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ABSTRACT

Fixation of ammoniun by four Manitoba soils: peat; clay; Ioam; and

sand r^ras monÍtored under various soil treatments. The extent of

organíc matter involvement in fixation reaction vras also investígated

using NH4+ from urea, ammonÍum carbonate and. ammoníum sulphate. These

nitrogen sources were applied to give concentration of 1000 ug of

nitrogen per gram of soil. Fixation \^ras determíned by both the

"dífference" and the direct isotopic methods.

The level of ammoníum fixation observed from both urea and

ammoníum carbonate (as calculated by the difference method) was hígh in

all the four soils. One week after incubation, the percent fixation of

NH4+ from applied urea nitrogen, was 568, 4L2,322, and 33t for peat,

eLay, loam and sand, respectively. These levels of fixation appeared

quite high and \^rere not ín agreement with those obtained using 15m-

labelled nitrogen sources.

A substantial portÍon of the mineral fraction of the soil uras

removed by HF acid treatment leaving residue highly enriched in organic

matter. Ammonium fixation from ammonium carbonate applied to acid-

treated soils followed the same pattern as obderved for the íntact

soils. However, urea vras not hydrolysed and there 'h7as no observable

urea fixation in acid-treated soil.

I^Iith the aid of 15tu-1"b"l1ed nitrogen sources, ít was found that

ammonium fixation in all the soíls \^ras a function of incubation time

and concentration of applíed ammonium. The absolute amount of fixed

NH4+ increased r¡rith increase íri the level of applied ammonium, but the

- v]-t
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percent fixation decreased as the concentration of applied ammonium

increased. A relationship between ammoniurn fíxation the soil organíc

matter conLent \^ras observed. Peat had the híghest level of NH4+

fíxation from urea, with l-68 of applíed nitrogen fixed by peat one week

afxer íncubatíon. This was followed by clay and loam, which fixedTz,

and sand had the lowest level of NH4+ fixatíon of 58. Organíc matter

accounted for over B0S of the nitrogen retained j-n the soil.

Soil sterilization by heat and gaflma radiation was ernployed to

ínvestigate the possibility of a direct urea ínvolvement in fixation

reactíon. There was no urea hydrolysis in heat sterilized soil, and no

apparent fixatíon of urea hras observed in all the soí1s. I^Iith t\^ro

levels of gamma radÍation, 6 and L2 x LO4 cy, comprete soil sterí]iza-

tion \^ras accomplished, but urea hydrolysis still occurred in these

sterilízed soils. Ammonium fixatíon in sterilized soils followed the

same pattern as that in unsterilized soils, indicating a minimal role

of microorganisms in ammonium fixation.

Isotopic exchange of fixed ammonium r^/as carried out by incubating

soil containing fixed 15çgo+ wíth a nitrogen "o.rice containing l4ttHa*.

On the average, 308 of the fixed nitrogen was ísoLopÍcally exchange-

able. The amount of fíxed ammonium exchanged bore a direct relatÍon-

ship with the amount of nitrogen fíxed in the soíl. Isotopic exchange

was rapid, reaching equilibrium in most cases t hr after the initiation

of incubation.

- v111
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ÏNTRODUCTION

That nítrogen ís the most important and the most limiting nutríent

element in crop productÍon is not an overstatement. Application of

nítrogen fertilizer has íncreased crop productíon over the years more

than, perhaps, any other single farm operation. rt has been estimated,

that, about 3og of all the total inputs (Ín energy units of Kcar per

year) to crop production ís in the form of nitrogen f.erxlLizet

(Pinental et al L975). From thís viewpoínt, the attention paid to

nitrogen seems justified.

Emphasis has been placed on the efficiency of applied ferti1-izer,

because of the high producti-on cost of nitrogen fertílizers, coupled

with the ever increasíng need for agricultural products. Nitrogen

applied to the soil must be available as and when needed by the plant.

However, the efficiency of planc recovery of fertLLí,zer nltrogen tends

to be quíte low, due to the various transformations that nitrogen is

capable of undergoing in the soil. values of percent recovery ranging

from 0-60? have been obtained by various workers. Some of the factors

limiting the effíciency of applied nítrogen fertilizers are: chernÍcal

and biological denitrífícation; gaseous loss or volatilízatíon;

leachíng; ammonium fixation and biological imrnobíLizaxion. Since

ammonium fixation constitutes one of the pathways through which the

efficiency of nitrogen may be lowered, it is an area worth exploring.

It has been observed by several workers that plant recovery of

nitrogen from NH4+-yielding fertilízers (such as urea and ammonium

sulphate) , is usually inferior to that of nitrate-yielding fertilízers.
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To the contrary, the amount of nitrogen retaíned ín the soil, is higher

for NH4+-yielding ferxiLizers. Usually NH4+ fixation has been used to

explain such observations (Obi 1982, Rennie and Rennie L973).

The ammonium ion, because of it's positive charge is capable of

interacting with the negative charges on the soil colloÍds either at

their surfaces or in the interlattice spaces. It ís believed that

fixation results from the entrapment of the ammonium ion within the

cLay lattice and reaction with the organÍc fracÈion of the soil.

Several studies have ímplicated soil organic matter in ammoníum

retention by the soil (sohn and Peech l-958, Burge and Broadbenr 1961,

Nyborg 1-968). In some of these studíes organic matter uras shown to

play a dominant role in NH4+ fixatÍon.

It is essential to know the extent and mechanism of ammonium

retention by the soil and the role of organic matter ín NH4+ retention.

rt was, thus, the aÍm of thís study to Ínvestigate the role, if any,

that organic matter played in NH4+ fixaLion by some Manítoba soils.

Particular emphasis was placed on the effect of ammoníum concentratíon

and time of íncubation on NH4+ fixation by soil organic matter.

Attempts hTere made to see if such reactíon or interaction can be

characterized by physícal parameters.

.ti
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LITERATURE REVIEI{

A. DefÍnition and methods of studying fixation.

(1) Definition.

The term fÍxation ís an overused one in soil scíence, ín the sense

that it is often used to'describe several processes going on ín the

soí1 some of qrhich are unrelated and sometimes everi antagonistic from

the viewpoint of plant nutrition. For example, the entrapment of NH4+

in the clay lattíce ís called fixation, reaction between NHg and

organic matter is fíxation, biological immobilizaxLon of nitrogen is

sometimes termed fixation and incorporation of N2 into the soil by free

living or symbiotic bacteria is termed fixation. rndeed, the term

fixation is easíly confusing to the uninitiated.

The classical definition of NH4+ fixation was given by rhe soil

science society of Ameríca as - ' The absorption or adsorption of

ammonium ion by the mineral or organic fraction of the soil in a manner

that they are relatively insoluble in r{ater and relatively

unexchangeable by the usual method of cation exchange." Also, fÍxed

ammonium has been defined as the NH4+ which results when ínterlayer

cations such as ca++ or Mg++ in the expanded lattíce of certain clay

mÍnerals (vermiculíte, montmorÍllonite and illite) are replaced by NH4+

íon causing the collapse of the lattice. Barshard (1951), proposed

that the fixed ammonium be defined as that which is not replaceable by

prolonged extractíon and leaching of soil wÍth a potassium salt

solutíon and conversely that fixed K+ should be defined as that which

is not replaceable by NH4*.
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One fact that comes out clearly from these definitions is that

cray fíxation of NH4+ is indeed an arbitrary concept. rt is defined

relative to the extracting catíon, thus, NH4+ is considered. fíxed if it

cannot be extracted by a lattíce contracting cation such as K*, but

extraction might stil1 be possíble using a lattíce expanding catíon

such as Na* oï ca**. This arbitrary nature of fixation makes

comparison of results from various studies extremely difficult if not

ímpossible. Each study adopts it's own unique definition or datum for

fixation. Thus, results, vary dependíng on the type of extraeting

catíon, concentration of extracting solution, intensity and method of

extraction etc. Aceording to young and McNeaL (L964), factors that

contríbute to the diverse fínding in fixatÍon studies include

"necessarí.ly arbitrary experimental approach, different analytical

methods and unrecogni-zed properties of mineral components of the

reacting system'r.

(2) Methodologies

The method of studying clay fixation of ammoníum ís relatively

straightforward and is írnplíed in the definition of fixation given

earlier. since clay fíxation is quite rapid, reaching equilíbrium

usually in 24 hours (Nornmik and vahtras l9B2), êD NH4+-salt can

directly be applied to the soil, equilibrated and extracted wíth K+-

salt solution. This, ín fact, is the method ernpl.oyed by rnost workers

studyíng fíxatíon of ammoní.um by the mineral fraction. However, the

extracting salt, i.e. KCl, is perhaps the only ítem standardized, other

factors such as concentration of ammoníum used for equí1íbration,
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concentration of the extracting K+ salt, soil to solution ratio, length

of tíme of incubation and shakíng, are generally left to the índívidual

researcher to defíne.

Jenny et al (1943), working on the comparative behaviour of

ammonia and ammonium salts in soil employed the following procedure.

An electrolyte solutíon containing 2-5OO mrnol of NH40H or (NH4)2so4

were added to a 50g portion of air dry soil . All samples r¡rere brought

to volume of one liter. The suspensions vrere kept at room temperature

for 24 hours vrith occasional shaking. Samples of clear supernatant

liquid were obtained by centrifugatíon or by means of a pasteur-

Chamberland filter". Nommik (L957), ín hís work "fíxation and d.efixa-

tion of ammonium in soils", used 10g of air dry soil ín a 200 mL

extraction f1ask, with 10 rnT- of standard (NH4)2SO4 solution and incuba-

ted at room temperature for 48 hours. The samples r¡tere then shaken

with 100 mL of 1 mol l,-1 fCt solution for two hours and the filtrate

washed wíth a further 100-150 mL KCI solution Ín small portíons. In a

more recent study, okereke and Meínts (1-985), used 15tu-1"b.11ed. urea

and ammonium sulphate. They added 2 mg of nitrogen in solutíon to 20 g

of oven dry soil in a 300 nL Erlenmeyer flask. Soils were adjusted to

their -0.03 Mpa moísture percentage. The flasks were closed with

cotton and íncubated in a constant temperature cabinet at 27 o6 for

various periods of time rangíng from o-L44 hours. The extraction

procedure was as described by Bremner and Keeney (L966) for ammonium

sulphate - treated soil . I,Ihile for urea, the method of Douglas and

Bremner (L970) was used.

Methods of studyíng fixation of NH4+ by organÍc matter , are not
:,

]::.
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standardízed. Methodologies atre as numerous as the number of studies

conducted. Inlhat probably complicates the situation is that. both the

míneral and the organic fractions are capable of fixation reactions.

Yet, there ís no defined procedure for discerning the actual fraction

involved ín NH4+ fíxatíon. In general, two methods can be ídentifíed,

the indirect method and the direct method. rn the dírect method,

effort Ís made to eliminate the mineral fraction (clay) by the use of

HF acid, leavíng soil residue híghly enriched in organÍc matter.

An example of the indirect method was that_adopted by Nommik and

Nilson (1-963), where the soil \^ras pretreated with dilute K+ salt

solution. This was to saturate the expanding lattice of clay minerals

present in the soil with potassium, thus, reducÍng their capacity to

fix added ammonia. Two weaknesses in this procedure concern the

possible interference of K+ with ammonia fixation, and the effective-

ness of K*, in actually preventing the fixation of ammonía by the

mineral fraction.

According to Bremner and Harada (1958), one of the main diffícult-

ies encountered ín work on the nature and properties of soil organic

matter is that of separating the organic matter from the mÍneral

constítuents of the soí1. The problem is further complicated, perhaps,

as a result of the formation of cLay-organic matter complexes. The

classical nethod of separatíon, using alkali, permits ísolation of a

consíderable fraction of organic matter. But the main disadvantage is

that materials extracted by alkali are undoubtedly rnodified in the

process. Thís ís where hydrofluoríc acid shows promíse. rt has the

ability to decompose the clay fraction and as a vreak acld ít has been
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shown not to cause serious modíficatíon to the organic matter (Rather

LgL7, Alexander and Byers Lg32, Burge and Broadbent 1961-). This ís,

thus, the basis of the HF acid method for removing the clay fraction of

Lhe soil. The method was originally used by Rather in L9I7, it was

rnodified by Alexander and Byers (L932), and has been successfully used

by several workers since then.

Broadbent and Bradford (L952), used thís rnethod to obtain soils

free of ínorganic exchange materials for investigating the cation

exchange propertíes of soil organíc matter. Gottileb and Hendricks

(L946), adapted Rathers method to prepare a mineral soil fraction

containing a hígh percentage of organic matter. The main problem with

this method involves organic matter dissolution as a result of HF acid

treatment. studies, however, have shown that this effect seems to be

very slight and within the aceeptable range. Using data from Rather

(L9L7), Bremner and Harada (1958), estimated that HF-HCI rreatment

dissolved ¿+Z of carbon in the soil. A stronger treatment with the

reagents of Alexander and Byers (1932), dissolved L6-232 of soil

organic matter.

Direct use of the HF treatment in studying fixation of ammonía by

soil organic matter vras employed by Burge and Broadbent (1961), where

it lüas used to dissolve the clay fractíon leáving residue high in

organic carbon. The effectiveness of this method is indicated by the

signifícant increase in the carbon contenL of the soil resídue. That

iË is a mild and reliable treatment is portrayed by the fact rhat data

for acid-treated soil seem to fall on the same line as that of the

untreated soil. According to these authors, this ís an indication that

',:

L

'.,

tl

':l
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the contribution of the mineral fraction to ammonium fixation in these

particular soils ís slight. It ís doubtful, however (unless

neutralization is carríed out), that the pH regime of treated soil will

be identical to the untreated ones.

B Fixation of NH4+ by clay

(1) Mechanism of NH4+ fixaÈion by clay.

Extensive work has been done on the ability of the clay fraction

of the soíl to fíx NH4+. Thís is ín such a manner as to be relatively

unexchangeable by the normal exchange process. Such fixation is

usually ascríbed to the 2:L layered clay minerals such as montmorillo-

níte, vermiculite, illíte etc. The comrnonly accepted theory of NH4+

fÍxation is that proposed by Page and Baver (f940). The exposed

surface and surfaces between the sheet of 3-layered mínerals consist

of oxygen atoms arranged hexagonally. The opening withín the hexagon

is equal to the diameter of the oxygen ion, and this is approximately

0.28 nm. Ions having thís diameter (e.g. K+ and NH4+) can fít ínto

this hole barely. Strong electrostatic attraction r^rill cause the two

layers to come together, thus, preventing expansion and rehydration.

CatÍons with diameter larger than O.2B nm cannot enter this hole.

Hence, they leave the lattice open, subjecting it to rehydration and

the cations themselves to exchange by other cations. A strong support

of thís theory is the usual reduction in catíon exchange capacity

following fíxation of NH4+ (Page et al L967). However, fixation has

been observed in nonexpanding Layer silicates such as kaolinite and

feldspar, and in the nonclay fraction of the soil (Nash and l,larshall
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L956, Nommik 1957). This shows that this theory, plausible as it is,

may not give a complete explanatíon of the mechanísm of fixation by all

the components of the mineral fraction.

It is assumed that there exists an equilibrium between fixed

ammonium (NH4+¡), exchangeable ammonium (NH4+e) and ammonium in

solution (NH4+s). This can be expressed as follows:

NH4+f=NH4*e=NH4+s

Nommik (l-957), used this assumption to explain the reduction of NH4+

fixation brought about by the addition of catíons whích do not contract

the laLtice e.g. Ba++ and ca++. This reduction, he attributed to

competition with NH4+ for exchange sites thus keeping NH4+" lorrr, hence,

low fixation. However, another observatíon of the influence of Kf on

NH4+ fíxation with simultaneous addition of K+ and NH4+, brought about

the modification of the above relationship. It r,vas observed that NH4+

fixatíon Íncreased wíth sirnultaneous addítion of small amount of K+ to

soíl that fixes NH4+ in preference to K+. Nomnik (Lg57>, then

postulated that the sum of NH4+ and K+ should be inserted in the above

equation to give

(NH¿+ + K+)¡ = (NH4+ + K+)" = (NH4+ a K+)s.

rt ís generally believed that NH4+ and K* are fixed by the same

mechanísm in the soil, hence, fixed ammonium has been defined relative

to K+ extraction and vice-versa. osborne (L976a), pïoposed that the:,
:l

1:
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xerm fixed ammonium should be discarded and instead a new term

"íntercalary" ammoníum be used. He defined intercalary ammonium as the

NH4+ released by HF-HCI treatment of soil subsequent to KOBr/KOH treat-

ment and leaching vüith 0.5 mol l,-1 xct to remove organic nitrogen.

The concept of clay fixatíon of ammonium was challenged by Freney

(L964). He suggested that native fixed ammonium vras a laboratory

artifact caused by (1), the use of K+ containing salts as ex¡ractant.

Thís leads to the collapse of Èhe cLay latËice and entrapment of

otherwise exchangeable NH4+. Q) The use of reagents such as HF. This

causes consíderable hydrolysís of soil organic matter releasing

ammonium whích ís then determined as fixed NH4+. This comment has not

been supported by the preponderant evídence on NH4+ fixation.

Several investigations have been carried out on the subject of

ammoní.um fixation by clay. rt has generally been observed- that

fixation ín most soils increased with depth. The actual reason for

this is not known. This is probably due to Ínirease in clay content

wíth depth, decline in organic matter \,rith depth, and saturation of the

topsoil lattices by native K+ and NH4+. This saturation of the topsoil

will serve to reduce it's fíxíng capacity (Allíson et a1 1953).

Osborne (L976b), working with six dífferent soils in Southern New

south l,Iales, found a heawy-gray-textured soil that fixed significant

amount of NH4+ on addition of (NHa) ZSO+. The level of fíxed ammonium

increased by 558 Ín the surface soil and 1O0s Ín the subsoil. Fixation

v/as high enough to \^rarrant recommendatíon against the use of NH4*-

fertilizers on this soil. Kowalenco and cameron (L976), reported that

approximately one-half of 0-1000 ug g-1 of ammonium sulphate ruas fixed
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two days after application to the soil. The same authors in 1979,

found that their experimental soíl fixed 34-60Z of 1-50 Kg ha-l of

NH4+-fertilízer immediately after applícation. sowden (Lg76), observed

that about 408 of NH4* from manure and fertilizer r{as fíxed in his

Labor axory incubation.

rn all these fixation studies, clay minerals have been held

responsible for the NH4+ fíxation. The authors either did not consider

the mineralogy of the clay fraction or give much thought to the role of

organic matter as a means of establishing the actual soil component

involved in the large fixatíon observed.

(2) Factors affecting clay fixation of NH4*.

(a) Clay mineralogy and particle síze.

The mineralogy of the clay fractíon is an Ímportant factor in the

fixation of NH4+ by the soil. This may even have a nodifying effect on

the role of particle size. Studies have shown that vermiculite has the

largest capacity to fix ammonium. In fact it is the only mineral that

has been shown to fix more ammoniurn than potássium (Nornrnik Lgsl).

Montmorillonite does not generally fíx appreciable amounts of NH4*

under moist conditions. oven-dryíng, however, has been found to

increase fixation by " factor as high as 10 (young and McNeaL Lg64).

Illite, of, the other hand, is intermediate between vermiculite and

montmorillonÍte with respect to NH4+ fixation.

