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ABSTRACT

Crop wutilization and soil fixation of  nitrogen from three

1_SN—labelled N-carriers were studied on several Manitoba soils. In a

growth chamber study, more nitrogen from Ca(NO3)2 was utilized by wheat

than from (NH,),CO in the slightly acid soils. The “A” value indicates

272
that Ca(N03)2 is more available to wheat than (NH2)2CO on the slightly
acid soils. Dry matter yield of wheat was significéntly greater with
Ca(NO

treatment than with (NH,),CO in Pine Ridge, Wellwood and Gran-—

372 272
ville soils. A much greater part of NH4+;N from (NH2)2C0 than NOB——N
from Ca(NO3)2 remained in all soils at the end of the experiment.

The oxidation of NH4+—N from urea was slower in the slightly acid
soils. Persistence of NH4+;N might lead to fixation of this form of N
in slightly acid soils. Accummulation of NOZ——N occurred in Pine Ridge
and Wellwood soils. These two soils demonstrated a substantial produc-
tion of molecular N followingutreatmenthﬁith 15N—la.belled NaNOZ. Ni-
trite accummulation also occurred in alkaline Almasippi soil but only
for a transient period, since this was rapidly oxidized to nitrate.

An incubation study showed that more of the N added as urea or ammo-
nium sulphate was fixed than of the N added as Ca(N03)2 in all soils
used. Rapid fixation of N from NH4nyielding carriers occurred espe-
cially din the slightly acid soils. About 10%Z of added N from
NH4+;yielding carriers was fixed in Granvilie s0il during the lst day of
incubation. Fixation of N in all the soils was more of a problem with

+ .
NH4 —carriers than with the NO3 source. This provides a partial expla-

Al
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nation of the greater amount of N from (NHZ)ZCO than from Ca(N03)2
remaining in the soils at the end of the growth chamber experiment.

Most of the added N fixed in the soils was organically bound. The
soil organic matter fixed about. 5 fo 10 times as much N per unit weight
as clay. The capacity of both the soil organic matter and clay to fix
added N increased with decrease in soil pH. More added N from both
(NH

CO and (NH SO4 was fixed when Newdale soil was acidified.

2)2 4)2
Liming Pine Ridge and Wellwood soils decreased the amount of added N
fixed from NH4+;yie1ding carriers, but did not significantly increase
the dry matter yield of wheat on these soilsf Utilization of added N by
wheat from NH4+;yie1ding carriers was brought closer to that of Ca(N03)2
when Pine Ridge and Wellwood soils were limed. In acidified Newdale
~soil, more N from Ca(N03)2 was utilized by wheat than N from
NH4+—yie1ding carriers. Acidifying Newdale soil incregsed the added N

fixed and consequently decreased the utilization of N from both ammonium

carriers.
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Chapter I

INTRODUCTION

One means of increasing crop production to meet the rapidly growing
world population is through the use of chemical fertilizers. Among
these, nitrogenous fertilizers are the most widelyvused. Increased use
of nitrogen has made a tremendous contribution towards successful crop
production throughout the world. Although nitrogen fertilizer is impor-
‘tant as a means of increaSing crop yields, 1its utilization by crops is
only about 50 percent of that épplied (Allison, 1966; Soper et al. 1971;
Toews and Soper 1978). Failure of the crop to use a greater percentage
of the.added nitrogen has been attributed to reactions in the soil which
cause nitrogen to become temporarily or permanently unavailable. The
most important of these are fixation of nitrogen by both organic and in-
organic soil fractioné, immobilization, ammonia volatilization, leaching
and denitfification.

The extent to which the above factors result in a low uptake of .added
nitrogen is influenced by such things as soll properties, - the form of
added nitrogen and the time and method of nitrogen application. The
study reported~in this thesis is . concerned in particular with the rela-
tionship of soil properties énd form of nitrogen used on the efficiency
of utilization of added nitrogén. It involves eight soils differing in
texture and pH, and three nitrogen carriers, namely urea, éalcium ni-

trate and ammonium sulphate. The studies included laboratory incubation




2
and growth chamber experiments with wheat. In order to accurately trace
the transformation and uptake of nitrogen most of the experiments in-
volved the use of carriers labelled with N~15, a stable nitrogen iso-

tope.




