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ABS TR.A,CT

The exÈent of biological inmobitization and fixation

of fertilizer nitrogen as affecteal by method of placement \'¡as

studied in a Newdale clay loam soil. Two laboratory incuba-

tion experiments erere conducted in which tt15-l-.b"lled ammon-

ium sulphate was either mixed with the soil or banded in the

soil. The effects of amo unt of nitrogen added, presence of

straw and its mode of placement (mixing \,rith the soil or band-

ing in the soil) and the effect of a nitrification inhibitor

(N-Serve) r^Iere studied.

Immobilization or fixation of niÈrogen as measured

by percent recovery of mineïal nitrogen (ammonium, nitrate

and nitritê) was increased when s traw was added- Fertilizer

placement, mode of sÈraw placement' amount of nitrogen mixed

with the soil and addition of N-Serve did not affecÈ percent

recovery of added mineral nitrogen.

ïrunobilization or fixation of m15 banded in the soil

was about one half of that when Èhe nitrogen was mixed with

the soil. Straw apptication at 13 of soil weight doubled

immobilization for both nitrogen mixed !øith the soil and for

nitrogen banded in the soil- although percent nitrogen immobil-

ized was greater in all instances where the nitrogen l"zas

mixed with the soil. S t.rar^I placement did not alter percent

nitrogen immobilized. N-Serve increaseé immobilization.



Immobil-i zation as measured by recovery of mineral

nitrogen was not. consistent with the results obtained. from

tt15 d.t.. SoiL-fertilizer interactions which rnay have been

responsible for this discrepancy are discussed-
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I. IiVTRODUCTION

1.I ceneral

The most important forms of nitrogen readily
absorbed by plant roots are the mineral forms: nitrate (NOl)

-¡--
ammonium (NHi) and to a very little extent, nitrite (NO2).

Yet onl-y a very sraall fractíon of the total soil nitrogen

occurs in the inorganic available form. The greater portion

of soil nitrogen occurs in the organic form. This organic

form can only be used by plants after it is broken down by

heterotrophic microorganisms to release the nitrogen in

inorganic form, a process called mineralization. But only

about 2 to 4 percent of the organic nitrogen is mineralized.

each year. As a result of this slor"¡ rate of mineralization,

modern agricuJ-ture cannot. depend on this supply of nitrogen

on1y. Yet nitrogen is the soil nutrient which plants require

in greatest quantity- Therefore, in order to attain high crop

yields, there must be a liberal addition of nitrogen to the

soil to supplement the supply from míneralization and the

amounts already present in the inorganic form.

The purpose of nitrogen fertil-izer addition is to

increase the supply of nitrogen to the plant. Nitrogen

fertilizer applications have to be made at the proper stage

of plant growth and placed such that pl-ant roots can easily

absorb it in order to attain efficient use of the fertiLizer.
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The efficiency of utilization of nitrogen fertilizers by

crops depends not only on the nethod and time of application

but also on the nitrogen requirement of the crop and its

rooting habit, the chemical form in which the fertilizer is
+-applied (NH;-N or Noa-N), the amount of potentially mineral-

izeabfe nitrogen in the soil and amounts of inorganic

nitrogen in the soil profile. only about 40 Èo Q0 percent

of the fertifizer nitrogen added to a nitrogen- de ficient

soil is recovered by crops. The remainder is rendered

unavail-abl-e or lost from the soil environment by some

physical, chemical and biological processes. The addition

of carbonaceous crop residues and the method of fertilizer

application influence such losses.

L.2 Problem Analysis

SÈudies on fertilizer placement conducted by the

Department of Soil Science, University of Manitoba, indicated

that placing nitrogen fert.ilizers in a band (35 cm. spacing

and 6 to 7 cm. depth) was superior, as measured by grain

yields, Uo equal- amounts of fertílízer mixed throughout the

surface 5 to 7 cm. depth of soi1. This indicated relatively

more fertilizer nitrogen hlas lost from the soil or rendered

unavail-able whe"n it was mixed throughout the soil as com-

pared to nitrogen placed in a band. There are various ways

by which nitrogen is rendered unavailable to crops. These

include:
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(a) Immobil-ization of nitrate and ar,rmonium forms of nitrogen

by soil microorganisms during the decomposition of crop

residues 1ow in nitrogen content,. Immobilized nitrogen is
temporarily r¡navailable to plants.

(b) Entrapment in between lattices of ex¡randing silicate

clays. (Ammonium fixation).
(c) Loss of the nitrate form of nitrogen in drainage water

when it rains or when soil is irrigated., a process called.

I eachi ng.

(d) Volatilization of gaseous products such as ammonia when

ammon i um fertilizers are placed on the soil surface or not

properly incorporated.

(e) Loss of gaseous products such as molecular nitrogen or

oxides of nitrogen in poorly drained soils, or in conditions

that favour nitrite accumulation (denitrification).

1.3 Objectives

This study was conducted to determine the pro-

portion of applíed nitrogen which is rend.ered r:navaiJ-able by

ammonium fixation and microbial immobil-ization when arnmoni u¡n

sulphate ferÈilizer is mixed. throughout the soil as compared

to placed in a band. A nitrífication inhibitor, 2-chloro-6-

(trichloromethyl) pyridine (N-Serve) was included in some of

the treatments to study the extent of ammonium fixation and

microbial immobilizaÈion when nitrogen is retained in the

ammonium form for a long period of tine. The effect of crop
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residues (wheat straw) and the me thod of placement of the

straw in the soil on biological immobilizaÈion was also

studied. This study consisted of tvro laboratory experiments

in which the treated soils were incubated at field capacity

moisture content for periods up to 12 weeks at 20 to 25 C.

The stable isotope Nl5 *." used to enrich ttre ammonium

su.lphate fertilízer in order to determine the fate of the

nitrogen fertilizer.



II. LITERATURE REVIE!Ù

2.L Fate of chemical Sources of Ì'Titrogen in the soil

Inorganic sources of nitrogen are by far the most

important of fertilizer nitrogen compounds. Most inorganic

nitrogen fertil-izers are ammonia derivatives such as anhydrous

ammonia, aqua ammonia, amrnoni um chloride, ammonium nitrate,

anunonium sulphate and urea. Nitrate sources are used to a

l-esser extent than ammoniacal- fertilizers. Since all the

ammoniacal nitrogen fertilizers províde the ammoni um ion

(rfuI) as the main initial product in the soil and since these'4'

are important sources of fertilizer nitrogen, most chemical,

physical and biological interactions in the soil begin with

the ammonium ion. The reactions which determine the fate of

fertil-izer nit.iogen are discussed in the following sections.

(A) Crop Uptake

When nitrogen fertilizer is inÈroduced into the

soil it is exposed to plant root,s for absorption. This is

the intended fate for which the fertilizer is added. However,

soil constituents (inorganic and organic fractions or the

soil- microflora) afso react with fertilizer nitrogen. This

has a great influence on the availability of the added

fertilizer to plants. Usually considerable loss occurs.

Unpublíshed data (Dept. of Soil Science, University of

Manitoba) showed that annual crops recovered about. 20 to 60

percent of fertilizer nitrogen applied. AIIison (1966), in
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his review of work on the fate of niÈrogen in soils, showed

fertilizer recoveries in crops varied widely with growth

conditions and cropping systems, but were not likely to be

gïeater than 50 to 70 percent even under the best. field

conditions. zamyaÈina (1969) using l¡15- lub"Ited fertirizer,

showed that only about 30 to 70 percent of applied nitrogen

r4ras taken up by plants' Seven to 45 percent was immobilized

and the rest l¡ras unaccounted for. Chalk et aL. (1975) in

their study of crop recovery and. nitrificaÈion of fall and

spring-applied anhydrous ammonia showed 'Ehat although

crop recovery of appl-ied nitrogen depended on soil type and

rate of application ' at, most 40 percent was recovered.. Thus '
the findings of these researchers, among oÈhers, indicated

that it is almost inevitable that some fraction of fertilizer

nitrogen is rendered. unavailable to crop pla¡ts. Only by

proper agronomic practices can these losses be minimized.

(B) BioLogical Immobilization of Inorganic Nitrogen

(1) The immobilizátion-mineralizatíon cycle_

Microorganisms and. higher plants absorb and

assimilate inorganic nitrogen into cellular organíc nitro-

genous compounds. Under normal soil conditions, inorganic

nitrogen is formed from organic nitrogen also. So, the

processes of immobilization and. mineralization occur

simultaneously (Biotogical interchange of nitrogen). The

net effect of these processes depends on the energy supplied
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to the microorganisms among other soil facÈors. 14 the

presence of an abundant energy supply in the form of

carbonaceous materiaJ., microorganisms multiply rapidly

with a consequent vigorous synthesis of protoplasrn. This

process requires nitrogen. l4icrobial protoPlasm contains

from 3 to l-2 percent nitrogen (Harmsen and Kol-enbrander

1965). This is usually higher than the nitrogen content of

most decomposing substrates. It is common practice to

leave crop resid.ues on the soil after harvesÈ which are

exposed to microbial decomposition. In their decomposition,

the nitrogen they contain is released and. re-absorbed by

the decomposing microflora. If the nit.rogen content of Èhe

decomposing residue is less than microbial demand, the addi-

tional nitrogen must be supplied by the soil- reserves of

inorganic nitrogen. Therefore, there will be a net immobil-

ization of ínorganic nitrogen initially present in the

native soil , or, applied as fertilizer. Net mineralization

occurs if the decomposing substrate contains more nitrogen

than the microbial demand in which case inorganic nitrogen

accumulates in the soil.

Net immobilization and mineralization can some-

times be predicl--ed from the C:l.I (carbon to nitrogen) ratio

of the resídue added. Net mineralization usually occurs

when the C:N rat,io of the decomposing residue is below

20 to 25. At ratios greater than this in the residue
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net immobilization usually occurs, (Pinck et aL. 1946i

Allison and Klein L9621 . Hor'/ever, some substrates which

are highly lignified are resisÈant to microbial breakdown

and despite their wide C:N ratio, may not cause net niÈrogen

immobilization. On the other hand, stable humus, i.¡hose C:N

ratio has been reduced to I0 to 15 wilJ- not degrade any

further ancl therefore its narrow C:N ratio d.oes not imply a

ready release of nitrogen (Harmesen and Kolenbrander 1965) -

The degradability of a substrate rather than it's C:N ratio
per se is important in predicting the fate of mineral nitrogen

in the soil. Allison and Klein (1961), studied the compara-

tive rates of decomposition of wood and bark of ten

different, species of softwoods incubaÈed in the soil at tr^ro

levels of nitrogen for 53 to 800 days, and measured CO2

evolution as an ind.ex of decomposition. They shor"/ed that
these substrates were resistant to decompos ition, the

resistance varying for different tree species. Due to the

slow rates of decompostion, the soil it,self was able to
furnish adequate avaitable nitrogen for maximurn rates of
decomposition and supplemental nitrogen rnras not needed.

Supplemental nitrogen at times red.uced the decomposition rate.
The authors suspected the supplemental nitrogen was in ..

excess of microbial demand and inhibited microbial activity

by the sal-t. e ffect.

Iritani and Arnold (f960) studied the release
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of nitrogen during the incubation of 11 vegetable croP

resiclues as related to their chemical composiÈion. Multiple

and simple correl-ation and. regression analysis were con-

ducted between the chemical composition of the residue and

the accumulation of mineral nitrogen in the soiL. The

authors showed that although the amount and decomposability

of the carbon and nitrogen was important in affecting

nitrogen release, the characteristics of the nitrogen were

also important. For example, total- nitrogen in the residue

influenced mineralization but water-soluble nitrogen in the '

residue was twice as effective as the insoluble fraction in

affecÈing nitrogen reLease. Net mineralization of niÈrogen

occured $¡hen the residue contained at least 1.66 to 1.89

percent nitrogen. TotaL nitrogen ptus water-sol-uble nitrogen

r^ras more highl-y correlated with the accumulation of mineral

nitrogen than just total nitrogen and total carbon.

Pinck ¿ú aL. (1946) indicated that organic

substances high in tígnin \4tere likely to have a lower

nitrogen requirement per unit'dry weight than materials

l-ow in lignin. In connection with this Agarr,¡al et aL - (1972)

studied the effects of different carbon sources on nitrogen

trans formations . In all 5 soils studied, mineral nitrogen

was found. to decrease hlith the addition of carbon substrates.

Sucrose, a readily availabl-e energy source accelerated

immobitization of added and nat.ive nitrogen more than
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sugar cane bagasse, a slowIy avaiLable form; but rùithout

any energy source treatment ' the immobilization of added

nj-trogen r¡¿a s related to the C:N ratio of the native soil

organic matter. Winsor and Pollard (1956), in a similar

problem, studied the effects of sucrose on the immobiliza-
+tion of NH;-N and showed that maximum inmobilization

occurred in 2 days for sucrose instead of 40 days as

observed by Atlison and Ktein (1961) for sÈra\n¡. After

16 days one third of the immobilized nitrogen was released

in the sucrose-treated soil. In the strar't-treated soil

of Allison and K1ein, 40 days passed after maximum

immobilization before the nitrogen re-mineralized. At

maximum immobilization, sucrose caused immobilizati on of

nitrogen equal to 3.7 percent of the weight of the sugar

added as compared to 1.7 percent for stravù.

(2) Amounts of inorganic nitrogen immobilized and factors

af fecting irnmobili zation

The amounts of nit,rogen ímmobilized cannot be

specified because these differ depending on soil conditions.

Apart from the avail-ability of easily decomposable organic

residues that cause immobil-i zation of inorganic nitrogen,

other ïeactions must. be considered. Anmoni um fixation.$rhen

ammoniacal fertilizers are used and the reaction of amrnonia

with soil organic matter to form a stable resistant complex,

j.ncrease losses of plant-available nitrogen. These reactions
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make it difficult to interpret the extent, of biologicaJ-

interchange, (Tyler and Broadbent l-958; Broadbent and

Tyler 1962). Jansson (1963) studied this problem also.

using a sandy loam subsoil, he grew oats and t'¡15-I.b.1l"d

(i\H4)2So4 and NaNO3 were added. After one year, 56.5

percent of the added nitrogen remained in the soil for

(NH4) 2SO4, whereas 32.0 percent remained in the soil for

i\aNO3. After six years' the amount remaining in the soil

was 42.9 percent for (NHn) rSO, and 25.5 percent for NaNO3.