Aoram and Evan (1-983), workíng on sÍx soil profiles of varying

mineral composition, showed that regression analysis indicated that

vermiculite vras more important in ammonium fixatíon than illite.
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sirnilarly, Young and McNeal (7964), found that vermiculite mÍneral

under wet and air-dry conditions fixed quantities- of ammonium ín excess

of amounts fixed by other minerals. Stevenson and Dhariwal (1953),

investigated the dÍstribution of fixed NH4+ in soils. They found that

the amount of fíxed NH4+ in the soil depends on the type and amount of

clay minerals present. Ilith respect to clay mineral type, the order

found was illite > montmorillonite ) kaolinite. Thus, a consíderatíon

of the míneralogy of the soil could give an indieation of the ability

of the various soils to fíx added ammonium. It should be noted, how-

ever' that there ís a need to exercise restrai.nt in extrapolating data

from a few mineral types to a complex mixture as generally encountered

in the soil.

The effect of particle size on NH4+ fixation ís closely related to

that of the mineralogy. rn general, NH4+ fíxation decreases wíth

increase in partícle size, however, results from the literature has not

been consistent, perhaps, because of the dífference in the mineralogy

of the varíous si-ze fraetíons. Nomnik (L957), separated the soil ínto

five size fractions (<1, L-2,2-5,5-50 and >50 um). He found the

highest fixation ín the L-2 um slze fraction and attributed the lower

fixatíon in the finest fraction (< 1 um) to it,s high montmorillonite

content. There rÀras also relatÍvely high f ixation in the coarse

fraction. simílarly, Mclean and Brydon (l-961), worked on fixatÍon of

potassium in different síze fractions. They reported that fixatÍon of

K+ against extractÍon by ammonium acetate, decre-ased with increase in

the paruicle size. But there was considerable fixation in the fine and

medium silu fraction.



(b) Influence of potassium ion.

It is generally belíeved that NH4+

mechanism in the soil. The sinilarity

configuratÍon is, perhaps, a possible

knowledge gained on NH4* fixation vras

13

and K* are fixed by the same

Ín their size and electronic

this. Much of thereason for

deríved

fixation. Because of this símílarity, there

from the study of K+

is a competítive and

depressive effect of one ion on the fixation of the other. The influ-

ence of K* on NH4+ fixation varíes depending on the history of the soil

how and when K* ís added to the soil, and also the soíl rníneralogy.

The additíon of K+ prior to NH4+ will depress fixation of NH4+ by

the soil. stanford and Pierre (L947), reported -that the magnitude of

this depressíon ís proportional to the amount of K+ initially added.

Simultaneous addition of K+ and NH4+ gÍves variable results depending

on the type of fixing mineral, the concentration level and the ratio of

NH4+ to K+. For example, Joffe and Levine (L946), reported that when

equivalent amounts of potassium and ammonium were simultaneously added

to a H-saturated montmoríllonite, more K* than NH4+ was fíxed at lower

concentration. The situation was reversed at higher concentration.

Norunik (L957), found that a clay soíl contaíníng vermiculite, fixed

10-1-58 more anmonium than potassium. This was valid f.or a wide range

of concentratíons. The fixation of ammonium vras íncreased by " small

but significant amount, wíth simultaneous addition of K+ and NH4*.

Níelsen (L972), noted that NH4+ and K+ were fixed in sinilar proportion

when added separately to the soil but potassÍum r^7as f ixed

preferentially with simultaneous addítion.

Addition of K+ after NH4+ has no appreciable effect on the amount



L4

of fixation. Perhaps, more important is the effect of K+ added after

ammonium on the release of fixed NH4*. Hanway and scott (1956),

concluded from theír study that the presence of a very small amount of

K+ interfered with the replacement of fíxed NH4+ by NaoH distillarion.

This has been termed the bloekíng effect and may have a profound. effect

on the use of the Barshard double distíllation technique of determining

fixed ammonium. Legget and Moodíe (1963) confirmed. the above findÍng.

They showed that 86-98? of fixed NH4+ was released during alkalíne

aeration or distillation. But with a K+/Na+ ratio of 0.005, only

L4-352 was released. Thís blocking effect may also be important in the

availabiliÈy of fÍxed ammonium to plants and nitrifying mí.croorganísms.

As Axley and Legg (1960), pointed out, plant uptake of nitrogen from

urea or ammonium sulphate is not greatly affected by the capacity of

the soil to fix NH4* unless sufficient K* was present to block its

release. These authors suggested that a nitrate source should be used

when nitrogen and potassium are to be applied simultaneously to soils

capable of fíxíng ammonium.

(c) Soí1 pH and base saturarion

The pH of the soil and the degree of base saturation affect the

magnítude of fÍxation by the soil. Nommik (1957), reporred rhat

saturation of the soil with cations like Nr*, Mg+* and ca** which

leaves the lattíce expanded did not influence fixation of NH4+ to any

great extent. on the other hand, K*, Rb+, Ba*+ and La+++ reduced NH4+

fixatíon consíderably. Raju and Mukhopadhyay Gg75), concluded that

the influence of the inítially adsorbed cations on NH4+ fíxation under
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the condition of ammonium preceding potassium and when added simulta-

neously was in the order of Ba** ) Na+ > ca**. But when K* was added

before NH4+ the order was ca++ > Na+ ) Ba+*. These authors vrere not

explicit, however, about the direction of the influence of cation on

ammonium fixation.

Similarly, an increase in the H+ ion concèntration resulted in

decrease in NH4+ fixation. The high relative replacíng po!/er of H+ is

presumably the important factor influencing the equilibríum between

exchangeable and fixed ammonium. It has been shown that lowering the pH

of the soil reduces fixation of K+ and NH4* and that fixation is

insigníficant or negligíble ín hydrogen saturated soils (Harada and

Katsuna L954). Barshad (1-954b), suggested that the decrease ín

ammonium fixatíon in the presence of exchangeable H+ may be due to the

expanded state which the adsorbed H+ leaves the crysËal lattice,

rendering interlattíce NH4+ more accessible to a replacíng cation. In

acid soÍls, NH4+ fixatÍon generally shows 1ow values and thÍs may

possibly be explained by the presence of A1, Fê, and H íons in the

ínterlayer posítions. These ions are only diffícultly replaceable by

K+ and NH4+, (stanford 1-948). rt is thus, probable that, liming acid

soils could íncrease their ammonium fixing capacity.

(d) Concentratíon of ammonium

The amount of ammonium added to the soil affects the magnitude of

fixation. In general, fixation lncreases with increase in concentra-

tion of applied ammonium. Percent fixation, however, decreases with

Íncrease in initial ammonium concentratíon. Doram and Evans (l-993),
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reported that the amount of NH4* fixed increased with increasing

concentration up to the highest rate of application (2000 ug g-L of

soil). A result sírnilar to this vras obtained by Nommik (1957). A

possible explanation of the concentration effect on fixation can be

seen in the equílÍbriun relatíonship alluded to earlier. An increase

ín solution NH4* will disturb -the equilibrium aLready establíshed.

This causes a change in exchangeable ammoniurn concentration and

subsequent change in the amount of ammonium aL the fixation sítes.

(e) Effect of temperature on ammonium fixation by clay

Rate of ammonium fixation is governed by the_ diffusion of ammonium

ion from the site of application to the clay surface. Rate of NH4+

fixation is thus at maximum at the period immediately after ammonium

addition and then slows dov¡n with time. Using data generated by Harada

and Katsuna (1954), Nommik and Vahtras (1982), stated that from 60-9os

of the total fixation may occur within the first few hours following

ammonium application to the soíl. Since diffusion ís a tempeïature

dependent phenomenon, an increase in the rate of fixation has been

obtaíned vüíthin the temperature inrerval of 0-60 o6 (Nommik rg5l).

Higher temperature has also been found to increase the magnitude of

fixation considerably ín mínerals such as montmorillonite. Young and

McNeal (L964), reported a 2}-fold increase in the ammonium fixation by

montmoríllonite upon drying at l-05 oc. Two different reactions may be

responsible for this (Nommik and Vahtras L9B2). Drying removes r,üater

and causes an increase in NH4+ concentration which may then affect

diffusion to clay surfaces. Removal of water also results ín dehydra-
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tion of the Ínterlayer surfaces causing contraction of the clay surface

and entrapment of ammoníum íon.

(f) Effect of soil moisture content

The influence of soil moisture content on fixation depends on the

nature of the fixíng material. For example, there is no apprecíable

difference in ammonium fixation by vermiculite under wet and dry condi-

tíons. Montmorillonite on the other hand, does not fix appreciable

amounts under wet conditions, this ís because of the expanded state of

the lattice when occupied by water. I^Ialsh and Murdock (1959), investi-

gated the effect of freezing soIL on NH4+ fixation. They reporred that

on the average, fteezirrg the soil after addítion of ammonium resulted

in twíce as much fixation as that occurríng under moist condítion.

(3) Availability of clay-fixed ammoníum to plants and microorganisms

That the soil is capable of tying up ammonium is generally

accepted as a fact. Some controversies, however, still surround the

agronomíc significance of this phenomenon. Avaílability of fíxed

ammonium to plants and microorganisms is of agronomic importance. As

such, several studies have been conducted on this subject, but their

results axe quite inconclusive. A survey of líterature reveals a

general consensus amongst earlier studíes using nonlabelled fertilizer

nitrogen - that fixed ammoníum is only slightly available to plants and

mícroorganisms (Bower l-950, Allison et al 1952, 1953). rn general,

consíderably less than 2OB of fixed NH4+ was oxídized and made avaíla-

ble to plants in most of these studies. These results tend to over-
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emphasize the importance of fixation in the nitrogen economy of the

soil and they are almost diarnetrically opposed to those results

obtaíned recently from greenhouse and field studies whích employed 15N-

labelled nitrogen sources and reported figures between 30-70S for

availability of fixed NH4+ (Kowalenco and Cameron L976, Lg78).

At this juncture, possible explanat,ion for some of these

discrepancies will not be out of place. Firsuly, most of the earlier

studies rrrere conducted in the laboratory or gr..rrho.l"e and direct

extrapolation to field situations is often not possible. As Legg and

Allison (1958) rightly pointed out, "their experimental procedure was

best served by saturating soil samples with an ammonium salt solution

to fill their fixíng capacity, and then removing the excess ammonium

with strong salt solutions rvhich may markedly affect the release of the

trapPed ions. Such proeedures permit the study of ammonium availability

under maximum fixation conditions Ín the absence of readily

exchangeable ammonium, but the results do not necessarily represent the

availability of ordÍnary fÍeld applied NH4*". secondly, availability of

fíxed ammonium is related to the release of NH4+ from the fixing sites

and this does vary depending on several factors. some of these are,

type of fixing mÍneral, absence or presence of K ion, rnethod of

applícation of NH4+ and K* etc. The release of ammonium from fixing

sites on vermiculite is not identical with that from montmorilloníte.

Since fixing mínerals do vary from soil to soil, avaÍlability of fixed

ammoni.um should also be expected to vary.

Allison et al (1953), found rhar only 7z on the applied NH4+ fixed

hras available to millet when fixatíon was by air drying, and l-2g when
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fíxation was brought about by oven drying. Some years later, Legg and

Allíson (1958), reported that uptake of nitrogen applíed to tl^ro NH4+

fixing subsoils by Sudan grass was similar to the uptake from nonfíxing

surface soils. The availability of applied ammonium fixed by semi-arid

soil was determined by Bower (1-951). He reported that when cultures

vrere not inoculated by nitrifyÍng bacteria, he obtained only 10s

recovery by barley compared to 13-288 with an inoculated culture. This

indicated that plants '$rere unable to util-ize fixed NH4+ ín excess of

that made available through nítrification. Consíderably higher recove-

ry of fíxed NH4+ by plants vras recorded ín other greenhouse trials.

using a heawy soil containing vermículite, Nommik (L957), found that

the growth response of oats to NH4+-N was only slightty lower than that

of NO3--N.

rn a more recent study, Kowalenco and cameron (1978), showed that

about 34-602 of NH4+-ferrilízer applied ar rhe rate of 150 Kg h.-1 as

ammonium sulphate was fixed immediately upon application. About 7L-g6Z

of the fixed ammonium was available to barley over the growth period.

simílarly, Kowalenco (L977), reported rhat clay fixarion of NH4+-N was

significant in an ottavra area clay-loam soÍl. Fifty nine percent of

the fertilizer applied at the rate of 150 Kg ha-l -o"" imrnediately

fixed. Over one-half (668) of this fixed NH4+-N was released r¡ríthin

the first B6 days. rt seems that with the use of 15N-1"b.11"d

nitrogen sources the precíse fate of fíxed ammonium can be followed and

plant recovery of fixed NH4+ from these studies looks impressive.

Theoretícal consideratíon of the equilibrium relationship proposed

by Nommik (1'957), suggests that fixed ammonium should ultimately be
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available to plants and microorganisms. Plant uptake of ammonium

should result in the depletion of both solution and exchangeable NH4+

and a disruption of the equilibríum already established. But as Nommik

pointed out in L965, not all fixed NH4+ appeared to partícipate ín this

equilíbriurn. Ifith eLay fixation, availability is generally high

except ín instances where K+ interference is involved. As lüalsh and

Murdock (L963) pointed out, most of the differences in the availabilíty

of applied NH4+ fixed by clay minerals or soÍl can probably be traced

to the varying levels of exchangeable K+. These workers reported that

the híghly signÍfícant correlation bet¡veen exchangeable K+ in most

soils and the amount of NH4+ fíxed (as measured by differentíal

nítrogen uptake), showed that the level of exchangeable K+ in the soÍl

controlled the release of fixed ammonium to the crop. This is in

harmony with the results of Axley and Legg (1960), who reported rhat

plant uptake of nitrogen from arnmonium sulphate or urea was not greatly

affected by the capacity of the soir to fix NH¿r+, unless sufficient K+

eras present to block Í-ts release.

C FÍxation of NH4+ by soil organic matter

l-. MechanÍsm of NH4+ fixatíon by organic matter

rt is generally belíeved that fíxation of NH4* by soil organíc

matter is vía the reaction of NH3 wíth the organic fraction. Hence

díscussion is often línited to ammonía with the NH4+ íon beÍng exclu-

ded. rt is doubtful, however, if such dichotomy exlsts ín the soíI,

where NH4+ fixation is via the mineral fraction and NH3 through the

organic fractíon. It should be noted that a dynamic equilíbrium exists
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between NH4+ and NH3 in the soil which is a function of concentration

and pH. Both species are always present sÍmultaneously in the soil

system. Apptication of an NH¿r+ salt to the soil ís bound to generare

NH3, particularly from alkaline sources such as tlrea and anhydrous

anmoni.a. In the following discussion of organis matter fixation, the

term annonia and ammoniùm will be used interchangeably.

The organic fraction of the soil is capable of fixíng NH3 v¡hich ís

released from NH4+-compounds, added to the soil- or used as a fertili-

zer, making it unexchangeable by the normal exchange process. The

earlíer literature on the subject of ammonia fixation by soil organic

matter has been reviewed by Mortland (1958). Fixed ammonia is defined

as that fraction of added NH4+ which Ís retained by the soil organic

fraction after intensive extraction and leachíng with acid solution

(Broadbent et a1, L96l; Burge and Broadbent L964) , or neutral salt

solution (Nornmik and Nílsson, L963a). rt has been observed that NH3

fíxed by organic matter ís very stable, only released in míneral forms

with difficulty, hence, slowly available to plants and microflora.

Though the actual mechanism is unknown, fixation is thought to be

as a result of the reaction between NH3 and organíc matter. This leads

to the incorporation of the NHg ínto the structure of the organic

mattef. Mattson and Anderson (L943), considered that a chemical react-

ion involving simultaneous oxidation and ammoniation \¡/as responsible

for the increase Ín the stable organic nitrogen they found in peat and

humus materials after aeratÍng them in the presence of NH4OH. Based on

their work on humus materials and polyphenolic compounds, they

theorized that fixatíon took place ín the lignin fraction of soil
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orgar.i-c matter and requires the presence of aromatic rings possessíng

more than one hydroxyl group.

rn support of this theory, Bennets (1"g4g), repoïted that aerobic

ammoniation of commercial lignín reduces its capacity to form methoxyl

groups upon treatment with rnethyl sulphate. Conversely methylatíon

reduced the amount of NHg that could be fixed. Burge and Broadbent

(1961-), found that progressive blockíng of the hydroxyl groups with

dimethyl-sulphate decreased the capacity of organic matter to fix

amrnonia, índicating the involvement of this group in fixation reacti-on.

They contended that the presence of hydroquinone and quinone polymers

in soil organíc matter could account for the anaerobic fixation of

ammonia and the increase in fíxation ín the presence of oxygen.

Flaig (1950), suggested a type of reaction which might account

for ammonia fixation in soil organic matter. He considered that

alkaline oxídation of hydroquinone or catechol produces a polymer

composed of ether-linked monomers capable of reacting with NH3 after

further oxidation. The possible mechanism for oxidation and

ammoniatíon of a hydroquínone polymer suggested by Flaig (1950) is

shown below. Accordíng to this author, fixation of ammonia by aromatíc

compounds is dependent on extensive polymerization. On polymerizaX¡on,

the nitrogen is combined ínto brídging strucLures, analogous to those

in phenoxazí'ne dyes.
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Figure 5-Possil¡lc mecha¡rism for oxidation and am-
m_oniatíor¡ of a hydror¡uinone polymer as suggested by
Flaig (8).

Mattson and Koutler-Anderson (1943), considered that ammonia

fixation may occur under natural soíl condítions and that most of the

nitrogen in humus originates from the fixacion reaction. The same

opinion is maintained by Broadbent et al. (1961) . They suggested rhat

a substantíal part of the non-protein organíc nitrogen in soir is

formed by the reaction between ammoní.a and lignin derivatí-ves.

sohn and Peech (1958), measured the ammonia fixing capacity of a

number of soils when treated aerobically with anhydrous NH¡. They

concluded that at least half of the ammonia fixed must be attributed to

fíxatÍon by the organic matter and that the fixation reactÍon was

probably that referred to as oxidation and ammoniation by Mattson and

Anderson (Ig43). They found that the highest amount of ammonia was

fixed by acÍd soíIs containíng high level of organic matter. perhaps,

the rnost notable resurt was that of Burge and Broadbent (1961). They
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showed that ammonia fixation in organic soils of varying carbon content

\'ras linearly correlated wíth percent carbon. They pointed out that

this ís evidence of a fixation mechanism completely unrelated to that

ínvolvíng the entrapmerit of NH4+ wÍthin thê crystal lattíce. Ammonium

fixatíon amounting to l-61- mmol per 10Og of organic matter was obtaíned

in the presence of oxygen, and 106 mmol per 1009, where oxygen vras

excluded. Approximately 1 molecule of NH3 was fixed for every 29 atoms

of carbon under aerobic condition and 1 molecule of NH3 for every 45

atoms of carbon under the anaerobic state. similarly, Tomar (Lgg2),

workÍ-ng on irnmobilizatíon of nitrogen in soil, obtained a linear

relatíonship between the amount of nitrogen fíxed and the humic acid

content of the soil. A highly significant (ar ls probabilíry level)

correlation coefficient of 0.75 was obtained.