Chapter II

LITERATURE REVIEW

2.1 FORMS OF NITROGEN IN THE SOIL

2.1.1 Organic Nitrogen

Well over 90% of the total nitrogen (N) in the surface horizons of
most soils is organically combined. in certain subéoils, however, about
30-40% of the total N may be present as fixed ammonium»(NH4+) (Bremner
1965). About hélf of the organically combined N is known to be in the
form of amino compounds. The form of the remainder is not clearly un-

derstood. Information concerning the nature of the organic nitrogen in

soil is based solely on studies involving identification.and--estimation-

of the forms of nitrogen released. by’tréatment with hot acids (Bremner,
1965; Stevensomn, 1957; Chéhg and Kurtz, 1963). Bremner (1965) concluded
that the organic forms isolated.- gemerally include amino acids, amino
sugars (hexosamines), -purine and pyrimidine derivatives, urea and mahy
others. The organic nitrogen is well protected from rapid microbiél at-

tack and hence very slowly con?erted to inorganic forms.




2.1.2 Inorganic Nitrogen

Inorganic forms of nitrogen constitute‘only a very small fraction of
the total soil nitrogen. In most soils it is present mainly in the form
of ammonium and nitrate nitrogen. Nitrite (NOZ-) nitrogen is sometimes
present in some soils, and usually, but not always, in a relatively
small amount. It is the inorganic forms of N which are available for
direct uptake by plants. These forms of N are mainly derived from one
or more of the following processes: (i) Mineralization of organic ni-
trogen; (ii) Nitrification of ammonium and ammonium containing compounds;

and (iii) Addition of nitrogen fertilizers.

2.2  MINERALIZATION OF ORGANIC NITROGEN

Nitrogen undergoes complex transformation between its various forms
by means of chemical, physical and biological processes operating in the
soil. The process of mineralization denotes the microbial transforma-
tion of the organic nitrogen to inorgaqic forms (usually ammonium). Am-

'mbnia (NH3) is typically produced from org;nib compounds, when the soil
microflora set free more nitrogen from the organic matter than they can
assimilate into their own protoplasm. Organic carbon 1is the major
source of energy for the non—-specific heterotrophs. Nitrogen is assimi—
lated as protein, nucleic acid, and other nitrogenous constituents in
the microbial tissue as a function of the growth of the organisms. The
amount of inorganic nitrogen released and in turn metabolized by the mi-

croorganisms is a function of the carbon to nitrogen (C:N) ratio of the
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organic material and the metabolizing microdrganisms (Bartholomew,
1965). When the C:N ratio of the residue is less than 20:1, net miner—
alization of nitrogen results from microbial degradation of the residue.
With fesidues having a C:N ratio between 20:1 and 30:1, nitrogen miner~
alization may or may not occur. Whgn C:N ratio of the residue is great-
er than 30:1, microbial attack on the residue results in immobilization
of nitrogen (Ferguson, 1957; Alexander, 1965; Bartholomew, 1965; Clark,

1966).

2.2.1 Nitrification

Nitrificatién is the biological conversion of the inorganic nitrogen
from a reduced to a more oxidized state. The inorganic nitrogen result-
ing from net mineralization, or from the addition of ammonium fertiliz-
ers undergoes nitrification. This is brought about iﬁ nature by two
highly specialized groups of obligate aerobic autotrophs. Nitrification
occurs in two steps: first, the ammonium is oxidized to nitrite by Ni-
trosomonas sp.. Then, nitrite is oxidized to nitrate by Nitrobacter
Spe « Five other genera of nitrogen autotrophs have been identified.

These are the'ammonium—oxidizing Nitrosococcus, Nitrosospira, Nitroso—

gloea, and Nitrosocystis and the nitrite-oxidizing Nitrocystis (Breed et

al., 1957). All these bacteria are strict autotrophs. They cannot use
sugars or other compounds for their energy supply. These autotrophs ob-
tain most of their energy by oxidation of inorganic nitrogenous com-

pounds. They utilize carbon dioxide as their main source of carbon.
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Under ideal conditions, nitrification occurs very rapidly. Daily
. rates of up to 22 1bs per acre of nitrogen were found to be oxidized to
.nitrate when 100 1bs of N in the ammoniuﬁ form was added (Broadbent an&
‘Tyler, 1957). The nitrifying bacteria are extremely sensitive to their
énvironment. Soil conditions that influence the intensity of nitrifica-
_ tiom are: aeration? temperature, moisture, fertilizer salts and C:N ra-
tio. . - |
A heavy ;pplication of anhydrous ammonia o6r ammonium yielding ferti-

