19538)

Shloride Argentometyy whazaan and

Sratt  (1961)

Carbonate and dotentiometric «aras g?

Bicarbonate 19?1

Iron Solorinetric using lap:-s j?
O=phenanthroline 19?1

Manganese Colerimetrie, using 3lack (1965)

potassiun periodate

3&305 W L
&oil remalning after oxtraction of soil solution was

analysed for N Oiceextractable Ja and lig (Table W)
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3.4 Calouilntions of undissacisted ;§i3 aQi.cuiiPation and

ioric wetivity, lonlc cogesniyacion ... activity of
“Yonz In soil solutlion:

a) calecu.ationg of wndissoclated .di, o, cen.estion s
o
(Sezdlcek ai 3.y 1971)
Calen' ticns of Wil undlsszocliate ! ;%:3.3 corcentrstion in

soil solution wers avile an volume bagls of wecore -he following
calculations were use i whoere the e wllioriw: coustant for

?;EEQOH forautiwn fron Eﬁ% and H é{) eyunls @
€= QU ) (O = Lo x 207
cowbinel wiin the autcdissooi i of wale:
(om ) = 1
A= (RS O/EY) (NHy) = 1.3 x 157
total analytiesl amsonia waz dofined as
me3 = (g, )+ Claiy)

Ay conoinding the asove two eguations
K = Hdye(iuq)
%) (am3)

solving for . 3

MPKV LIBRARY

i L
T
iy - Fm_g Teest?

1.3 x 107 (8% + 12

t&i3 for eseh sasile was couverte: (o o log/liter

and ealcut- tian for i, (mole/liter) ware 1. ‘2 .
¥
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b)

. -t
e messured congentrations of eatiomys numely Ca,

s 12‘* P + + . . ,fc. e,
..f,, Ua, K° und ‘#h and anions nazely 03y .07 C1y

2,27 and ¥03 1n disolaced soll solution are considered

for the puarrese of caleulations,

1) Ioniec strength (M)
Ioniec strength of sall seclution wair goleulated

by using following formla
= VZE Ciz%

vhero t-t = ionic siren;tn

Ql = maasuras.d concentratios f ion

™
fey
i

valancey of resiective fon
= Total
11) fosde activity coefficlent
Ionnie activity cofficieni of eaeh i:¢«. w's ecaleul:ted

according to the equation s

Azt (u)h
-la3£:’ * H

1+ Baj (u}2

where £ = activity cosfficient of wn (1)
A and o are temerature deqenlent co..usanis
{( A= 2,507 and 5 = Y321 at 29 D).
maang Individusl ion sice Hrasmeter. 2a angstrom

units for the uen e-x*uc,.el emnt,ian for wtivity coefficient,
for waf* S8 mh, 1.303 and »D[,_- AR iy g 209y el

and b res;)ectivel‘r
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111) Ionie activity
Tonic activity of individugl ion w 5 caleulsted
by using folloving equation.

loz Q; = logf; + log Ci

Where Qi = astivity of ion(3)
f = activity coafficilent for sonl t)
Ci = measurad concentration of ionli)

1v) Ionepalr concentrations were caleul ie. for Cai0y
Hgsof), NHUO, CaliCO3 and igHI0Y using e juutions
ity s

5-:‘35 X 1(}'3

g0 = 0*13‘**{ (807
5.58 x 10”3

* y and=

NREey = oo ) (S0FT)
7093 x 1772

g~ .3" e -

505 x 1‘5’2
(g3") (1203 )

i

.‘v!azicog

6.3 x 107°
v) Calculated ionic concentravions ean ue glven as ¢

caleulalte i fonic sieasure - ion icrnepairs
concentration = concenteration) - |exzlculuted
moles/liter unoles/liter moles/liter
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smovlede of soll sclutlon choracterisiics 48 2 valuavle
tool in aiking r»redictisis of nlant ressonsy Lo the  soil
chemical envirorment. wWditerature reviews pusiished by Parr
ang Pepandiek (1966), Jortland (1)906), shini \1973), and
cihiers, sug:ost tnat aj:ldeaiviwm of anhydrous =L3 in soil
would bring sbout dramatic chsn s in zoll .¢iution composition,
sresably tarough changas in cheude ol s0il ¢ uiilordn ccourring
in the f&irremﬁtian sota. It wis, therefo:r., thou ht that
nrobuble changs: in soil solutlon comiosition wou.d alter
goil cheudenl envirconment and svantually dele ~ine efficaey
ol anhydrous ﬁBB as 3 source af i te planis, . ence atlempt
Wi made tc\stuﬂy the soil solutiom comaouio i o of asdiug
blackh and lateritic solls frog Huhuwr' and  ih magard
reSpectively ag inflaeacel by aus drous Eﬂa z:1tieation

with tige wuiar laboratory conidlvions,
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The soils were awwmonizte’ at & lavels n: el 0, 33, 6)
and D ALT so a5 to sboulate zoncentration ralient of ;%
and/or §E§i3 that norually devaloys in a anseni. restention
zone in soil, Tue soll soluilions were exirace ? {rom the
amzoniate =soll samdles after incusastion for varying periods
(3, 35, 79 and 120 days} and masiainaed 4 L2 car percent.aze
(so9rox, *isld eapacity) by adorh.ng Lichar ! Jressure
sembrane aothod Lidsuard., 4L Jiecordia Lo dams (1773,
personal cocamicaddons)y the was:Huroels.. suiod aliers

zome asyects of the tvue soil solulian el  nion, nasely,

i 1t effcectlvely rewoves phospnunes 1o il solution,
i1 it amy add eontovinants to che soll oo ilion,
111 axcas: vater may Le nesizi (0 estallf . econilguous water

film from membrune to sotl :ortiels:s 1 HMlution
effact that cannc. 2z 2orracted ) anl,
iv “he hizk alr precoure will Wlver 20, 0 wlilts amd

heacs s¢il solucion mi,

Xaering these limlintdons of the zathe ' of ostulning
8081 solution in view the changes 10 s0il zolusion ecompesition
as influsnced Ly anhydreus HHS ar*tdearicn in "ue soils

stuiled, reported in T-aleg % turoush 20 ar. U seussed.