The author exptained the difference v¡as caused by ammonium
+-

fixation or a preferential utilization of NH; to NO3 by the

soil- microflora. But since this was a subsoil, anmonium

fixation was probably a dominant factor. DepenCing on the

capacity of a soil to fix ammonium, the amount of biologi-

ca1ly immobilized nit.rogen can at times be overestimated.

The follor¡¡ing factors affect the amount of inorganic

nitrogen immobilized.

(a) Amount of nitrogen added

The amount. of niÈrogen immobilized has been shown

by some workers to increase with increase in amount of nitro-

gen fertilizer added. Legg and Al-lison (l-959) showed

immobilized N15 irr"r.."ed 4 or 5 times as nitrogen addition

increased. from 37.5 mg to 600 m9 of (NHn) 
2So4 

per pot.

However, the amount mineralized vtas constant with rate of

addition. Jansson (1958) and Cady and BarthoLomer'ìt (1960)
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al-so observed an increase in the amount of mineral nitrogen

immobilized by soil under greenhouse conditions with;.an

increase in the amount. of nitrogen added. Harmsen and

Lindenbergh (1949) noted that large quantities of soluble

nitrogen appear to depress mineralization probably due to

the salt effect. Jansson (1958) explained the reduction

in mineral-ization by suggesting that the high concentration

of sol-uble nitrogen stimulated immobilization, giving an

impression of reduced mineralization. These findings $/ere

noted at soluble nitrogen concentrations of 100 to 200 ppm

or greater. The increase in net immobilization of available

nit,rogen idas most noted in situaÈions where nitrogen stas

J-imiting to the development of heterotrophic microflora,
(Atl-ison 1955; Bartholomew 1955; and Kuo 1955). In such

cases, increasing the suppLy of nitrogen increases immobiliza-

tion .

(b) Presence of growing plants versus fallow

The amount of nj-trogen immobilized is also in-

fluenced by the presence of plants growing in the soil .

Absorption of mineral- nitrogen by plants is another type of

biological immobilization since the inorganic form of nitrogen

is converted to an organic form. Hohtever, this is the in-

tended route of the nitrogen that is applied to the soil, so

it is not regarded as a loss. But plants have other effects

that influence nitrogen imrnobilization by microorganisms.
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Broadbent and Norman (1946) found mineralization of native

soil organic matter to be accel-erated by the increase in

microbial- act.ivity attending the decomposition of a readily

available energy source in the soi1. This J-ed to the belief

that increased microbial activity may serve to accelerate

biological interchange. Plant, roots secrete various organic

substances that stimulate microbial multiplication and hence

activity, (rhizosphere effect). It has generally been

observed that nitrogen immobil-i zation is greater in cropped

than in fallow soiIs. Goring and Clark (1948) noted higher

bacterial numbers in cropped than in fallov/ soils. A1so, r¡et

increase in mineral nitrogen was lower in cropped than in

fallow soils even when nítrogen uptake by the crop rIlas

accounted for, Hiltbold et aL. (1951) showed that the

presence of oat plants increased. microbial immobilization of

nitrogen to values 2 Lo 4 times greater than that in fallow

soils. Plhak and Vicherkova (1970) emphasized that many higher

plants excrete organic compounds into thé soil solution,

with hemice llulose-like compounds being liberated in relatively

larger quantities. Therefore, the decrease in mineral nitrogen

under cropping may be brought about by the development of a

rhizosphere flora containing cellulolytic organisms. These

same workers however, observed that peas and timothy grass

roots increased the accumulation of nitrate. This observa-

tion was not explained by the authors. The rhizosphere
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effect in increasing immobilization of nitrogen may be

partially responsible for the observed low levels of in-

organic nitrogen in grassland soils, varying from a tracê

to about 5 ppm (Harrnsen and Kol-enbrander 1965) ' This

rhizosphere effect is increased by the extensive root

system in soils r:nder grass. Although it is generally

accepted that immobilization of nitrogen by the rhizosphere

effect is higher in cropped than in soifs under fallow, the

extent of innobil-ization depends on the plant species, rate

of gro\,rth of plants and the stage of growth of the plants

(Al1ison 1966).

The degree of immobilization of nitrogen, in-

creased by the r:hízosphere effect, can sometimes be over-

estimated if the disappearance of inorganic nitrogen is

taken as a measure of immobilization (even when plant uptake

is accounted for). Some of the root exudates and. sloughed

off tissues may be easily degradable by microorganisms, a

process which increases the biochemical oxygen demand in

the soil. Thêrefore, any available nitrate may be used as

an afternative terminal electron acceptor in the respiration

of facultative anaerobic bacterj- a (Craswel and Martín 1975).

The tevel of organic nitrogen is thus lowered by the re-

duction of nitrate to gaseous products.

(c) Nir

Extensive work has been done to study the effect
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of nitrogen source on the immobilizat.ion of nitrogen in the

soil . Jansson et aL. (1955) studied nitrate and ammonium

sources of nitrogen in the decomposition of oat straw and

showed the ammonium form was used preferentially to nitrate.

This is because the utilization of nitrate as a nitrogen

source requires energy to reduce it to the ammonium form,

the only form in which nitrogen is incorporated into carbon

skeletons in amino acid synthesis. Nightingale (1948) and

Vùinsor and Pollard (f956) also showed the preferential
+-utilization of wttl versus Noa by heterotrophs. Jansson et aL-

(1955), therefore, regarded the nO] form of nítrogen as being

"passive" and unimportant in bi-ological interchange. However,

Stojanovic and Broadbent (1956); Alfíson and Klein (1962) ,

and Broadbent and Tyler (1962) did not agree vtith this view

and regarded both NH;-N, and No;-N as sources of nitrogen for

immobilization. Allison (1966) emphasized that where NO] was

the most abundant source of nitrogen' there r4tas no doubt

that this was the readily available source. Besj-des, under

normal soil conditions nitrification takes place so quickly
+that NH;-N does not persist for a long period of tine unless

it. is placed at. high concentrations in bands where nitrifica-

tion ís slowed down.

' The relative rates at

immobilized is probably related

vironment. Broadbent and TYler

+-
r¡rhich NH;-N or NO3-N is

to the pH of the soil en-

(1965) studied the effect
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pH had on nitrogen immobilizat,ion and noted that wul was

assimilated by microorganisms more rapidl-y under acid than

al-katine conditions (pH 5.3). The absolute quantj-tj-es of

nibrogen utilized were higher for Nnj than for NOr- at all

pH values but quantities of wnl immoUifized decreased with

pH. The reverse $¡as observed for No]. The authors suggested

the results seem to be related to the physiological acidity

or alkalinity of the nitrogen sourcei the NHÏ source being

physiologically acidic, the i{o] source being physiologically

alkaline .

Overrein (1970) studied the effects of tempera-

ture and incubation time on the interchange of rv15-l-.b"11ud

urea, nitrate and ammonium in forest raw humus. His results

suggested immobilization took place faster from urea than

from other sources at all- temperaËures; therefore, the

nitrogen carrier affected biological- interchange. Hot{ever,

the author pointed out that the apparently higher immobiliza-

tion of urea m¿ìy have been associated with direct reactions

of urea with some specific sites on the humus fraction.

Broadbent and Nakashima (1970) showed that in the presence

of rice stra\^rs of different nitrogen contents irnmobíl-i zation

was higher when ni-trogen hlas suppJ-ied as glycine rather than

ammonium sulphate. No explanation for the observed difference

was given by the authors.
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(d) Position of carbonaceous residues in the soil

The presence of carbonaceous residues influence

biological interchange of soil nitrogen. The position of

the residues in the soil is known to affect the rate of the

immobilization process. After harvest, crop resídues may be

removed from the field, left in the field on top of the soil

or incorporated into the soil in the cultivation process.

Residues left on the surface of the soil get

dehydrated and become more resistant to microbial breakdown,

(Parker et aL. Ig57r. For this reason, surface mulch low in

nitrogen or with a wide c:N raÈio does not significantJ-y

increase immobil-ization of nitrogen in the soi1. In contrast

buried residues are not only protected from dehydrat.ion but

are also in direct contact with the addcd nitrogen and

therefore are easily degradable and. increase immobilization.

(e) 'Iemperature, E:oi1 pH and moisture content

Low temperature and suboptimal moisture generally

sl-ow d.own biological actívity and hence the i¡nmobilization-

mineralization process. There is a slight tendency to sloln/er

decomposition under acid than neutral or slightly alkaline

conditions (Norman 1931). This, however, is not necessarily

the case since chere is a wide variety of microorganisms in

the soil that can !íithstand extreme environmental factors of

pH, temperature and moisture. Broadbent and Nakashima (1970)

indicated that immobilization of nitrogen occurred to a con-
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siderable extent even in anaerobic soils under flooding.

(3) Availability of immobilized nitrogen

Immobilization is regarded as a l"oss of plant-

available nitrogen only from the point of viev¡ of immediate

needs by plants. It does not represent a net loss of this

nutrient from the soil system in which it is held as a

reserve. But it is important to know how useful this reserve

is to future crop needs. Brenner (1955) indicated that a

large fraction of the organic nitrogen taken up by microor- ..

ganisms is synthesized into protein, with a smaller fraction

being in the form of amino sugars. Microbial tissue, Iike

animal and plant protein,is susceptible to enzymatic hydrolysis

releasing nitrogen into the inorganic form (Bartholomew 1965).

Hor4rever, in the formation of humus, microbial nitrogenous

compounds combine with resistant products of decomposition

from plant residues to form a stable complex which protects

the nitrogen from further decomposition. Tyler and Broadbent

(1958) i Broadbent and Tyler (1962) and Broadbent and Naka-

shima (1970) indicated that. although immobilization is a

rapid process, the immobilized nitrogen resists mineralization

for a long period of time. Immobitized nitrogen was released

at the rate of ¡bout 2 to 4 percent each year. ,Jansson

(f963) found net mineralization rates of onl-y 3.0 to 4.7

percent per year for immobílized nitrogen. The avail-ability

of immobilized nitrogen decreased progressivley r4tith tÍme as
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the newly-ir¡mobi l ized nit,rogen compounds changed to sub-

stances of increasing biological stabitity. wo j cik-Wo j tkowiak

(l-969) considered immobilization as a btay of preventing

nitrogen loss because she observed large losses of nitro-
gen when strar4r was not added to the soil. This was true

for soils of a high nitrifying capacity where the soil

conditions were conducive to considerable loss of nitrate

by ìeaching. She noted, however, that the coefficient,

of uttilization of fertilizer nitrogen was possibly reduced

by immobili zation.

The period of time during which immobilized

nit.rogen remains stable or resj-stant to decomposition is

Iargely unknown (Broadbent and Tyler L962) . However,

Hallam and Bartholomew (1953) and Stotzky and Mortensen

(1955) noted that fresh organic materials promoted decom-

position of native organic mat.ter. Chu and Knowles (1966)

also noted this "priming effect" of raw black spruce humus

on the mineralization of stable humus. This priming effect

is believed to increase the development of an active and

violent microbial population that is abl-e to attack stable

humus. The reactions occurring to give a priming effect are

difficult to comprehend. As it \n/as already pointed out by

Ty1er and Broadbent (1958) immobilized nitrogen becomes

progressively unavailabl-e with time due to the formation

of compounds of increasing biological stability. Broadbent
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and Ty1er (1962) and casser el; aL. (1967), using Nf5 as a

tracer, showed that in instances where there was an increase

in mineralization folJ.owing the amendment of the soil with
tqN--, the release of inorganic nitrogen was more from the

non-tracer nitrogen of soil humus than from the recently

immobilized tracer nitrogen. Therefore, the actual reac-

tj-ons responsible for the priming effect probabl-y await

further clarification.

Ammoni um Fixation

I4echanism of ammoni um fixation

Another react,ion of mineral nitrogen is ammonium

fixation in which expanding clays with a 2:I lattice entrap

arn¡nonium in between the interlayer spaces. ?he mechanism

by whích ammonium ions are fixed by expanding clay lattices

was understood from studies of potassium fixation and the

mechanism is believed to be the same. The entrapment, of
potassium or ammonium in the facing ditrigonal holes of ex-

panding 2:l layer silicates (lattice hole Èheory) makes these

ions fit tightly in the interl-ayer spaces and. renders them in-
accessj-b1e to replacing cations because the crystal l-att,ice

is contracted.. ïn this hray, the }inf is rendered temporarily

unavailable to microorganisms or plants. Unlike biological
immobilization, this is purely a physical phenomenon.

The concentration

solution is usually 1ow and

Lhe ammonium ion in the soil

in equilibrium with the

of
ls
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exchangeable and fixed forms (Barthofomew and Janssen 193f).

N:Il tsnT-xnl
=i- =F

a-e.

(in soil solution) (exchangeable) ( f ixecl)

In a \^re1l-aerated soil, ammonium is quickly oxidized to

nitrate by nitrifying microorganisms. NHÏ is also a ready4'

source of nitrogen for plants and heterotrophic microflora.

The above reactions account for the low concentrations of
+

NH;-N in soil sotution. However, the concentration can be

high immediate Iy after the addition of ammoni um fertilizers

and after hydrolysis of urea. The position of the equilib-.

rium given above wil1, therefore' depend on the concentration

of the ion in soil solution.

(2) Factors affecting ammonium fixation

(a) Influence of potassium on anmonium fixation

It has been pointed out that the mechanism of

potassium fixation is similar to that of anmonium fixation'

Satuïation of vermiculite, ilIite and. montmorillonite with

K' or NH; results in the contraction of the mineral crystal

l-attice \4rhen these ions are trapped in betr^teen the laÈtices.