Nyborg (1968), workíng on fíxarion of g"".o.r" NHg by soil,

reported that the mineral soil fíxed 2.5-8.5 mmol per lOOg of soil

compared to organic soil that fixed 39-190 mmol. He concluded that

organic matter accounted for most of the fixation in rnineral soil

because little of the fixed NH¡ vras extractable v¡ith Na*. His

conclusion is in agreement wirh rhe result obtaíned by obí (19g2). He

found that most of the nitrogen fixed after addition of urea to the

soil- was organÍcally bound and the soil organj.c matter fíxed about 5-l-O

times as much nitrogen per unit weight as clay

Dírect comparison of these studies, however, is quite difficult

and may even be erroneous to do sÍnce different criteria were used to

define fixatíon. A1so, the method of distínguishíng between minerally

fíxed and organÍcally bound nitrogen is not uniform and sometimes even
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questionable. Sounding a note of warning, Young (L964), said ',it

should be remembered that the level of NH3 retention and fixation can

be varíed substantíally by experimental conditions. Moreover, there

were methodícal weaknesses ín this, (referring to his own study) and

studies by Sohn and Peech (1-958), for arriving at the precíse values of

organically fixed ammonia." Nevertheless, substantial evidence of

organÍc matter involvement abounds in the líteratûre and a considerable

role can be played by the organic fraction in nitrogen retention.

2. Factors influencing ammonia-organic matter reactíon

(a) Concentration effect

Factors that influence the fixation of ammonia by soíl organic

matter include, concentration of ammonía, pH of the reactíng medium,

presence or absence of oxygen and temperature (Broadbent et al 1960).

Just as in the case of clay fixation, the amount of NH4+ fíxed by

organic matter increases wíth the concentration but the proportion of

added ammonium fixed decreases as concentration increases (Broadbent et

aL 1-960). A sirnilar result vras reporred by Nommik (Lg7O), using 15N-

labelled NH4CI adjusted to pH 11.3 by rhe addiríon of CaO.

(b) pH effect

Perhaps the most ímportant factor affectíng the reaction betrveen

organic matter and ammonia ís the pH of the reacting medium. ReactÍon

between NH¡ and organic macter increases with increase in soil pH.

using ca(oH)2 to adjust the soil pH, Broadbenr er al (l-960), obtained

an almost linear relationship between pH and the amount of NH4+ fixed.
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It ís probable that the profound pH effect upon ammonium fixation might

have generated the consensus that ammonía rather than the ammonium ion

ís ínvolved in the reaction with soil organic matter. Since the former

ís the dominant specie at hígh pH.

The effect of íncreasing pH on fixation is often attributed to the

increase ín the polarized and reactive -cooH and -c:o groups. Also, pH

affects the ratío Nu4+/tlH3 in equilibríum. Ar higher pH most of rhe

nitrogen is present as ammonía. This is portrayed by the equilibrium

relationship shown below.

NH4+ '' NH3 + H+

tNH3l lH+l/[NH4+] : 10-9.s

Thus, at pH 9.5 the ratio of NH4+r/NH3 is unity and. NH3 concentration

increases rapidly above this pH. optimum pH for fixation has been

shown to occur at pH 10-11 (Nornmik 1970). He found that fixation of

ammonium and glycÍne $ras exceedingly low in H+-saturated raw humus (pH

3.3-3.4), but the magnitude of fixation vras rapidly increased by

increasíng the pH duríng aerobic íncubation. Consíderable deaminatí"on

of nítrogen compounds at pH L2 and above \^ras reported to occur (Nommik

and Nilson 1-963), causing the net fixatíon as measured by the díffer-

ence method to be lower at these pHs.

some other results, however, do not lend full support to this

profound pH effect. Nommik and Nilson (1963), using a high concen-

tratíon of NH4+, L4 and 1-40 mmol/loog and pH variarion from 6-12,

reported that fíxation showed a weak tendency to increase with
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increasíng NaOH addítion.

In fact, some observations and results contradict the earlier

position. Sohn and Peech (l-958), reported that the highest amount of

ammonía fixation was obtained ín acid soils contaíning large amounts of

organíc matter. Nyborg (1968), observed that fíxation of ammonia tend-

ed to increase with decreasing soil pH and increasing clay content.

obí (L982), asserted that NH4+ fixation, following the application of

urea, Í.ncreases with decreasing pH and that organic matter $ras respon-

sible for most of the observed fixatÍon in the soil used. Even ín the

results of Broadbent et al (1960), where a profound pH effect vras

demonstrated, it \^ras noticed that a small but significant fixation

occurred at pH 6 and below.

A safe conclusíon from all these varied observatíons is that

perhaps it is not the absolute soil pH that is a factor of import, but

the direction and magnitude of the pH change of the medium, resulting

from the imposed treatment. Another important faetor that can probably

have a rnodifying effect on pH is the oxidation state of the soil

organic matter and how thÍs is affected by the pH change.

(c) Effect of oxygen

Mattson and Anderson (L942), suggested that ammonia fixation by

organic matter involves a simultaneous oxidation reaction indicated by

oxygen uptake. The functional groups formed during auto-oxidation are

responsible for the capacÍty to fíx ammonía. Thus, a positive correla-

tion may be expected to occur between the magnítude of oxygen consumed

and the extent of ammonia fixation. These authors observed that a
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Large quantity of oxygen \tras absorbed when samples \^rere treated with

NH4OH and that preoxidation of the organic matter preparations reduced

their capacity to bind NH¡. This vierv is consistent r^rith the

observatÍon that ammonia fixation increased with increasíng pH, since

spontaneous oxidation of organic matter in contacL with the aír occurs

under alkalíne conditions.

Broadbent et al (1-960), found no effect of varying partíal

pressure of oxygen on NH¡ fixation by three organic matter prepara-

tions. These authors concluded that the reactive groupings capable of

ammonia fixation, possibly quinone produced by oxidation of

polyphenols, apparently, are present in soíls ín suffícíent quantíties

to permit the reaction to occur. On the other hand, Nomrnik and Nilson

(1963), demonstrated a definite relationship between the volume of

oxygen consumed and the amount of NH3 fixed, in which the hígher the

oxygen consumed, the more ammonia vras generally fixed. A similar

result was obtaíned by Nomrnik (1970), where, in Ëhe nitrogen gas atmo-

sphere, the fíxatíon fígures were 40-5Ot lower than for corresponding

treatments in an air atmosphere.

That the presence of oxygen vras not always essential to fixation

was demonstrated by the data of Burge and Broadbent (1961). They

reported that the ammonía fíxing capacity of the organíc fraction as

1-61 mmol/100g in the presence of oxygen and l-06 mmol/1-oog when oxygen

was excluded. The ínfluence of oxygen on fíxatíon depends, hor,,rever, on

the oxidatíon status of Lhe organic matter. A varied results can thus

be obtained depending on the soil type.
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(d) Temperature effect

Feustel and Byers (l-933), demonstrated that heating peat with

NH4OH increased the nitrogen content of the peat very substantíally.

In their work, they treated the peat with ammonium hydroxide solution

ín a sealed contaÍ.ner at elevated temperature and pressure. Nommik

(L970) found that at room temperature, L.7 percent of the added glycine

nitrogen was fixed by raw humus during a reaction períod of 24 hours.

The corresponding figure at 100oC was 14.1 percent.

Inlork done by Broadbent et al (1960) aL atmospheric pressure but

varyLng temperature also indicated that ammonia fíxation was increased.

by increasing the temperature. These authors also investigated the

thermal stabilíty of ammoniated organic matter samples. This is rather

interesting in the light of the relatively unstable nature of ammonium

compounds at elevated ternperatures. Surprisíngly, at a1l temperatures

up to 400oC, the ammoniated samples retaíned more organic nitrogen than

those not ammoniated. It is also instructive to note that very little

of the exchangeable ammonÍum survived heating at temperature above

200 oC. This therrnal stability may have ímplicatíon on the availabilí-

ty fixed ammonium to plants.

3. Availability of organically fixed nítrogen to plants and micro-

organisms

I^Iith respect to organic matter, considerable evidence has

accumulated showing its ability to react with NH3 and bind ít in a form

resistant to chemical hydrolysis or microbial attack. However, it is

not clearly understood if these reactions occur in the fÍeld, and their
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extent is still a subject of speculation. Theoretically, the reaction

is mosL líkely to occur on calcareous soils havíng a high organic

matter content. The reaction will be ínfluenced by the nature of the

organic fracti.on, the soil moisture content, and the nitrÍfication

capacity of the soi1. Also, wíth the íncreased use of aqueous ammonia

and banded urea, local pH may be high enough ín the field to have

substantial amounts of organically bound NH3.

An ínsight into the availability of fíxed ammonÍ-um can be gained

by consídering the nature of the reaction product. According to a

great najority of observations, NH¡ fixed by soil organic matter is

exceedingly resistant to both acid and alkaline treatments. Thermal

stability has also, been previously mentioned.

Broadbent and rhenabadu (L961), found that some of the NH3 fixed

against extraction wíth 0.1 nol l,-1 HCt or acidified NaCl was resistant

to refluxíng for l-6 hours vrith 6N HCl. A similar result was reported

by Nommik (1970). The ammoní.a-organic matter complexes synthesized ín

the laboratory have been found to be rather stable compounds, being

only slowly míneralized by soil microflora (Feustel and Byers L933,

Bremner and shaw L957). Thus, it seems likely that the capacíty of

organíc matter to fíx ammonia may be a factor of agronomic signifi-

cance, as ít probably influences the efficiency of the NH3r/NH4+ ferti-

Llzers. The resistant nature so reported, if it has any effect on

plant availabilíty of organically bound ammonium, f,ay also partly

explaín the low residual effect of nitrogen ferxi|izer often

encountered Ín the field.

The chemical resistance of NH3-organic matter complexes indicates
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a low availability of fíxed ammonium to soil heterotrophÍc microflora

and to higher plants. Unfortunately, only lirnited research has been

carried out on thís subject. Burge and Broadbent (1-961), in a pot

experiment shov¡ed that only 4.38 of the fixed tagged NH4+ was recovered

in the fÍrst cutting of Sudan grass. In the second cutting, only 1.3?

of the remaining tagged N was taken up by the plant, suggesting, per-

haps, that a conversion to a more resistant compound gradually

occurred. It should be noted. that NH4+ fixation cannot be consÍdered an

entirely unfavourable reaction from an agronomic poínt of view. Under

certain soil and climatic conditions, fixation may be a positive factor

in preventíng losses through leaching, denitrificatíon, volatilization

etc. and ensure a more even nitrogen supply throughout the growing

season. Futhermore, fixation may even be the mechanism through which

the residual nitrogen effect can be exploíted.

D rnteracLion between organic matter and clay in NH4+ fixation

Both the mineral and the organic fractions of the soil hawe the

capacity to retain the NH4+ íon in a manner not exchangeable by the

usual methods of cation exchange (Sohn and peech 1958, Nyborg 1968,

Nommik and Nilsson 1963). But there is no consensus of opinion in the

literature with regards to the actual role played by these fractions

and the interaction between them.

Hinman (1'974> reported that the destructíon of organic matter

prior to ammonium fixation íncreased the amount of NH4+ fixed. This

increase Ì^ras greater as the organic matter content üras higher. He

attributed this to the role of organíc matter ín preventing ammonÍum
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fíxation by clay through (a) blocking the entry of NH4+ into the fíxa-

tíon sítes or, (b) by preventing the collapse of the basal spacing. In

agreement v¡ith this, \^ras the observation of Porter and Stewart (L962) ,

that the pretreatment of subsoíl or Vermiculite with organic compounds

interfered wíth fixation when NH4cl was added. on the other hand, sohn

and Peech (1958), showed that treatment of soil with hydrogen peroxide

to remove organíc matter, markedly decreased the capacíty of the soil

to fix NH3 into nonexchangeable form. Ifhile young (L964>, working on

ammonia and ammonium fixation in some Pacific North üIestern soils,

expressed the amount of NH4+ retained as a f_unctíon of gelay and

Scarbon ín a quadratic equation as follows:

NH3 retention (ug g-1) : LO2 x BC + 139 x scl - 2.53 x tC x tCl +

50.94 x zc2 - 1.3i- x rct2 - 327 .

where Cl and C represent clay and carbon, respectively,

He stated that the organic and the mineral fraction apparently have

little influence on each other with respect to NH3 retentÍon as their

ínteraction term was not sígnífieant.

More than anything else, the discrepancies reported above confir-

med the ability of the varÍous fractions to fix NH4+. And that the

mechanísm of fixation, perhaps, differs between the various soil frae-

tions.
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MATERIALS AND METHODS

Soil samnles

The four surface soíls used in this experiment were collected in

the Spring of 1984 from 0-150mm depth of cultívated fields. The soíls

r¡rere air dried immediately after collectíon, ground to pass through 2

mm sieve and stored at room temperature. The soils were chosen to give

some variations in the organic matter content. The soils used were

Alrnasippi sand, Red River clay, Elm creek loan arld an organic soil and

are desígnated as sand, clay, loam and peat, respectívely. Some of the

physícal and chemícal properties of these soíls are shown ín Table 1.

Table 1. Chemical and physical properties of the soils used.

Pronerfí o< Exnerímenf-nl s ní I e

Designatíon

Name

pH

O.Matter(8)

NH4+-N ugg-1

NO3--N ugg-1

Total N(8)

Clay (?)

SÍ1r (a)

S.qnrl f I \

Peat

Organic

6.6

72.79

40. 81

49.7

2.0L

Clay

Red river

6.8

7 .33

30.58

10. 3

0.34

73

24

3

Loam

Elm creek

6.8

5.77

22.72

7.L

0.26

33

23

Sand

Almasippi

6.9

5.0

23.6L

1.0

0. 16

5

6

8q



34

Experiment 1 - Ammonium fixation from urea and ammonium carbonate

A laboratory incubation study vras carried out to determine the

extent of ammoníum fixation in soils with urea and ammonium earbonate.

Five grams of soil (on air dry basis) was placed into a plastic contai-

ner with lid (diameter of 85 mm). Nitrogen carrier was applied drop-

wise, in solutíon form, using an automatic pipet to give the desired

NH4+ concentration (1000 ug of nitrogen per g of soil). This method of

application \¡ras such that the solution was uniformly distributed

throughout the soil making míxíng unnecessary for the three mineral

soils. For peat, however, the hydrophobic nature of this soil mad.e

thorough rnixing of the soil and the applied solution necessary. The

moisture content of the soils during íncubation were maintained at

field capacíty, and temperature of 20oc. After a predetermined time

ínterval (which varied from t hour to 1 week) the soil samples \^rere

extracted for exchangeable ammoníum. Extraction ínvolved shakíng the

sample with 50 mL of l- rnol L-l Kcl for t hour, and then fíltering

through \lhatman No 42 filter paper. The filtrate was either analyzed

ínmediately or stored in a freezex for subsequent determination of

ammonium and urea.

Since nonlabelled nítrogen sources vrere used, the "difference

method" lìIas used to calculate the fíxation values. This essentially,

entailed determíníng the exchangeable ammonium of both the control and

treated soíls. Fixation \^ras calculated as follows:

Fixed NH4* : Applied NH4* - Exch. NH4+ of rreared soÍl +

Exch. NH4+ of control soil.
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The same method was used for soils treated wíth urea except that in

addition to the exchangeable ammonium in the filtrate, urea concentra-

tí-on was also determined. Fixed NH4+ was calculated as follows:

Fixed NH4+ : Conc. of applied urea - Urea-N in filtrate - Exch

NH4+ of treated soil + Exch. NH4+ of control soíl

There a:ce, however, inherent limitations with this method.

Firstly, there is the possibility of increased error as a result of

the numerous measurements used in the calculation. Also, if fixatíon

is small, the various measurements might not be sensitive enough to

pick it up. LÍmitatíon of this method becomes apparent when a

comparison ís made between the results of this experiment and those

obtaíned with the use of 15N isotope.

Experiment 2 - Fixation of NH4+ ín HF-treated sóils

To elimínate the interference of clay minerals in NH4+ fixation
by the organíc fractíon, an attempt rüas made to destroy the elay fract-

ion through the use of hydrofluoric acid. Several qrorkers have succes-

sfully used HF acid treatment to remove the clay fracLion while causing

minímal destruction to the organic matter (Rather L9L4, Alexander and

Bayer 1934, Burge and Broadbent 1-961) . TreaLment involved the addítion

of a solution containing 5 mol l--1 Hr' : 1 mol t-l Hct to the bulk soil,
(e.g. 300 g), with a soil to solurion ratio of 1:l-0 in a 4 L polyethy-

lene container. The soíl was allowed to stand for 24 hours wíth

occasional stirring. After decanting the supernatant solution, the
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remaining soíl r^ras \^rashed several times wíth dístilled water and oven

dried at low heat.

Both urea and ammonium carbonate were used with five grams of

acid-treated soil in a plastic container for the fixatíon studíes.

Other procedures were as enumerated for untreated soil. Table 2 shows

some of the properties of acid-treated soils.

Table 2. chemical and physical properties of HF-HCI rreated soils

Proner:tí es Exoerímentel Soí I s

Desígnation

Name

pH

O.Matter (8)

NH4+-N ugg-1

Clay (s)

silr (s)

Snnri / I \

Peat

Organic

3. s6

72.07

I74.60

Clay

Red River

3.s6

29.74

32.80

3s.30

37 .70

Loam

Elm Creek

Sand

Almaslppi

3.56

5.L8

t-6 . 90

3.20

4.30

92 50700

3.s6

9.3s

26.70

4.70

L6.20

79 10

Experiment 3 - Ammonium fixation with 15N-labelled nitrogen sources

This experiment l,ras sÍmilar to the initíal experiment described

above, except that the urea and ammoníum sulphate used were labelled

with 98.64 and 95.5e 15N isotope, respecrively. The use of 15N allowed

a direct and precíse measurement of applied NH4+ remaining in the soil

by mass spectrometry, after prolonged extraction of exchangeable NH4+
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vTith 1 mol L-l fct. Four replicates of each soil sample were used for

this experiment, with 2 replicates for total nitrogen and the remaining

2 fot the organic nítrogen determinatíon.

Extraction of the exchangeable NH4+ was carried out by shaking

the soíl with 50mL of l- nol t -1 fCt for t hour. Fíltration \^ras carried

out under suction and the soíl on the filter paper v¡as leached with

75nL KCl in three portions of 25mL each. The extractant used for soíls

treated with urea contaíned phenyl mercuric acetate (pna) at a concent-

ration of 50 ,.rg g-1 to ínhibit urease activity in the filtrate. urea

and ammonium concentrations in the fíltrate were also determined and a

comparison between the direct 15N and the "difference. methods of fixed

ammonium measurement made. The soil in the filter was quantitatively

transferred into plastic container for both total and organic nitrogen

determÍnation.

Experiment 4 - Fixatíon of ammonium ín sterilized soils

Tt was noted from the results of experi*.rri 3 that more nÍ-trogen

\¡ras retaíned ín the soÍl from urea than from ammonium sulphate. This

suggested that urea per se might be directly involved in fixation

reactions. Experiment was thus carried out to investigate the possibi-

lity of a direct urea involvement in the interaction wíth soil organíc

matter. Soils were sterí-Lized to arrest microbial and urease activit-

ies, leaving the urea unhydrolyzed ín the soil.