L el

h,1 4L solwideon 2

n 0llesoiavion v oas L7 et by

p—

The ohki os

d1 {fopant lovalc of xueondatlon m) tuows ime are

shod in St b 2nd 5 .
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Hollesciution ¥ of the cheeu solls wraetieally
recainad unchanse! duwring the incubation pericd. fter Jeday
ineubation, soilesolutlion -l wvalues incre-sc! wits incrense
in levels of ammoniation. (he inersasces in godl solution all
values wers l.45 and 1,10 units for mediws bloek and lateritie
soils ressectively, when these solls were au ouiate. equal
to 100 % 4. Khengre (1975) amaoniat:d the _ ddwa olack
vartisol and neoticai rise in soll il values vy azxout 2,0
units » Solleaazplution 24 appears Lo ve detus ined oy the
followlng dissceiation reaction ( Admms, 1771).

1.8 x 107 - (B8 (@)

Sollegolutisn p of the assoniatel goils decreased
af'ter 35-day incubation, mainly due to acidi.ylng effect of
nitrificacion process. Data given in Zaolasly and 13 shows
woduetion of 3303 as a result of oxidaiion of uL;: and
cancomitant disappearance of NH, fros soil solution. The
lovest i w-s ouservad when the sdils wers aloniated equal
to 66 % A0 and incubate’ for 70 days.

h,2 Uolilesolution ‘s
The ehancas in soilesolution ¢ as fnflusnced by
A ffarant levels of vmoniation and incud i time are

and
shown in rasle 6/ Fig b and 5.
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Tadle 6 1 Sollesolution ¥ ami 72 of the so0il stuiled as
influencesd by added anhydrous :‘4‘213 and incuoniion

time

Ity added Incub tion 'r' Jediuws black soll i sateritic soil

(s &) time ' pH He ! pi 56
{days) ! (= mho/cn) i (1 mho/em)

3 ?ohs }.- & {)- ‘?{} Qo h‘?

35 YR 1,30 £ o030 043

(check) 70 7040 1490 7400 2,50

120 740 1.95 7 e X3 0.50

3 8.70 253 76 2499

33 35 7420 8,01 712 2.00

70 720 6,30 e300 3.30

129 730 5.30 70} 3.20

3 8.8 ! 203"‘ ?u?‘@ 0.82

5 35 750 8.1 7ol ER TS

70 6,80 12.20 840 4,70

139 65.90 8400 8,69 L. 80

3 3,20 2023 750 0.69

35 7.80 1.30 730 3,08

100
70 730 2420 H.70 4,50

120 700 %o 30 6430 6.36
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Zlectrical conductivity of an electrulyte agqueocus
solution can be given by the following sqguation 3
I = KC

Where, » = elecirical conductivity of an electrolyte
solution at 29 C,
K K = gell constant at &5 2,
¢ = electrical conductance ,

After 3=day incubation soll-solution : values were
virtuall unchanged, 2t all levela of amsoniation of the
solls, which may be due to incomplete exchange reactions,
and practically absence of nitrification :fable 9 and 17,

15 resyecetively). In general, soilegoluti = :J of the
ammoniatesd solils inereased with incubation tisme sxceyt that
of medium black soll ammoniated equal to 10D x 41l wpto

70 day incubation. l‘hese results are su:»orted by increase

in measured concentration of c¢ations in soll solution of

the apnoniated solls with time. As incud:ticn progresses,
added HH3 to soil 13 nitrified to nitrates (HeIntosh and
tredriek, 1958;) Khengre, (1976) has noticed quite rapid
production of KO3 in the ammoniated-medium black aol. studied.
The data on changes in Nl and NOJ in soil solution presented
in iables 12 and 17 resiectively also su rost nmitrific:iion
of added 2&33 with time in bot:h the soils. .nis indicates,
that after 3eday incubation soilesolution O aprearel to

be larzely a function of (a) soluble ea.lons exchanged

and (b) nitrates produced in the asxoniave! sgils studiad,



35

%,3 Heasured concentraticn of caticns in soil solution ¢

‘lsasurei concentrations of caticns viz. ;agf Hgf*

Na, &¥ and [y (3 + 3, ) as influenced by levels of
amgoniation and ineuwbastion time are ziven in . 2les /7

throuwgh 1% and :rig. 3 through 13.

h.3.1 'zaletws and Hagnesium @

The measure. concentration of 3&‘3"’ and i ” in oheck
solutions wers in the rangze of 103 1o lo'z“a and 4id ndt
show variation during 1l20«dsy incubation (lfablegs ¥ and 8),.
¥lg. 6 and 7 show that the trends ia changes ia uoasured
concantration of ,332* in soll solution as aff .cted by
ansoniation levels and incwbation were virtwzlly sipilar
to Lhose in mensured concentrations of Hg‘e* in s0il solution
of the soils studied.

tfter 3=day incubatiocn measurel 3&""" ans I,Lj"’“" 1on
concentrations did not significantly inere-se wii: fncrease
in levals of anusoniati m of the sail studied. .. o resulis
sugy st that probarly oegll dble o small ueud.ude of
exchan ¢ reaction might hav: occurrsd dus to ¢l yu.icant
aroportion of adiad RHJ existing in undlssoci.ic. or free
;ﬁ;‘é;s {ag) form {i-ble 13)., Another passidle reusor is that
high sail pi prevailing during 3-day incubation (sable &)
may have cauted simaltaneous precipitation of displaced
ca®* and ?* as carbonates (Du-Bleassis, and rroomje, 1964,

3ussall, 1965).
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1.3%
1483

-

2ol 2, 9k
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In 30 far as, effect of amioniation of the .21 en

chanzes in me sured Ca®' and ;,.gg%:" in soil selutiocu as a
function of time are concerned, the medium blaci: soll
showed distinetly different behaviour fron the lateritle
soil. ihe peasured concentrations of Cz?t and ¢’ in seil
selutior of the mediwm black soll asoniated at the 33 and
66 per pent AiC Initially inerease:d and tandsd t¢ decareass
toward the and of l20-day incubation, whereas that of
100~ AiC, messured ca®* and 143‘2* conceniration ramained
constant upto 70=day incubation and showed incre se towards
the end of l120eday incubation. Un the other hand measured
concentration of Ca*’ and %" in soil solution of lateritic
soil ammoniated equal to 313, 43, and 100. AR eontinued to
ineresse throughteout 120-d37 exrerinental period. These
chanzes in measured Ca®' and g2 in soil solution can be
attributed partly to cation exchange. Decraase in Idy jAC
extractabla Ca® +and Hg T with added 1‘553 and incusation tlime

was noticed { Table 9)e
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Taole 9 3 Change: in Nﬂuo.w -~gxtractable Ca and g ceantents
of the asmoniated 80ils after extractixm of sall
solution with time