For this reason, the presence of K+ influences the behaviour

of the ammonium ion to such an extent that the equilibrium

given above is modified to be as follows: (Nommik 1957) .

{x+ + unf)'rs-z\-
(in soil solution) (exchangeable) (fixect)

Thus the soils which are impoverished in potassium fix more
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anunoni um than soil-s rich in potassium (Ghiltiyal and Singh

196f). Stanford and Pierre (1947) and Borde r (1950) showed

that ammonium fixation increased. when potassium was added

simuLtaneously in equivalent amounts and Èhat fixation of
arnmonium was reduced. by potassium applied prior to ammonium

application. Even in soils with equal fixation capacity,

the degree of ammonium fixation differed with soil horizon.

Surface soils fixed equal amounts of ammoníum and potassium

whereas ammonium fixation was greater Ëhan potassium fixation
in subsoils. No explanation was given for the differences in
fixation. Nielsen (L9 7 2') also noted that the two cations

were fixed in similar proportíons but that potassium was fixed
preferentially to ammonium $rhen the two were added together.

He also noted that maxi umum fixation in surface soil was 20 to
30 percenË of the applied ammonium and potassium whereas 50 to

80 percent of the added potassium and ammonj.urn was fixed by

subsoil. Nommik (1957) , however, noted the simultaneous

addition of potassium and ammonÍurn gave variable results of
the extents of fixation depending on the type of fixing
material, concentration and rat.io of the concentration of
ammonium to potassium. For example, potassium and ammonium

added at, Iornr concentrations but in equivalent amounts to a

hydrogen-saturated montmorillonite resulted in more potassium

being fixed than ammonium. However, more ammonium than

pot.assium was fixed when the concentrations of both cations
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h¡ere high.

(b) Presence of other ions

Some investigations have shown that other ions

which do not necessarily cause a contraction of lattice

spacing in silicate clays can influence the amount of

arnmoni um fixed. Ðivalent and trivalent ions have a higher

replacing power than the NHI ion and therefore reduce the
+concentration of NHi on exchange sites. Thus soils pre-

treated with iron and aluminium salts fix less uuf, tiran

soils not treated (Reiteimer 195f and Stanford 1948).

The anion associated r^tith the ammoni um ion may influence

the fixation of the latter. LeggeÈt (1958) pointed out

that anions such as phosphate which tend to be absorbed

strongty to the soil tend to increase ai¡:nonium fixation.

Ammoni um fixation was greater for diammonium phosphate

\4rhen compared to dif ferent arn¡nonium salts. The work of

Malquori and Radaelli (l-960), however, did noL agree with

the above findings.

(c) Concentration of anrnoniurn

It has been shown that soluble NH; is in equili-

briun with the exchangeable and fixed forms. Thus the

amount of ammonium fixed increases with amounts added;

however, the percent of applied uHl which is fixed decreases

with increasing amounts of Nnl added (Leggett and Moodie

L962).
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(d) Temperature

Ammonium fixation is a rapid process and rate of

fixation depends on rate of diffusion of the f.frff, ions. Rate

of fixation is greatest immediatety after addition of the

ammon ium salt and decreases slowly as equilibrium is reached.

Harada and Katsuna (1954) showed that about 60 to 90 per-
+cent of attded NHn was fixed within 6 hours after addition-

Since the rate of fixation depends on the rate of diffusion

and since the Latter process is determined by temperature,

within 0 to 60C the rate of fixation increases \^/i th tempera-

ture. However ' the absolute magnitude of fixation at ,

equilibriurn is temperat.ure independent (Aomine and Wáda

L952) .

(e) soil- moisture content

The amount of annoni um fixed by expanding clays

depends on how tightly the crystal- lattice remains contracted-

The lattice of 2¡I clays expands in the presence of moisture

and the capacity of soils to fix am¡noni um is lower under

moist than dry conditions (Allisor. et 4L. 1951). For dilute

solutions of ammonium, drying increased the concentration

of ammoni u¡n which increased both the rate and nagnitude of

f ixation. This ef fect r¡tas mostly noteC r¡7i th vermiculite

and illite and not observed. where the concentration of

ammonium was initial-ly high (Altison et aL. 1951) ' Alter-

nate \,itetting and dryi¡g of soil increases ammoníum fixation
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(Jansson 1958; Vlalsh and Murdock 1960; and Stojanovic and

Broadbent, 1960).

(f) Particle size, clay content and soil pII

Fixation of annonium increases with clay content,

particularly for 2:1 clay types. Kaolinitic clay-dominated

soils show less tendency to fix ammonium. Sandy soils would

be expected to show less tendency for ammonium fixation.

Hov¡ever, it has been observed that even silt and fine sand

soils often fix considerable ammonium (Jansson and. Ericsson

L962'). Vermiculite and illite fix more ammonium than

montmorillonite.

The accessibility to a fixed Nnf, :-on decreases

with increase in size of the particle of the fixing minerals.

Grinding the s¡il to reduce the particle size is accompanied

by the exposure of internal surfaces and this facilitates

the replacement of absorbed ammonium ions (McDonneIL et 4L.

1959 and Barshad 1954) .

Ghildya1 and Singh (1961) observed that ammonium

fixation in a hydrogen-saturated clay was negligible probably

because the high replacíng power of the hydrogen ion enabled

it to dominate the exchange sites on the clays, or hydrogen

caused the expansion of the lattice and rendered interlattice

arnmonium more accessible to replacing cations. Liming the

soil increased ammoni um fixation because of removal of



(s)

26

exchangeable hydrogen, iron and aluminium (Rich f960).

However, some Scandanavian soils with free calcite showed a

low ammoni um fixation capacity (Karlsson 1952).

changeable aluminium and other ions

The presence of non-exchangeabJ-e aluminium is
known to decrease am¡nonium fixation. Non-exchangeabLe

aluminium can occur in the interlayer lattice and the mineral

cannot contract even in the presence of K+ or wnf, ions.
Filling of the interlayer lattice space with hydroxy-aluminium

groups was observed to reduce the collapsibiJ-ity of the

lattice thus reducing ammonium fixation (Rich 1960). Other

ions with approximately the same radii as potassium or

ammonium, such as rubidium and. cesium are also fixed by

expanding clay mínera1s. Their presence reduces ammonium

fixation through competition for fixation sites.

(h) Influence of organic compounds on ammoni um fixation

Organic compounds can interfere with ammonium

fixation. Porter and Ster4'art (f970) pre-treated subsoils

and. vermiculite with organic compound.s including sucrose,

hexadecanol, citric acid, gelatin, acetic acid, lysine,
cysteine and glycine and then added ammoni um chloride.

Their results di..:mons trated that some of these substances

reduced ammoni um fixation. The reduction of ammonium

fixation by substances containing amíno groups was consid-

erable. Glycine reduced fixation of ammonium by 78 percent
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but organic acids had very little effect"

(3) Plant avail-abitity of fixed ammoniurn

Data on the availability of fixed ammonium to

field crops is inconclusive- Most of the information was

obtained using pot experiments in greenhouses where the

root to soil volume ratio was too artificial to suit field

extrapolation. Information r:nder field conditions is com-

plicaÈed by such factors as uncontrolled precipitation and

temperature regimes which deÈermine the fixation and release

process through contraction and expansion of clay minerals'

Al-so, the general vigour of plants influence its ability to

utilize fixed ammonium. In spite of this, the studies stil1

provide some useful information. Bower (1951), using barley

seedJ-ings, showed that the availability of fixed ammoni um was

increased L4 to 25 percent when the soil was inocutatêd \"ith

nitrifying bacteria. Allison et aL. (1953) demonstrated

that millet could only recover 7 Eo L2 percent of fixed

ammonium. Aomine and Higashi (1953) shohted that the

availability of fixed ammonium to wheat depended on the

nature of the fixing material. Nommik (1957) shoÍ¡ed that

the oat plant utilized up to 80 percent of ammonium in a

high fixíng capacity vermícu11ite heavy clay. Legg and

Allison (f959) showed the uptake of ammoni um by Sudan grass

$/as the same in 2 differenÈ types of subsoils with a high

ammonium fixing capacity and in non-fixing surface soils'
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Axley and Legg (l-960) showed., however, that the upt,ake of

nitrogen by plants from a direct ammonium source or from

urea bras not affected by the capacity of the soil to fix

ammonium unfess there was sufficient potassium to block the

release of the fixed ammonium. It was concluded that

ammonium should not be applied simul-taneously with potassium

to soils with a high fixing capacity.

Plant species differ in their ability to utiLize

fixed ammonium. Cereals have roots \Àtith a low cation exchange

capacity and are more able to absorb monovalent cations such
++

as K- and NH,, Dicotyledon roots with a high cation exchange

capacity cannot readily absorb monovalent ions from sol-utions

and minerals (Drake .et aL. 1951). This víew was disputed

by Evans and Attoe (1948) who showed that. clover removed

more ammonium from soils with a high fixing capacity than

oats. The ability of a plant to utilize fixed ammonium is

not only dependent on the species but on other such factors

as rate of growth, rooting habit and the potassium require-

ment. But the removal of potassium is an absolute condition

for complete release of fixed ammonium (Nommik f965).

Most surface soils of arable l-and do not fix very

high levels of arnmoníum, unlike subsoils. Thus, the

agronomic significance of ammonium fixation on the availa-

bility of fertilizer nitrogen may sometimes be overestimated.

Moreover, fixation and release processes are in equilibrium
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and therefore it should be expected (and is found to be the

case) that once the exchangeable and solution ammonium are

depleted, am¡nonium is released from the fixed porÈion, even

though not a1l the fixed ammonium participates in the

equilibrium reaction (Nomnik 1965).

(4) Influence of microbial activity on avaifabilitv-of

fixed ammonium.

Microbial activities probably aid in the release

of fixed ammonium. Nitrifiers can oxidize to nitrate about

10 to 28 percent of fixed ammonium (Bower 1951; Allison

et aL. 195f; and Nommik 1957). work by Aomine and Higashi

(l-953) showed that 40 to 75 percent of the fixed ammonium

was avail-able to nitrifiers after incubat.ing the soil for 11

weeks. However, the availability of fixed ammonium to

nitrifiers is generally fo$¡. This is difficult to explain

if the equilibrium reaction of solution, exchangeable and

fixed ammonium is operating. Other factors, particularJ-y

Ëhe concentration of potassium interfere r^ri th the release

of fixed aÍunoni u¡n since Nommik (l-965) noted that in

potassium-free vermiculite soils, all the added ammonium

vras recovered as nitrate. The 1oI,7 ability of nitrifiers

to utilize fixed ammonium could also be accounËed for by

the fact that nitrifiers have a low requirement for potassium,

(Welch and Scott 1959). Therefore, oxidation of ammonium

to nitrate by the nitrifiers increases tne x+r/uHf, ratio
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and this may further hinder the release of fixed ammoni um.

In contrast, heterotrophic microorganisms require both llrff,

and K', and therefore, would be more able to utilize fixed
+

NHn erovided there was a sufficient energy supply in the

form of an easily degradable organic substrate. Since the

presence of an energy supply red.uces both x+ and unf, in solu-

tion through upLake by heterotrophs, the release of fixed
+

i\¡H; is thus favoured. Hovrever, it was noted in some cases

that nitrifiers seemed to be more effective in utiJ-izing

fixed ammoni um than heterotTophs (Jannson 1958). .'For

both heterotrophs and nitrifiers, it appears the level of

K+ in the soil has a greater influence on the availability
+of fixed NH; Ëo both groups of microorganisms than mereiy

their relative efficiencies in utilizing it.

(D) Fixation of Anmonia by Soil Organic Matter

Soil organic matter can combine with ammonía to

form a stabl-e complex that is resistant to microbial enzyme

hydrolysis. Since it is ammonia and not the ammonium ion

that is involved in the fixation, this reaction becomes

important only when agueous am¡non i a is used as a fertilizer

or when arnmonia is formed under alkaline pIIs from the

application of ammonium fertilizefs. Urea could be lost

in this manner after hydrolysis.

Ammonia fixation increased above pH 7 (Broadbent
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et aL. I96f). Above pH 7 autooxidation of organic substances

occurs, particularly those with aromatic compounds and phen-

olic groups, resulting in the fixation of ammonia. The fixing

capacity increases with an increase in the lignin content of

the organic matter (Jansson 1960). Jansson (1960) postulated

a¡n¡noni a was initially bor:nd to phenolic grouPs to form amino-

phenol-s which were further oxidized to unstabfe quinonoimíne

rings whích joined to form a stab.le heterocyclic ring structure

in which ammonia was stabilized from chemical and biological

action. Since this is an oxidative process, it would be

expected that mol-ecular oxygen v¡as an absolute requirement

for ammonia fixation. Such was found to be the case for pure

phenols but not $¡ith phenolic groups of soil organic matter

which fixed ammonia even under anaerobic conditions (Broad-

be]rt et aL. l-96].). The presence of Orr however, tends to

increase ammonia fixation.

Anmonia-l-ignin complexes were resistant, to

microbiai decomposition and stable to acid treatment

(Brenner and Shaw 1957). Digestion of ammonia-treated

beach leaf humus with 4N HCl for 24 hours removed only

10 percent of fixed ammonia although 2N NaOH removed nearly

50 percent (Mattson and Koutler-Anderson L942'). Sudan

grass utilized only 4.29 per cent of fixed ammonia (Burge and

Broadbent 1961). with time the resistance of fixed ammonia
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to microbiaL attack and plant availability increased

(Nommik f965).