Two sterilízation techníques were employed, the second, only when

the first gave an inconclusive result. The first technique was heat

sxeriT-ízation of soils ín an autoclave for 24 hours at a temperature of
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L2LoC and a pressure of 10.35 x 104 pa. Nonlabelled urea vras used and

other procedures \¡/ere similar to those previously described. The

second sterilization technique involved ganma radiatíon at a dose of

2 x LO4 Gy. I^Iíth ganma radiation, tvro levels of sxeriLization were

used correspondÍng to 6 and L2 x Lo4 ey. A sterility test was perfor-

med on the irradiated soil by streaking on a nutrÍent agar broth and

incubating at room temperature for 1 week. Labelled urea r^7as used, and

all sample preparation took place in a steríle laminar flow chamber,

model v6Mw97T, to prevent contamination of the sterilized sample.

Experiment 5 - Isotopic exchange of fíxed ammonium

The results of previous studies showed a substantial level of

ammonium fixation. Thus, ít became desirable to determine what

fractíon of this so called fixed ammonium was labile or isotopically

exchangeable. Unsterilízed soils were used with 15N labelled urea-N in

concentration of 1000 ug g-1.

This experiment had a factoríal design with three factors, each at

four different levels (ie. a 43 factorial). The three factors hrere:

soil; amount of fíxed ammonium; and periods of secondary Íncubation.

The four soils constituted the levels of soil. Four dífferent levels

of fixed ammonium were obtained by varying the length of time that 15tt-

urea vras incubated with the soils ( Íe. L day, 2 days, 4 days and 7

days) , these vrere termed primary Íncubation periods. Soils containing

varying levels of fixed 15N r.t. in turn íncubated with 14U ammonium

sulphate ín concentration of 1000 ug g-1 for t hr, 6 hr, L2]nr and.

24 lnr, and these r^7ere termed the secondary incubation periods.



39

Extraction of these samples r¡rere carrÍed out as previously descri-

bed. After extraction, the soil residues containing fíxed labelled

NH4+ were quantítatively transferred into plastic containers and 25 mL

o'f unlabelled ammonium sulphate solution was added to give a nitrogen

concentration of 1-OOO ug g-1 which was equal to the concentration of

the labelled urea-N used for the primary íncubation. These newry

treated soils were allowed to equilibrate for 1, 6, L2 and 24lnr. The

samples \¡rere then shaken for t hr (the t hr shaking period formed part

of the secondary incubation tírne). Just before filtration, 25mL of 1

mol L-l- KCI vras added. This \^ras to precipitate dissolved organic

matter and allow fíltratíon to proceed normally. The soil in the

filter paper r¡ras then washed with an additional 25mL of KCI to ensure

complete extraction of added 14¡-¡qi14+. The ammonium content of the

filtrate Ì^7as determined by distillation while its 15N enrichment was

measured with the aid of a mass spectrometer. These values vrere then

used to calculate isotopically exehangeable ammonium.

ANALYTTCAL PROCEDURES .

(1) soil pH : pH \^ras measured with a digital pH meter equipped with

glass and calomel electrode (Fisher Accumet pH -meter model 620>. A

soíl to water ratio of l-:2 was used for the mineral soils while that of

the organíc soil was 1:7. The soil suspensions rüere allowed to equilÍ-

brate for thirty minutes before measurements \^rere taken.

(2) Electrical conductivity : The electrical conductivity was measured

on the samples prepared for the measurement of pH using a conductivíty



40

meter (Basch-Símpson Ltd. type CDM 2e No. 223L59pTd)

(3) Moisture content at field capacity : soil, ground to pass through

a 2mm sieve was placed in a one-liter graduated polyethylene eylinder.

Sufficient vrater \^ras added to r'ret the upper half of the soil column.

The column was covered with a plastic film, fastened with a rubber

band, and allorved to equilibrate for 48 hours. The wet soÍl was then

subsampled and the moisture content determined by oven drying for 24

hours at a temperature of 105oC.

(4) Texture : Particle sí,ze analysis was performed on all sarnples by

the standard pipet method after the requíred pretreatment of the soil
wí-X}l. H2O2 to remove soÍl organíc matter.

(5) Soil organic rnatter :

Ialalkley-Black method (L934)

Soil organic matter was determined by the

Potassíum díchromate vras used for the

oxidation of carbon and the excess potassíum dichromate \¡ras back-

Èitrated with 0.5 rnol L-1 ferrous sulphate usíng an automatic titrator.

(6) Ammonium nitrogen : Ammonium nítrogen r¡ras determíned on the soil

extract usíng a Fisher model B01A digiral pH/mv meter equipped with a

specifíc ammonÍum ion electrode. Because of the hlgh ioníc concentra-

tion of the extract relatÍve to the reference solution in the electro-

de, the soil exLract \^ras diluted l-0 times (to 0.1 mol L-1 Kcl¡, to

ímprowe the accuracy of the measurements. one-half ml of 10 mol L-1

NaOH was added to 50 ml of diluted solution and thoroughly mixed with a
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magnetic stírrer. The electrode was inserted ínto the solution, allow-

ed to equilíbrate for 30 or more seconds and a reading taken. Readings

for the unknown solutj-on vrere compared to those of known concentrations

and ammoníum concentration of the solutíon calculated,

(7) Nitrate nitrogen : The phenol disulfonic acid method was used for

determining the concentratíon of nitrate ín the soíl. The soíl l^ras

extracted with copper sulphate, and the concentratíon of the nitrate

measured colorirnetrically with a spectrophotometer set at a wavelength

of 415nm.

(B) Urea nitrogen : Urea remaining in the soíl was extracted with I

mo1 L-1 rct solution containíng phenyl mercuric acetate (pma). The pma

was added to arrest urea hydrolysis pendíng the analysis of the filtra-

te. Urea in the extracted solution was determíned. colorimeËrically,

enploying the method of Douglas and Bremner (1970).

(9) Total nitrogen : Total nitrogen of the soil was determined by

Kjeldahl digestion, modífied to ínclude clay fixed NH4+ according to

the method of stewart and Porter (L962). The soil residue was quanti-

tatively transferred into plastic container, 4mL of 50g HF and lm1, of

concentrated sulphuric acid vras added. This was left overnight to

destroy the clay fraction.

This soil was then transferred ínto a Kjeldahl flask and digested

at fu1l heat for t hour afrer rhe addirion of rvro Kelpak (K2so4)

tablets and 30mL of concentrated sulphuric acid. The d.igested soil was

T&{K IJN¡IVHRSITV OF MANITOBA LIffiR;ARIËffi



42

dístílled with 5OmL of 508 NaOH and the distiff"t. collected into 5OmL

of O.05 mol L-1 H2SO4 (lOOmL for peat soil), conraining mixed

indicator. The excess acid was back-titrated with O.l- rnol L-l of NaOH

and the nitrogen content of the soil was then calculated.

(10) Organic nitrogen : Two replicates of the soil residue obtained

after the extraction of exchangeable NH4+ with KCl, were quantitatively

transferred into Kjeldahl flasks. Fifry nL of 1 nol L-l H2SO4 was

added, and the soil was digested at low heat with 30t Hzo2 in small

portions of 5rnÏ. for 24 hours according to the method of Mckenzie and

I^Iallace (1953) . Here the HZOZ dÍgestion was intended to oxidi.ze the

organic maLter only without affecting the release of minerally fixed

NH4+. Subsequent procedures for nitrogen determinatíon were sÍmilar to

those described earlier for total nítrogen.

(11) 15N Analysis.

Titrated solution vras acidified with one drop of concentrated

H2SO4 and then oven-dried to 5mL. Ammonium ín this concentrated

solution v/as converted to nítrogen gas by treatment with sodium

hypobromite (NaOBr) in a vacuum system. The nítrogen gas vras anaLyzed

for mass to charge ratio (n/e) of. 28 and 29 and 30 using a micromass

602 mass spectrometer (V.G.Micromass Ltd. Winsford, England) as descri-

bed by cho and sakdínan (Lg78). Determination of l5N rbrrndance \^/as

carried out on the concentrated distillate obtained from both the total

nitrogen and the organic nitrogen measurements. 15N abundance \^ras

expressed as atom percent 15N 
"*"""", calculated by usÍng the following
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equation.

Atorn 15N Excess : LOO/(2R+l) - B.

where R is the ratio of the peak heíghrs of m/e 28 and 29. The value B

represents atom percent 15N in the atmosphere i.e-. the background which

was determined for each set of measurements.

Sinple proportion Ìüas used to obtain fixed ammonium, after

determining total nÍtrogen of the soil residue, and its percent 15n

excess. For example, if the applied source of nítrogen contained 95.5t

15N, and A (mg) vras the amount of total nitrogen in the experimental

soil after extraction, which had Bs 15N excess, then the amount of

ammonium fÍxed, t{H4¡ (mS) by the soil is gíven by:

NH4f : (AxB) /95.6
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RESULTS AND DISCUSSION.

Experiment 1 : Ammoníum Fixation From urea And. Ammoníum carbonate

The first experiment was a preliminary experiment, carried. out to

ínvestígate the extent of ammoniurn fixatíon in the set of soil samples

collected. It was important to fírst of all determine the magnitude of

NH4+ fixatíon in the available soíls before further work could be done.

The information collected, formed the basis for further investigations.

Two ammoni.um sources r^Iere used: urea; and ammonium carbonate ,

These were applied to the soil in solution at a concentration equíva-

lent to 1-000 ug of nitrogen per g of soil. A very hÍgh concentration

was used to simulate nitrogen concentrations whích occurred in or near

fertll-izer bands and to allow for a measurable level of fixatÍon to

occur. An important consideration for the use of these nítrogen

carrÍ-ers in thÍs ínítial experíment was their alkalíne reactÍon in the

soil. Previous research indicated that fíxation of ammonÍum by organic

mafter occurred to a reasonable extent in the alkaline range (Nommik

L970, Broadbent et al 1960) . Using urea and ammonÍ.um carbonate at high

concentratíons provided an optimum conditíon for the fixation reaction
to occur.

Samples treated with nitrogen vrere incubated. for periods of time

rangíng from t hour to 1 week to provide information on the kinetics of
the reactíon. Since steps to inhibit microbíal_ activity in the soil
samples vrere not taken, relatively short incubation period was ad.opted.

to eliminate as much as possible the fnfluence of rnicrobial irunobiliza-

tion. The amounts of nítrogen fíxed were calculated by the "difference
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method" and are shorvn in Table 5, and Figure 1-.

Urea hvdrolvsis

The concentration of urea remainíng Ín the soíl was determined on

the extract using the method of Douglas and Bremner (L910). Thís is a

very sensitive analytical procedure capable of determining urea concen-

tration ín the range of o-2 ug g-1. Hor.lr.r, because of the suitabilíty

of this method ín the low concentration rar.ge, soil extracts containing

high levels of urea were diluted to give a concentration 1evel falling

within this range. The process of dilution v/as a potential source of

error. The error becomes rnagnified the higher the dilution factor.

This may explain the varíability observed in some of the data on urea.

I,Iith some ca:re, however, thís method gave accurate and quite satí.sfac-

tory results.

The hydrolysis of urea, as measured by the concentration of urea

remaining in the soil, was quite rapid ín all soils. Rate of urea

hydrolysís generally increased with the amount of organic matter ín the

soil. This was expected since urea hydrolysis irn¡olves an enzymatic

reaction. The level of urease enzyme in the soii should be related to

nierobial populatíon and actívitíes both of which are a function of the

soil organic matter content.

Peat, containing 72? organic matter, had the most rapÍd rate of

urea hydrolysís. Over 50S of applied urea r¡ras converted into the

ammonium ion form during 6 hr of íncubatíon and the hydrolysis of the

1000 ug B-1 of urea-nitrogen vras almost complete after 24 hr of incuba-

tion.
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Table 3 Concentration of urea-N (ng g-1) in the soíls as a

function of time.

T tion TÍ rne lhr)

Samnl o ? 6 2l+ 48 7? 96 168

Peat 7 t+O 632 4Lt+ 37 16 0 0

Cl nr¡ q 8 8?1 7 tlL 1r 13 2B o 0 0

T,onm g 7 9I+1 RO2 â 61 i4, 60 0 0

Sand 95 926 903 688 33s j 7 0 0

This rapid rate of urea hydrolysis ín peat may have significant irnpli-

cation on the timíng of fertilízer application to peat soil, especíally

when urea Ís the nitrogen carrier. Application should be made to coin-

cide with the period of maximum demand and uptake by the crop. consi-

derable loss could occur if there Ìüas a long tÍme span between the tÍme

of urea application and that of plant uptake. This will be via the

interaction between the product of urea hydrolysís and the soil in the

form of ammonium fíxatíon.

clay also showed a high rate of urea hydrolysis. The concentra-

tion of urea-N declÍned from 1000 ug g-1 1th. amounr applied) to 413 ug

8-!, 24 ht after the initíat,íon of íncubatÍon. Vírtually all the urea

applied to the clay soil was hydrolysed to ammoníum 4B hr after appli-

cation. In the loam and sand soils, measurable levels of urea (60 and

37 ug g-1, respectively) , were still present in the soil 3 days after

the initíation of íncubation. Complete urea hydrolysis was achieved ín

these soils only when incubation was extended to the fourth day.
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In sand, Lhere was a considerable time lag before an appreciable

level of urea hydrolysis occurred. only about 100 uE g-1 of urea-N was

hydroLyzed by sand, cornpared to over 500 ug g-1 hydrolyzed in peat

after 6 hr of incubation. This initial r^8, could be due to a low

level of urease enzJrme in this soil. Thus, some time was needed (nore

Ëhan 6 hr ín this case), for the build up of this enz]rme to occur.

After an initíal lag period, however, the rate of hydrolysis in sand

and loam became about equal.

using the data presented in Table 3, an, attempt 'r^ras made to

describe the kinetics of urea hydrolysís ín the four soils. The data

show that hydrolysis of urea could be described by first order reaction

kinetics, with the rate of hydrolysis being a linear function of the

concentration of urea remaining in the soi1. The above conclusíon \^ras

arrived at as follows: The overall reaction for urea hydrolysis can be

written as

(NH2) 2Co + 2H2o = (NH4) 2Co3 =r 2NH3 + H2Co3 (1) .

The rate of dísappearance of urea can be described by

Rate q ¡ (NH2) 2co I [HZo] (2).

Equation 2 can be rewritten as

Rate K[ (NH2) 2Co ] [Hzo] (3).

where K is the rate constant of the reaction. The concentration of

water in equations (2) and (3) can be assumed to be constant duríng

entíre períod of the hydrolysís. substituting K' for K[H2o], equation

( 3 ) becornes

Rate K'[ (NH2) 2Co ] (4).

This relationship can be described mathematically as follovrs.
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dc/dx -K'[c] (s).

Here c ís the concentratíon of urea extracted from the soil at tíme t.

Solution of equatíon (5) gíves

ln c -K't + ln co (6).

where co ís the initíal urea concentration at tíne t:0.

A plot of ln c against time (t), should give a straight line with

K' being the slope and ln co the intercept. Thís plot is shown for the

four soils Ín Fígure 2. shown, also, are the regression equations ín

whích the values of K' represent the rate of urea hydrolysis. The

values of K' obtained for peat, clay, loam and sand were 0.52, 0.1-5,

0.04 and O.04 hr-l, respectively.

Strictly speaking, however, the hydrolysis -of urea is considered

to be a pseudo-first order reaction. This ís because the first order

kinetics was obtained by assuming that the concentratíon of water does

not change appreciably during the course of hydrolysis.

simílar reaction kinetics have been proposed by other workers.

For example, Chin and Kroontje (1963) showed that the chemícal hydroly-

sis of urea was in accordance with the first order rate law. But the

reaction rate of chemical hydrolysis of urea $ras 1ow compared to

biochemical hydrolysis. It should be noted however, that the order of

reaction may vary simply by varying the experimental method ernployed.

Thus, Vlek and Carter (1983), reported that when urea \^ras uniformly

distributed throughout the soil, hydrolysis r,{as adequately descríbed by

zero-order equatíons but application of prilled urea creates a hetero-

geneous system in which urea hydrolysÍs was described by a first order

kinetics.
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Also, the hydrolysis of urea was profoundly affected by soir and

environmental conditions. Temperature, moisture and pH hTere shown by

the abowe named authors to control the rate of hydrolysis consíderably.

This may linÍt the extent to which results on urea hydrolysis can be

compared, and the extrapolation of laboratory íncubation results to

field situations.

Ammonium concentratíon

SÍnce soil extraction \^ras carried out Írith 1mol L-1 KCl solution,

the ionic concentration of this solution is higher than that of the

standard ammonium solutions. For the standard solutions to be of any

use in the preparation of a calibration curve they must be of the same

ionic strength as the sample ie. 0.1 mol with respect to each ionic

specie. To overcome the problern of high ionic strength of the sample,

the extracted solutíon was díluted 10 tímes. This greatly improved the

accuracy of the NH4+ measurement by the electrode method. The solutíon

on which NH4+ determination was to be made also contained unhydrolyzed

urea. rt was suspected that additíon of 10 mol t -1 tqaoH necessary to

convert NH4+ to NH3 (in order to measure ammonium by electrode method),

may also hydrolyze some urea in solution, thereby increasing the

corì.centration of ammoníum above that originally extracted. A test \./as

therefore performed to see if a measurable level of ammonium could be

detected from pure urea solution by the ammonium electrode. The

ammonium concentration deÈermined from urea solutíon vras not different

from that from pure $/ater indicating that the hydrolysÍs of urea did

not occur during ammoníum determination.
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rn all four soils, the level of NH4+ in solution increased

concomitant with the hydrolysís of urea (Tables 3 and 4). Ammonium

concentration increased from levels slightly above that of the native

exchangeable ammonium, just ímrnediately after incubation to a concen-

tratíon commensurate to that of the applíed urea during one week of

íncubatíon. In peat, for example, ammoníum concentration after t hr of

incubation vras 1-05.4 ug g-L, slíghtly higher than the exchangeable

ammoníum content ín the native peat. This íncreased to 732.8 ug g-1

after 24 ht of incubation, and after 1 wk the concentration declined

to 474.0 ug g-1. This pattern of ammonium buildup and decline with

time, was evident ín all soils. Rate of buildup of ammonium approxima-

ted the rate of disappearance of urea from the soil. Ammonium concen-

trations attained íts maxímum value at about the tíme that all the urea

vras hydrolyzed. After the maximum, NH4+ concentration started to

decrease in all the soils. This decline rrTas partly due to further

ammonium fixation after the disappearance of ure_a or to nitrífication

of NH4+. The time required for the ammonium concentration to reach its

maximum level, varíed amongst the four soils. The soil with the

highest rate of urea hydrolysis reached the maximum poínt earriest.

Not only did the duration of time required to attain maximum

ammonium concentration vary from soíl to soil, the absolute value of

this maximum uras not the same for all the soils. The values of maxímum

ammonÍum concentration were inversely related to the organic matter

content of the soíls or their potential to fix NH4+. For peat, the

maximum value of 732.85 ug g-1 t"" attained after 24 hr of íncubation.
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Ammonium concentration (ug g-1) in the experimental soíls

incubated with urea (1000 ug g-1) ." a function of time.