Ny x:gm. Medium blac< soii Latericic soil
f: X % Ko 141
?‘gdjgm %cjizs) Ca Mg Ca+ Mg Ca g Ca + Mg
W/ﬁtar
5 AB,71 6.3 35.1%  7.90 3.65 11.%%
(cg ) 70 29,11 7.31 33.%2 7.75 3.65 110
&

28,56 6.4y 35.00  7.55 3.80 11.535

35 26,20 3.31 .51 10.32  3.65 13.97
33 70 29.33 5.1 34,50  5.68 3.0 9.72
120 17.89 6,43 He32 Bu5L 1.482 12.33

35 2748  5.75  33.23  6.68  3.65 10.33

86 20 %8+ 3.83  30.67 5.7 3.0 B.51
120 9.59 1.91 .50 %.25 1.82  6.07
3 272 731 30,03 7.0 3.65 1155
200 70 26.8% 5.1 3195 k.50 3.65 8.5

120 15.3% 1,28 1,06 W5 3400 7.29




In the case of mediun black soll, peak concentratims
of ca®t and 5432' in scil solutlon were ouservel? whan it w.:s
amsoniated squal to 667 1.7 and incub-ted upto 70-day period.
In the case of lateritic soll, such »eaks were not observed
at any level of anmonlation studied during the 1.D-day
incubation. These results indicate that the checical nature
of the source: of calcium and Dagnesium and processes detore
nining the changes in measured <a and ¥g concentra.lon in soil-
solution veras probably different in the mediws black and in tne
lateritic soil studied.

L,3.2 Sodiun and Sotassius 3

By and large the measurei concentrations of Ha' in soil
solution increagsed with increazsing levels of auoniations and
inceeasing incubation perilods upto 7e-days but showed descreasing
trends thereafter. :ixchange reaclioms appaar Lo we largely
rasponsible for these changes in Na' in soil solution.

- clay IH{: + Ha'

clay Ha + L

A8 the concentration of NH} fons azight have decreased
with time (Iwble 12) wing to mitrific.tion, the displaced N&
ions provably wers readsorbed on soll colloidal clay comnlex
by making the exchange reaction occur in oppesite direetion
before reaching equilibrium,
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Tahle 103 ileasured and calculated sodium concentr-.wion and
1ts activity in soil solution of mediu: Dilack and
lateritic scilc as influance: by added anhydrous il

3
ani incubation time

e bty oy st

iy Tneub- .9 4. 1 un
2020 U Mosscral BSTHI "Heseis
- (days) cone., CONCa
o -
3 1.65 1.52 0. 63 0.58
35 1.78 1.57 0 7d 0.72
(chock) 7O 1.87 157 0.83 0475
120 2.00 1.73 0.78 0.7
3 2409 1.79 052 O 47
35 3.52 2o 39 1.30 1.13
33 70 3.6 2,62 1.70 1.46
120 2.0 1.6% 1.45 1.2/
3 1.96 1.67 0.65 0.57
35 3491 3.1 1.91 1.6%
66 70 4,73 3,56 2,00 1,60
1.20 2.78 2013 1.80 1.51
3 1,86 3.58 0455 O3
35 2+17 1.73 1.39 1.40
100 70 1.95 1,58 1.81 1.53

ix 2,52 1.8) 1,50 .07
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Table 11 3 Measured and caleulated potassiwm conzentration
and its activity in the soil solution of the
medium black and lateritic soils, as iniluenced
by added anhydrous NHB and incubation tlue

NH3 Incub.

P .o t a s s i Q. n
added ation dediyp black soll  _Lataritic sodl
time measured activity measurca activity

(% ARG) (days) conc. COnCe

m molo/liter

3 0.08 0.07 0.07 0.07

35 0.08 0,07 007 0.07

(cnock) 70 0,09 0.08 0.09 0,08
120 0,09 0.08 0,08 0.07

3 0.10 0.08 0.09 0.08

35 0el2 0.09 0. 25 0,22

33 70 0.13 0410 Q4 X0 Co 2+
120 0.10 0.08 0.13 0.11

3 0.13 0.11 0.10 0,09

35 Oells 0.11 04338 0.32

66 70 0.18 0,13 0. 49 0.41
120 0.10 0,08 0.30 0425

3 0.15 0.13 0410 0.09

35 0,18 0.15 0.56 0.48

100 7 0.21 0.17 0,58 0.48

120 0413 0.1l O3 .35
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For unknown reasons however, changes in neasured
concentrations of #a’ in soil solutions of the wedium black
soil, ammoniated equal to 100.. AlC were differant from those

of other two anioniation levels.

s regards the coanzes in neasured concentrations of K'
ion in soil solution, trends were as »er exyeetions. It 13
well known that fonie size of K ressmbles that of iy,
( farshall, 1954+), and hence their exchanga “ehaviour is alsc
similar. Srosably therefore incrsasc in measurs: ..’ concent-
ration was notlced in acil solution with increasc in adiition
of amponia to tue mediug black and lateritic salls. Amount of
K in soil solution dsersased aftar 79-day incubation and can
be exslained ns follows: lue to nitrificaiion srecess Iﬁi,:
ion on the soil exchange may have decreased (iabte 12)therefore,

K ions may have been readsorbad by 501llesolid -s.uso.

%4,3,3 Aamonium g

The measured e?i;: ton concentration in soil solution
increased when ammoniation lovels increased fro: 3 to 1004 ARC
in both the soils (Tuble 12 ig. 10 ang 11)., Jadey favourasle
conditions the ¥i' ions in soll are oxidised to nitrates by
nitrifying bacteria (Frederik and Jroaduent 1965)., Secondly
30il micro~organisom are reported to utilize mwoniusn iona
resulting in their immobilization (Janson gt Rh.y 1967 and
Janseogp , 1958).