(E) Precipitation of Ammoni um as Taranakites

Soil constituents other than those discussed

previously react $¡ith l{ffl and reduce the effectiveness of
nitrogen fertilizers. Tamini et aL. (1963) noted that hydrous

oxides of iron and aluminium which fix phosphorous, also re-
act vtith ammonium to form insoluble compounds such as anmon-

ium taranakite, H6 (NH4) 
3415 

(PO4) g.18H2O. The prerequisite for
the formation of these complexes was the presence of llr:f,,

aluminium, phosphorous, hrater and an acid environnìent. The

hígher t,he PO4:NH, ratio in the fertilizer, the higher the

proportion of added arnmonium fertilizer that is precipitated
as taranakite. This reaction may contriirute to considerable

losses of ammoní um fertilizers in highly weathered tropical
soils if ammonium phosphate fertilizers are used.

(F) Leaching

The ammonium ion, d.ue to its positive charge, is
held by the negatively charged exchange materials; silicate
minerals and. organic matter in the soil . Therefore, the

downward. movement of i'rnf, is only possible if it is displaced

by another cation of a higher dispJ-acing power or of the

same displacing power but present in large quantities in the

soil. This cation exchange reactj-on depends on the cation
exchange capacity of the soil (Harmsen and Kolenbrander



33

1965), Ammonium l-osses might be of considerable importance

in sandy soi1s. Soils with a high cation exchange capacity

retain most of the applied ammonium.

The quantity of ammoni um held by soil colloids is

usually low since the ion is subject to various alternative

reactions such as: ammoni um fixation, immobilization by

heterotrophic microflora, absorption by higher pfants and

oxidation to nitrate by nitrifying microflora. The nitrate

produced, being negatívely charged, is not hel-d by soil

colloids and is susceptible to loss by drainage \^Iater from

rainfall or irrigation. Large losses are likely to occ.ur

in course-textured soils and in climatic areas with intense

rainfalfs. No;-N moved to relatively deep depths in soils
J

even under semi-arid climatic condition prevailing over some

prairie regj-ons of western Canada. Doughty et aL. (L954)

showed substantial amor:nts of No;-N in subsurface horizons

of a heavy clay soil . Leaching losses are usually not

serious in soils wiËh a high hrater table since nitrate

can move up and down the soil profile with water movement.

Field-Ridfey (1915') noted upward and downward movement of

nitrate occurred in response to changes in Èhe environment.

Evapotranspiration, by causing an upward movement of water,

may aid some upward displacement of any nitrates leached

beyond the root zone. The presence of plants not only

absorbs the available nitrate but also increases the upward
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(c)

(a)

movement of water by transpiration. Therefore, Ieaching

Losses are less in cropped than fallow soil.

Deni tr i fi ca ti on

Biological denitri f ication

Similar to leaching, denitrification losses involve

NO;-N. The conversion of Nnf to No] makes the former suscep-

tibfe to loss when the latter is reduced to gaseous products.

Unlike the other reactions atready discussed, denitrj-fication
causes a net loss of nitrogen from the soi-l-plant system. Ni-
trate can serve as a terminal el-ectron acceptor in the res-
piration of some facultative anaerobic bacteria. It was gen-

erally thought that denitrification accurred. only where the

facultative anaerobic population was faced with a condition
of inadequate.O^ supply in poorly drained soils in the presence'¿
of large quantities of nitrate. Ho\^rever, Russell (1961) and

Broadbent and Clark (1965) suqqested that denitrification
occurred even in rn¡ell-aerated soils, Its occurrence depended

on the biochemical oxygen demand (BOD) of the soil slzstem.

When easily decomposable materials are add.ed. to the soil
the O- present may not be sufficient to provide for the BOD¿-
so nitrate becomes a supplemental terminal electron acceptor.

Under such conditions, the microenvironment of the bacterial
cell may be completely anaerobic in an otherwise well-
aerated soi1. This condition prevails in fine-textured
soil-s and inside large soíl aggregates where the
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diffusion of O^ is slow particularly at the centre of the
¿

aggregate. As such, denitrification is a continuous process,

the magnitude of which depends primarily on the BOD of the

soil. creenland (1962) noted that nitrification, an

absolutely aerobic process occured simultaneously hrith

deni tri fi cation .

Denitrification can result in a significant l-oss

of nitrogen in some soils because temporary anaerobiosis can

occur after heawy rains or irrigation. The presence of a crop

may increase denitrification losses from root exudates and

sloughed off tissues which increase the BOD of the soil

solution (Bremner anil Shaw 1958). As such' soils under

fallow denitrify less nitrogen than soils under crops. Since

denitrification is a metabolic process, i-t. ís favoured by

mesophilic temperatures; therefore; cold soils trave less

denitrification losses than warm soi1s. The smalI , con-

tinuous l-osses of nitrogen by denitrification occurring

in well-aerated soils, in small pocket,s of microbial

activity or in soils with large aggregates may be serious

losses in alt soils and may account for losses of 10 to 15

percent of the total annual mineral nitrogen inputs

(Broadbent and îlark f965). In his review of the fate of

nitrogen added to the soil, Allison (1966) pointed out

that under common fiel-d conditions biological denitrifica-

tion is probably second. only to leaching as the cause of
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poor recoveries of nitrogen.

(b) Chemo-den i tri fication

Dissimil-atory nitrate reduction by facultative
anaerobes coulci not adequately explain afl the gaseous nitro-
gen losses from Ëhe soil when a nitrate source and an anmon-

ium source were. added to the same wel-l-aerated fal-Low soil.
More nitrogen was recovered from the nitrate than from the

ammoni um source (Broadbent and Clark 1965). This was noted

as gaseous losses of nitrogen chiefly as N, in situations
where nitrite or nitrous acid accumulated. The following
pathways v¡ere suggested to be responsible for chemo-

deni tri fication.
(1) Loss of nitric oxide under acid conditions

3HNo2 + 2r.rcíÏì nuo, + ¡¡re

(2) Reaction of nitrous acid with amino acids (Van Slyke
,'¡reaction )

R-NH2 + HNO2 

---) 

R-OH + H^O + N-l
"rlThe importance of these reactions in explaining gaseous

nitrogen losses \¡ta s doubtful because the soil pH must be

below 5 for the above reactions to take place, a pH range

which does not favour appreciabte accumul-ation of nitrite.

(3) Reaction of ammonia or ammoníum with nj-trous acíd end

subsequent decomposition of ammonium nitrite
NH3 + NHO2 -------, NH4NO2 

------------) 
N2 + 2H2O

This reaction probably explained most of the gaseous ]osses
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of nitTogen by chemo-denitri fication (Allison 1963).

Broadbent and Clark (1965), however, did not agree $¡ith

the significance of losses of nitrogen through the formation

and breakdown of ammonium nitrite

Since the above reactions could not explain the

occurrence of chemo-denitri fication in neutral soils or soil-s

of less than pH 5 it was thought that other facÈors in the

soil accounted for nitrite instability. Clark and Beard

(1960) noted that nitrate instability was greater in the

presencê of organic matter than in its absence. Pretreatment,

of the soil with hydrogen peroxide to destroy the organic

matter resulted in less nitrogen gaseous losses involving
nitrite. Clark (1962) proposed that there were probably

organic-reducing compounds of microbial origin that accel-

erated nitrite dismutation. Wullstein et aL. (1963) pro-

posed that exchangeable cations, particularly heaw metals,

in addit.ion to organic reducing substances, could be

invoLved in votatile losses of nitrogen in the soil.

(H) Volatilization of Ammonia

Loss of nitrogen as ammonia arises from the use of

anhydrous or aqua ammonia in dry soils, use of high concen-

trations of urea which is readily hydrolyzed by urease to

ammonia, and the use of ammonium fertilizer on alkaline soils
(Allison 1966). Losses of nitrogen were not,ed to be high

when ammonium fertilizers were applied on the surface of
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alkaline soils and they were noted to increase with con-
+centration of NH;, soil temperature, pH and inversely related4'

to soil moisture and cation exchange capacity (Carefoot 1971;

McGilI 1971 ; and Toews 1971),

2.2 l4inimizing Nitrogen Fertilizer Losses from the SoiI-

Pfant System

(a) Minimizing nitrogen losses by control of nitrification

Leaching and denitrification losses of ammonium

occur after the ammoni um is oxidized to nitrate. The

nitrification process is not always a desirable one. In

addition to increasing the mobility of nitrogen and thus

making it susceptible to loss by leaching, it results al,so in
increasing soil aeidity. Since the nitrate form is easíly

moved below the crop root zone in high rainfall areas, it is

necessary to apply nitrogen fertilizers in split applica-

tions to insure a continuous supply of nitrogen to plants.

A1so. a del-ay or inhibition of nitrification $¡ould be

desirable in certain instances. This is based on the
+assumption that NH;-N is as good a source of nitrogen for

plants as is }{o]-w, A chemical inhibitor, 2-chloro-6-

( trichloromethyt) pyridine has been tested under laboratory

and to a lesser extent, under field conditions (Goring and

Hamaker L972). This chemical, also known as N-Serve, has

been shown to control nitrification by Ni.trosomanas buL

not by heterotrophic nitrifiers. In the fieJ.d, the bene-
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fits from the use of N-Serve were not consistent. Sr,¡e zey

and Turner(1962) obtained greater yield increases of

cotton, corn and sugar beets with the use of amrnoni um

fertilizers treated s/ith N-Serve than with fertilizers not

treated. Hvber et aL. (1969) showed N-Serve inhibited

nitrification and prevented the movement, of fertilizer

nitrogen belorr 30.5 cm. The treatment also increased v¡heat

y,ield as much as 42 percent more than a Ca(NOr) 2 treatment.

Jaiswal et aL. (f972) showed that some nitrification in-

hibitors, including N-Serve, increased the yield of millable

cane sugar, dry matter synthesis and nitrogen uptake as

compared to control treatments without nitrification in-

hibitors. In contrast, other workers did not obtain benefits

from nitrification inhibitors. casser et aL. (1967) found

the nitrification inhibitor reduced losses of nitrogen but

decreased. Èhe yield of wheat by changing the proportions of
-+NO3 to NH; in the soil. Le\,ris and Stefanson (1973) also

found N-Serve did not significantly increase grain yields.

The difference in these results is probably caused by the

difference in tolerance of plants to NHI and l{Ol nutrition.

Although plants can effectively absorb both the Nnl ana UO,

forms, the assimílation of each of these forms depends on

the species, age of the plant and environmental factors.

Rice plant utilizes l{uf, more effectively than No] at all

stages of growth whereas cotton utilizes nHl more readily
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at early stages than at later sÈages of growth (Scarsbrook

1965). Rhoads (1972) obtained better leaf yields and

quality of cigar wrapper tobacco with a nitrate than with

an ammonium source of nitrogen. In contrast, Forsyth (1971)

obtained equal yields of peaches with NO] and NHI sources

although the NOI source resulted in larger fruit size and'3

higher leaf nitrogen. It is uncommon to find a plant in a

well-aerated soíl , growing better at all times on UUf, tnan

on NO; . Prolonged. exposure to ammonium results in toxicity
in many plant species (Jasson and Volk 1966). This toxicity
arises in cases where plants fail to synthesize amides and

other soluble organic compounds and the am¡nonium accumu-

lates in the tíssues. This happens \"¡hen the photosynthetic

activity of the plant is impaired and insufficient carbon

skel-etons are supplied for amino acid synthesis.

Another aÈtempt. to minimíze nitrogen losses by

leaching and denitrífication was to use slor¡¡-release nitrogen

fertilizers. Attempts were made to apply fertilízers which

would rel-ease nitrogen at a slow rate and at the time vJhen

the nitrogen would be required by the crop. These fer-
tilizers include soluble materials with coatinqfs to reduce

solubíLity, materials of limited water solubility (eg. '

magnesium ammonium phosphate) and materials which are slowly

decomposed by microorganisms. The evaluatíon of slow-

release materials has been mainly Limited to laboratory and
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greenhouse studies. At times sl-ow rel-ease materials gave

slightty higher yie]d, about 5 percent more than soluble

maËerials (Hauck and Koshino f971), but often at nutrient

Ievel-s that hrere too lor4r to susÈain intensive crop pro-

duction. However, slow release materials have been found

to produce a better seasonal distribution of growth parti-

cularly for grasses. Hauck and Koshino (1971) noted that

little j-nformaÈion is availabl-e on the large-scaIe use of

such materials in practical- agriculture. Thus more

information on the relationship between nutrient release

and plant needs is required to assess the efficiency of
sl-ow release nitrogen fertilizers.

(b) Effect of .fertilizer pLacement on the effectiveness

of nitrog.rn fertil-i zers

Nitrogen fertilizers are applied in various ways.

A fertilizer may be localized in a band, mixed throughout

the soil or broadcast on the soil surface. The method used

depends on the ease of handling which in turn depends on the

physical form of the fertilizer; solids (such as salts) or

liquids (such as aqueous ammonia). Other factors that deter-

mine the method of application are the type of crop, the

amount of fertilizer to be added and soil- characteris tics .

The effectiveness of a fertilizer is affected by

the method of application as the physical, biological and
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chemical interactions of soil constituents with appJ.ied

nitrogen depends on the method of placing the fertilizer in
the soil . The method of fertilizer application can red.uce

some of the losses already discussed. Mixing the fertilizer
throughout the soil increases the physical contact \.\¡i th clay
minerals and organic matter. These processes enhance

ammonium fixation and biological immobilization. placing

ammonium fertiLizer in a band makes the salt concentration

within the band very high and microbial grohrth is inhibited
(Pesek et aL. 1971). Such inhibition maintains the nitrogen

+in the NH4 form in which it is less susceptible to denitri-
fication and leaching. ti¡yborg (unpublished data 1975)

showed banding nitrogen fertil_izers to be more effective in
increasing grain yields than nitrogen mixed throughout the
soil . Nommik (1965) noted that. band application of
ammoni um fertilizers and use of granulated material_s reduced

ammonium fixation and. increased fertilizer effectiveness.
Lêgg and Aflison (1959) found nitrogen uptake by Sudan

grass was greater from banded NaNO3 and (NH4) 
2SO4 than from

(NH4) 
2SO4 uniformly míxed with the soi1. The difference $ras

entirely ascribed to less fixation when the xnf, source was

banded. Van Uyen (t971) found that placement of (NH4)2.SO4

reduced nitrogen losses from a water-logged soil and pro-

duced rice yields that were 20 to 25 percent higher than from

broadcasting the (NH4) 2SO4. Donald et aL. (1963), in their
, - r_-;:::.j.: : i. : rr,.:-.-

//<'Á" '-;s,i;\'
'/ '*-^'

Ll

\
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revie$¡ of nitrogen studies, concluded that the greatest

efficiency of applied nitrogen results when a smal-I portion

of the total fertilizer was placed in a band in close

proximity to the seed. row.