lizer to neutral or alkaline soil inhibits nitrification. Ammonia is

toxic to Nitrobacter sp. but does not adversely affect Nitrosomonas
Sp.. Consequently, nitrite accumulation occurs. Numerous rese;rchers
have reported nitrite accumulation in acid soils whose pH has risen as a
result of the addition of ammonium or ammonium yielding fertilizers
(Chapman and Leibig, 1952; Stojanovic and Alexander, 1958; Broadbent et
al., 1958; Jones and Hedlin, 1970a; Colliver and Welch, 1970). Accumu-
lation of nitrite near fertilizer granules (Hauck and Stephenson, 1965;
Bezdicek et al., 1971) and band applied fertilizer (Isensee and Walsh,
1971; Wetselaaf et al., 1572; Pang, et al., 1974) have been reported.
Nitrite accumulation usually 1leads to a loss of nitrogen fhrough deni-
trification and volatilization. These gaseous losses of nitrogen have
been found to be related to nitrite accumulation (Clark et al., 1960;
Hauék and Stephenson, 1965; Meek and Mackenzie, 1965).

When soil conditions are favourable, nitrite is readily oxidized to

nitrate. Nitrate is the principal plant available nitrogenous material
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in soil and hence the one mostly utilized by plants. Nitrate, being mo-
bile, is easily leached from'the soil. Under anaerobic conditions it is

subject to loss as gaseous N tﬁrough denitrification.

2.3 CROP UTILIZATION OF ADDED NiTROGEN (E)

Plant uptake of added nitrogon is of prime coocern in agriculture.
Adequate knowledge of the initial and subsequent distribution of inor-
ganic forms of N in soil is of vital imporﬁance in determining the ef-
fectiveness of the added nitrogen.‘ Due to various Epysical, chemical
and biological processes taking place in the soil, added fertilizer N is
subject to numerous changes. These include immobilization, ammonia vo-
latilization, fixation by clay minerals, /formation of stable organic
compiexes by nonf biological means, ieaching and denitrification. Be-
cause.of transforma?ion; and losses by fhese processes, crop recovery of
fertilizer N seldom amounts to more thanbhalf of that added.

Plants usually take uo nittogeﬁ from the soil either in tho ammooium
or nitrate form. Tﬁese forms of N boocur as a result of mineralization
of oiganic compounds, and through ﬁﬂé addition of N-fertilizers. The
efficiency of utilization of.aodeo N'is a function . of several factors,
among which are: crop species, soil type, rate of N application, type of
fertilizer N added, time and method of application and moisture‘status
of fhe soil.

There are two methods that can be used in determining crop recovery

of added N. The first one is the difference method which involves cal-
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culating the diffefEnée in total uptake between control and N. treated
crops. The use of tracérAtechnique'is a more recen£ method of determin-
ing crop recovery of added N. This new method invélves using labelled
nitrogen which permits adequate monitoring of added N in soil-plant sys-
tems.

Thé.difference method overestimates utilization of fertilizer added
(Andreeva and Shcheéiova, 1968). Zamyafina et al. (1963) reported that
fgrtilizer N utilization by oats was 32.54% accord¥ng to isotope method,.
and 44-70% according to difference method. This overestimation is due
in part to the stimulation in root acivity and greater root prolifera-
| tion in the soil ‘gith N treatment (Legg and Stanford, 1967). This fa—
| cilipates N uptake and intensifies mineralization of the native soil or-
ganic‘Na
TLe tracer technique provides the only available meéns of accurately
measuring actual fertilizer uptake by a crop (Fried et al., 1975). A
pofential source of error is isotopic exchange. This is a process by
which a tagged atom may end up in énother molecule without net chemical
.jreéctién 6ccurr1ng. Olson (1978) reported that no measurable exchange

15N that isotopic exchange of N is insignificant

occurs between 14N and’
in the soil-plant system in virtually all situations.
One of the first field experiments studying crop recovery of added N

15N labelled fertilizer was reported by Bartholomew et

- with the aid of
al. (1950). They treated oats with different rates of labelled ammonium

sulphate and measured recoveries in the range of 11-29% of added N.
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They eficountered a high degree of variability in their results as a con-
sequence of their plot size ( 53 by 9lcm ). | (

Tyler and Broadbent (1958) observed low recovery of tagged N-ferti-
‘lizer in several greenhouse experiments and one field trial. Hence,
they concluded that a substantial part of nitrogen fertilizer applied
became at least temporarily (if not permanently) unavailable to crops.
In various field exeperimenté, a number of workers héve reported values
not greater than 50% crop utilization of added N (Martin and Skyring,
1962; Allison, 19655 -1966; Chalk et al., 1974; Hedlin aﬁd Cho, 1974;
Patrick aﬁd Reddy, 1976; Sachdeve, et al., 1977; Ardakani, et al., 1977;
Piroshenko et al. 1980). |

Fertilizer—N uptake was greater on clay soil than on sandy loam, pro-
bably. Qwing to more ;favourable moisture conditions (Myer and Paﬁl,
1971). In their studies witﬁ_lsN labelled ammoniuﬁ nitrate, they noted
that plant'reéovery was about 25%Z of added N for the coarse textured and
about 50%Z for clay soil. Field experiments on sandy loam and loamy-pod-
zolic soils of the Moscow province showed that on a loamy soil 30-42% of
added N was reco;efed by crops and on a sandy loam 43f§9% was recovered
(Blyum et al. 1978).