L3

fable 13: ieasured and caleulatel concentration ot iH
and its activity in soil soiuiion of the 3
madiun black and lateritic solls, as influenced
by added anhydrous lH., and incubition time

3
B P et
?%dﬁgc) tive —_Conceitr:tion o yeenitra A it
(days) measured calculate. £ measur:d czleula-
< ted
T o mole/liter-m

3 1,10 1.9  0.9% 1,80 1.79 1,66

35 1,01 1.00 0.88 1,80 1,73 1.66

(cgeck) 70 1.30 1.29 1l.01 1,85 1.9% 1.69
120 1.30 1.29 1.01 1.85 1.8 1,69

3 7460 7.56 6.2 6,00 7.96 5.36

35 3.08 3.00 2,37 3.80 3.78 3.28

33 70 3.10 3.09 212 322 3.21 2473
123 4,50 438 3,59 .66 4,59 3.90

129

3 12.40 10.03  10.03 7.8) /75 .75

35 5,00 4.26 3,85 3,40 6.36  S.hb

66 70 4,00 3.9 2,91 6.1) 5.17 5.10
120 6.60 5.57 5400  6.97 9.65  5.60

3 15.950 15.93 12.33 12.30 1.21 7.05

35 1,00 13.69 1l.74 9.30 e 22 7.92

100 70 13.50 13.29 L.19 8.12 B.09 G674

120 10,15 10.02 8.41 17.15 1:.12 8.11

T PO Y T Ty = oerat
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Hitrificavion of added ankydrous Hﬁ3 in the wvertisol
studlied at aprroximate field capacity has vesn reported
by Khengre (1375) . The data reported in fsu v 17 and 13
also clearly suzzes:, that there was increase in H{); concan-
tration in scll solution. [t cun therafors, s said that
nitrificaition of M{,: was largely resjonsicl: or decrease
in apsasared Eﬁ: conegniration in soil solution of the
gamoniatel suila, In the coge of sediuw bl .o soll ammoniated
squal to 100.. ARS, the decrease in TEI},: -~ M wi3garel to 2e
rather slow provably Jdue to lesser prata of n'iyifications
{(laole 17 and 18 Fig. 15 aad 17 ). Xhensre {17)) alse
noticed "delay phase™ Juring ntirificatiz» ¢ -a:onia in
the vertisol to which ausonin was addad egual vo 1004 S,
provably dud to artial  sterillzailon affect | Alsan and
Alexander, 1960).

In 42 case of lataritic solls, the v..o of ndtrification
being slow, probably because of iis wnlavoui wle 3011 pH,the
decrsase in measured NB{: ion concentration .. 1oz 80311
golution wag pather slow. Phis 1g also supuru d by the data
on changes ip zeasured N% eoncenirution ia L3¢ seil solution
(Table 1?7 and 15). RKhangre (1976 personal coriamdeation )
gbgserved very slow rate of nitrifiestion in .ac zusoniated
lsteritic soil,



52

Tazle 13 3 Changes in wxilssoglated ;'&33 in soil gsolution,
a$ influenced by added anbydrous aiwonia with
incubation time

-

Ammonia Incubation Hedlum oliek Lateritic

addagd time soil s0il
{Z ARG )
_. 1 acl./liter

3 1.99 0e19
33 4 35 0.03 3,03
70 0.03 0,01
120 0409 J+03
3 3.2 De 21
35 0.09 Q. 0l
&b 70 3,01 0,01
120 0.03 0.01
3 L4.75 De33
35 e 25 0.10
100 70 .13 o002
120 0.06 J:02

* Caleulsted according to the metithod su . 3ste by
Bezdicek gt 3l., (1971).



The measurad MI.: concentration includes undlssoclated
or free 3“3}53 (ag). A8 free Z?iii3(arg) is toxic te rlants, as well
as s¢il micromorganisums, an attenst wss made to cilculate
free 1-;113( ag) using the method of ealculation suggested by
{Bezdleek gt al., 1971) . The calculated frou or wndissociated
34‘1*33(@:;3 concentrstions in soil solutian of boti the ammoniatede
soils are givern in Yaole 13. It is ajrarent fra. the data that
froe | 3( an) concentraiion ran, 1 from 0,01 to 4,75 mi/liter
in soil scolution of solls studied. ftor 3eduy incubsticn,
free Mi3(m) was maximums howsver 1t deereascd raptdly with
incudation time, nroszbly dus to protonatisn raaction and/or
subgequent chemica) sorption (iortland, 1365). ihese data
confirm the ooservaiions made by Parr and Jaxmdick (1966),
and probably explain the changes in solle-soluciocn il and

measured M, soncentration in soil solution.

4.3.+ Iron and lianganese :

The data on effecits of addition of auhydrous Z‘iﬁ3 to
the mediwa blneck and latritic soils on measuie: concentration
of ‘e and IIn in soil solution at different Herioeds of incwa-
tion are oresented in :iable 1k

It is agparent fros the Fig. 12 and 14, ithat after
Jeday incubstion time,measured soncentriiisn of ia and &
decreased with increase in amsoniation levels in bath the
solls, This was posgsiolly dul to rlse in zoli-solution 2,
sventually resulting in decreased solubilic: «f ;e and Mn
compunds and/or incresscd stasility of e wnd o eomplexes
(.chnitzer and Fhan, 1971).
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Table 1% 31 Yeasured concentration of !e and t in soil
solution of mediun black and lateritic soils,

as influenced by added anhydrous HHB with time

-

Incube Medium black soil Lateritic soil

addeq  2tlon

(£41C) ?é:;s) Ya Mn ¥e ¥n

- e
3 3.20 2,70 2,19 2406
o 35 3.10 275 1.95 1.98

{ check)

3.30 2,70 2.15 2400
120 3.2 2,70 2400 1.95
3 1,20 0.95 1.50 1.70
3 35 3.40 2,95 3,40 2460
720 1,90 5.00 4,10 3.85
120 L, 30 4,80 5430 3.79
3 1.10 1.00 3.50 i.80
33 35 3,90 3.00 3.40 2.59
66 70 6.90 8.02 b,20 5493
120 5.00 7.01 6,00 8.00
3 1.2 2490 1,00 1.90
35 1.82 1.50 4,50 24973
100 70 370 2.00 .55 5.95

120 7.01 b, 5% 6,49 6.21
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Howevor, as incubation period prozress:d the acidifying
effects of nmitrification of added h’HB were ouserved (Table 12 ),
the lowvering of soil-golution pi seemed to hava, in general,
increased 4n and Fe in s0il solutlion. “AcDowell and Smith (1758)
measgured n concentration in saturation extraet of ammonla-
treated s0il, and noticed 5 to 5 times more lin than that
found in the scil receiving no amsonia as a result of the
inereased HY 1 activity (Stevans and .iuess 197%). «hile
studying the affac.s of I:H3 ou chemical properties of a
tamparate calcar{ous oil, Stevens angd ilsuss (1975) noticed

DI2A=gxtractzble ‘In was hizher near the injecticn point of tha

2'233.