Work by others, however, has indicated results

contrary to the above. Burns and Dean (1964) in their study

of the factors affecting movement of nitrate in the soil,
indicated that under certain conditions a large portion of
nitrate present in bands in the soil could move down very

rapidly when the moisture content was above field capacity.

Bandíng of fertilizers such as aqueous amrnoni a and urea

increases the pH of the localized environment. At this high

pH and high levels of ammonium , N¿trobd.ct¿r. spp. activity is

inhibited (Alexander 1961-) while ammonium oxidation remains

unaffected. Under. these conditions, nitrite accumulates

which is toxic to plants and can be lost by chemo-denitrifi-
cation as already described. Jones and Hedlin (l-970) also

noted these same effects i-n some Manitoba soi1s. A localized
placement of urea increased the risk of ammonia fixation by

organic matter because urea hydrolysis yields ammonium

carbonate which in turn can decompose to yield ammonj-a.

vrtiËtich (1961) showed that applying am¡nonia by uniform

incorporation resulted in less fixation by organic mat,ter

than r^¡hen it was banded by a special applícator.

Losses occurring due to ammonia volatilization
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could be reduced by properly incorporating aqueous amrnonia,

urea or other a[unoniacal fertilizer deep enough in a calcar-
eous soil. The soil should also be moist so that, any

ammonia that tends to escape is dissolved and remains in
the soil (Fenn 1975 and hlatkins et aL. L972').
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IÏT. MATERIALS .AI{D METHODS

(A) Materials

(r) soi I
The soil used in these investigations was a

Newdale clay loam with the following characterics:

pH: 8.2 ( Soil,/water 1:10)

3 total iv: 0.37

g Organic carbon: 3.5

Inorganic C(8CO3): 0.4

C.E.C- z 29. U (NII4 Ac. displacement method)

1C(2) N*--labetled (NH¿) 
zSO¿

N15-1.b"ltud (NH4) 
2So4 \"/as used in order that.

the fate of added fertilizer could be determined. The

fertitizer used in this study r^ras prepared from N1s-enriched

(NH4) 
2SO4 with an isotopic abundance of 54.1 percent NI5

excess supplied by Vebberline-Chemie: Berlin-Ad1ershof.

The (NHn) 
2So4 with rn N15 abund.ance of 54.1 peïcent was

mixed with reagent grade (NHr) 
2SO4 to obtain various 1eúels

of N15 excess depending upon the amount of fertilizer
added to the soil.



46

These were:

21.70 percent excess N15 for the 200 ppm treatments,

10.63 percent, excess ttl5 for the 400 ppm treatments and

3.26 percent excess ¡¡15 for the 8OO and 1600 ppm treatments.
lq

The N*- abundance of each of the above was first determined

by mass specÈrometry.

(3) N-Serve

A nítrification inhibiEor, 2 chtoro-6- [tricholoro-
methyll pyridine (N-Serve), supplied by Dow Chemical Co. Itd.,
contained 22 percent active ingredient. It was added in two

of the treatment.s to determine the fate of nitrogen fertilizers
when it was maintained in the NH; form for a long period of
time.

(4) Straw

The straw, obtained from wheat stubble, was finely
ground and contained 0.30 percent total nitrogen. This was in-
cluded in some of the treatments to determine the effect, of
carbonaceous resid.ues on immobilization of inorganic nitrogen.

(5) Incubation plastic cylinders

Each cylinder v¡as 10 cm long and 2.5 cm wide

(internal diameter).

(B) Methods

conducted.

Two laboratory incubation experiments $/ere
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Experiment I - EffecÈs of Stras¡, Fertil-izer Placement,

N-Serve and Amount of Nitrogen on Fixation

or Trunobilization of Added Nit
An experiment r,,ras designed to study the immobil-i-

zation and fixation of nitrogen from (NH4) 2SO4 as affected

by placement. Nitrogen fertilizer was either banded into
the soil or thoroughly mixed with the soil. The effect of
the amount of nitrogen added on immobilization and fixation
was also studied. Straw was added to some of the t.reatments

to assess the effects of applícation of carbonaceous resi-
d.ues on immobilization. N-Serve was included in two of the

treatments to study the effect of maintaining nitrogen in
tire unl form on immobilization and fixation. tt15-I.bell"d
(NH4) 

2SO4 was used to trace the fate of nitrogen as affected
by different treatments. This experiment consisted of ten

treatments each replicated twice. The treatments. vrere

broadly divided into 2 groups.

(a) Nitrogen fertilÍzer mixed with the soil
(i) 0 ppnr N

(ii) 200 ppm N as

(iii) 400 ppm N as

(iv) 800 ppm N as

(v) 1600 ppm N as

(vi) 400 ppm N as

(NH4) 
2SO4

(NH4) 
2sO4

(NH4 ) 2s04
(NH4) 

2SO4

(NHn ) rSon plus 
_ml-xed
IE straw (w/w basis
with the soil)



48

(vii) 400 ppm N as (NHo) ?so¿ plus 20 ppm N-serve (w,/w- mixed with the fertilizer)
(b) Nitrogen fertilizer banded in the soil

(i) 400 ppm N as (NH4)2so4

(ii) 400 pprn N as (NII')2SO4 plus l8 straw (w,/w soil basis)
(iii) 400 ppm N as (NHr) rSO¿ plus 20 ppm N-Serve (w/w

' soil bas is )

The fertilizer treatments T^¡e re prepared as follows:

(a) Nitrogen Fertilizer Mixed r"7i th the SoiI
Sixty grams of soil were thoroughly mixed with

the respective amor:nts of fertilizer to ensure uniform dis-
tribution of the fertitizer throughout the soit. The N-

Serve, where included., was mixed with the fertilizer prior
to incorporation into the soil. The treated soils were

placed into plastic cylinders the bottoms of which v¡ere

sealed hrith a double layer of paraffin coated paper. The

soil was moistened to field capacity moisture content (28

percent) and this moisture regime was maintained throughout,

the duration of the incubation by adding $rater as reguired.
The soils were incubated at 20 to 25C. A sufficient number

of samples r4re re prepared to provide duplicate samples for
each incu-bation period and. treatment.

(b)

into

Nitrogen Fertilizer Banded in the Soil
The plastic cylinders (10 cm length) were cut

3 cm and 7 cm portions and. rejoined with masking tape.
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The opening of the 3 cm portion of the cylinder was then

sealed with paraffin coated paper. ¡¡15-1tb"ll.d (NH4) 
2So4

fertilizer was placed into the cylinder and uni formly

distributed on the paraffin coated paper. Sixty grams of

soil were then added to the cylinders. The 0 to 3 cm

portion of the cyJ-inder, subsequently referred to as 0 to 3

cm from the band contained approximately f7 g of soil whereas

the 3 to l0 cm portion of the cylinder (3 to l0 cm from the

band) contained approximately 43 g of soi1. The moisture

regime and íncubation temperature were maintained as des-

cribed for the treatments where nitrogen was mixed with the

soil. The amounts of N-Serve and straw added and method of

application were simj-lar to those described previously.

Sampling

The soil was sampled aE 0,2,4,8 and 12 weeks of

incubation. fn treatments where the nitrogen fertilj-zer was

mixed with the soil, the dupficate incubaÈion samples were

composited and stoled at -20C' For the banded treatments '
the portion of soil near the fertilizer band (0 to 3 cm from

the band) was sampled separately from the remain¿Ier of the

soil. Dupl-icate incubation samples were composited and

stored at -20, The samples were stored in tight plastic bags

to avoid changes in moisture content during storage.

Sampfe Analysis

(i) Moistuie content
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In order to express the concentrations of NHi,

NO;, NO; and total nitroqen on oven-d.ry basis, 2.0 9 of
soil was dried at 100C for 24 hours. The loss in weight
was obtained and the moisture content of the samples ex-
pressed on an oven-dry weight basis.

(ii) Nitrate and Nitrite
T\4ro and one half grams of moist soil brere used

for these determinations. Nitrate and nitrite determina-

tions were done on a Technicon Auto-Analyzer (Technicon

Controls Inc. Chaneeyr N.y.) and the procedure was as out-
lined by Kamphake et aL. (1966). The concentrations of both
UOI and NO] were expressed. on an oven-dry weight basis.

(iii) Ammon i um Nitrogen and Total Nitrogen

Ten grams of moist soil were shaken with 30 mJ. ..

2N KCI for I hour. The suspension was filtêred and the soil
transferred to the fil-ter paper. The soil was then leached

with several 10 m1 portions of 2N KC1 . The solutions were

brought to vol- ume (100 ml) . The soil residue rras saved.

for N-' excess and Kjeldahl determinations.

Ammoni um-Ni trogen

The concentration of ammonium nitrogen in the
filtrates ltras determined by using an Arrunoni a Electrode
(ModeI 95-I0) in conjunction with an Ionalyzer t4ode1 g0I/

digital pll meter. Tvrenty-five ¡nilliliters of the total
filtrate were treated with strongly alkatine I{aOH and the
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ammon j- rim nitrogen converted to ammonia gas. The concen-

tratj-on of ammonia gas r^ras determined using an ammonia

electrode as outlined by Mertensens et aL. (1975).

Totat Nit.rogen and lvf5 Excess Determinations

The soil- residue that. was saved after ext.raction
with 2N KCI- was used for these determinatíons. Totaf nitrogen
htas deÈermined by the regul_ar macro-Kjeldahl procedure as

outlined by Bremner (1965a) $rithout including nitrite and

nitrate. After digesting the soil in concentrated H2SO4

followed by alkaline distillation of the digesË, the

liberated ammonía was collected in excess standard H2SO4 and

the excess acid was back titrated with standard NaOH solution.
From this the total- nitrogen h¡as calculated. The resulting
ammoni um suiphate solution was acidified with L to Z drops of
concentrated H2SO4 a¡d. evaporated by heating to a voLume of
about, 7 mI. The concentrated (NH4) 

2SO4 solution was used

to determine the abundance of tt15 in the samples as des-

cribed by Bremner (1965b). The a¡nmonium sulphate sofution
was oxidized with alkaline sodiurn hypobromite to yield N,

gas. The gas was coll-ected in completely pre-evacuated

gas tubes for mass spectrometry analysis. lhe l{l5 abundance

in the gas samples r^ras determined using a Micromass 602 mass

spectrometer (V.G. Micromass Ltd., V,Iinsford, England. ).



52

Experiment 2 - Effect of Pl-acement of Nitrogen Fertilizer
and Stra\^r on Inmobil-ization of Added Nitrogen

This experiment r¡¡as set up to study the effect, of
strav¡ placement on nitrogen immobilization. ResuLts of the

first experiment indicated a significant effect of straw on

nitrogen immobiLization. The present experiment was intended

to study further the effects of strav¡ placement (rnixing with
the soil versus banding in the soil) on the immobilizat.ion

of nitrogen .

The same soil as that used in the first experiment.

was used. Only one rate of nitrogen (400 ppm) was used. for
all treatments with an isotopic composition of 10.63 percent

'lE
excess N-'. Incubation plastic cylinders, temperature and

moisture regime were identical- to the first experiment.

Incubation time and sampling intervals were also the same.

The straw used was the same as that. in the first experiment,

and the same weight of soíl (60 g) per clrlinder was used..

Nitrate, nitrite, arnmonium nitrogen, total nitro-
- --15gen and N-- excess determinations hrere as described previous-

ly. This experiment consj-sted of 8 treatments as described

below, each replicated tv¡ice.

(i) No st:avr, no nitrogen
(ii) No s trar^r, 400 ppm NH4-N

(iii) No stravr, 400 ppm NH4-N

( iv) 1* strar"T mixed with the

mixed r^tith the soil

banded in the soil

soil, no nitrogen
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(v) l8 stra\nr banded in the soiI, no nitrogen
(vi) I8 straw mixed with the soil, 400 ppm NH4-N

mixed with the soil
(vii) 18 stra\^r mixed in the soil_, 400 ppm NH4-N banded

in the soil
(viii) få strar4¡ banded in the soil, 400 ppm NH4-N

banded in the soil

Where both straw and fertilizer were banded in
the soil , the fertilizer was first applied evenly on the

bottom of the cylinder- The straw qras then placed on top of
the fertilizeri the soil was then added to the incubation

vessel. Thus, the strarr was placed as a band between the

soil and the fertilizer band. All other treatment.s were

prepared as described for Experiment 1.
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(C) Calculations

(a) Percent N" Excess

The mass spectrometer measures the rat,io of
intensities of the ion currents produced by the t!r/o

isotopic beams (Bremner l-965b). For nitrogen, the measured

ratio (R) is that of the ion currents corresponding Èo

mass 2B (¡114t'114) and. mass zg (t¡14t¡15).

n = [N14rq14]

lwl4nrs ¡

Atom percent N15, (A), is defined as:

. - NuÍber NI5 atomsA = x fOO

= 100_-___:::__ (Bremner 19 6 5 b)
2R + I

rn/here R is the measured peak heights (in c¡n) correspon<1ing

to the N14 and Nl5 isotopes on the mass spectrometer scanning

sheeÈs. The N" excess in the sampl-e was calculated by

subtracting 0.366 (background percent N15¡ fro* the value of
A obtained for each sample.

(b) Nitrate as a qercçnt of Total E xtraslgÞf e_ M¡ ne rg¿.