Incubation Time (hr)

6

rn clay maximum value of 799.4 ug g-1 *"" attained after 3 days of

íncubatÍon whíle loam and sand had their maximum ammonium concentration

4 days after the applícation of urea, and the values were 786.2 and

811.5 ug g-1, respectively.

Ammonium fixation in soil from urea

Using the difference method, the levels of ammonium fÍxation ín

the four soils vrere calculated. This Ís gíven as the difference

between the concentration of urea applied and the sum of urea and ammo-

nium concentration extracted from the soil after correcting for the

exchangeable ammoníum ín the control soil. The values of ammonium

fixatíon obtained are shown in Table 5. A plot of fixation level as a

functíon of tíme Ín peat ís shown ín Figure 1.

For all soils, the amount of ammonium fixed íncreased with time

duríng the incubatíon period (1 wk). The increase in the magnitude of
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ammoníum fixation as a functíon of tíme throughout the íncubation

period vras not in agreement with results of previous studies (Nommik

L957, Black and llaring L972). Published results show fixation as a

rapid process attaining a maxímum or equilibrium value after 24 hr

(Harada and Katsuna L954). !t is therefore surprising that the fixa-

tion, as measured in this experiment, íncreased contínuously with time

for a period of I wk without showing any sígn of saturation. This rnay

be explaíned by the possible sources of error mentioned later under the

dÍscussion of the limitations of the "difference method" or it may

indicate a fíxatÍon mechanísm quite unrelated to physical sorption by

the clay lattices.

Table 5 Fixed NH4-N (,tg g-1) in the experimental soils calculated

by the "difference method".

T tí on Tí me t'hr\

Snmnl e 1 2 6 ?IL tLn 2 96 1687

4

T6 2

The level of ammoni.um fixation in peat was higher than those of

the three mÍneral soils. There appeared to be a relationship between

organic matter content and the amount of ammonium fixed by the míneral

soíls. During the first hour of incubation, for example, peax wítin 722

I'
t:ri

]l
lri
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organic matter content, fixed 1-95 ug g-1 "orr"sponding to 198 of the

added nitrogen. Clay fixed 81 ug g-1 or about 88 of the added ammonium

nitrogen, whereas loam and sand, fixed 35 and 8 uB B-1, respectively.

,The amount of ammonium fixed after 1 wk of incubation, increased consi-

derably in all the soils. Peat fixed about 57? of the added urea, clay

418, whereas loam and sand fixed 32 and 342 of the applíed urea, respe-

ctively. This trend was rather interesting in the líght of the fact

that other ¡uorkers have observed a relatíonship between the levels of

ammonium fixed and the organic matter content of the soil. Burge and

Broadbent (1961), obtaíned a linear relationship between soil organíc

carbon and ammonia fixation in their study. ItlhÍle Sohn and Peech

(1-958), reported that the highest leve1 of NH3 fixatíon was obtained

in acíd soils having hÍgh organic matter contents. The possíbility of

establishing a quantitative relationship between NH4* fixation and

organic matter content wíll be explored when a more precír" 15X method

ís used to determine fÍxation.

Ammonium fixatíon from ammonium carbonate

The end product of urea hydrolysis is ammonium carbonate. It

should then be possÍble to deduce the behaviour of NH4+ from urea in

soil by direct application of ammonÍum carbonate. This incubation

study was carried out rvith analytícal reagent grade (NH4)2CO3 applied

to the soil in solution.

Results obtained for this incubation study are summari.zed in

Tables 6 and 7. Ammonium fixation frorn (NHa)2C03 was quite símilar to
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that from urea (Tables 5 and 7) except that ammoniurn fixatíon duríng

the first 48 hours of incubation v/as higher wíth ammonium carbonate

than with urea. The rate limiting factor of urea hydrolysis hTas per-
:

haps responsible for this. Since fixation possíbly ínvolves the NH4+

ion, urea has to be converted to ammonium before fixation can occur.

Since the hydrolysis of urea is not instantaneous but a function of

time, some time ís requíred for ammonÍum to be rendered available in

appreciable quantity. For example, an ammonium fíxation value of 8 ug

g-1 \¡ras obtained for urea after t hour of incubation in sand. The

corresponding value for ammonium carbonate was 235 ug g-1 after I hour.

But the concentration of ammonium in soil after 1- hour in sand treated

with urea was 20 ug g-1, whereas with ammonium carbonate, the ammonium

concentration ín the soíl after t hour r,ras 78g ug g-1. Hence, the

Ínitially high magnitude of ammoníum fixation observed ín all soils

with ammonium carbonate, rìIas an indirect manifestation of the effect of

ammonium concenLration on ammonium fíxation in soils.

In sand, the values of ammonium fixation (calculated using the

difference method) with ammonium carbonate, r{as consistently higher

than with urea throughout the íncubation perÍod. This could be due to

a much higher loss of NH3 from ammonium carbonate in the sandy soil.

The low cation exchange capacÍty, and high pH of the sand.y soil could

be responsible for thÍs higher loss and an over-estimation of fixed

NHA+. Apart from some observed dífferences, ít can safely be concluded

that there is some similarity between urea and ammonium carbonate with

respecL to their behaviour ín soil.
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Ammonium concentration (r'rg g-1) in the experimental soils

incubated. wíth 1OO0 ug g-1 of ammoníum carbonate.

T ne,tlhetíon Tíme (hr

I 2 24 l+B 7? 96 168

Peat 797 611 610 574 484768 766

Cl av 892 755 70) 682 687903 8?8

Table 7 Fixed ammonium (rrg g-1) in experimental soils calculated.

by the "difference method".

Tncubatíon Tíme (hr)

Peat 2/+4 273 275 408 411 467 551

Fixation of ammonium, as measured by the difference method was

considered high. No definite relationship rras observed between

fixation and Lime of íncubation. Nevertheless, there \^ras a definite

trend of hígher ammonium fixatíon by soíl with hÍgher organíc matter



contents. Possible sources of error and limitations

are given after the discussion of Experiment 3.
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of this technique

Experiment 2 : Fixatíon Of Ammoníum In HF-Treated Soils

The main objective of this experiment was to measure NH4+ fixation

in soil after the clay fraction has been eliminated. Fixation measured

on the soíl residue, after the destruction of the clay fractíon, can be

exclusively ascribed to organic matter. To achieve this, treatment

with HF:HCl was enployed for the destruction of the clay fraction.

The physícal properüies of the acid-treated soils (Table 2), ref-

lect the effectiveness of the acid treatment. As a result of acid

treatment the organic matter content of clay soil increased from 7t to

30å, v¡hile the elay content declined by about 5oB from 13 to 35? . The

treated soil was thus considerably enriched in organic matter, but

complete removal of either the elay or the mineral fraction was not

achieved. A símilar effect of HF-HCI treatment on soil was observed by

Burge and Broadbent (i-961). They reported that the organic carbon of

acid-treated soil íncreased considerably.

Another measure of the destruction of the mineral fractí.on not

shown in Table 2, ís the percent recovery of the soil residue following

acid treatment. Clay which experienced the highest level of organie

matter enrÍchment due to HF:HCI treatment, also had the lowest percent

recovery. Only 30? of the 3009 of bulk clay soil was recovered after

acid treatment. Recovery figures of 45? and 672 r¡rere obtained for

loam and sand, respectively. The proportion of soil organic matter
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that tùas dissolved as a result of acid treatment v¡as not estimated.

The higher leve1 of exchangeable NH4+ in acid-treated soils compared to

untreated soíls, indicated eíther the hydrolysis of organic matteï or

the release of native clay-fíxed NH4+ or both. rt was not possible to

identify the source of this NH4+ in thÍs experiment.

Sinilar to Experiment 1, urea and ammonium carbonate vrere applied

in concentratíon of 1000 ug g-L to acid-treated soils. After the

desíred period of incubation, the soils were extracted. Both urea and

NH4* concentrations \¡rere determined as prevíously described. The

concentrations of urea and ammonium nitrogen measured after various

periods of incubation are shown Ín Tables 8 and 9. Throughout the

entire íncubatÍon, the concentrations of NH4+ in the acid-treated

soils ' vrere much lower than those observed with íntact soíls indicating

that urea hydrolysis was inhibited by the acid treatment. This could

be the result of a direct acid effect on soil mícroorganísms and/or the

urease enzJ¡me. Though the soils were thoroughly-rinsed with dístilled

water following acid treatment, the pH of the acid-treated soils were

much lower Lhan untreated soils (Table 2>. The number of times the

soils could be rinsed was límited because repeated leaching resulted Í-n

the dissolutÍon and loss of organÍc matter as the soil suspension

became less and less acidic. Direct neutralízatíon of the soil lyas

attempted using NaOH, but since this caused extensÍve díssolutíon of

organic matter, it was discontinued.

Even though hydrolysis of urea díd not appear to have taken place

ín these soils, the urea concentration in extracted solution from the

peat soil was much less than that applied (Table B). Ifhile a concen-
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tration of 1000 ug g-1 of urea as nitrogen r{as applied to peat, only an

average of 650 ug g-l- of urea s/as extracted from the soil following

íncubatíon. This observed shortfall in urea concentration in peat soil

was without a concomitant increase in NH4+ concentration. It is not

known if this shortfall could be attributed solely to experimental

error. Ammonia volatilization is likely to be minimal sínce the soÍl

is highly acidÍc. Because of the high organic matter content of the

peat soil, it was suspected that there rnight be a direct interaction

between the urea molecule and the soil organic matter.

Table B Concentration of urea-N (ug g

Tnnrrhnf i nn Tí ma

-1) in acid-treated soil.

lhr)

Sqmn] a 2 4 6 2lt ILg

Loam 930. s 981.0 913.0

Table 9 Ammonium concentratÍon (ug g-

and incubated with urea-N.

Tnc-rrhn f-í on Tí me

1) in soíl treated. with HF-HCI

(hr)

Snmnl e 1 ? h 6 2l+ tLg

3l+./+Clav 367 40.3

1B B

38.1 4L.s 37 .0
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Ammoníum carbonate in HF-treated soil

since there rvas no urea hydrorysis ín the HF-treated soils a

direct comparison could not be made between treated and untreated soils

incubated wíth urea. I,Iíth ammonium carbonate, however, the levels of

ammonium fixation in HF-treated soils (Table 11), bear some resemblance

to that of the native (untreated) soils (Table l). The amount of

nítrogen fixed by native peat, c1ay, loam and sand after one week of

incubatíon with ammonium carbonate were 557, 344, 350, and 429 ug g-L,

respectively. After acid treatment, the corresponding values were 455,

278, 278, anð.46L ug g-1 after rwo days of incubarion.

Table 10 Concentration of NH4+-N (,tg g-1) in HF-treated soils

incubated with 1000 ug/g of nitrogen as ammonium carbonate.

ation Time lhr:)

Samole 1 2 4 6 1? 24 /+8

Some pertinent differences in the patteïn of NH4+ fixation could

be noted between HF-treated and untreated soils. In the native soils

ammonium fixation following application of ammonium carbonate was time

dependent, with fÍxation Íncreasíng as incubatíon time increased.



Table l-l-

62

Ammonium fixatíon (ng g-f) ín aci-d-treated soils incubated

\,rith 1000 ug g-1 of ammonium carbonate.

Tne-rrl'¡atí on T tthr \

S¡mnl e 1 ? l+ 6 1? ?tt l+8

3
':.:

,:.'

3

But in the acid-treated soils, the dependency of fixation on time \¡Ias

quite weak particularly for the peat and sand soils. In peat, for

example, anrmonium fixation of 408 ug g-1 *"" obtained L hr after the

inítiatíon of the experiment. Extending incubation time to 48 hr

íncreased fixation to only 455 ug g-1. Fixation of NH4+ increased

f.rom 243 after I hr to 408 ug g-L +g hr of incubation for the peat soil

not treated with acid (Table 7).

Not only ¡,r¡as the effect of time on NH¿r+ fixation removed with acid

treatment; but the values of fixation at the initial stages of the

íncubatÍon were much higher for acid-treated soils. This initially

higher fixation levels in acid-treated soils rrras very pronounced for

the peat and sand. The actual reason for this observation Í-s unknown.

Perhaps, after acid treatment, fixation sítes \4rere more accessible as a

result of breakdown of organic-clay complexes. This will also result

in earlier saturation of the fixing sites removing the effect of time

on fixation.
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The clay and loam soíls, afLer acid treaLment, exhibíted símilar

behaviour with respect to their ammonium fixation levels, with the

levels of fixation being generally close in magnitude to that obtained

in Experiment l-.

It qras found from Experiment 2 that HF:HCI treatment r^ras very

effective in destroying the clay fraction of the soil, however,

complete elimination of the mineral fraction was not achieved. Acid

treatment resulted in increased soil organic matter conLent, reduced

clay content, reduced soil pH, and increase in exchangeable ammonÍ-um.

Acid-treated soil íncubated with ammonium carbonate showed a weak

tendency of higher ammoníum fixation than their untreated counterparx.

Hydrolysís of urea was ínhíbited in acid-treated soil, but in the peat

soíl, a decline in urea concentration vras observed without a corres-

pondÍng increase in NH4* concentration. On application of ammonium

carbonate to acid treated soil, the fixatíon values obtaíned at the

initial stage of incubatÍon vras much higher than for the untreated

soíl.

Exneríment i : Amm íum FíxatÍon With s

The results obtained using the "difference" method in the t\^ro

prevíous experiments, were inconclusive. Thus, it was decided that a

direct method be employed to measure ammonium fixation. This experi-

ment was initiated, utilizirrg 15N labelled nitrogen sources so that the

amount of NH4+-N held in soil against KCI extraction could be determin-

ed using mass spectrometry.
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An alternatíve method would be to determine the change ín total

nitrogen content of the soil devoid of free ammonium following the

fixation reaction. But because ammonium fixation may not be high

enough to produce a measurable change ín nitrogen content of the soil,

this rnethod was not attempted.

(3a) Fixatíon from urea and ammonium sulphate

Soil samples were incubated with either ammoni.um sulphate or urea

containing 95.5 and 98.62 15N, respectively. High precision in the

measurement of fixed ammonium, requires a high percent 15N enrichment.

Incubation vras carried out for varíous time intervals (rangíng from 1

hour to 1 week) , after which the soil was then extracted \¡rith l- mol L-l

KC1 solutíon. The applied nitrogen remaining ín the soil againsr KCl

extraction \,\7as terrned fixed ammonium. Thís was then determined through

Kjeldahl's digestion, titration, and mass spectrometric analysis. As

earlier mentíoned, not only was the total ferxlLizer nitrogen remaíning

Ín the soil residue determined, an attempt was also made to determine

what fraction of the fixed NH4+ was in the organic fraction.

Unlike the result obtaíned in the two previous experirnents, NH4+

fixaLion in all the soíls was a function of incubation time (Fig. 3).

The fixatí.on rate was inÍtÍally rapÍd and gradually declined with time.

In all the soÍls, the períod of rapid rate of fixation extended Eo 12

hours after the Ínítiation of incubation. After L2 hr of íncubation,

the rate of fíxation became quite slow, with magnítude of fixation

levelling off ín all the three mineral soils. An almost constant level

of fixation \¡ras maintaíned during the L2 hr to 1 wk incubatíon period
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(Figure 3).

The peat soil behaved somewhat differently from the three rníneral

soils. It showed an initially rapid fixation rate between 1 -L2 inr,

\,üíth a slope change aL about the 12 hr incubatíon period. There was no

levelling off or saturation point throughout the incubatíon period.

Tíme dependent NH4* fixation r¡ras observed throughout the incubation

period suggesting a higher capacity of peat to fix ammoníum than the

mineral soils. This observation is quite ímportant and could have

signifícant implications on nitrogen application to peat. Ifhere NH4+-N

is involved, a consíderable proportion of applied nitrogen could. be

tied up by the soil and rendered unavailable to the plant (in the short

run at least). Though this experiment v¡as extended to 1 wk, there is

no doubt that fixation wíll continue ín peat beyond this period.

Hence, the magnitude of ammonium fixation after 1 wk by no means repre-

sents the equílibrium value.

The fixation pattern shown Ín Figure 3 is ín agreement with previ-

ously published work on ammonium fixation, with about 60-90? of the

Lotal fixation occurring in clay, loam and sand in the first L2 hr of.

íncubation and then levelling off. The levelling off of fixatíon in

the three mineral soils could be due to the saturation of the available

fixing sites. The leveling off indicates the attainment of equilibrium

under which the rate of adsorption of NH4+ ion from soíl solution is

equal to the rate of desorption of the ion from the fixing site.

Nommik and Vahtras (L982), used the data obtained by Harada and Katsuna

(L954), to show that 60-9Ot of total ammonium fixatíon may occur wíthín

the first few hours of incubation. The result obtaÍned with the peat
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soil , horr¡ever, l¡ras an exceptíon to this rule, suggesting that, perhaps,

the fÍxation mechanism here was different.

The curves shown ín Figure 3 could be divided into tvro phases.

Phase l-, being the phase of rapid fixation, where fixation might be

predominantly due to the physical sorption of the NH4+ ion into the

inter-lattice space of the clay míneral of the soils. In phase l_,

ammonium fixation rate, being controlled mainly by íon diffusíon, r^ras

híghest in the period immediately after ammonium addition. It then

slowed dov¡n as the equílibríum point r^ras approached, which for this

experíment vras very near the L2 hr period. In phase 1, a linear

relationship between ammoníum fixatíon and time of incubation could be

observed. During phase 2, equilíbrium seemed to have been attained,

indicating saturation of the fixing sites and further íncreases in the

magnitude of NH4+ fixation during this phase \¡ras rather small. The

analysis given here may not. be applicable to the peat soil, considering

ít's small proportion of the mineral fraction. Also, the peat soil did

not show any sign of saturation throughout the entire íncubatíon

períod.

The magnitude of NH4+ fixatíon in the clay soíl during phase 1 was

higher than that of the loam soil. This is understandable since the

former has a higher content of both the clay and organic matter. But

in phase 2, fixation levels were vírtually identical in the two soils,

and their two curves actually converged near the l--week perlod. The

reason for this sirnilarity in behaviour is not known. It should be

remembered that despite all the limitations of Experiments 1 and 2,

sínilaríties between the clay and loam soils wíth respect to ammonium
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fixation were consistently observed. SimilarÍties in the NH4+ fíxing

capacities of these soils could not be related to the physical and

chemical properties of the two soils shown in Table 1. perhaps, the

sÍnilarity exists in the mineralogy of the clay fraction or other

mineral síze fractions of these soils

Sand with the lowest clay and organic matter coritent, also had the

lowest level of NH4+ fÍxation at any point in time. rt also appears,

from Fígure 3, that sand approached the saturatÍon poínt much earlier

than the other mineral soÍls. This should be the case íf sand has the

lowest number of fÍxation sites which ís exposed to an equal NH4+ conc-

entration as the other soils.

An obvious relationship between the level of ammonium fixation and

the soil organic matter content could be seen (Fígure 3 and Table 12).

Peat, with the híghest organic matter content also had the highest

leve1 of fixation during the entire incubation period. Being obvÍ.ous,

ís perhaps, the only thíng that can be said about thís relationship.