b Measured eoncentrations of anions in sodl solutiom @

The data on changes in measured concentrations of
anions namely €04, HODY 4 C17, 363 , S50;" and phosphate
in soll solution as influenced by increasging lavels of
ammoni ation of the soils studied are given in Li..ble '> through
20 and presented in Fig '+ through '°9 ,

4. ,1 Carbonate and biesrbonate :

Insofar as GO_%" ions are concerna2d, tLhey were found in
the ammoniated sedius bBlack soll after 3-day incubation only
and their concentration in soll solution inereased with
increasing levels of ammonistion i.e. frem 3: to 1Q0% R3.
‘nis may be due to soilesclution pi being 8.4 (Table & and
Fig 5 ). is soon as soilesolution ». droidei .s a result of

nitrification (Iablei® and #ig.i6 ) car.svnu e ecould not be
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Yable 19 3 feasurocd and eaiculated econcentr.tion. of 0
and :i':-;i and their activiitics in zoil :olutions
of medfw. blucg 30il 25 iniluene»l by 74
“nhydrous b 3 with time
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Lasle 13 3 Iexsurpi and ealeularas ! conecentraii am oo
and =) .+ and taedy wetivitles da 5oLl sulie 1én
of 1 .tﬁ‘}:!, ic 901l g influouee ! Ly 32 anhyr Leoug
,ii3 wvith tinme

My .
e Tneuo 2. Lon P T A T N W S |
added tige

R N W BT » T2 R

( .2 (lays) T R e A Bt e
Jeagured anleulatad ctivity
- rixie/lic ; m.: :

3 Je o Da il el
35 e 0. 5% 0450
0 70 e 30 (o e

{ chacik) ,
120 De®I e 09 Je:33
3 Lo X Lolo 1,00
35 Jo De 57 Jedu
33 70 SeHS Del3 a3
120 e .65 Je ¥
3 1.9 1.57 1.40
3B Le30 (e 35 0.36
65 70 Je 33 D632 0.43
12X D« B0 0.56 D50
3 2,272 2417 2400
35 Le 1,16 1, M
100 753 Oukl Ouls 034
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-

Carbonate 1o:s wers not at sli found in sl sclution of

amponiated lateritiic soil during 120-dsy incusution neriod.

AS Tegar-s 21{:03 in scoll solution, its concentration
ineressedl with increasing smponiztion levels in botn the
soils after 3=day incubation. Wits nitrificati n of amnonium
in soil solutlion apparent increzse in #* ion activity miht
have decraassd measured HCO3" 1on concentration in soil
solution of the ammoniate: solls with tlme i.o, after 3J-day

incuovation.

‘hk.2 w 3

The measurai concentrition of C1” in soi. solution
increased with increasing levels of ammonial: u: of the
soils studied after 3eday incubstion (Tadle 17 and Fig i5).
The chang=s in concentration of JI” in soil sclution of
amoniate! sodls 4id not show any definite trend with time
(#1g, 4 ). Chloride ions exhivit negative adsorption
shenomenon at soil solidesolution interface ..o satisfactory
explanation ean be given for the changes in .1% concentration
in soll soluilion of the amponiated soils witk tiue.

Woke3 Nitrata 3

Figurecs 16 and |7 ghow that the 2503'1021 eonc:ntration
in soll solution increased with inereasing levels of ammoni-
ation and wvith incubation tiwe in both the 50lls studled.
This was attributaed to ndtrification of azsoniuw:, ions in
solution of the amsoniated solls. “roduction of nitrates
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“oble 17 3 Messured concenuration of l‘-]: wvitn 1t webdivicies
in s0i1l solution of the so0il studled as ianflueneni uy
add 21 anhydrous mi3 and incubation tioo

I&a3 Tneub. e.n L o x 1 4 e
added g;;;“ seddun blick soil Latodti S0t
GO0 (Gavae: leusuredq 36t vity measuY 1 SoLivity
wys concentr- concentr-
=ation - ation
m aole
3 34 65 7462 1.9 147
35 ‘-:’00‘2 /"003- ‘_.o 33 lo 50
(¢)
{ched) 70 Bell2 7.6% L. 30 1o Me
1..?.0 \.:;.83 7.65 l.a) 1.61'5'
3 11,97 13,47 1.30 1.61
35 e Ol 740.2 2670 7433
33 70 8692 ?oﬂd 3;0’-) ‘306;3
120 B30 5.0&3 270 Je 30
3 11,34 10,71 1.87 1.56
35 3453 6,86 2450 2e2
50 7¢ 3. 45 5932 2436 2e37
129 Hed: h,82 2a 24 1.86
3 11.71 12,73 Za B 2,28
35 B, 48 7.15 2e 97 ALY
1c0 70 6.3 525 2432 2el7

1 PR 7 h‘} le 35 10"39




&t

Taulo 18 3 Measursd concentr.tion of LU witi 1is uctivitiocs
in soil solution of soll studied zs influence: by
added anhydrous Ni, and incuozation itine

3
Hy e Jediuy i’; aigzg_ggp_ BRI
?L%d?ﬁ;} tize measur:d  activity < measwol  aciivity
{daya) conc, aonics
o mole/litar
3 200 1.75 le 20 1.47
e 35 1,91 1.67 1,30 147
(check) 70 2.30 200 1. 80 1,64
120 2230 2,20 1ok 1.68
3 2470 2.29 1.0 143
35 39.15 300 13,82 11,95
33 N 3. 26 30,10 2041 16.99
120 23,03 23.31 17.02 14,46
3 2. 30 1,93 1,72 1,43
35 35,06 2742 164 P LIRS
66 70 63,59 50451 25,58 23,78
120 50,13 39,34 27e9 2,77
3 2427 1,84 1e 50 1.40
35 20148 2.09 10.3% 9¢ 23
100 70 75 3.91 de52 0,52

120 2o 38 20,30 35,71 29,68
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in a typical ammonlated and incubsted veriicl of the
Habarashtra .tate has been noticed by rKhengore (1976) .