Ni t rogen

For both experiments, the nitrate nitrogen as a
percent of total mineral nitrogen was calculated as follows:
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'
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I
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(ii) Ni in the soil

Since the fert.ilizer r,ras placed in a bantl. and

soil was sampled in two separate portions, the catculation
this case was made separately on each portion of the soil.

There was 17 9 of soil in the portíon of soil next to the

fertilizer banal an¿l 43 g of soil in the 3 to 10 cm port.ion

þ Hri-H

I in o-3 "tþrt ion

(c) Percent. Recovery of Mineral Nitrogen
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TV. RESULTS

Experiment I

Effects of Straw, Fertilizer pl-acement, N-Serve and Amount

of Nitrogen on f rnmobili zat.ion or Fixation of Added Nitrogen
(A) Ni trate-Ni trogen Content

Nitrate concentration increased with time of
incubation (tables 1 and 2). The concenÈrat,ion of nitrate
increased. with amounts of (NH4) 

2SO4 added (table 1), except

for the N-Serve treatment.. N-Serve inhibited nitrificatíon.
in all treatments. The concentration of nit.rate when st,raw

$tas added was slightly less than when no strarr was added.

This was evident for both banded treatments and when nitrogen
was mixed. i^'ith the soi]- (tabl-es I and 2). The nitrate con-

tent of the soil in the portion of the cylinder away frorn the

fertilizer band ( 3 to l-0 cm portion) increased with incuba-

tion time. This was due to an upward. movement of nitrate by

diffusion as a result of establíshment of a chemical poten-

tial gradient.

(B)

was

4I .

gras

Nitri te-Ni trogen Content.

The concentration of
very low for all- treatments

The greatest concentration

2. 3 ppm.

nitrite-nitrogen in the soil
at all times (tables 3 gnd

of nl tri te -nitrogen obtained
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Table f. i\¡itrate concentration (ppm l''l) when fertilizer kras

rnixed h'ith the soil. - ExperimenÈ 1.

Table 2. Nitrate concentration (ppln N) when fertilizer was

banded in the soil. - ExPeriment l.

Ãmount of (NH4)2SO4 added (ppm N) and soil sampled

I ncubat î on
Period

(wk)

400

0to3cm 3tol0cm
from band from band

4oo + strab,

0to3cm 3tol0cm
from bãnd from band

400 + N-se rve

0to3cm 3tal0cm
from band f rorn band

0

2

4

I
l2

6

lì0
227

553

430

6

66

t3¡

227

322

77
789
163 37

\2\ t 59

353 173

7

8

ll
5

l9

7

t0

7

7

l2

Amou¡ts of (NH4)2sO4 added (ppm N)

lncubat i on
Per i od

(wk)
0 200 400 4oo +

S traw
400 +
N-5erve

800 t 600

0

2

4

8

t2

6

50

\9
68

7l

7

t7l
251

252

2\t

6

r6l
300

\57

383

7

t4ì
2\8

337

275

7

9

l0
r6

20

6

l86

322

695

785

7

t30

3ì ì

730

75t
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Table 3. Nitrite concentraÈion (ppm N) when fertilizer was

míxed with the soil. - Experinent 1.

.årnounts of (NH4)2SO4 added (ppn N)

Tab1e 4. NitriÈe concentraÈion (ppm t¡) r^'hen fertilizer v/as

banded in the soi1. - Experiment 1.

Ânount of (NH4)2SO4 add.ecl (ppm N) and soil sampled

lncubåti on
Per ¡ od

(*k)
0 200 400 400 +

Straw
400 +
N-Serve

800 t600

0

2

4

I
t2

1.2

0.4
o.7
0.9

0.t

t.5
0.5
0.5

t.0
0.5

0.7
0.4
0.8

0.9

0.5

0.9
o.7
0.5

l.l
o.3

0.8
0.3
0.6

l.l
0.3

0.7
0.7
0.5

1.0

0.4

0.6

0.6

0.7
0.9

0.2

lncubat i on
Peri od

(wk)

400

0to jcm 3tol0cm
from band from band

400 + straw
0to3cm 3tol0cm
from band from band

400 + N-serye

0 to 3 cm 3 to l0 cm
frôñ bãnd from band

0

2

4

I
l2

1.2 1.2

o.7 0.4
o.7 0.4
t.4 1.2

0.3 0.3

0,8 0. 8

o.7 t.t
0.9 l. t

L6 2.3
0. 3 0.5

0.5 0.5

0 .5 0.4

0.9 0.7
2.3 0.6
0.4 0.4
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(C) Kcl-Extractable Arnmonium-Nitrogen Content

A general decrease in the concentration of KCI-

extractabl-e ammonium-nitrogen occurred vrith time (tabfes 5

and 6). There $/as a noticeable and sharp decrease in the

concentration of ammoníum-nitrogen during the second to the
fourth week of incubation. N-Serve maintained high levels of
a¡nmonium-nitrogen at all times (tab1e 5). A noticeabl-e de-

crease in the concentration of ammonium-nitrogen occurred after
eight weeks of incubation in the soil treated with N-Serve.

As woul-d be expected, the concentration of ammonium-nitrogen

increased with the amounts of fertil-izer added. About 600
+ppm NH4-N vras present even at the twelfth week sampling for

the soil treated wirh 1600 ppm NHT-N (table 5). Virtually
all the added ammoni um had disappeared by the eighth week

(except for the N-Serve treatment) when 400 ppm lUf,-W was

added. Almost al-I the added ammonium had disappeared by the

fourth week when 200 ppm UHf,-W was added. The concentration

of ammonium-nitrogen during the zero to four-Ìnreek incubation
period was lower in the straw-treated soil than in soil noÈ

treated with straw (table 5). The trend of a fower content

of ammonium-nitrogen in the presence of strarnr v¡as not evídent

where the fertilizer was banded (tab1e 6). The concentration

of am¡nonium-nitrogen decreased after eight weeks of incubation

for the li¡-Serve treated soil (tables 5 and 6). Except, for
the N-Serv€ treated soil (table 5), virtualty al-I the added
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Table 5. CDDcer¡i:rã:Èi-on of Ncl-extractable arunonium (ppm ¡¡)

¡¿hen ferti-fizef ¡s:as rn-ixed with the soil ,

Eæeriffsnt. L.

-A¡rioJ¡nts oJ

I ncubåt ¡on
Per ¡od

(wk)

766

608

390

99

2l

388

\12

\7o

47\

328

408

167

30

3

24

5n
z-v8

Þ
3
4

2J+

66

lo
3
¡

r8

7

6

5
(.

0

2

4

I
l2

1635

I 309

Ir04

994

6r r

lable 6. ConoestfsÈj:on of Xc1-extractable ammonium (ppn N)

*hæ furtiAi-zer was banded in the soÍl.

EE €EiÍEnt l-..

Àüou¡t of (ñfl, ) and soit sampled

I ncubat ì on
Per¡ od

(wk)

0

2

4

I
l2

27

3

4

7

t267 :18

I 135 ,t2

781 16

368 3
r52 3

1267

¡D4l

8t4

312

l5l

1267

r t05

l25l
1035

630

t9

62

98

84

t75

400

0to3cn 3 f! ìlio cm
from band from tsnd

400 + straw

0to3cm 3tol0cm
from band from band

400 + N-Serve

0 to 3 cm 3 to l0 cm
from band from band
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a¡nmonium-nitrogen had disappeared by the end of the incuba-

tion, when the fertilizer was mixed wit,h the soil but not

hrhen it was placed in a band at 400 ppm NHä-N (table 6).

(D) Nitrate as a Percent of Total Mineral- Nitrogen

Nitrate, as a percent of total mineral nitrogen,
when fertilizer was mixed with the soil and when it was

banded in the soil , is shown in tables 7 and 8, respectively.

This parameter measures the relative appearance of nitrate-
nitrogen or disappearance of ammonium-nitrogen. Nitrate as

a percent of total mineral nitrogen increased to 1008 after
4 to I \4'eeks of incubation, particutarly when 200 and 400 pprn

+
NH;-N was mixed with the soil . This indicated that under

these conditions, ammoni um was oxidized to nitrate with litt.le
or no ammonium or nitrite being present in the soil. It was

also noted that with higher concentrations of ammonium (800
+and 1600 ppm NH4-N), not all the mineral nitrogen was present,

as nitrate. Only 53å of the mineral nitrogen was present as

nitrate even after twelve weeks of incubation when 1600 ppm

+
NH4-N r"ras added to the soil . Rate of nitrification appeared

to decrease with concentration of added nitrogen. About two-

thirds of the ammonium-nitrogen applied at, 200 ppm had dis-
appeared by the second week as compared. to less than orie-third

of the applied ammonium aL 400 ppm (table 7) . Virtually aJ_J_

the mineral nitrogen added remained in the aûLmoni um form when

N-Serve was addecl . Application of strar"/ did not affect the
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relative appearance of ni traÈe-nitrogen or dirsappearance of
ammoni um-nitrogen (table 7).

Banding the nitrogen ferÈilizer reduced nitrifi-
cation or the fraction of nitrogen present as nítïate.
Appl-ication of strar,¡ reduced the fraction of nitrogen in the

nitrate form when the nitrogen fertilizer was banded. The

effect of fertil-izer placement, on the fraction of mineral
nitrogen occurring as nitrate was consistent with the data in
tables 5 and 6 which showed higher concentrations of KCI-

extractable ammonium-nitrogen in banded as compared to the

treatments in which the nitrogen fertilizer was mixed with
the soil -

(E) Percent Recovery of Mineral Nít.rogen

Except for ¡r¡-inor variations betr^reen sampling

periods, the percent ïecovery of mineral nitrogen was con-

sistently high in all treatments varying from g2 to I03g

except $¡hen straw was added where recovery was. as low as

56? (tables 9 and 10). No trends in the percentage recoveríes
with incubation time r¡re re noted. A1so, percent recovery was

independent of the amount of fertilizer added. Addition of
N-Serve did not affect percent recovery. percent. recoveries
when nj-trogen r¡ras banded were sJ_ightJ-y less than r,rhen nitrogen
was mixed $/ith the soil .

Percent Total (Kjeldaht) Nitrogen in the Soí1 After
Extraction with KCI

(F)



Iãb¿e 7- Nitrate as a percent of

nitrogen when fertj-lizex

Experiment l.
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total extractable mineral

was mixed i.vi th the sÕiL.

4
ppm N)

I ncubat ¡ on
Per i od

{wk)
200 400 400 +

S traw
4oo +
N-Se rve

800 1600

0

2

4

I
l2

0

67

98

¡0¡

t0t

0

29

75

l0l
100

0

36

90

l0¡
t¿

0

0

0

0

0

0

r9

42

87

98

0

6

r8

4o

53

æible 8. Nitrate as a petcent of total extractable mineral

nitrogen when fertj-lizer was banded in the soil.
Experiment 1.

Anount of (NrI4)2so4 added (ppn N)

400 + Straw 400 + N-serve

0

0

0

0

0

o

2

4

I
l2

0

I
33

7l
86

0

0

9

66

76



Têble 9. Percent recovery of mineral nitrogen hrhen

fertilizer was rcixed with the soil.

ExperiÍient l.

Amounts of (r{Hr)rSO, added (ppm N)

lncubð t ion
Per ¡od

(wk)
200 {00 400 +

Strôw
Àoo +
N -Se rve

80o t600

0

4

I
l2

94

90

102

9l
83

90

96

84

97

78

98

63

56

67

56

93

9l

96

104

ír8

93

92

86

90

9l

t0t
86

9r

r 03

80

'rFhle 10. Percent recovery of mineral nitrogen !'then

fertilizer vtas bandeal in the soil.

txpêrinent 1.

Amount of (NH4)2so4 added (pp¡n N)

I ncubation
Per¡ od

(wk)
400 400 + s traw 400 + N-Serve

0

2

4

I
l2

90

88

80

88

80

90

69

63

63

h9

89

78

95

72

6t



Table 11. Percent total (Kje1dahl) nitrogen in soil after

extraction vrith KCI vrhen fertilizer was mixed

r{rith the soil. - Experiment 1.

-qmounts of (NH4)2SO4 added (ppm N)

lncubâtion
Per iod

(wk)
0 200 400 400 +

Straw
400 +
¡l- Se rve

800 I 600

0

2

4

ö

l2

0.309

0 .326

o .321

0.368

0 .325

0.3r4
o.329

0.325

0.355

o .342

0 .310

o.327

0.334

0.352
0.3r8

o.3r8
0. 338

0.138

0.360

0 .334

0 .312

0.328

o.323

0.353

0 .325

o.3l 6

0.323

o.329

o. 346

0.364

0 .322

0.327

0 ,322

o.354
0.3r8

Table 12. Percent total (Kjeldahl) nitrogen in soit aftejr

extraction r,rith KCI when fertitizer was banded

in the soil. - Experiment l-.

Amount of (ifH added. (ppn N) and soil sampled

lncuba t i on
Period

(wk)

!0e
0to3cm 3tol0cm
from band from band

400 + straw

0to3cm 3tol0cm
from bãnd from band

400 + N-serve

0to3cm 3tol0cn
from bênd from band

0

2

4

I
l2

0.314 0.309

0.36t 0.3t2
0.326 0.328

0.344 0.344

0.324 0.315

0.314 0.316

0.348 0.332
0.338 0.332

0.382 0.371

0.339 0.330

0.312 0.315

o.3\3 0.33 r

0.368 0.397

0.386 0.370
0.319 0.3t0
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The percent total nitrogen in the soil after
extraction of the mineral nitrogen \4rith KCl, was not,

influenced by the treatments, time of incubation or method

of fertilizer application (tables 11 and 12). This is to
be expected as mosÈ of the nitrogen added was recovered. as

nitrate, nitrite or ammonium-nitrogen, which was extracted
prior to soil aJtalysis for total nitrogen. Also, the

Kjeldahl technique would not be expected to accurately
measure small amounts of immobitized or fixed nitrogen. The

values tended to vary, the varia¡ce most likely due to errors
of analysis.