Some workers have studied the effecﬁ of moisture status of the soil
on crop utilization of édded N. "Takahashi (1967) in his studies with’
| 15N labelled émmonium sulphate reported croé recbvgry 6f 21.3@2 by a
crop pianted early in the summer and grown under drought'conditions‘and

35.33% in a érop planted in autumn and grown under favourable moisture

conditions. Pesche et al. (1979) observed no difference in éfain and
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straw yield between the nitrogen forms,but méisture levels did affect
nit;ogen utilizafion by the crops. In their studies nitrogen utiliza-
tion was 34-387 at low water supply and 45-65Z at high water supply.
Broadbent and Carlton (1978) employing different rates of 15N labelled
fertilizer and different irrigation regimes found N utilization effi-
ciencies by maize to range from 30-68%. The highest level of N utiliza-
tion occurred at fertilizer rates that afforded maximum grain yield.

Method of fertilizer application has a considerable effect on the de-
gree of utilization of added N. Cho et al. (1967) observed that in the

early stages of growth, more applied N was taken up by maize when the

fertilizer was placed near the plant. Surface application of ammonium

form of fertilizer, and of urea, especially on calcareous soils, leads
‘ to inefficient utilization of the added N (Martin and Chapman, 1951;
Volk; 1959; Meyer et al. 1961). MacLeod et al. (1975) reported higher
gr;in yield of barley when nitrogen fertilizer was placed 5Scm to the
side>of, and 5cm below the éeed, than when broadcést on the surface.
Considerable attention has been given to timely application of N fer-
.tilizer for effective crop utilization. Fall application of N-fertiliz-
er hés been shown to be inferior to spring application in terms of crop
utilization. Pearson et al. (1961) noted that crop recovery of fall
added N was only 62% as large as that obtained from a spring applica-
tion. In similar studiés Ridley (1975) reported that crop recovery of

fall added urea was 77.3%2 of spring added urea.
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Crop recovery of added N varies with application rate. Grove'et al.
(1980) obtained 60% crop recovery of added N at 60 kg N/ha application
and 35%2 at 220 kg N/ha with ﬁaize as the test crop. Gashaw et al.
(1977) also found that efficiency of nitrogen utilization decreased with
increasing N levels. The results of the studies carried out by Alessi
and Power (1978) showé& that fertilizer efficiency is greatest when N
rate is adequate for maximﬁm crop production.

Studies have been conducted on the influence of formsvof fertilizer N
on crop recovery of added N. Such studies are usually affected by other
factors like soil texfure, soil reaction, moisture status of the soil,
and type of crop grown. A field experiment, utilizing ;SN labelled fer-
tilizers was conducted by Koyama et al. (1979). Their result showed
that rice plantvrecovered almost 50%Z of N added in ammonium form; 45% Of
that added as urea and 20%Z of that a&aed as nitrate. Low crop recovery
of nitrate might have been due to N loss through denitrification since
they worked with waterlogged soil. Rennie and Rennie (1973) observed
that uptake of fertilizer N by the crops clearly indicated the superior—
ify of NO3--N source in terms of élant availability. Sodium nitrate was
followed by ammonium sulphate, with uread the leést effective. These re-
sults were confirmed in the studieg» conducted\by Dev and Rennie (1979).
Mate and Varga (1963) concludea that the efficiency of labelled calcium
nitraté was greatly increased by liming. This was especially true when
calciﬁ; carbonate and fertilizer were applied simultaneously. 'They ob-

‘served that liming promoted Ca and N uptake from the fertilizer and

also inéreaséd the utilization of both soil N and fertilizer N.
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Crop recovery of added N bis also influenced by losses and
immobilization of added N. All factors favouring these reactions con~
tribute to a low fécovery of added N. Excess moisture c&ntent, that re-
sults in oxygen deficiency in the soil, will decrease crop utilization
of N ad&ed as nitrate. A very low recovery of added N was obtained with

rice crop in a waterlogged soil (Sanchez and de Calderom, 1971).