After 70-day incubation period, hovever therc was slight
reduction in measured HOS ion concentration in soil solution
in the case of 33 and 66 ammoniation levels. .his may be
due to immooilization of nitrates present in soll selution
by soil microorganisums and/or chexzic.l deniirificaiion

(Pang 1975).
b4 Sulohate 3

With increase in levels of amzoniation of the soils,
me asured conce:rtrationz‘sq‘z' ion in soil solution incrasased
after 3-day incubation,but subsequentl. it tended to decrease,
reaching original concentration in sall solution of the
check solls (Fig. 6 and ¥ ) . The provavle reasons for these
observation are not known.

k4.5 Shogpliate 3

After 3eday incubation as activity of ii* 1on declined
(iable & ), the calculated B?q.‘?" ion concentiraiicn increased
and that of H-‘,POI.' decreased in soil solution with increasing
levels of apmoniation (Fig ¥ and 19 ), Howevor, vith time
nitrification occurred, soil-solution phi decreazsed, and az 8
result, calculated HPQ?;’ ion concentration deerensed,whereas
Han" increased in soil soluticn in the case of ammoniated
mediwn black soll. Ine changes in measured tot~l1 2, and its
distribation of EPQ, and H,PO, 1n soil soluti.n of smmoniated



SoTe 1} g

its activiti »s
laterditie sofl:

‘“Tz.3 with tinme

68

i a s01l

. eagura i and calcu‘Lzltefi eoncentr-tions s
solution of nediu

13 Iaflusnece? by added

wilad ation

. ‘[}1}-

with
vlaes and
Wby rous

f;i (U G T 1

{ an ) tim 3 g : ctivity
) {days) Jdeasurad L.alcul'ated pogursl Snloeula ol
5 vole/livor
3 Ja 30 3. 58 ol %0 5.2 Del#d 0.37
35 Lells Je 3 Ve D3 e Ja02 )50
0 I3 B &+ ) A . -
{ shewi) 70 1e 25 Ded3 0472 Go Sl P R W
120 | .39 Ge72 Ge?2 DeOH  0.9%
3 0496 091 0.51 1.0% GeU7  0.71
35 1.31 8055 }. 51 Ja Vd ;‘c 5‘3 3.1*5
33 70 leld De Fis  Jal7 D53 je35 Je iU
1.4 101 2 Je 549 _}.“"’9 De 50 e 3.2 Yo 2F
3 3-. 4 1u05 J. 'JBS 1. 11 ‘. 93'} *}. OD
35 1. 71 0e57 JaTh 3e93 o N2
% ?0 1; LIf; 5.13 i).k"‘l 5).:4"4' -2 19
1.0 1o Ded) ZoHD PRI el3 Uel2
3 a2 lo ..36 1. o1 le 3‘3 ao% e
35 14,00 Je ) Je2} La51 AP N4 Ted3
100 /0 3630 2e2d Lol#d Yo7 o7 LY
i,ﬂ ). ;{J ;' k:fz‘} 1‘-3 i 2. ‘;‘7_3 1033 ‘e j :

P e P L

LA s o e am e wm e
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Yable &) ¢ chanes in caleulated consenvrution of 4 and
H%y, in soil solusion of mediunm blic. e ¥ luteritic
solls ag influenca¢ vy added anhydro:.: tzionia and
incubation vime

i A TN S T =

i, Tnoulie > h o .5 5 h g Lt @
ad 12 atlon  _Mediwy biack soil el o
I x ' : g .y ti'.'n H :’P ’I‘ Ii_)lg'n‘;;l}( y 'ﬂ;—'—".——" o
i ey R T 27 %

m 230le/liter

3 0.003 04003 0,005 0,002

35 0,003 00203 Ge093 Le0G3

{ chegk ) 7 Q.00 0,007 34007 Lol Wi
11 V43 005 00 JeUD2

3 0.0I% /0013 0,033 Ja D03

35 0,007  1.006 04023 G405

33 70 0,007 04006 0,009 04004

10 0,0 04005 0. 00% a3

3 D0l 27 0400k 56013

35 2,006 0,010 DeU07 2.026

65 70 N0/ Da00k 0.01.4 040922

120 7,007 0.0 0.005 CeD22

3 0,002 24093 0.035 e 013

35 D01 0,096 0.019 Le0L7

103 70 0,012 C.016 0.011 Je 005

10 Je0Ll 0,009 0.005 {leDU.2
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,
i

lateritic
A 801 with time showed 2ore or less same tronid, but the

magnitude of 2 changes was swall:r when ecowwmrad with that
in the case of medium blick soil.

It is interesting to note that, as & resull of amonie
ation of the solls, oy and larga, total 2 msaswedi%uil
salutiozi;.ncretsed. 2 a rasult of anhydrous NEB application
in derno~podgoalic soil, Iglorikov and xula.uv (1970) noticed

HWigher contents of mobile ? na-py thoe noilnt <i 2licuilion,

L,5 Oroanic curbon content of soll selution s

A @marked incresse in soil o following sslication of
:;i;i3 in its retention zone is a caumion oshenocanu, shen re(li7s)
notice! soil pi of 2.7 in the vicinity of aqenia injeciion
podnt in vertisol. Yhie soll soluitlon pli roso sxom JJ4+ to B.)
whon the same medius bl wk soil (vertisol) < ¢ amuoniated
mequal to 100 Ak (lable € ), It 18 reporte tiaat soluoildty
of =zoil organic matter incraase; wiih inerc se in soil pH
{Cehnitzer and Khan, 1971). Organic carbor content, ir soil
solution was measured and the 4ab: are reswrte in .able 2/
and i4g. 20 and 2! . ‘neresse in organie carb.. in soil
solution of both the soils stulied was apsront. .lowaver, the
amount of orzanic carbon solubilized was s7u - 1,nrovably dueto
low organic matter contant (mediws blae: s+i') or sresence
of o5t of?grgmie matter in clayeorganic moiior comnlexes
{intoritic sadl). The incere=sai solubls or., 3¢ ecarbons
{(probably orzanie anions) in scil solutix» & have provided
comalexing agents (11 wunds ) which, probabl wore responsible

for maint+inding fe and in in soll solution {.-wle '4 ),
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Tasxle 21 t deasured concentriation of organic zavbon in soll
solutions of wedium blook and laterilic solils as
infivenced oy added arhydrous ’:“33 witn tine

it
*‘3335 Tncubatim: tiqae days o
{haas) 3 35 70 120
Dpu
mediuwg blaek soll
o 280 iy 258 250
{ehuek)
33 L36 293 275 333
66 507 st Pl ns
100 533 593 379 33U
lateritic aoil
9]

{checit) 168 161 171 170
33 M6 168 152 225
50 253 <35 236 2590

100 436 287 A2 e

B.6 .u of cations, and anions and normality of soll solutions

ihe changes In suz of cndons  5af% + " + ua’ + K*e niy,
wars virtually siadlar to changes in measurs’ cancentrations of
Ja and/or Mo in soll solution of the amoniate solls (Fig 10 andl
b5 This is Hecausa of predosinance of 22~ and vi;;j* ions
in the soil solution as comparai with other euiions in soll
solution (lable &7AY). irures 22 ani 25 ghow v o changes in
gusz of anions were an. odly influanced Ly chuy. oo in 0‘3 in
soil solution of the ¥ woniatei soils with ti.av .