An attempt r¡ras made to plot fixation level against organic matter

content of the four soÍls. This plot, shown in Figure 4, represents

fixatíon after 1 week of incubatíon with looo ug g-1 of nitrogen from

urea and ammonium sulphate. A linear relationship between organíc

carbon and ammoníum fixation \^ras obtained by Burge and Broadbent

(l-961) . Ho\uever, probably because of the lirníted number of soil

samples, and Lhe wide range of their organic matter content (most

especially between peat and the mineral soils), not much could be made

out of the relationship shown in Figure 4. rn retrospect, perhaps, if

more soil samples had been utilized, including ones with organic matter
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ín the range of 10-503, the data obtained could be subjected to

regression analysis. The limitation of time and space, with the

unavailability of soils wÍth organíc matter content in between 10 to

508, precluded the realízalulon of the above suggestíon.

As previously mentioned, this experiment vras carried out over a

relatively short period of time, terminating after 1 wk. A short

incubation tíme was used to elíminate as much as possible the effects

of rnicrobial immobilization, which could further complicate the

interpretation of the results. As will be later demonstrated, from

direct evídence, microbíal contribution was negligible or níl during

this períod.

(3b) Effect of concentration of applied ammonium on fixatíon

The maín obj ectives of this study r^rere: to characxeti-ze the

nature of the reaction between organic matter and ammoníum; to deter-

mine the effect of initial concentration of NH4* on the rate of

fíxation; and to describe the kínetics of the reaction.

To achíeve these objectives, íncreasing levels of 15N-1ttH4¡2SO4

was used for the Íncubation experiment. concentrations of 250, 500,

750, 1OO0 and 15OO ug g-1 o¡ 1-5¡¡g4+-N r.r. added ro each of rhe four

soils. These concentration levels r¡/ere chosen to make the effect of

increasing ammonium concenLration on ammonium fíxation, Íf any, easily

discernible. The level of fixation hras monitored at varíous times up

to 1 wk, The results obtaíned from this experiment after l- wk of incu-

batÍon are summarized in Table 12. A plot of fixation as a function of
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time and concentration in the peat soil ís shovrn in Figure 5.

Lower percent l5N.rrri.hment was used for the 750 and 1-500 ug g-1,

treatments to minimize costs. Since the concentrations of NH4+ for

these treatments were high, reasonable level of ammoníum fixation

should be obtained from,their application, hence, lowering the percent

15U by dilution, should be possible without jeopardizing the accuracy

of 15tU measurement on the soil residue by mass spectrometry. Two parLs

of the stock ammonium sulphate containing 15tl was added to one part of
14N-ammoníum sulphate. This resulted ín a sample contaíning 63.672

15t1. Due to the above dilution, the percent 15tl of soíl residues

íncubated with 750 and 1500 ug g-1 (shown in Table 7) is lower rhan

those treated with 500 and 10OO ug g-1. This dilution, however, did

not affect the overall result since 63.672 \4ras the factor used to

convert the 15n measured in the soil residue to total nitrogen fíxed by

the soil where the diluted N-source was applied.

Table L2 shows the total nitrogen content of the soíl residues

after extraction with KCl. The variation in this value for each soil

at various concentratÍons of applíed NH4+, is a reflection of the error

in the analytical rnethod. The rnagnitude of total nitrogen should

actually increase with an increase in the amount of applied ammonium to

reflect the increased level of fíxed ammonium írí the soil. That this

was not the case, (see Table LZ), confirmed the earlier suspícion,

that, measurement of the change in total nitrogen of the soil,

following fíxation, is not a suitable method to enploy in the

determination of fíxed ammonium in the soil.

In peat soil, because of the very high level of total nitrogen in

.:"'

:':'
. ::'

.....
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che soil residue, the percent 15N in the soil was-relatively low. This

did not írnply low NH4+ fíxation, but, that the 15U rerained by this

soil was diluted by the high proportion of native 14N.

In all soils, the amount of 15nU4+ fixed increased with the amount

of ammonÍum applied. The effect of increasing concentration on NH4+

fixation ïIas more pronounced at the lower than at the higher concentra-

tion ranges and more so in peat than in the mineral soils. Increasing

ammonium concentratíon from 5OO to 1000 ug E-L, almost doubled the

magnitude of fÍxed ammonium-N ín peat from 66 xo L26 ug g'!. At the

15OO ug g-l level, however, ammonium fixation only increased to 146 ug

g-L. The reduced effect of increasing NH4+ concentratíon on fixation

at the high concentraLíon range rnay indicate that Ëhe capacity of these

soils to fix ammoníum is finíte. The lower the capacity of the soil to

f ix annmoníum, the less dramatic \¡ras the ínf luence of increasing

concentration on the magnitude of fixed NH4*. Thus, in both the clay

and loam soils there \¡ras vircually no difference in the amount of

ammonium held in the soil after 1 week, at the concentratí.ons of 750,

1OOO and 1-500 ug g-1. But there \¡ras a marked difference in the amount

of fixatíon at these high concentrations (750, 1O0O and 1500 ug g-1)

and that fixed when 500 ug g-1 r"" applíed.

The effect of íncreasing concentration of applíed ammonium on the

magnitude of fixation in sand was erratic. No definite pattern could

be observed at either the high or the low concentratíon rarlges. The

sand soil fixed 24 wg g'r v¡hen 500 ug g-1 of nitrogen vras added, but

doubling the applíed ammonium to 1000 ug g-1- resulted in fixation

íncreasing to only 28 ug g-1-. At the highest concentration level of
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1500 ug g-1, ammonium fÍxation increased to 40 ug g-1.

A general pattern of NH4+ fixation as ínfluenced by the concentra-

ti-on of applied NH4+ could be observed from Table L2 f.or all che soils.

Though the absolute amount of ammonium fixed increased.as Lhe concen-

tration of applied ammoníum vras íncreased, the proportÍon of the

applied nitrogen that was retained in the soil actually declined with

íncreasíng concentration. In loam, for example, as concentration of

applíed NH4+ increased from 500 to 1500 ug E-1, the amount of fixed

NH4+ increased from 33.8 to 55 .4 uE g-L, but rhe proportion of applied

ammonium fíxed, expressed as a percentage decreased from 6.1 to 3.7,

This result Ís in agreement with previously reported results by Nommik

and Vahtras 1982

The pattern of NH4+ fíxatÍ-on, as related to the concentration of

applied NH4+, shown in Figure 5 for peat, is representative of all the

other soils. Arnmonium fíxation was a function of the initial concen-

tratíon of ammonium applied to the soil. The absolute value of fÍxed

NH4* increased with an increase in the initial concentratíon of

(NHa)2SO+. But, the percent fíxation decreased wíth increasing

ammonÍum concentration (TabLe L2) .

This concentration effect on the leve1 of NH4+ fíxation may have

an irnplication on nitrogen retentíon by the soil in field situations,

especially in cases where bandíng of NH4+-N fertílizer is ernployed.

Though the overall concentrations of nitrogen ín the field may not be

high, banding of NH4*-fertilízer may produce microsÍte concentration

far above the field avelra1e. ConsÍderable nítrogen fixation may occur

in these microsites.
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Table 12 Effect of concentratíon of applied ammonium, on ammoníum

fíxation in experimental soíls incubated for 1 wk.

Applied +

s00

Peat o75o

1000

1 500

Total N 6 15lq

0.3l-2

0.334

0 .607

Fíxed I Fixatíon

13

13

100. 0

101.0

100.0

100 0

65 .6

105.7

L26.s

L4

o /+65 1Lq 10

Clay

500

7s0

1000

1 500

16.8

L7 .5

L7.3

17 1

0.806

0.77L

1. 306

28.2

42.3

47 .4

48L

5.7

5.6

4.7

o .890 3.2

Loam

s00

750

1-000

1 500

L3.2

L2.9

13 .0

12.9

6.8

5.9

4.7

3.1

L.227

1. 084

L.727

33.8

44.0

47 .O

1 .367 55.t+

Sand

s00

750

1000

1 5ôô

8.1

2

1.410

L.L44

L.626

24.0

26.5

27.8

\97

4.8

3.5

2.8

7

I

4

9? 1 .37 \ 26

ìk For the concentrations of 750 and 1500 ug g-1, 15N enrichment

was 63.74 in the applied stock, while for other concentrations (5OO and

1000 ug g-1) the 15U enrichment was 95.62.
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(3c) Reaction Kinetics

Using the results plotted in Figure 5, an attempt \¡ras made to

formulate a reaction mechanism between organic matter and the ammonium

ion. A kinetic model will also be proposed, from which the rate

constanL of the reaction can be calculated.

The reactíon between organic matter and NH4+ can be summarized as

follows :

NH4+

note that

NHg + H+

10-9

(7).

(8).tNHe I IHtl
-J++

INH¿n+J

NH¡ + O.M.Complex :: INH¡.O.M.Cornplex] (9).

Employing a method símilar to that used for urea ín Experíment 1-,

the rate equatÍon can be written as :

Rate of NH3 fixation cc INH3J [O.M.Comp1ex] (10).

which becomes

Rate of NH3 fixatíon K [NH3][O.M.Complex] (11).

where K Ís the rate constant of the reaction.

Since the level of organíc matter is appreciable relative to applied

ammonium, it ís reasonable to assume that the level of the reactive

organic fraction does not change to any signifÍcant extent during the

course of the reaction. An indication that organic matter has a large

fíxing capacity, ís the lack of saturaLíon of ammonium fixation ín peat

throughout the 1 week incubation period. Equation (1-1-) can then be re-

wrÍtten as:

Rate : K' [NH3 j (12).

here K' is the ne\^r rate constant íncorporating the former K and
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IO.M.Conplex] :

It should be noted that ít is not the absolute concentration of

ammonia that should be inserted into equation (L2>. The capaeity of

.the soil to fix ammonium is not infinite. At a particular tíme (time t

equals infínity) equilibrium has to be reached. Also, the concentra-

tion of ammonium in soil will never equal zexo: Hence, the rate of

disappearance of ammonia is not a function of the NH4+ concentration

in soil solution per sê, but rather, a function of the effective

ammonium concentration. The effective ammonium concentration is

defined as the difference between the ammonium concentration at any

point in time and the NH4+ conceritration when equÍlibrium is reached.

The actual concentration of ammonium j-n the soil at various points

in time up to I week Ís known. The problem then arises, of finding the

concentration of NH4+ when equilibrium Ís reached. Since the experi-

ment rvas terminated after l- wk of incubation the equílibrium anmonium

concentration (termed Cinf) was obtained by approximation. Through the

aid of a computer, estimated values that will give the best correlation

coefficientl,ras obtained.

This was through a computer program labelled "search". This

program starts \dith the "equílibrium" ammoníum concentration obtained

afxer l- wk of íncubation and by adding small increments (eg. 0.25) , it

looks for the value of Cinf such that a plot of ln (Ct - Cinf) against

time (c) will give the maximum correlation coefficient. The output of

this program vras various values of Cínf and theír corresponding corre-

lation coefficients. It r¡/as from this array that a particular Cinf

having the maximum correlation coefficient was chosen. This value r^las

aa

.a:.

:..
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then substituted into equation (1-2) to give:

Rate : K'(Ct - Cinf) (13).

lrrhere Ct is ammonium concentration at any time t, Cinf is the estimated

ammoníum concentration at equilibrium ie., when time t equals infinity.

(Ct - Cinf. ) is the effectíwe concentration (Ceffective) .

A plot of ln (Ceffective) againsc t should produce a straight line

vrith K' as the slope. This plot for the peat soil is shown in Figure

6, together with the regression equation for the line. The rate

constant obtained from this plot r^/as 0. 017 hr- 1 and the correlation

coeffícient r for this plot was O.99. This analysis is only applícable

to peat soÍ-I and ís another example of a pseudo-first order reaction.

The data obtained for the mineral soils did not lend itself to such

analysis. At a very early stage of the incubation, for example,

ammonium fixation in the mineral soils 1eve11ed off, and was no longer

a function of time. l¡Ihereas in peat no such levelling off r^ras

observed.

(3d) Ammonium fíxation frorn Nl5-labelled urea

The results obtaíned when soil r^ras incubated with
15N-.rt"" nitrogen is shown in Table 13. Figure 7

from urea

soils. As

urea $/as lower at

1O0O ug B-1 of

is a graph comparing

the loam soil. The

\¡ras s imilar to that

shown in Figure 7, the

the initial stages of

fixatíon from urea vzíth that from (NH4)2504 in

pactern of NH4* fixation

obtained from (NH4)2SO4 in

magnitude of fixatíon from

incubation than that from

obtained

all the

(NHa) ZSO4. However, as incubatíon time



^ô

Â

Âhût Sol l.

79

a

c
o
+t
o
L
4
tr
fD
t¡
E
o
U
fD

+J
f)
o
+-
l+-

IU

lÞ

o
I

cJ

l,?

4,7

g.?

-0.3

-0.8

-1.3

-1.8024 18nffil20lu
Tlme Of Incr-.d¡otlon (hr).

tffi

Fig. 6. Kinetics of Fixation Reaction in Peat Soil.



80

progressed, the magnitude of fixation from urea became greater than

that from ammonium sulphate. This pattern was then maintained through-

out 1 wk of incubation. This may be an indicatíon that urea hydrolysis

was the rate limiting process here. As urea hydrolysis progressed wíth

tíme, and more NH4+ r{as rendered available, fixation from urea

increased and was above that from (NHa) ZSO+.

Ilithin the fírst four days, ammonium fixation from urea was a

linear function of incubatíon time in all soils. The linear relation-

ship became distorted, however, between the fourth and the seventh day

of íncubation, perhaps, as a result of saturatíon of the system with

NH4*. llhen incubation time progressed from 1 day to 2 days, ammoníum

fixation was doubled in all the soils. Fíxatíon íncreased in peat from

49 xo 90, in clay from 22 to 45, in loam from 17 xo 32 and in sand from

L4 ro 29 ug g-1. similar increases \¡/ere obtained in Lhe f ixation

values between 2nd and the 4th days. An initially raptd rate of fixa-

tion vras also noticed wíth ammonium sulphate, buL the duration of the

period was only shorter (12 hr)

The reason for the higher level of ammonium fixation with urea

than with (NHa)2SO4 rnay be related to the nature of fertilizer elements

and theír local pH effects. A profound effect of pH on NH3 fixation

has been previously reported (Nommík L97O). The pH of the soil follow-

ing urea application, may be high enough to provide a favourable regime

for NH3 fixation. The often reported low plant uptake of urea fertili-

zet compared to other N-carriers, may be partíally explaíned by this

higher level of fixation.
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Table 1-3 Ammonium-N fixation (ug g-1), from

applied at the rate of 1-OOO ug g-1.
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15tl- l"b.11.¿ urea-N

Tnnrtlrqtí nn f ímo rlaws I

) 4 7

Pen 1: Lq lL Rq 1?7 \ 16lL 7

Cl ew )1 6 LL 6IL ? 7tL It

T,oam 16 I a, 595 6qn

S nnrl 11, Á, )qL Lqt 55 g

(3e) Organically Bound NH4t

The organic nítrogen conLent of soil resídue contaÍning fixed
15NH4+ t"" d.etermined using the method described by Mike and l{allace

(1-953). Obi (L982), employed this method to arrive ar rhe proporrion

of fixed NH4+ that is organically bound. The method ínvolves digesting

soíl (to r^¡hich dilute H2so4 has been added), with Hzoz. rn this

experiment, the hydrogen peroxide l{as added in small portions until

there r^7as no more COZ effervescence with further addition. Also, the

digestion was carried out under low heat, so as to ensure mínímal

disturbance to the mineral fraction. The use of this method to deter-

mine organic nÍtrogen assumes that both the dílute acid treatment, and

peroxíde oxidation of soil organic matter do not result in liberation

of clay-fixed ammonium. This assumption, in a sense, is a limltation

of the H2O2 oxidation method.

The percent 15N excess in the organíc fraction of peat was lower
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than those of other soils because of the

of soil nitrogen. The organic nitrogen

five grams 9f soil, ranged from 90.3 mg

(Table 1-4) .

Table L4

P¿¡n t
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dilution by the large amourrt

in the four soils, based on

in peat to 7 .t+ mg in sand

Fixed NH4+-N (ug g-1) in the organic Nirrogen fracrion

after 1 wk of incubation wirh (NHz¡)2SO4 (1000 .rg g-1).

TotalN organicN *15N Fíxed N I Of Total
) Fixation

qq 0 s0i o5 108 ? 85.52

Cl ¡w 'l 7 2 1l+ lr 1) 4B 375 79 .L7

T.osm 1? 0 11 2 16 09 377 80. 34

Sand 8.2 7.4 L .7 6/+ ?7 I+ 98.78

Organic nitrogen constituted the largest proportion of the total

nitrogen in the soil (Table I4). rn five grams of peat, soil organic

nitrogen measured by H2o2 oxidation vras 90.3 mg while total soil

nitrogen by Kjeldahl's method was 99 mg. Hence, organic nitrogen

constituted more than 90s of the total soil nitrogen. fn clay, the

proportion \¡ras B3?, while loam and sand had 86z and 90.53 of theÍr

total nitrogen in the organic fraction, respectively.

In the peat soíl, which fixed 126.5 ug g-L of applied NH4+-N

(Table L2>,108.2 ug g-1 or 85.5s of rhe roral nirrogen fixed by rhe

soil was found ln the organic nitrogen fraction-. For the clay soil,

the amount of nítrogen fixed by the soil was 47 .7 ug g'L. The organic

fraction contained 37.5 tg g-1 ot about 792 of the total fixation. The
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símilarity between clay and loam was also reflected by both the absolu-

te amount of fixed ammonium contained in their organic fraction and the

proportion'of total fíxation that could be ascribed to organic matter.

In the sand soil, the situatíon t{as somewhat different. The

figure obtained showed that the organic fraction was responsible for

nearly all the ammoniun fixed by this soíl. The reason for this high

contribution to total fixation by the organic matter in sand is

unknown. It is perhaps, an indication that the contribution of the

míneral fraction to NH4+ fixatíon in this soil was negligíble.

rt is not quíte surprÍsing that on the avera1e, organically bound

nitrogen constituted about 80S of the total ammonium retained by the

soils. This, conversely, showed that the contríbution of the mineral

fraction was low. Though the mineralogy of these soils r,ras not deter-

mined, Manitoba soils contain predominantly montmorillonite in theÍr

clay fraction. This mineral is known to fix little or no ammonium

under wet condÍtions. Air drying, however, can increase fíxatíon quíte

dranatically (Young and McNeaL L964). This experíment r¡ras performed

under wet conditions without air drying. The low contribution of the

míneral fractíon to overall ammonium fixatíon vras not unexpected. The

results reported here concur with those obtained by obi (L982), who

found that over BOe of ammonium fixed in his experimental soils was

organically bound.

It was not possible to recommend the HZOZ oxidation method as a

standard method for determining organically bound nitrogen. This was

because of the limitations earlier mentioned.

I^lith the aid of 15tl 1"b.11ed nitrogen sources, it was possible to



t:,::,:

.'.::'.:

determine precisely the amount of added NH4+ retained in the soil

against KCI extraction. Thís NH4+-N was then termed fixed ammonium.

Ammonium fixatíon in all the soils was a function of time, increasing

rapidly at the initial stage of the incubation ánd later attaining an

equilibrium level Ín the mineral soils. Peat soil did not show any

sign of this saturation throughout the incubation period.