2.4 FATE OF ADDED NITROGEN IN THE SOIL

A considerable portion of added N is not utilized by crops.. This un-
utilized N may remain in the soil and be slowly released to crops, or
it may be lost from the soil system. Added N can become temporarily or

permanently unavailable to crops through one or more of the following

processes: (i) iﬁmobilization; (i1) fixation; (iii) leaching; (iv) am- -

monia volatilization; and (v) denitrification.

'2.4.1 Immobilization

. , A
Immobilization is the conversion of inorganic nitrogen into organic

nitrdgen‘bj ﬁicroorganisms. Both inorganic soil N and fertilizer N may
be immobilizéd during the microbial ‘decomposition of carbonaceous resi-
ldue with a wide C:N ratio. Numerous workers have reported N immobiliza-
tion.in v;rious incubation experiments with added organic mafter such as
stfaw (Allison and Kiein,ll962; Broadbent and Tyler, 1964), and sawdust

(Bollen and Lu, 1957; Allison and Cover, 1960). Immobilization account-

ed for over 50% of the added N in the studies conducted by Kissel et al.



13

(1979). They concluded that immobilization of fertilizer N on coastal
Bermuda grass would be substantial for a large number of years. Other
- workers have noted that a significant quantity of added N was immobi-

lized (Ferguson, 1957; Myer and Paul, 1970; Power, 1980). Okereke et

al. (1980) have reported rapid immobilization of added N. After 12

hours of incubation, they observed that 10% of added ammonium sulphate
was immobilized. After the same length of time 9% of urea N added was
immobilized. Olson et al. (1979), found that most of the fertilizer N
.in the 0-10cm 1ayer\of soll after harvest was immobilized. They con-—
cluded that N immobilization was fhe principal rea;on for differences in
plant utilization of spring and fall applied N fertilizer.
Immobilization of N varied directly with the amount of organic matter

present and the ‘ease of decomposition of the organic matter (Walunjkar

- -

et al. 1959). Addition of sucrose increases immobilization of added ni-.

trogen (Agarwal et al. 1972). They also found that without added suc~- .

roée/nitrbgen was‘immobilized particularly if the soil organic matter
had a wide C:N ratio. Maximum iﬁmobilization of added N occurs wheﬁ
large quantities qf readily decomposable crop residue of wide C:N ratio
arevédded to soils (Myer and Paul, 1970). It has been shown (Janséon et
al. 1965; Winsor and Péllard,'1956a) that both ammonium and nitrate ni-

trogen can be immobilized. Immobilization of N is however greater with

NH4+;N. Preferential utilization of NH4+—N by soil microorganisms and

of nitrate N'by crops has been reported by a number of workers (Broad- "

bent and Tylér, 1962; Turchin et al. 1964; Fack,‘ 1965; Andreeva and

Schéglova, 1966). This often results in increased immobilization and -
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decreased utilization of added NH4+;N, especially where crop residues
are added (Legg and Allison, 1959; Jansson, 1963). Studies with 15N la-
- belled fertilizers indicate that a considerably higher percentage of the
labelled NH4+;N than of the N03f-N remained in the ;oil after cropping
(Barlett and Simpson, 1967; Haﬁck, 1971; Hargrove and Kissel, 1977;
Crasswell, 1979; Dev and Rennie, 1979).

Myer and Paul (1971) found that immobilization was greater in coarse
‘ textured than in fine textured soil in the presence of straw and at a
Vﬁigher rate of N application. Many other factors such as temperature,
aeration, soil pH and moisture confent affect the amount of nitrogen im—
mobilized. This is a consequence of the effect of these factors on mi-
crobial population an& activity. Overrein (1967) noted a positive cor-
relation between température and immobilization of N added as‘lsN urea
‘at temperatures of 4, 12, and ZOOC. Agarwal et al. (1972) showed that N
immobilization was fastest in alkaliﬁe soil in the presence of sucrose.’

Immobilized N is not permanently unavailable to plants. When the mi-
croorganisms die, decomposition and mineralization of the organic sub-
strate occur. Thus, the inorganic N immobilized is returned to the soil

(Wiﬂsor and Pollard, 1956b; Allison and Klein, 1962; Agarwal et al.

1972).
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2.4.2 Ammonia Fixation

Both the organic and inorganic soil fractions have the capacity of
fixing ammonia in forms relatively unavailable to higher ,plants or mi-
croorganisms. Nommik (1965) mnoted that fixation of ammonium by clay
minerals and fixation of ammonia by organic matter is quite extensive in

some soils.