(c) Percent NI5 Excess

percent Nl5 .*.e"" at zero incubation time r¡ras

very loi^r indicating nearly complete extraction of mineral

nitrogen prior to incubation and therefore little or no

fixation of nitrogen by ctays. Since little or no fixation
of nitrogen by clay was observed for samples not. incubated,

it is most likely that clay fixation was not a major process

by whlch nitrogen was retained by Èhe soil even after in-
cubation. Thus most of the nj-trogen retained by the soi j-s

when incubated probably was mainly due to immobilization.

Perccnt N15 .*."." did not, vary greatly with
treatments except where straw was added and when 1600 ppm

+
NH4-N was added and incubated for two weeks (table 13).

Percent Nl5 "*"""" in the strah¡-treated soit was much



Tabte 13. Fercent Nl5 "*"a"= in soil after extlcaction with
KCl erhert ferLilizer was ÍLi},ed with the soi1. -
E4)erjltrent l.

Tabte 14. PerceD.t N15 
"*""== 

in soil after extraction with KCI

Bhe¡' fertilizer was banded. in the soil. -
ExperiEe!'t 1.

AmorElts of {NË added (ppm

,lnqJbat ion
Per¡od

{¡¡k)
0 700

(zt .70)*
400

(¡0.63)

4oo +
Strëw

( r 0.63)

4oo +
N- Serve
(10.63)

8oo
ß.26)

t 600
ß.zo'1

0

4

I
l2

0,0zl
0.006

0.001

o.423

0.0¿0

o.005

0.168

a -z5o

a.207

a -222

0.021

0.r4l
4.t72
0. r84

0.160

o.o23
0. 169

0.428

o.447

o.521

0.0i9
0 .202

0.216

0 .272

o.2\5

0 ,020

0.122
0.r09

0. t06

0. l2l

0 .021

0.435

o.t73
0.r46
0.ì5r

ÂEolg¡t of (NE ad.ded (ppm N) and soit sampled

Ilncuba t ¡ on
Per¡od

(wk)

4oo ( r0.63) *

0to jcm 3tolocm
froñ bênd from b¡nd

400 + Straw ( ì 0.63)

0to3cm 3tol0cm
from band from band

400 + N-serve ( 10.63)

0to3cm 3toì0cm
from band fron bând

0

2

4

I
l2

o.02t 0.o2 t

0. r88 0.020

a-265 s.a27

4.223 0.035

0.234 0.04¡

0.054 0.000

0.403 0.031

0.489 0.054

o .462 0. r 08

o .57O 0. 146

0.030 0.015

0.268 0.015

0.387 0.046

0.259 0.078

0.356 0.078

*.tsrackets denote a N15 excess in (NE4)2so4 added.
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greater than for soil \^rithout straw indicating that
addition of straw increased innobilization of added

nitrogen. Also immobilization increased with incubatÍon

time when strar.v r4ras added, the tll5 excess in soil gererally

increase<l vrith time during the 0 to 4-week incubation period

for alf treatments except the 800 and 1600 ppm NHI-N. N-Serve

increased immobilization of added nitrogen slightly.

(H) Percent N" Immobilized or Fixed

"*-d 
or fixed \,¡as indepen-

dent of the amount of fertilizer added (table 15). In

general , the percent nit,rogen immobílized increased with incu-

bation time during the first four weeks of incubatíon except

for strar¡¡-treated soils in which i¡nmobilization of nitrogen

increased. with time during al1 12 hreeks of incubation. In

general , about 16 to I88 of the added nitrogen \das immobilized.

Straw increased the percentage of nitrogen immobil-ized. About

42 percent of the added nitrogen mixed with the soil !,ras

immobil-ized during the 12 weeks of incubation when straw was

added (tabfe 15). Thus nearly one-half of the added nitrogen

was immobili zed by the soil \^rh en strar¡¡ was added.

Table 16 shows the effect of banding the fertilizer

on irnmobilization or fixation of tbe adC?d nitrogen. Less

nitrogeh h/as immobilized or fixed when the nitrogen hras

banded than when it was mixed with the soil. About 16* of

the added nitrogen was immobilízed or fixed when nitrogen



Table 15. Percent r,¡15 ir*obi1í"ed or fixed when

was mixed with the soil. - Xxperiment

Amounts of (r\Hn)rsOn added (PPm N)

fertilizer

1.

lncubation
Per i od

("k)
200 400 400 +

S trêw
400 +
N-Serve

800 t600

0

2

4

I
t2

0.4
t2.t
| 8.7

t6.9
t7 .5

t.6
| 5.0

13 .8

t5 .6

t2.2

|.8
13.7

34.8

38.7

4t.8

r.4
15.9

r6.8
23.1

l9.t

2.5

r 5.9
14.5

r 4.8

17.8

1.4

28.7

.2

t0.4

9.7

Table 16. Percent t¡15 im¡nobilized or iixed when fertiiizer
s/as band.ed in the soil. - Experiment t.

Amount of (NH4)2So4 addeal (PPm N)

lncuba t í on
Period

(wk)
400 + straw 400 + N-serve

0

2

4

I
l2

1.5

7.t
12.8

r r.8
u.9

1..6 I t.z
5.7 ¡ r r.3
7.\ I r¡.¡
7.3 I t4.3
7.\ 1 zt.5
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r4¡as mixed \"rith the soil at 400 ppm NHI-N (no strar^r or

N-Serve) whereas only 78 of the added nit.rogen r,rlas

immobilized or fixed when the nitrogen was pJ-aced in a band.

Thus for this particular seÈ of data, banding the fertilizer

in the soil reduced immobilization or fixation to about. one-

half of that obtained h¡hen the nitrogen was mixed with the

soil-. Strav¡ increased immobilizat.ion of nitrogen regardless

of fertilizer placement. Banding the nitrogen in stra\^t-

treated soil also red.uced irunobilization. In all treatments

N-Serve increased immobilization of added nitrogen indicating

that retaining the nitrogen in the ammonium form increased.

immobilization or fixation.

Both methods of calculations (t115 immobilized and

percent recove:y of míneral nitrogen) showed greater

immobil-ization of added nitrogen with stra\n/ than vrithout

straw. Howeve r, calculations of amounts of nitrogen
'lR

immobilized usíng Ni- data did not agree $rith percent

recoveries calculated on the basis of recovery of mineral

nitrogen mixed with the soi1. Nl5 data indicated less

immobilization of added nitrogen for the nitrogen banded

in the soil than for the nitrogen mixed with the soil.

Percent recoveries based on recovery of mineral nitrogen

hrere greater for nitrogen mixed \4¡ith the soil than for

nitrogen banded in the soil . Some of the possible reasons

for this discrepancy are discussed in the next chapter.
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Experiment 2

Effect of Pl-acerirent of Nitrogen Fertilizer and Straw on

Immobilization or Fixation of Added Nitr

(A) Nitrate-Ni troqen Contgn!.

Tables 17 and 18 show the concentration of nitrate
in soif without stra\¡¡ and with straw, respectiveJ-y. Nitrate
concentrations iJl straw-treaÈed soil were less than in soil
not t.reated with strarnr when (NHn )2SO4 i,ras not applied (tables

17 and 18). Ho\n¡ever, placing the straw in a band reduced

nitrate concentration only near the band when no fertilizer
was applied. Strav/ did not reduce nitrate concentration,

except after 12 weeks of incubation, when both the nitrogen
fertilizer and straw were mixed with the soil, Nitrate
concentration, although variable, appeared not to be affected
by stravi application when the nitrogen fertilizer was banded.

Nitrate concentrations in soil mixed with straw and banded

with strar4r were similar when the nítrogen fertilizer was

banded .

In all cases nitrate concentration increased with
time of incubation. The increase in nitrate concentration

ocourred trrÕs tly during the first four weeks of incubation.
Nitrification slo\^red. down probably as a result of decreasing

concentration of ammonium.

(B) Ni tri te -Nitrogen Content

Tables 19 and 20 show the concentration of nitrite-
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nitrogen in soil without anct with strawf respect,ively.

fn contrast to the findings noted in Experiment 1, con-

siderable quantities of nitrite were found in the soil,
particularly when the ammon iurn sulphate was ba¡rded. Nitrite-
nitrogen concentrations of about 80 ppm $¡ere found when

ammonium sulphate was banded and about 30 ppm was found.

when the fertilizer was mixed with the soil without stra\l¡.

About 38 pprn nitrite -ni trogen \"ra s present when the fertilizer
alone was banded in the soil whereas 17 ppm nitríte-nitrogen
was present when both strahr and fertilizer were banded. Less

than l ppm ni tri te -nitrogen occurred in soil- \^rhen böth strar4¡

and fertilizer were mixecl with the soi1. Thus straw reduced

the quantities of nitrite, High nitrite concentrations

occurred. in the portions of the soil adjacent to the fertili-
zer band or where the concentration of ammonium-nitrogen was

high. Nitrite concentration increased with time of incuba-

tion, generally reaching a maximum concentration at, about

2 to 4 weeks of incubation and then decreased with time.

Very little or no nitrite vras present in the soil after 12

r¡¡eeks of incubation.

(C) Ammonium-Nitrogen Concentration

Ammoni urn concentration decreased with time for all
treatments (tables 2L and 22). Ammonium concentration de-

creased. more rapidly v¡i Lh time hrhen the nitrogen fertilizer
was mixed with the soil than r¡rhen the fertilizer was banded
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in the soil, The ammoniurn concentrations were yery high

in the soil adjacent to the fertilizer band. Ammonium

concentration in straw-treated soil was lower than in
soil not treated with strar{ when 400 ppm NH;*N was mixed.

with the soil. Ammon ium concentration, although variable,
appeared not to be affected by strahr application hrhen the

fertilizer vras banded (tabIe 22).

(D) Nitrate as a Percent of Total Mineral Nitrogen

During the first four weeks of incubation, the

percentage of nitrogen present as nitrate in soil mixed

$¡ith the nitrogen fertilizer, was greater than when the

fertilizer was banded (tabLes 23 and 241 . Straw application

increased the fraction of nitrogen present as nitrate

during Ëhe 2 to 8 weeks incubatíon period (tables 23 and

24). This was due to the nitrite concentrations in soil

treated with straw being lower than in soil without. s trar¡,

(tables 19 and 20) ,

After 12 sreeks of incubation, virtually al-I the

rnineral nitrogen extracted \4ras present as nitrate.

Nitrification in soil banded with straw and in soil mixed

with straw appeared to be simílar (table 24).

(E) Percent Recover of i{ineral li¡itrogen

Results for

if,btained in Experiment

Experiment 2 r^¡ere similar to those

l-. Percent recovery varied betr,iTeen
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Tabl"e 23. Nitrate as a percent of total. extractable nineral nitrogen

in soil without straw. ExperimenL 2.

ÄInÕunt. of (NH4) 2sO{ added

lncubation
Per i od

(wk)
400 ppm N nixed 400 ppm N banded

0

2

4

8

t2

0

0

,o

79

97

0

0

58

83

t0l

0

I
5l
89

98

0

45

95

100

t02

0

3

65

95

t00

Table 24. Nítrate a.s a percent of tota.]. extractable mineral nitrogen

in soil ¡rith stralv. E:aperjjrEnt 2.

I ncubat ¡ on
Period

(wk)

l? straw banded,
400 ppm N banded

0

2

4

I
l2

&nount a¡d. placement of (NH4)2SO4 and strav¿

lä strahi n¡xed,
400 ppm N m ixed

lU straw m ixed,
.400 ppm N banded



Table 25. Percent recovery of mineral niÈrogen in soil without

straw. Experinent 2.

.âmount of (NIt4 ) 2so4 added

lncubâtìon
Per i od

(wk)
4oo ppm I'l rni,xed 400 ppm N banded

0

2

4

8

t2

Table 26. Percent xecovery of mineral nitrogen ín soil with strav¿.

Experiment. 2.

Amount and placement of (NH4) 
2SO4 and straw

79

86

94

77

84

78

7O

79

62

73

98

89

86

87

72

lncuba t ¡ on
Per iod

(wk)

lU straw banded,
400 ppm N bãnded

0

2

4

I
l2

70

66

90

97

77

96

64

88

88

82

l? straw mixed,
400 ppm N m¡xed

lå straw mi xed,
400 ppn N banded
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sampLing periods but with no trend to an increase or a

decrease in percent recovery as a function of incubation

time. Percent recoveries in Experiment 2 hrere less than

in Experiment I, and ranged from 66 to 97 percent v¡hen

the fertilizer r4¡as mixed with the soil and from 62 to gg

percent when the fertilizer was banded ín the soil (tables

25 and 26). In general , percent recovery for nitrogen
banded was less than when the nitrogen fertÍlizer was mixed.

vtith the soi1. Percent recovery of nitrogen added in a

band in stra\,¡-treated soil r^ras greater than when no stral4¡

was added. Percent recovery of mineral nitrogen r^rhen the
fertilizer was mixed with the soil was greater when no

strar"T was added. Placement of stra\.{ did not affect ïecovery

of mineral nitrogen. The effect of strarlr on percent recovery

of mineral nitrogen was not consistent with results obtained

in Experiment 1. Percent recovery of added nit,rogen was

decreased. by straw application in Experiment 1.

(F) Percent TotaI (Kjetdahl-) Nitrogen

As observed. in the results obtained for the first
experíment, percent total nitrogen was not influenced by

treatment. The marked decrease in total nitrogen betr^reen

the eighth and twelfth $reek of incubation (tables 27 and 2g)

was probably due to experimental error.
1t(G) Percent N" Excess

"*.""a 
t* 

"r,cess increased lrith tine and reached
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a maximum value at about 4 to I weeks of incuhation (tables

29 and 30). Percent N15 
"*."=" in soil banded with the

nitrogen fertilizer were usuall-y greater than in soil
mixed with the fertil-izerf but only in the portion of soil
adjacent to the fertilizer band. percent Nl5 excess in
soil 3 to l0 cm from the fertilizer band, was much less
than in soil mixed with the fertilizer. Application of
straw increased percent N15 excess in a1I instances.