Ammonium fixation was not only a function of time, but $ras also

concentration dependent. I^Iith the absolute value of fixation increas-

ing with an increase in the level of applied NH4+-N. The proportion of

fixation, however, decreased, wíth increasing NH4* concentration.

Fixation of ammonÍum in all the soils was related to the level of

organic matter.

First order reaction kinetics was proposed for the interaction

between NH4+ ion and soil organic matter content. The data collected

on the mineral soils did not lend itself to such an analysis.

( 3f) Limitatíon of the "rlifference methodtt

It appeared aX this point that the "difference method" used to

measure fíxatlon in Experíment 2 grossly overestimated the level of

NH4+ fÍxation. This became obvious when the result obtained from

Experiment 2 was compared to that obtaíned using 15N-1"b"11ed carriers

(see Tables 5 and 12). A comparíson between the two methods of deter-

mining fixed ammonium revealed a lack of agreement. Such a lack of

agreement has been previously observed by workers employing the t\^ro

methods. Msumali (L977), reported that inmobilization, as measured by
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the recovery of nitrogen, \,/as not consistent ürith the result obtained

for imrnobílizatíon of added nitrogen using 15n. Also, Nommik and

Nilsson (1963b), observed discrepancies between the difference method

and the direct 15tl method of estirnatÍng f ixed ammonium. \fhile

Stojanovic and Broadbent (1959), working on recovery of nitrogen from

soils, reported that the tracer nitrogen recovery was ínvariably less

than that of total NH4+.

The exact cause of the discrepancy observed between the

"difference 'method" and the 15N technique of measuring ammonium

fixatíon is unknown. Possible reasons for the over-estímation of fíxed

ammonium by the difference method will be presented. One fundamental

assumptíon made in this díscussion is that the 15tl method (see Expt. 3,

Table I2), gives results nearer to the true fixation values than the

difference method. On the basis of this, the possible sources of error

in the difference rnethod will be enumerated.

Firstly, the difference method by definitíon is a combination of

several independent measurements. The errors in these individual

measurements when combined into a single value, could result in an

increase in the magnítude of the error.

Also the amount of nitrate and nítrite in the soil solutíon were

not determined. It \¡¡as assumed that the nitrÍfication of ammonium

during the short duration of this experiment, was negligíble. If this

assumption did not hold, and appreciable amounts of NH4+ hrere converted

to nitrate and nitrite (most especially at the latter part of the

íncubation), then the value of ammonium from urea would be underesti-

rnated thereby over-estímating ammonium fixation.
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Finally, any loss of applied fertilizer nitrogen in the form of

ammonia volatilízation ot denitrification, would result in the over-

estimation of fixatíon value. The likelihood of denitrification and

its extenL under the experimental condition of this study is unknown.

Ammonia volatilization on the other hand could be an ímportant source

of error in the difference rnethod of calculating NH4+ fixation.

Overrein and Moe (1961), reported that the rate of ammonia volatiliza-

tion from soí1 during laboratory íncubation íncreased exponentially

with an increase in the rate of urea application. considering the

relatively high level of urea applied in these experiments, signifi-

cant amounts of nitrogen could be lost through ammonia volatilízation.

Thís loss will then be reflected in a higher level of fixation calcula-

ted by the difference method.

Any or a combination of these sources of error could be responsi-

ble for the lack of any general or specific trend in the data obtained

from Experíments l- and 2. Hence, the data obtained in the first two

experiments could not be subjected to further analysis.

Experíment 4 : Fixation Of Ammonium In Sterilized Soíls

Thís experiment derives from the observatÍon made in ExperÍments 2

and 3. rn Experíment 2, a considerable amount of urea appeared to be

adsorbed by the acid-treated peat soil against extraction with l- mol

l-1 rct solution, while in Experiment 3, higher levels of NH4+ fíxation

were obtained from urea than from ammonium sulphate. From these obser-

vations, a dÍrect interaction between organic matter and the urea
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molecule vras suspected. The aim of this

the possibility of a dírect involvement

fíxation reactions.

8B

experiment was to ínvestigate

of urea with organíc matter in

One problem worthy of consideration, however, ís the ease with

which urea is converted to ammonia in the soil system. To separate the

reaction of ammonia frorn that of the parent urea, a means had to be

devised which ensured that urea applied to the soil remains intact.

The use of a urease inhibitor would have been plausible. However,

highly effective urease ínhibitors are not available. Sterilízation of

the soil was the most practical option.

(4a) Heat sterilization

Bulk soil in Erlenmeyer flask was subj ected to heat sterilization

Ín an autoclawe. To ensure complete soil sterilizatíon and inactíva-

tion of the urease enzyme, sterilization was conducted over a 24 hr

period. Studies of NH4+ fÍxatíon in sterilized soils qTere carried out

employing Lhe methods previously described.

Table 15 shows the results obtained from this experiment. Data in

Table 15 are the average of two separate íncubation studies with each

incubation carried out in duplicate. The results obtained were almost

identical to that obtained in Experiment 2 where urea vras applied to

HF- treated soils (Table 9) . The similarity \^ras perhaps , due to the

sterile condition of the soil samples used ín both experiments, with

urea hydrolysis being effectívely inhibited.

The concentrations of NH4+ extracted from each soÍl íncreased

slightly with an íncrease in the incubation time, but ammonium concen-
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tratíon can generally be considered nearly constant with tíme, when

compared to unsterilízed soil. This should not be the case if urea

hydrolysis took place ín the soíl. It \¡ras an indication of the

sterilicy of the soil, and the inactivation of the urease enzyme.

Table 15 Ammonium-N concentration (rrg g-1) in heat-sterilízed

soil incubated with 1000 ug g-1 of urea-N.

Tnnrrhqlí nn Tíme lhr)

Samole 4 6 242

Table 16 Urea-N concentration (ug g-1) in heat-sterí-lízed

soil íncubated with 1000 ug g-1 of urea-N.

Incubation Time lhr)

B
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In a 24 hr incubatÍon period, concentration of ammonium extracted

from peat soíl ranged from l-39 to 146.7 ug g-1. This was not the case

when urea was applíed to unsterilized peat (Tables 3 and 4). The level

'of ammoníum extracted from the clay soil ranged from 54.3 to 77.4 ug

g-L in a 24 hr incubation period. NH4+ concentration increased from

42.3 to 52.2 and 33.2 to 44.3 ug g-1, in the loam and sand soils,

respectively. The srnall íncrease ín NH4+ concentration with incubatÍon

time (Table 1-5), may be due to the contamination of the soil sample by

atmospheric urease. Though, for all practical purposes NH4+ concentra-

tion could be considered to be constant with tine, however, the concen-

tratíon of ammonium extracted from heat-sterilized soil incubated. with

urea \^las hígher than the exchangeable ammonium in the control soil

(Table 1). If biochemical hydrolysís díd not presumably take place in

these soils, the question can be raised as to the source of the higher

levels of exchangeable ammonium in heat-sterilized soils. Chernical

hydrolysis of urea could be partly responsible for this. This ís not

líkely to be a signíficant factor, however, chin and Kroontje (1963),

reported that the reaction rate of chemical hydrolysís of urea is very

slow and ínsigníficant in comparíson with biochernical hydrolysis. The

increase in the level of exchangeable ammonium following soíl

sterilization, could be attributed to the release of native clay-fíxed.

NH4* ion from the clay lattice as a result of thermal treatment.

Porter and Stewart (1966), reported loss of fixe-d NH4+ from ammonium-

treated and untreated soil samples, when subjected to temperatures

above 400oc. The temperature used ín this experiment was L2L oc, but

the duration of the heat treatment was long enough, that ít rnight have
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caused some release of native clay-fíxed NH4+ from the soil.

Corroborating evidence that the soil was sterile, was based on the

data on urea concentration as a function of time as shown ín Table l-6.

Since ufea hydrolysis normally occurred quite rapidly in these soils

(Table 4), rnaintenance of a high and almost constant levels of urea

with time, gave further evídence of inactivity of the urease enzJ¡me.

In peat soil sterilized wíth heat, for example, the concentration of

urea in a 24 hx period ranged from 809 to 920 ug g-1 qf"Ut" te¡. Ilhen

unsterÍlized peat \¡tas incubated wíth urea, Lhe concentratÍon of urea

declined from 10OO xo 37 ug g-1 after 24 hr of íncubarion (Table 4).

It may not be possible to make any strong conclusion regarding the

direct involvement of the urea moleeule in the fixation reaction with

soíl organic matter. The concentration of extracted urea in all the

soíl samples was below the amount of urea-N applied to the soil. urea

vras applied to all the soils to give a nítrogen level of 1OOO ug g-1,

but the level extracted in peat ranged from a low of 809 to a high of

924 ug g'L ín a 24 hr incubation period. The variation $ras much less

ín the clay soil where the extracted urea concentratíons ranged from

Bgg to 950 ug g-r. A símilar pattern was obtained for the loam and

sand soils. This incomplete recovery of urea in all the soils would

suggest probable adsorptíon of urea by the soil. But there is enough

variation in the values of urea, measured as a function of time, that

the shortfall in urea concentratj-on might be safely attríbuted to

experimental error. considering the high level of urea and organíc

maLter (especially in peat), âDy apprecíable fixation of urea should be

detectable by the method employed. on the basis of this, it is either
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small, or thaÈ there $¡as no direct interaction

organíc matter. It -was because of the

this experiment, that another sterilization

(4b) Sterilizatíon using gamma radiation

A Co-60 source was used to irradiate the soil at a dose of

2 x LO4 Gy per hr for 3 and 6 hr periods to give two total radiation

levels of 6 and L2 x 104 cy, respectively. rt should be noted that

both of these doses are far above the levels required for either soil

sterilízation or complete inactivation of the enzyme systems. Quoting

data from Roberge and Knowles (1968), Forster et al (l-985) reported

that soil sxerrlization was achíeved at 1.1 x 104 Gy, while microbíal

and enzyme activities were completely inhibited by gamma radiation of

4.55 x 104 cy. After ganma radiation, a sterility test was performed

on the sterilízed soil samples. Nutrient agar broth was used for thís

test under sterile conditions. The test media were sealed and examined

for microbial growth for 7 days. No microbial growth v¡as observed at

both levels of sterilization throughout the test period, indicating

that Lhe soils were steríle.

The data generated on NH4+ fixation from urea in gamma-irradiated

soils is shown ln Tables L7 -I9. Figure 8 compares fixation of ammonium

from urea under sterflized and non-sterilized conditions in sand. This

plot was representative of the results obtained with other soils. The

concentration of extractable NH4+ in the soil íncreased rapidly with

time of incubation. The pattern of trtH4+ buildup shown ín Table 17 is
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sÍmilar to that obtained for unste x]Lized soil as shown in Table 3. In

peat, the concentration of ammoníum increased ftom 263 ug g-1 after 6

hr of íncubation to a maximum of 923 ug g-1 ¡y + days. The concentra-

tion of ammonium subsequently declined slightly to gO2 ug g-1 1 wk

after the initiation of the experíment. Compared to unsterilized soil,

the rate of buildup of ammoníum in soÍls at the two levels of sterílí-

zaxion were quite low. This was an indication of a lower rate of urea

hydrolysís following steríl izaxion.

Table L7 Exchangeable ammonium-N (ug g-1) in gamma-radiated soils

íncubated. with urea-N (1OOO ug C-1).

Tnerlhntí on Tí me (hr )

(, 12 2¿L ILR 96 168

Peat A

Peat B

263

16q

49L

26s

749 735

671

923 902

/+7 5 906

Clay A

Clav B

1,28

TL4

265

168

492 697 738 762

72609 452

Loam A

T.oem R

96 177 330 s90 707 702

6566L 101 150 ,6 4

Sand A

Sanrl R

55 77

1R

L42 258 4s5 64L

38 51 B1 291

Note A : Soil sterilized for 3 hours

B : Soí1 sterilized for 6 hours

16 x 104 cv¡.

(L2 x ro4 cv¡



ii:

95

Table 18 Extractable urea-N (rrg S-1) in srerílized soil

Tncrrl-la tí on Tí me (hr)

6 L2 24 48 96 168

,Peat A

Panf R

549

7R7

362 ¿+/+ 24

627 IL)O 71

Clay A

Clew B

720

7 gIL

502 269 13

6qo 5 ?4\

Loam A

Loam B

799

888

686 4L7

763

LL4

46/+

L4

821, 234

Sand A

SnnÁ R

899

q1 ?

797

goB

697 s51 305 67

9 oo 7q5 5?3

Table L9 Ammonium-N fíxation (,rg g-1) in sterilized soil incubated

with l5tq-urea.

Tncrrba t í on Tí me (hr)

6 L2 4 48 96 168

Peat A L2.2 t-8.s 30. 3 73.4 l_19.0 L59 .2

Clay A 6.9 L3.2 2L.8 42.0 78.8 89.9

B

Loam A 8.6 1,2.8 23.6 45.L 68.2 82 .6

Sand A 5.2 7.4 11.9

9

28. 6 49 .4 69 .6

Note A : Soil sterilized for 3 hours

B : Soil sterilized for 6 hours

1o x 104 cv).

(I2 x to4 cv¡.
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Because of this apparent reductíon in the rate of urea hydrolysis

in sterilized soíI, it took a longer time before maximum NH4+ concen-

tration could be achieved in these soils compared to their unsterilized

counterparts. Even after the attainment of the maximum in sterilized

peat, the subsequent rapÍd decline in NH4* concentration (shown in

Figure 1 for unsterilized peat) did not occur. The reduced race of

urea hydrolysís in sterílized soils could be attributed to the decline

in the level of urease following gamma radíation. The high ammonium

concentration maintained in peat was líke1y due to the absence of

rnicrobial activity to convert NH4+ to NO3-.

In peat sterilized for 6 hr the rate of urea hydrolysis \Àras even

lower than for samples sterilized for 3 hr (see Table 1S). For

example, after 6 hr of incubatíon, exchangeable ammonium was 402.7, 263

and L6g ug g-1 Ín unsterilized pear, pear srerlLízed for 3 and 6 inr,

respectively. Thus, gamma radiation did have a profound effect on the

rate of urea hydrolysis. This was indícated by the progressive decline

ín the rate of ammonium build up ín the soil with increasíng levels of

radíation.

In the míneral soíls, the rate of urea hydrolysis appeared to be

more affected by gamma radiatíon than in peat. The rate of urea hydro-

lysis was low enough in these soils that maximum ammonium concentration

I^ras not attained during the 1 week incubation period. In clay, NH4*

concentration íncreased from 128 ug g-1 after 6 hr of incubation to 762

ug g-1 after 1 wk, \^Ihen sterllLzed for 3 hr. With soil sterilized for

6 hr, corresponding figures of LL4 to 728 ug g-1 r¡rere obtained.

Perhaps, it may be necessary to incubate these soíls for more than l-
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week for their ammonium concentration to be comparable to that obtained

in unsterTLízed peat.

The probable reason why gamma radiation caused a more proriounced

decline in the rate of urea hydrolysis in mineral soils than in peat,

ís their lower level of organíc matter. The organic matter content

affects the amount of urease enzyme remaíníng in the soil before and

after gaflma radÍatíon. Peat, hras obviously richer in urease than the

mineral soils. Exposure of these soils to the same dosage of radiatíon

will cause a higher proportionate decline ín the urease level of the

mineral soÍls compared to peat. This was then reflected in the lower

rate of urea hydrolysis by these mineral soils following gamma

radiation.

Unlike the situation wÍth heat sterilization, urea hydrolysis

occurred ín soils sterilízed with gamma radiatíon (Table 18). The

hydrolysís of urea \Âras quíte surprising, considering that, very hígh

levels of ganma radiation r,rere employed ín this experiment, and that

the sterility test performed on these soils produced a negative result,

It is difficult to believe that urease could withstand a dose of 12 x

104 Gy. At fírst, chemical hydrolysis of urea caxaLyzed by soil

organic matter vras thought to be operative in the sterilized soÍls.

This reactíon, however, was most unlíkely because, there was virtually

no urea hydrolysis even in peat soí1 which has high level of organic

matter, wíth heat sterí-Lization (Tables 15 and 16). If urea hydrolysis

was chemical in nature, it should have occurred in all sterilized soils

regardless of the method of sxerllization. It $/as thus concluded,

that, even though soíl steríLizatíon was achieved, the doses of gamma
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radiation employed here were unable to completely inactivate the urease

enzyme in the soil.

It is not clear, v¡hy, with such high levels of gamma radiation,

hras complete ínactivation of urease enzyme not achieved. The high

radiation flux of the garìrna source (2 x 104 Gy nr-l) used for the

irradiation, necessit.ated a short exposure time to obtain the required

doses. Roberge and Knowles (L967), reported that, urease q/as almost

completely Ínactivated by a 4-5 x 104 Gy radiatíon. But for a given

dose, the measured urease actívity vras somewhat lower, when a lower

radíatíon flux was used wíth a longer exposure time. A simílar fíndíng

't,Ias reported by Forster et al (1984), who claimed to have achíeved

complete soil steriLí-zaluion and enzyme inactivation at a dose of 4.55 x

104 cy (rnuch lower than any of the doses used ín this experiment). To

obtain this dose, however, their soil r¡ras exposed for L7 .5 hr to a

source having a radiation flux of 2.6 x 103 Gy hr-l (ro tirnes lower

than the flux employed here). I.rÏith a longer exposure time, the gamma

]ray has more time to interact with the soíl and a better chance of

inactivatíng the enzyme system. rn using gamma :ray as a source of

sterílization, the radíation flux as well as the exposure time should

be considered parí passu.

Because of the incomplete inactivation of urease enzyme, and

subsequent urea hydrolysis, it was not possible to determine in this

experiment, whether or not urea interacts directly wíth soil organíc

matter. A very signifícant discovery, perhaps, as important as the

objectíve earlier set out, hras the observation that NH4+ fixation in

all the soils \¡ras not affected by sterílization. The soíls used in
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this experíment \^rere sterile. Also, the rate of urea hydrolysis was

affected by sterilizatíon. But from Figure 8 (a plot of fixed ammonium

as a function of incubatíon time in sterilized and unsterilized sand),

'the pattern of ammonium fixation was virtually identical in sterílized

and unsterLLized sand. Data in Table 19 shows that simílar resulÈs

were obtained for all the other soÍls. This observation is irnportant,

for it completely eliminates biological activities as the pathway for

the ammonium fíxatíon measured. It carl, thus, be concluded that,

biologÍcal imrnobilí-zaxion within the tíme period investigated, if it

existed at all, I^tas negligible. Ammonium fixation can then be said to

occur via a physíco-chemical process.

From published works on nítrogen imrnobilizatÍ.on, it seems as if

much emphasis has been placed on the role of microorganísms in immobi-

lization of nitrogen in the soil. A probable explanatíon for this is,

that the bulk of ímmobilized nitrogen is usually found in the soil

organic nitrogen fraction. If this is the case, it may lead to the

conclusíon that fixed nítrogen is microbial in orÍgín. In most of the

studíes, no consideration was given to the ability of the soil organic

fractíon to undergo reaction with NH3. But as can be seen from the

results of the analysis of organically-bound nitrogen ín Experiment 3

(Table L4) , about B0S of the 15tl fixed \^ras found in the organic

fraction. This will be the case if organic mattår \^ras responsible for

sorbing NH4+. Okereke and Meínts (1984), reported that approximately

10s of the applíea (15ttU4)2SO4, was irnmobilized in organíc (muck) soil

after 'J-2 hr of incubation. These authors believed that the observed

retention of nitrogen rras due to microbial immobilization. A very
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strong point against such a conclusÍ-on is the unlikelíhood of a micro-

bial effect being exhibited within such a short- period. of incubarion

(L2 hr). The direct evidence obtained in this experÍment clearly

poÍnts to the contrary. Mícroorganisms should ultimately contribute to

nitrogen irunobilization in the long run. It is perhaps, an exaggera-

tion to attribute nitrogen retention, in a 12 hr period, entirely to

microorganÍsms.