76

lable 22 1 Chanres in measur d total entlons, total andons and
ionie strencth of soil solullion of wuediu bluck soil
as influence ! by added anhy:drous NH3 afid incubuation
time

BHy  Incuwbe ____ _fedium  black  goll

?2d?§«) :z;gn ¢itiona anions ilonie torality
O (days) stren o .
me/liter i
3 10.3% 14,95 JeQ), 3 0.010
35 10,47 13.11 Js017 5e011
0
{ check) 70 11.72 142 Je 17 Je012
120 12,00 14,62 .01 Qe 1o
3 2le 55 19.13 0s0 27 Pe 022
35 95193 51.30 0.073 0,052
33 70 3,92 L9, di Je0 Iy 0o Gl
120 39,12 33,37 0e053 04036
3 23482 20,15 0.0 0.026
35 50.95 43,30 0,073 0.051
66 70 32,28 80,98 0,14 36082
120 00e 22 51.11 04287 0060
3 26,98 21.81 0.03L 0,027
35 22,70 0. 3% e 0.9 06023
100 70 22,49 18,08 0e0 3 Ge03

1.0 37. 7% 39.47 00Ok 0,038
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Table 23 & Jhan.es in meisurad total evions, te' 1 ~rions and
ionte strangth of soil solution »f 1 % rdtic soil
as inilusnced by added anhydrous :;.*53 an ! incubation

time
mr—&:!-; iréjc.:glr)r LaLerM ,
ﬁdi;dﬂ time call ms anions :g?::c n noruility
{days)
T T T me/liter N
3 4e50 o 7k 34906 0.005
o 3% 4,537 515 Jeil 1% 0.005
{cheek) 70 4,77 5+38 Vil 7 0,005
120 4,75 5.76 0.107 0.005
3 10,41 P38 2,014 0,011
35 12,63 18,93 0, 3.0 0,012
33 70 15,80 24459 Jel 5 0.016
120 18,11 2L ¥9 Ueld O 0.01Y
3 12,95 7432 04014 0,013
35 17.62 246 0405 0.018
66 70 22,98 32,97 2,033 0.023
120 27, 54 31.37 TeT3Y 0.028
3 14,30 8.99 221y 0.01%
35 19,50 17. 9 D¢ &4 0,01
100 70 23.11 2F.13 T 0.023

10 36.63 L1 46 Qel5.2 0.037
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Hormality of soil solution of the choack soils wvaried
from 0.0045 (lateritic soil) to 0.0103 (medium black soil).
It increased with inéreasing lavels of ammoni tien and in
general increased with increasing incubatlon tipe. The hignest
normality of soil solution recorded, was 0.0823 when mediwm
black 801l was ammonlated equal to 862 AN an! incubated for
70«days. The highest normality in the case of latoritic soil
was 0,0366 when it was ammoniated equal to 100; ..< and
incubated for 120 days.

4§ Calculated ionic concentration and ionic activity
in soil solution 3

Ihe significance of calculated lonic asctiviiles in
equilibrium s0il solution is now sufficiently well documented
( Pearson, 1971; Khasawneh, 1971}, ihe principles of ion-pair
formation and iontc activities in mxz-3 diluie electreclyte
solutions (anlogous to equilibrium soil solucions), are belng
ussd by s50il chemists to elucidate s0il chenical reaciions
such as,catloneexchan e, clay mineral stability, ete, Ihe
measure! ionlec concentration in displaced soil solution can
be corrected to ionic activities by followins the procedure
su gested by Adams (1971). This procedure distributes soil
soluiion electrolytes at squilibrium amoung their varlous
ionie species by using a score of related ejquations for
ioneactivity coefficients, ionepair dissociaition, weakeacid
and weak-base dlssoclation and hydrolysis., idams (1971) has
advocated a method of successive ajnoroximations to be



31

econtinued until all ionle concentrations remalned unchanged
with successive calculations, Huberous itarations ranging
from 31 to 80 were required by him for getting the final
astimates of ionic and ione-pailr concentrations and ionie
activities, Because of numerous equations to solve, and
unavailanility of computer facilitiec, ionic concentrations
and ifonic activities in 50i1 solution were calculated with
the hel) of desk-calculator usto first ajsroxiuation only
angd the pertinent data are reported in ths asiropriate
Table ¥ through J3 .,

The ealculatad (or so-called actual) concentraiions of
ca®*, mg®*, N@ g HCO,” and £0,°" were always less than that
measured. As arorensity of Sof“ for lonepalringy sszecially
with divalent ecation like Ca®' and Mge+, its ealculated lonic
concentrations were significantly reducsd, ™ wost of the
eases, theiy values were negative, his may e due Lo two

reasons 13

1) [he calculstlons wers earried out upio first
apsroximation only. [ hat 18, mors iterations wore necessary.

i1) Some measurasmental errors in the anal tical procedure.

dy and large, affects of added KBB and incubatlion tize

on calculatad ionic concentrations were simii zr to those on

waasured lonie concentrations,
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‘oble 25 &t Caleulute concentraticn of lon oalrs {;a;.,u,*o, ;Ig-;c.;{)f: ’
. e , u
NE) 50y, o ..03, .g%:w;) in soil soluti.: of laturitic
soil as influenced by ait:d -nhydrous ..i, wits tine

3
ot Incube Lbateritic geil
agded  Frion Ion-2airs
(- &3) (days) Caso{: 1gh.o{: 4,59, cazecu; ;.@.JO;

—

waola/1iter
3 0603 0,02 0.01 0.0L 04002
35 0.,0% 0,02 0.01 0.01 1e002
Comack) 70 006 0,03 0,01 201 0,002
12) %05 .02 0,01 0,01 04002

3 0,08 0,05 0,04 0.01 34009

35 .13 0.05 0,02 002 0407

33 7 0ull 0,05 0,01 0,01 006
120 Q.12 0.05 0.01 0,02 04009

3 0.08 0,04 0.05 0.02 0,009

35 0el7 0.07 0,04 0.03 0,010

66 70 0.11  0,0% 0.0 0,02 0,007
120 0.1l 0,06 0.02 0.03  0.011

3 0.09 0,06 0.09 0.02 0,013

35 O.2¢  0.11 0,08 0.03 Q.01

100 70 0,17 0,06 0.03 0.02  0a005
120 Ce2h 0.12 0.03 0.0 0,015
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" concentraition
Table 28 1 ”alcula.tedn{of ion pairs (wawﬂu' :goo;" u’uo,'_ .