2.4.2.1 “Fixation by Clay Minerals
‘ Ii‘is well known that clay minerals with expanding lattices, such as
montmorillonite and vermiculite have the ability to fix ammonium. Fixed
ammonium is held in such a way that it is not readily available to high-
er plants or microorganisms. There is a dynamic equilibrium between so-
luble ammonium, (NH4+)s,‘exchangeab1e ammonium (NH4+)e and fixed ammoni-

um (NH4+)f in the soil. The equilibrium can be represented by the

following equation:

A P— > (xm, e

XN L, ZF

<NH4+)f

According to this equation, a change in any of the above forms of NH4+

will affect the other forms. An increase in the concentration of
(NH4+)S, resulting from addition of NH4+; containing fertilizers dis-
turbs the equilibrium and some addéd NH4+LN will be fixedf When the
. (NH‘+)e falls below the equilibrium value, the fixed ammonium (NH4+)f

will be slawly released. Shirlova and Smirnov (1968) reported that uti-
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lization of fixed ammonium began only when almost all the exchangeable
ammonium had been utilized.

Fixation usuallyﬁoccurs to a much greater extent in the subsoil than
in the surface soil. This may be due to increased clay content in the
subsoil. Sowden (1975) noted that 407 of NH4+—N of manure and fertiliz-
er was fixed by a Brunisolic soil containing 20% clay which was largely
vermiculite. The fixed NH4+ was protected against rapid nitrificatioﬁ

and leaching, and only slowly released to crops.

The amount of NH4+?N being fixed can be decreased and exchangeable K

increased by adding KC1 to soil (Nommik, 1957; Walsh and Murdock, 1960;

Hinman, 1966). The decrease in NH4+ fixing capacity is proportional to
the amount of KCl added, thus proving that K+ inhibited fixation of NH4+

by clay mineral. . N

2.4.2.2 Fixé£ion by Organic Matter

The organic fraction of the soil has the capacity to fix a considera-
ble amount of‘;mmonia, (NHB)' The ammonia-organic matter complek fhus
formed, is extraordinarily resistant to decompositidn. Hence this fixed
N is very slowly available to plants and microflora. . Fixed ammonia is
defined as that fraction of added NH3 which is retained by soil organic
matter after iﬁteusive extraction and leaching with acid (Broadbent et
al. 1961; Bu;ge and Broadbent, 1961; Nommi# an& Nilsson, 1963) or neu-
- tral salt solution (Nﬁmmik and Nilsson, 1963a). Some workers (Bunyaki—

na, 1976; Lévrova, 1977; Pirozhenko and Petrushina, 1979) have shown

1
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that a substantial amount of added N was fixed in the soil organic frac-
tion. It hag been observed that this organic matter — fixed ammonia is
only released in mineral forms with difficulty (Filimonov and Rudelev,
1977; Sachdev et al. 1976).

Broadbent et‘al. (1961) and Nommik and Nilsson (1963) indicated that
ammonia fixation occﬁrs to a large extent only on soils with pH above
neutrality. In addition Broadbent et al. (1967) demonstrated a linear
rélationship betﬁeen pH and ammonia fixation at a pH greater than 7.
Shoji and Matsumi (1961) and Nommik and Nilsson (1963b) in independent
sfudies féund that.the capacity of the soil to fix ammonia is highly de-
pendent on H-ion concentration in the treated sample. They concluded
that at pH less than 7 fixation was insignificant and, in general, not
measurable analytically. |

Sohn and Peech (1958) presented a contrary view. They indicated that
acid soil containing a large amount of organic matter had the greatest
ammonia fixing capacity. Ammonia fixed by soil increases with increased
organic carbon or organic matter content of the soil (Sohn and Peech,
1958; Burge and Broadbent, 1961; Nommik and Nilsson, 1963).' It has been
observed (Sohn and Peech, 1958; Mortland, 1963), that oxidation ofhor-
ganic matter by hydrogen peroxide, reduced by half,' the capacity of the
so0il to fix ammonia. Burge and Broadbent (1961) treated soil with dime--
thyl sulphate, thereby blocking the hydroxyl groups in organic matter.
This caused a decrease in the ammonia fixing capacity of the soil. They

concluded that hydroxyl groups are involved in the ammonia fixation re-
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action. On the other hand, Hinman (1966) demonstrated that destruction
of organic matter increases the fixing capacity of the soil. He specu-
lated that the organic matter blocked the entry of NH4+ to the clay min—-

erals.