It was found in thís experiment that heat sterílízation resulted

in the liberation of native fixed NH4*. Complete sterilization was

achíeved as signified by lack of urea hydrolysis. From the daxa

generated, it \^ras not possible to state unequivocally that urea

Ínteracted dírectly with soil organic matter. If such ínteraction

existed at all, the magnitude was probably srnall.

I,Iith gamma radiatíon, soil sterilizatíon $/as achieved but the

urease enzyme uras not completely inactivated. The high flux of the

radÍation source, resultíng ín short exposure tíme, may be partially

responsible for the incomplete urease inactivation. Rate of urea

hydrolysis \À7as significantly reduced by gamma radiation. Ammonium

fixation was not affected by soíl sterilizatí-on, confirming that the

mechanism of NH4+ fÍxation was nonbiological.

Substantial amount" of 15N-NH4+ were fixed d_uring 1 wk of incuba-

tíon. In the fíeld the NH4* ion would definitely ínteract with the

soil for a longer period of time than was the case in the laboratory
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studies conducted. It ís then reasonable to believe that ammonium

fixation, in field situations, may be more than that measured in the

laboratory. The fixed NH4+, could be a signíficant proportion of the

, applied nitrogen, particularly in soils of high organíc matter and/or

clay content. It becomes of importance, (from the viewpoint of soil

nitrogen economy), to determine directly or indirectly, the fraction of

fixed NH4+ that is labile and may be available to- plants.

The extent to which the fixed 15¡-¡¡10+ can be replaced. (ie.

isotopically exchanged), by 14¡q-¡¡10+, may be a good measure of the

labile nature of fixed nitrogen. This, essentially, was the objective

this experiment seL out Lo achíeve. It is known from Experiment 3 that

fixed ammonium increased rvith time of incubation. It Ís then possible

to vary the quantity of fixed ammoníum in the soil by simply varying

the length of the íncubatÍon time. The relationship between the amount

of NH4+ initially fixed and the level of 15NH4+ Ísotopícally exchange-

able, and the effect of tíme of contact between 1-4¡¡¡O+ and the soil

contaÍning fixed 1-5ç¡¡O+ v/as investigated. A factorial desígn r¡/as

employed in this experiment, where the various time of 15tut4+ fixation

(prÍmary incubation time : 'J- day; 2 days ; 4 days and 1 week) , \,¡ere

factorially combined wíth rÍme of 14¡l equilibration wirh soil

containing fixed ammonium (secondary incubation time: L hour; 6 hours;

L2 hours and 24 hours), for each of the four soíls. The primary

íncubation time was the length of time that applied urea was allowed to

interact with the soil. Variation of this tíme resulted in soil

samples containing vatyLng levels of fixed NH4+. The secondary

incubation time on the other hand was the length of tíme 14NH4+ r""

1.
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equilibrated wíth soil conraining fixed tttn4*.

The results obtained ín thís experiment are shown as a 3-dimen-

síonal bar graph for each soil in Figures 9-L2. After incubation of

'14tlH4+ *ith Èhe soil containing fixed 15N, a reasonable level of 15N

\¡ras obtained from the extracted solutíon. The 15N level was high

enough to be accurately measured by the mass spectrometer. The relati-

vely high 15tl in this extract vras not expected. Some previousry

published studies have indicated that fÍxed ammonium was isotopically

unexchangeable. Newman and. Olive r (L966) , concluded from their study

on isotopic exchange of fixed ammonium that, fixed ammonium was not

isotopically exchangeable. Broadbent (1965), working on the effect of

fertilizer nítrogen on the release of soí1 nitrogen, asserted that

little if any,exchange occurred between fixed 15N 
"r,d applíed 1-4¡-¡¡10+.

on the contrary, NommiK (L957), found, in hís study on fixation and

defixation of NH4* ín soils, thar a parr of rhe fixed 14¡q-¡¡10+ that

could not be replaced by K+ was ín equilibrium with 15¡go+ in sorution.

At higher NH4* concentrations, this part \¡/as rather high, rnaking up

nearly 1-33 of the NH4+ determined to be fíxed by the Kcl leaching

method.

The data generated from this experiment, (part of which r^ras

plotted in Figures 9-L2), are shown in the Appendix. For indivi-

dual soils, the amount of 15ng4+ replaced by 14tno+ was greater as Lhe

amount of ammonium fíxed by the soil \¡ras higher. rn five grams of

peaL, for example, with a primary incubation tíme of 1 day, the amount

of 15¡l isotopically exchanged vras O.O7 mg. This value increased to

0. 12 mg when the prirnary incubation time was 2 ð,ays, then to o. 18 rng
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\{ith the 4-day sample, when 14tq was allowed to equilibrate with the

soil for 24 1;.r.

In the peat soil, wíth the primary incubation time of 1 day, there

'was no effect of increasing secondary incubation time on the magnitude

of 15N exchanged. Thus, the amount of nitrogen isotopically exchanged

l- hr after the ínitiation of incubation wíth 14N was of the same order

of magnitude as that exchanged after 24 hr of incubation (see the

Appendix). But when the primary incubation time was í.ncreased to

2 days (with the soil containing more fixed nítrogen than the 1 day

sample), the effect of the length of secondafy incubation on the

magnitude of fixed 15N exchanged was manifested. About 0.07 mg of 15u

was exchanged after t hr of secondary incubation in five grams of soil,

this increased to 0.12 ng when the secondary incubation time r¡ras

extended to 24 l;,r. A similar effect of increasing time of secondary

incubation on the magnitude of ísotopically exchanged nitrogen was

observed for 4 days and 1 week with the peat samples.

In clay and the rest of the mineral soils, the pattern of isotopic

exchange of fixed NH4+ was quite similar to that descríbed for the peat

soíl above. Here, too, the magnitude of fixed 15N th"t exchanged wÍth
14¡¡10+ increased with increasing level of fixed ammoníum. In these

soÍls also, increasing the secondary incubation tÍme, had no effect on

the amount of 15N that exchanged with 14N in the soil pre-incubated. for

1 day. Tncreasing the primary incubation time beyond 1 day, ho\,rever,

produced a response of the amount of 15u exchanged to íncreasing

secondary íncubation time.

:]
L

'ìl
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Ilithin each soil, the observation r^ras made that the amounL of

nítrogen exchanged increased as the amount of 15lt origínally fixed

increased. This also holds for comparison between the four soils.

Peat, which at any point in time contained the highest amount of fixed

NH4+, also had the highest magnitude of isotopically exchangeable NH4+.

As portrayed by the four plots (Figures. 9-L2), there were some

dífferences ín the behaviour of individual soils, eíther with respect

to the effect of the levels of initially fixed ammoníum or the length

of tíme of the secondary incubation. Nevertheless, some general trends

could stíll be observed.

On the average, about 30t of fixed 15¡gO+ v/as isotopically

exchangeable during the period of secondary íncubation with 14n. Thís

percentage, \¡ras reasonably constant for all levels of fixed ammonium,

indicating a linear relationship between the level of ammoníum fixed

and the amount of 15¡l coming into solution. Also, an interaction

betvreen the length of time the 15N h"" had to react wíth the soil and

the rate of ísotopic exchange could be observed. For example, when the

primary íncubation time between 15t{ and the soil \^ras 1 day, isotopic

exchange vras completed wíthin l- hr of 14N additíon in all soíls.

Increasing this secondary Íncubation time Eo 24 hr had no effect on the

amount of 15U that exchanged (see Appendix). The irnplications of this

observation are two-fold. Firstly, that isotopic exchange is a rather

fast process, sometimes reaching equilibrium in less than t hour. This

concurs with the result of Newman and oliver (L966), who reported that

most of the isotopic dilution (in their study of isotopíc exchange of

fixed ammonium), occurred withín 10 minutes of addíng solution to the
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solid. Secondly, it irnplies that the effect of period of secondary

íncubatíon on the amount of isotopically exchangeable NH4+, depends on

the length of time of prinary incubation of 15tl *irh soil (ie. horu

'rapidly the fixed NH4+ came out into solutÍon, depended on the length

of time it had to react with the soil) . Thus, whíle length of time of

secondary incubation had no effect on the level of 15tl exchanged for

samples initially incubated for 1 day, a response vras observed on

samples initíally íncubated for 2 xo 7 days. For samples incubated

initially for 4 days, for example, not only was the amount of fixed

nitrogen isotopically exchangeable at any point in time hígher than

with l- ot 2-day samples, but the level of l5w exchanged also increased

as the contact tíme increased from 1 to 24 hours.

The result for sample initially incubated for 1 wk did not follow

the general pattern observed with the other samples. The amount of 15tl

exchanged was actually lower for samples incubated initíally for 1 week

than was for samples incubated for 4 days. Thís observed deviation may

be entirely due to experimental error or it may have resulted from a

change of the NH4+-organíc matter complex into a more stable form with

time. The actual cause is unknown.

The relatively high level of isotopic exchange obtained in this

experíment would suggest that a portion of the fixed ammonium could

ultimately be available to plants. This could be rhrough their

participation in exchange reactions. There ís _a possibility though,

that Lhe NH4+-organic matter complex could undergo a condensatíon

reactíon resulting in fixed ammonium being rendered less available with

tíme. The result obtained with the samples incubated for 1 week seemed
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to show that some fÍxed 15¡¡10+ may not be as readily exchangeable as

those contained in samples which had been subjected to a shorter period

of incubation. Burge and Broadbent (1961), utilized an organic soil

'containing fixed NH4+ to grow Sudan grass. They observed that progres-

siwely less and less of fixed ammonium was picked up by successive

cuttings. They attributed this observation to possible stabilization

of the fixed ammonia.

By incubatÍng soíl containing fíxed 15¡-¡gO+ with an 14N-"orrr"",

signiftcant amounts of isotopic exchange was obtained. The level of 15tt

exchanged was a 1ínear functíon of the amount of NH4+ initially fixed.

The rate of exchange rsas found to be quíte rapid in soils containing

low levels of fíxed ammonium. As Lhe level of fixed NH4+ increased,

the amount of 15tl exchanged with time also íncreased. The result of

the samples that ,$rere initially Íncubated for 1 wk - which had less

isotopically exchanged 15N than samples initially incubated for 4 days

- may suggest a change to a more stable form with time.
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SUMMARY AND CONCLUSIONS

Using unlabelled ammonium carbonate and urea, the extent of NH4+

' fixation was studied in four Manitoba soils. Nitrogen was applied at a

concentration of 1-000 ug per gram of soíl as a solution and incubated

for varying periods of time ranging from t hr to I wk. Fixation was

determined using the difference method (ie. the amount of NH4+-N added

- the amount of NH4+-N exrracted by I rnol L-l KCl).

Enzymatie hydrolysis of urea r{ras found to follow f irst order

reaction kinetics. Fixation of NH4+ increased continuously up to 1

week of incubation (maximum length of time studied), without showing

any sign of saturation. The magnitude of ammonium fixation rras

positÍvely correlated with the organÍc matter content of the soil.

Treatment of the soil with HF-HCI was employed to destroy the clay

fraction thereby isolating the organic matter which was then used

directly for fixation studies. The acid treatment \^ras very effective

in destroyíng the clay fraction, however, complete elímínation of the

mineral fraction r.ras not achieved. Acid treatment resulted in

increased soil organic matter, reduced clay content, reduced pH and an

increase in the level of exchangeable ammonium in the soil.

Hydrolysis of urea lÁras ínhibited in acid- treated soil . Peat

treated with HF, showed a declíne in the level of extractable urea

wíthout a corresponding increase in ammonium concentration. Acid-

treated soils incubated with ammonium carbonate showe¿ a weak tendency

of higher ammonium fÍxation than their untreated counterpart.

trdith the aid of 15N-1"bu11ed nitrogen sources, it was possible to
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determine precisely the amount of added nitrogen retained in the soil

agaÍnst KCl extraction. Ammonium fixation in all the soils was found

to be a function of incubation time. Fixation increased rapidly at the

'initial stage of the incubation and later attained an equilibrium level

in the míneral soils. Peat did not show any sign of this saturation

throughout the incubation period.

Ammonium fixation was not only a function of tíme, but was also

concentration dependent. The absolute amount of fixed NH4+ increased

with an íncrease in the level of applied ammonium nitrogen. The pro-

portion of applied ammonium fixed, however, decreased as the amount of

ammoní.um applied was íncreased. Fíxation of ammonium ín all the soils

r{as positively correlated with the organic matter content. Soil

organic matter accounted for over 808 of fixed ammonium in Ëhe soil.

The ínteraetion between soil organic matter and ammonium could best be

described by fírst order reaction kinetics.

To investigate the possíbílity of direct urea inwolvement in

fixatíon react,ion, soil sterilization r^ras carried out. Soils r^rere

sterílized usíng heat and ganma radiation. This vras to ensure that the

urea remained intact in the soíl by eliminating microbial and enzymatic

activÍtÍes. It vras found that heat sterilization resulted in the

liberation of clay fixed ammonium. Complete sxerLlizatíon was achieved

as signified by the atrsence of urea hydrolysis in heat-sterilized soí1.

From the data generated, it \¡ras not possible to state unequivocally

that urea ínteracted directly wíth soil organic matter. If such an

interaction existed at all, the magnitude was probably srnall.

I^Iith gamma radiation, soil sterilization r¡ras achieved, but the

I

I

I

I
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urease er.zyme was not completely inactivated. The high radiatíon flux

of the source, necessitating a short exposure time, may be partly

responsible for the incomplete inactivation of urease. Rate of urea

'hydrolysÍs \^las sÍgnificantly reduced by gamma radíation. Ammonium

fixation was not affected by soil sterilization confirming that the

mechanísm of NH4+ fixation was nonbíological.

By incubating soil containing fixed 15¡qg4+ with an l4N-"orrr"", a

significant amount of isotopic exchange v/as obtained. The level of 15N

exchanged was a linear function of the amount bf ammonium initially

fÍxed. The rate of ísotopic exchange rì/as found to be quite rapid in

soil containing a low level of fíxed ammonium. As the level of fixed

ammonium increased, the level of fixed 15tl exchanged also íncreased

with tíme. The results from samples initíally incubated for l- week,

which had less isotopícally exchanged 15tl than the samples incubated

initially for 4 days, might suggest reversion to a more stable form

with time.

From the level of ammonium fixation obtained in the four soils it

could be concluded that ammonium fixatíon is unlíkely to be a factor of

importanee in the nítrogen economy of sandy soils such as the Alrnasi-

ppi. In soils of high clay and/ot organic matter content, however,

sígnificant amount of applied NH4+-N may be tied up by the soil and

rendered unavaílable to plants
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PROPOSAL FOR F'I]RTHER STUDIES

From Lhe ínsight gained on ammonium fíxatíon in this study, the

,following areas are suggested as worthy of further investigation.

1. The effect of temperature on ammonium fixation (-5 to 100oC).

2. The effect of varying soil pH on ammonium fixation.

3. Fixation of ammonium in HF-treated soil using 15N-1"b.11.d

urea and ammonium sulphate.

4. Fractionation of the soil organic matter containíng fixed ammonium

to determine the amount of fixed ammonium ín the different

fractions.

5. Determination of the portion of fixed ammonium that can be taken

up by plants, correlating this wíth the amount that is isotopíca-

lly exchangeable.

6. Long term fÍxation study. To determine, for example, the

equilibríum point for peat soí1.

7. To determine whether or not fixed ammonium does revert to a less

labíle form with time. ie. what ís the effect of rhe length of

time after fixation on isotopic exchange of fixed ammonÍum or

plant availability of fixed ammonium ?
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APPEND]X

Isotopíc Exchange After 1 Day Of Primary Incubatíon

L2L

in 5s of soil

Isoexch

0.07s

0.068

0.063

0.074

0.026

0.033

0.030

0.036

0.028

0.028

o.029

0.023

Time

1

Peat 6

L2

24

Clay 6

L2

Loam

Total N2

4.37

4.14

4.28

4.23

4.48

4.s7

4.82

4.82

8N15
incu. ) (

Sand

4. 5B

4 .67

4.78

4.12

1.75

1.68

r.54

L.77

O. BB

1.01

0.92

1.03

0.89

0.89

0.89

0. 7B

0.94

0.97

0.84

0. B3

81. s8

81-. s8

81.58

81. s8

88.94

88.94

88.94

88.94

88.ls

88.15

88.15

88.ls

87 .75

87.75

87.75

0 .030

0.032

0.026

0 .02s

1

24

1

6

L2

24

4.7s

4.7r

4. 83

4.9r

1

6

I2

2/+ 87.75



Peat

Clay

Loam

Sand

4. B0

4.9L

4.89

4. B1

4.79

4. 80

4.86

4.7s

4. B1

4.96

s .00

4 .89

1.ls

L.L]

1.19

r.49

89 .01_

89.01

89 .01

89.01_

L22

0 .070

0. 100

0 .099

0 .117

0 .043

0 .044

0.046

0.062

0.021_

0.022

0.024

0.024

0.030

0.03s

0.037

0.039

Isotopic Exchange After 2 Days Of Primary Incubation

L 4.64 L.49 75.7I

6 4.63 L.96 75 .7L

L2 4.80 1.89 75.7L

24 4.6L 2.24 75 .7L

1

6

L2

24

I

6

L2

24

1

6

0.76

0.78

0.81

o.82

88 .67

88 .67

88 .67

88 .67

L2

0.92

0.99

L.02

1.08

88.98

88.98

88.98

88.982/+



L23

Peat

Clay

Loam

Sand

0.096

0.133

0 .138

0.L77

Isotopic Exchange After 4 Days Of Primary Incubation

L 4.54 1. 84 7L.23

6 4.6L 2.36 7r.23

L2 4. 30 2.s7 7r.23

24 4 .26 3 .20 7L.23

I

6

T2

24

I

6

L2

24

1

6

4 .65

4.53

4.49

4.54

4.68

4.69

4.6t

4 .5t+

4. s8

4.63

4. s0

4.58

1. s6

1. s9

L.]L

L.96
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86.94
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0.065

0.06s
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0.0s3
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0.077

0.078
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0.063

0.078
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1.38
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1.58

1. 91
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90.25

90.25
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-r

Peat

Clay

Loam

Sand

1.35

L.72

r.92

2.L9

Isotopic Exchange After 7 Days Of Primary

t 4.33 1.60

6 4.sB 2.08

12 4.55 2.20

24 4.72 2.60

4.59

4.45

4.73

4.13

4.s6

4.45

4.s6

4.73

1. 16

L.22
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67.54

67 .54

67.54

67.54

85 .7 t+
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85.74

85.74
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Incubation

t24

0.081

0.119

o.L27

o.L62

0 .043

0.04s

0.066
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0 .0s1

0.068
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1

6

1
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I

6
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24
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6
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t+ .59
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