(H) Percent N15 fmmobilized or Fixed

Percent of nitrogen imnobilized or fixed increased
with incubation time and reached a maximum at about 4 to g

weeks of incubation (tables 3l and 32). percent NI5

immobilized for samples obtained after 12 weeks of incuba-
tion were less than for samples obtained after g weeks of
incubation. This reduction was probably due to mineralization
of the im¡nobilized nitrogen.

Strahr appl.ication increased ímmobilization of
fertilizer nitrogen in all instances. Application of stra$,

at 1A of soil weight doubled the percentage of ímmobilized

nitrogen (tables 3l and 32). Banding the fertilizer
decreased immobilization of added nitrogen. The percent

1(N-" immobilized after I weeks of incuba,.ion varied. from 13

to 3 83 depending upon treatment. Without strar,r¡, percent

N" immobilized was 12 to 13? for nitrogen banded and 19 to
2l-B when the nitrogen was mixed with the soil (table 3l).
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Table 31. Percent l¡15 immobilized or fixed in soil $ríthout straw.

Experiment 2.

Ànount of (NH4) 
2SO4 added

0

2

4

I
t2

1.0

17.4

| 9.0
20 .6

14.6

7.6
8.0

I 2.0

l3.2
6.6

r.4
tÀ.8
20.1

2l .9
't7.5

Tabl-e 32: Percent NI5 immobilized or fixed in soil with straw.

Experiment 2.

lU s t rav,, banded,
400 ppm N banded

0

2

4

8

l2

t.4
4r .l
37.8

38.0

3t,3

t.9
13.0

20.3

2l .3

t 6.4

400 ppm N m ¡xed 400 ppm N banded
I ncubat i on

Period
(wk)

Àmount and placement of (NH4)2SO4 and straw

lZ straw m¡ xed,
400 ppm N m ixed

lU straw m¡xed,
400 ppm N bênded
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with straw, percent r¡15 immobilÌzecl was 38 to 4It for

nitrogen mixed with the soil and 20 to 21* when the

nitrogen was banded in the soil. Thus, banding fertilizer

nitrogen decreased immobilization or fixation to abouÈ

one*half of that obtained when the nitrogen was mixed with

the soil-. Placement of strahr did not affecÈ petce.rt NI5

immobi I i zed.
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V. DÏSCUSSION

Nitrate concentrations hrere usually less Ín

strav¡-treated than in soil not treated hrith st.rahr in Ex-

periment 1. Broadbent and Ty1er (1962) also showed lower

niÈrate concentrat.ions in soil treated with straw than in
soil without strarn/ rnrhen a¡nmonium fert,ilizers were added.

They suggested that heterotrophic microorganisms could

compete bet.ter than nitrifiers for the available ammoniurn.

Reduction in nitrate concentrations with strar^r addition in
Experiment 2 was observed only when fertilizer nit.rogen was

not added. Addition of straw did not affect nitrate con-

centration in soil treated with 400 ppm tfi]-X in Experi-

ment 2. Thus it would appear that immobil_ization of nitrate
as a resul-t. of stra\,7 addition did not occur. However,

nitrite concentrations in soil were much greater in
Experiment 2 than in Experiment 1. AIso nitrite concentra-

tions were much greater in soil $¡ithout stra$r than in soil
r,li th strar^r. If chemo-denitrífication occurred., denitrifica-
tion r¡¡ould be greater in soil \^Tithout straw than in soíI
with straw due to the high nitrite concentrations in soil
wíthout s trai4¡, Thus nitrate may have been reduced to a

greater extent by chemo-:deniÈri f ication .in sóil without
strar^r than in soil with straw. This difference in denit,ri-
fication may have masked differences in nitrate concentrations

due to immobilization. Placement of s trar,\r did not affect
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the concentration of nitrate in soil . This is consistent,
with result,s of Cochran et aL. (1975) who showed that stra$,
and its mode of placement did not have any effect, on nitrate
concentration in soil for the same method of ammonia pLace-

ment .

The concentration of nitrite-nitrogen in all soil
samples obtained in Experiment 1 r4ras 1ow or neglígible.
However, considerable quantities of nitrite-nitrogen were

formed. in soil sampl_es obtained from Experiment 2, particul_
arly when the fertilizer was banded in the soíl. Jones and

Hecilin (l-970) and Chapman and Liebig (1952) also observed a
tendency for nitrite to accumulate in soils when high
concentrations of ammoníum fertil-izers were added to soil.
It is interesting to note, however, that in Experiment I
where Èhe soil and all experímental methods and incubation
procedures r47êre essentiatly the same as for Experiment, 2,
nitrite concentrations r¡¡ere very 1ow (less than 3 ppm) even

when 800 and 1600 ppm l\¡uj-w h¡as added to the soi1. The

factors responsíble for the accumulatj_on of nitriÈe in
Llxperiment 2 but not in Experiment L are unknown. The author
did not observe any differences in incubation procedures

which would suggest reasons for the disc:epancy

Nitrate expressed. as a percent of total extract-
able mineral nitrogen usually decreased with increasing
concentration of added ammonium sulphate. AIso, percent of
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mineral nitrogen present as nitrate was usually less for
nitrogen f,ertilizer banded tnan for nitrogen irixed

with the soil. This was probably due to a saLt effect of
Èhe high concentration of ¿urmoni um which retarded the

activ.ity of nitrifiers. The effect of high salt concent.ra-

tions on nitrification v¡as observed by pesek et aL. (f971)

and Cochran et aL. (1975).

Percent recovery of added nitrogen was high for
al-l treatments except when straw \,ras added in Experiment.l.
For soil without sÈrasr, percent recovery did not vary with
incubation time. Pang et aL. (1975) also found no variat,ion
in recovery with incubation time for an acid Keld soil and

an alkaline }{orton soil using various ammonium fertilizers.
Percent recoveries of added nitrogen in Experiment 2 were

usually less than in Experiment 1. The l-ower percent.

recoveries in Experiment 2 r^rere most tikely due to greater

losses of applied nitrogen by chemo-denitrification.
Chemo-deni tri fication probably occurred. in Experiment 2 as

a result of the high nitrite concentrations. Nitrite
concentrations in Experiment l- were negligible. Addition

of straw to soil in Experiment I usually decreased percent

recovery of added nitrogen. Alexander ( j-961) and Bartholo-
mew (1965) also reported a decrease in recoveries of mj-neral

nitrogen after straw addition to soil. percent recoveries

of added nitrogen $rere not. affected by addition of stravr in
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Cochran et aL. (f975) also observed that the

recovery of inorganic nitrogen was constant for soiL r{ithout,

straw and for soil mixed with strar'ir. The reason for
constancy in the recovery of mineraL nitrogen with and

v¡ithout strah' may be due to some of the soil nit,rogen being

released (mineralized) from the native soil organic matter

as the added inorganic nitrogen hras immobilized by soil
microflora. Such a biologícal interchange of rnineral

nitrogen was noted by Broadbent and Tyler (L962) and Overrein
(1970). Afso, a greater amount of mineral nitrogen may have

been lost by chemo-denitri fication from the soil r"¡íthout

straw as the nitrite concentration in soil- \4lithout straw

\"re re greater than in soil treated r4ri th straw.

It is interesting to note that percent. recovery

of mineral nitrogen was lower when the nitrogen was banded

than when it was míxed with the soil. This finding rras not,

consistent v¡ith results obtained for the percentage of N15

immobilized which showed nitrogen mixed with the soil to be

immobilized to a greater extent than nitrogen banded in the

soil. It wou]d be expected that nitrogen banded in the soil
vroul-d be less susceptible to ímmobilization or fixation than

nitrogen mixed with the soil- as banding the nitrogen red.uces

the physical contact of the fertilizer with clay minerals and

soil organic matter. The data obtained for percent, N15

immobilized show thís to be a valid postulate. The da¿a
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obtained for percent recovery of added nitrogen, based on

amounts of nitrate, nitrite and. ammonium nitrogen extracted.,

however, show no advantage to banding of the nitrogen
fertilizer. Tire discrepency between the t\^¡o lots of data

nlay be due to t

(1) Biological interchange: immobilization may have been

balanced by mineratization of nitrogen from soil organic
matter for each treatment, This postulate supposes that,

mineralization would increase with increases in inmobilization
and the nitrogen being mineralized would be nitrogen from the
soil organic matter and not, from fertilizer nitrogen. If
this reaction was operative, percent recovery calculated
on the basis of recovery of mineral nitrogen would be

constant for all treatments and yet percent t¡15 immobilized

would vary with treatment.
(2) rf chemo-denitri fication occurred. as a result of nitrite-
nitrogen accumulation, nitrogen l-osses $iouid be greater for
the fertilÍzer banded than when it was mixed with the soil .

This would tend to red.uce recovery of mineral nitrogen from

the so j-l banded with nitrogen.

The percent recoveries based on amounts of nitrate, ni-
trite and ammonium, obtained for nitrogen banded and for nitro-
gen mixed with the soil were not consistent with field observa-

tions. The percent recoveries showed no difference between ni-
trogen banded and nitrogen mixed with the soil. However, results
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obtained from field st,udies (unpubtished data, Dept. of
Soil Science, University of Manitoba) indicate greater
yield and greater nitrogen upÈake by crops when the nitrogen
is banded. In the fie1d, less immobil-ization and fixation
of added nitrogen probably occurs \^¡hen the nitrogen
fertilizer is banded (as shown by the Nf5 drt. in this
study) than when it is broadcast. This is probably due to
a restriction in physical contact between Èhe fertilizer
and the soil heterotrophic microorganj_sms . In thê soil
bet\"reen the fertilizer bands, both plants and heterotrophic

mj-croorganisms would compete for the minerat nitrogen. Since

the concentralion of mineral nitrogen between the bands

would be 1ow, onJ-y small amounts of mineral nitrogen would

be fixed or immobilized. Ho$/ever, if the nitrogen was mixed

ttith the soil, the niËrogen concentratj-on through the sur-
face soil would be relatively high and heterotrophic
microorganisms and clay minerals would have access to the

added nit,rogen and the microorganisms woul-d immobilize con-

siderable quantities of mineral nitrogen prior to utilization
by plants. It is also possible that due to the higher con-

centration of nitrogen throughout the soil system, hrhen the

nitrogen is mixed with the soil , more nitrogen would be

immobilized per unit of carbonaceous residue decomposed than

in instances in which nitrogen concentration in the soil would

be fow such as between nitrogen fertilizer bands.
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Regardless of the reactions which may occur

when nitrogen is added to the soil, agronomic data on

yields and nitrogen uptake indicaËe that banding of nitrogen
is superior to mixing with the soil when the effectiveness of
the nitrogen fertilizer is measured on a one crop basis. The

N" data obtained in this sÈudy is consistent with the field
data obtained by others (Nyborg 1975) . t¡15 d.t. in
addition to indicating l-ess immobilization of nitrogen banded

than of nitrogen mixed with the soil- al_so showed that
immobilization was greater wíth N-Serve than without.
Broadbent and Nakashima (1970) noted that immobilizat,ion or
fixation of nitrogen was considerable when added nitrogen was

retained in the amrnonium form. rhe n15 data in this study

also indicated that percent u15 immobilized did not depend

on the amount of added ammonium when the fertilízer was mixed

with ttre soil . Broadbent and Nakashima (1970) noted that
percent immobilization was virtually ídentical when 30 ppm

and 60 ppm of Nuf,-U was added.

ïn both experiments, the percent Nf5 immobíIized

was about 422 of the added nitrogen when strar¡¡ was mixed with
the soi1. For both methods of nitrogen applicatj_on, mixing

strav/ r¡rith the soil- doubled the percentage of nitrogen
immobilized . Banding the nitrogen reduced immobilization
of tg15 by one-half even in the presence of straw. N15 studies
by Wo j cik-Woj towiak (1969) indicated that s tïar,ir reduced fer-
t.ilízer utilization to 14 to 42* of the added nitrogen.
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VI . SU¡4MARY AND CONCLUSTONS

Two laboratory studies $¡ere conducted on a clay
loam Ne$/dale soil_ to determine the effect of placement of
nitrogen fertilizer on immobilization or fixatíon of applied
nitrogen enriched with w15. Nitrogen fertilizer was either
mixed with the soil or banded in the soi1. Other treat-
ments included: soil with and wíthout straw, placement,

of straw (mixed with the soil or banded in the soil), soil
with and vrithout N-Serve and varying the amounts of nitrogen
fertil-izer mixed with the soil .

From the results of this study, the follo$7ing

conclusions could be drawn:

(1) Immobifization or fixation of nitrogen as measured. by
percent recovery of added mineraL nitrogen (nitrate, nitrite
and. ammonium) usually increased when straw was added.

Placement of nitrogen fertilizer, placement of stra$/, amount

of nitrogen mixed with the soil and addition of N-Serve had

tittle or no effect on percent. recovery of added mineral
ni trogen .

(2) ïmmobilization or fixat.ion of Nf5 banded in the soíl
was about one-half that i,rhen the nitrogen was mixed with the

soil. Immobilízation was doubled by straw application at l*
of soil weight for both nitrogen mixed with the soil and for
nitrogen banded in the soil although percent nitrogen
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immobiLized r¡ras greater in all instances r"¡here the nitrogen
was mixed r{¡ith the soil . Strar,r placement did not alter
amounts of nitrogen immobilized. N-Serve increased

immobilization of added nitrogen.
(3) Immobilization as measured by recovery of mineral

nitrogen was not consistent with the results obtained for
immobilization of added nitrogen using Nf5. Due to this
discrepancy, it ís suggested that more experimentation be

conduct.ed. to more clearLy define the reactions occurring when

nitrogen is banded and when it is mixed with the soil. The

studies need to include pfant gror"Tth experiments as well as

compl-ete nitrogen balance studies. Al-so the effects of
banding versus mixing fertil-izer in the soil need Ëo be

sËudied over a longer period of time to assess residual
effects of nitrogen as affected by methods of placemenÈ.
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