2.4.3 Nitrite and Organic Matter

Studies carried out by Bremner and others (Bremner and Shaw, 1957;
Bremner and Furr, 1963; Furr and Bremner, 1964) has directed attention
to a possible reaction between the nitrite form of N and soil organic
matter. In their work they found that a considerable part Qf applied
NOZ——N was fixed by thé soil. Other workers studied decdmposition of
nitrite in the soil and confirmed that part of the N becomes organically
fixed, while some N is simultaneously evolved as NZ’ NZO’ and NO + NO2

.
“(Reuss and Sﬁith, 1965; Bremner and Furr, 1966; Nelson and Bremner,
1969, 1970; Steen and Stojanovic, 19f1; Cawse and Cornfield,, 1972;
_Christiansonigi.gl 1979).

Ofganic matter fixation of nitrite N ‘has been shown to be directly
related to soil organic matter contént and inversely related to soil pH
(Bremnér énd Furr, 1966; Nelson and Bremner, 1969). Smith and Chalk
(1980) demonstrated thé effect of pH and organic matter content of the
soil on NOZ—_N fixation. They used two soils of similar pH but differ-
ent organic carbon contents (5.29\ and 2.427% respectively). They found
that NO, -N fixation 1in the former was about twice that of the latfer

soil. Comparison between soils of similar organic carbon but different

- pH showed the marked effect of soil pH. - Fixation in alluvial soil (pH
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5.8) was’about ten times greater than fixation in Terra Rosa soil (pH
.7.5) after 96 hours of incubation. The rate of fixation decreases with
time and is usually most rapid during the initial 24 hours in the acid
soils (Smith and Chalk, 1980).

Bremner (1968) proposed that phenolic constituents of soil organic
matter react with NOéfto form nitrosophenols which eventually partly de-
compose to yield N2 and NZO' This suggestion is based on reactions of
N02~with model compounds. Smith and Chalk (1980) suggested that nitrite
fixed by soil organic matter may occur in heterqéyclic compounds. The .

premise for their contention was that Smith and Chalk (1979c) have shown

that fixed N is resistant to mineralization.

2.4.4 Leaching

Next to crop uptake loss of added nitrogen by leaching constitutes
one of the most important mechanisms of inorganic nitrogen removal from
field soils. The most oxidized form of nitrogen, N03_, is particularly
mobile and moves with the percolating water to the watertable. Nitrate
moves readily with the wetting front, following irrigation (Barker,
1962; Cassel, 1970; Liao and Bartholomew, 1974). Nitrogen fertilizers,
regardless of form added, are ultimately converted to mobile NO3— by
natural processes (Edward et al., 1972; Olson, 1972). Nitrite (NOZ—) is
an intermediate product of nitrification, which also is very mobile but
unstable. Nitrite i§ converted to N03_ under aerobic conditions. In
anaerobic conditions NO, is reduced to gaseOus forms and lost to the

2

atmosphere.
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The amount of water moving through the soil profile will determine
rate and extent of NO3— movement. Wetselaar (1961; 1962) found a high
correlation betweén NO3- movement and amount of rainfall in tropical
: soiis of Australia. Downward movement of N03— does depend on the water
holding capacity of the soil. Soils with higher water holding capacity
will have less nitrogen lost to deeper layers by the same rainfall than
soils with lower water holding capacity (Cooke and Cunningham, 1957).
| Nitrate nitrogen thus moved either accumulates at depth, 1is lost in the’
drainage water, or 1s subject to denitrifigation. Accumulation of
leached NO3-—N has been détected below the 90 cm depth (Campbell et al.
1975; Cleemput et al., 1977; Alessi and Power, 1978). Alessi and Power
(1978) reported that leaching of N beyond the 90 cm depth accounted for

4 to 37% of the nitrogen added.

Irrigatioh methods and form of nitrogen added affect the total amount

3
4 indicated that high volume-low frequency irrigation leached solutes to a

and depth of NO leached from the soil. Bauder and Montgomery (1980)
gre;ter depth than did low volume-high frequency irrigation. Minimum
" leaching of added urea-N occurred &ith optimum irrigation and a split
application (Bauder ahé Schneider, 1979). Some workers concluded that
1eéching of N wés mainly of that added in the NO3— form and least with
urea (Crasswell, 1979; Bauder aﬁd Montgomery, 1980; E1 Wali, 1980).
Leachiné loss of N is much less of a problem under a continuqus crop-

ping system than when nd crop 1s growing (Allisoﬁ, 1955; Nelson and Uh-

land, 1955). " This is due to .nitrate assimilation by the growing crop:
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and also high evapotranspiration, which reduces the amount of water in
the soil. .This prevents accumulation and downward movement of nitrate
in the soil (Wetselaar, 1261). Michalyna and Hedlin (1971) indicated
thatAinclusion of summerfallow in crop rotation may result‘in a large
amount of NO3- being located below the rooting zone. Even under contin-
uous cropping, leaching of N can be very important in the tropics, espe-
cilally in areas with high rainfall. Gamboa et al. (1971) reported
leaching of N and potassium (K) of 65% and 50% of the amount added, re~
spectively. In this study, conducted in Costa Rica, Gamboa gg_él;
(1971) grew‘five crops of maize over a period of three years.