uaHuf)B 421iCO ) in scll solution of medium black soil

ag inﬂuenced by added anhydrous xﬁ{3witu tipe
éﬁn3 Ineub- qediunmn black soil
aqded  Jtion Ion=-nairs
(740 (aaya)  casof g8Q,° MBS0, Caildd,  gHCO}
mmole/1iter
3 715 0,05 0.01 0.02 0.01
35 0.22 0,07 0,01 0403 0,01
(choak) 70 0s25 0,09 0,01  0,0% 0,0
120 0.25 210 0.01 0.03 0.01
3 0.23 0,08 0,04 0,07 0,02
35 Da72 0,22 0,02 0405 0,01
33 70 0.50 0,13 0,01 0.0k 0.01
120 0.9 0,12 0,02 0.02 0,02
3 0437 0.13 0.11 }e0d 0.02
35 1.0 0,26 0,04 0.05 0.01
66 70 0.88  0.22 0,02 0407 0,02
120 0.76 0417 0.03 C.17 0,03
3 0.42 0,07 0,57 0,09 0.01
35 0,59  0.10 0.31 0.0k 0.01
100 % 0.39  0.12 0.1 0.02 0,01

120 1.13 0. 40 0413 007 0.02
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Ionic activitiss of soil solutions of az.oniated solls
at all the 4 levels and at all incubations studled were always
considerably less than the corresponding me-sured ionle
concentrations. These differences were less apparent in the
case of monovalent ions such as K: ﬁa: Nd; and Gl- but
markedly noticed in the case of divalent cations studied such
as Cagf Mge* and qu&‘ These resulils, were expected and can
be explained on the basis of ionic concentravioneactivity
relationship. isecause of increase in lonie strength, of soil
solutions due to ammoniation of soil (Table 25 ) and the
chemical transformations of added Niy during incuoation,
ionic activity of soil solutions may not have increased
proportionately though there ware inerease:s i peasured
ionic concentraiions. .he changes in activities of sail—
solution ions of ammoniated solls wver: more ar lLess similar
but of much saaller maznitude as counared wita those in

measwrea! lonie concantratians.
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Chapter 5

SUMHMARY

The objiective of the present investi, tlon was o
study tha counesition of gsoll solution as influenced by
added anhydrous acionla with time. cor this sarpose, two
sirface soily medium bluck clay (vertisol, rro. 1AV,
Jentral Far , haburd ) and lateritic ela; loas (from A,
Hadhanagari, Dilstrict ..olhajur )} were ammoni-tei {(fepandick
and “arr, 1265) equal to O, 33, 56, and 100, anmonia
retention eapagity (ANL) to simulate concenty tion gradient
in the Rﬂrretmtiaﬁ zone following its anslie-ilon. The
2§I3¢-traatei gsoil sam)ies wer: incubatel at 2/ 2 3 C for 1,
35, 70 and 120 days, and then soll solutlons were ostained

by richard-s wressure memJirane method {17%Ll). leasured
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ionie conneniytions in zail soluvion wer . sorrected to
ionic activities uging Adanms method of succassive ajxproxie
mations {1971). .iowever, in the wesent siuj,, lonlc

agctivities were calculated using £.rst a»woxination only.

Soll- solution pH margedly increnged folloving adidiion
of ‘En‘ﬁB, out decreas d with inewb tion time nmndnly due to
acidifying effect of nmitrificacion of HH,. -l weasured

eati : 3
viggs o4 4 + e

goll-solution/Ca®; 4=, Na and K in the sediums dlack
soill showed by and large, inere sc wita licraesing lavels
of apmoniation, unto 70-day incub tion time, bul tendel to
dacreas: therealfter, while in the case of ing ritic soll
continmious increase in concentyiilons of Lhorae cations due
to armoniation was ovserved duwring incuoatiocn time. ihese
results ars exislaine! on tha onsil: of cariuwmaxchuinge,

pracinitation and dissolution and nitrificaiicn reaciions.

Haasure Mi,: concentration in soil solution of the
anmoniated go0ils enual to 32 and 55 par cent decroased
ranidly due $0 oxidation of ‘5~i‘§§3 to N&; » whoreas 1t decre-
aged slowly in the cxgse of amsoniabt: - solls equsi to 100 ¥ A&8C.
ihe changes in solle-sclution ¢ and in of us onisted soils
agppeared to 52 largely influenced by the cbiances in soll-
golution 2,

AS regwrds siilegsclutlon anions nasel ﬂ}.: uoﬁ’ no

dafinite effvuet of 80il amsonladti and inc.. iz tize on
thea wo8 cuserved . ithere was considerasle icora.se in N0§
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congentration in soll sclution due o oxidcui.n of
Nl to NOJ in voth the soils studied. larso.iute lons were
noticad after 3-day incubation only in the e¢.se of amusonl-
ated mediu: black soil. “he aeqasured Hcﬂgconcantration in
soll solution incressed in the an.onlated golls after 3-day
incubstion but it decreused thersafter. In goneral,measwured
ahosohates increased in 30il solution of the azmonlated salls.
Anponiation of the soil studiei, »rooanly soiuwwilliged organic
mustter resulting in more organic carbon in the sell solutions,
Normality of the soll soclution incr:zas.d due to the
anzoniation of soils and the nighest norsalities recordad
were 0.082 M and 0,037 § fbf?;edium black soll (43 .+ Audl) and
forz;ateritic soil (100 © A3l) respectivel,. lectrical
conductivity and ionic strength of the soil soiution also
show~d & marked increase as a result of addition of ammonia
to the solls.

The calculated ionic concentraclons of the amuoniated
soils were always less than that meassured lar.ely due to the
assumption that soll solution was a mixed els¢trPo.yte solutlon
containing ionepailrs. i3 execuied, the activities of soil-
gokution lons wers distinctly less on all occassions as
compared with measured ion concentrations in scll solution
due to adiition of ammania to the solls. lthough trends in
the changes in ionice activitles In soll soluiion of ammoniated
solls were apparently coamparable with tho:c in mesasured

lonle concentrations, the pagnitude of thpae changes wers
relatively smalls in the former.
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