It is important to minimize loss of nitrogen through leaching, 1if
maximum utilization of added N is to bg obtained. Timely applications
of NH3—based*fertilizers and low volume irrigation minimize leaching be-‘
low the cfop root zone (Béuder and Montgomery, 1980).  Since leaching-
loss of N occurs mainly in the NOB-
may reducemleaching loss. To this end, nitrification inhibitors apd
slow feleasé fertilizers were developed (Gasser, 1970; Prasad et al.,
,1971). N—Serve , the trade name for 2—chloro—6—(trichloromethyl) pyri-
dine, has been found to inhibit nitrification of ammonium and ammonium
yielding fertilizers (Goring, 1962a;.“éasser and Penny, 1964; Vlassak,

1964; Prasad and Rajale, 1972; Bundy and Bremner, 1973).

form, retardation of nitrification_'
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2.4.5 Ammonia Volatilization

Surface application of urea or ammonium yielding fertilizers on neu-
tral or alkaline soil, fesults in escape of ammonia (Martin and Chapman,
- 1951; Volk, 1959; 1961; Gasser, 1961; Morrison and Foster, 1977). ﬁhen
ammonia is not chemically sorbed by soil, it is free to diffuse slowly
through the soil to the atmosphere. Ammonia volatilization from N fer—
tilizer is due to the reaction: NH4+ + OH <(======> NH, + H,0.

Ammoniabvolatilization usually does not occur when soil pH is below
neutral (Martin and Chapman, 1951; More and Varade, 1978). Losses of
urea ranging from 20 - 70%Z of added N in brown calcareous Mediterranean
soll was reported by Gama (1977). Conversely, Ernst and Massey (1960)

and Wahab et al. (196l1) have shown that volatilization of ammonia can

occur in slightly acia soils, especially after a heavy applicaﬁion of .

urea. ' Hydrolysis of urea to form ammonium carbonate leads to a rise in
soil pH to near or above neutrality. Such a condition-is favourable for
ammonia volatilization. Matocha (1976) reported volatilization loss of

N of as much as 18.5% of added N, when urea was applied to a fallowed

{

noted that ammonia volatilization loss from urea ranged from 14 - 48% of

vtﬁe added N. On the other hand, addition of acidic ammonium salts to
acid'soils is 1less iikely to result in ammonia volatilization (Martin
and Cﬁéﬁman, 1951; Volk, 1961).

Nifrogen losé through ;mmonia volatilization is inversely related to
Vthe cation exchange capacity (C.E.C.) of the soil (Gasser, 1964; Chai

and Hou, 1977; Lyster et al., 1980). Lyster and others reported that

acid fine sand. In a laboratory study, Panossian and Anderson (1980)
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volatilizatin loss of NH3 from urea is negligible in soils with C.E.C.
values greater than 25 meq/100g. Losses however increased dramatically
at lower C.E.C; values. The magnitude of NH3 volatilization depends on
the type of fertilizer added. Ammonia volatilization is greater with
urea than ammonium sulfate (Prasad, 1976; Ventura and Yoshida, 1977;
More and Verade, 1978; Panossian and Anderson, 1980). The following
ranges of N loss through ammonia volatilizétion were observed by Har-
grave et al. (1977): 3 - 10% of N added as NH4N03; 36 - 45% for pellet-
ed (NH4)ZSO4 and 25 - 55% for 1liquid ammonia. The initial soil condi-
tion prior to N addition also determines the intensity of ammonia
volatilization. Volatilization losses are greater when soil is wet at
the time of application than when the soil is initially dry (Fenn and
Escarzaga, 1976). When there are a number of factors favouring N loss
at the time of N-application, considerable loss can occur throuéh ammo-
nia volatilization. The quantity of ammonia volatilized is reduced when
fertilizers are incorporated into the soil (Ernst and Massey, 1960;

Volk, 1961; Connell et al., 1979).

2.4.6 Denitrification

Denitrification is the production of molecular nitrogen or gaseous
nitrogen oxides through the reduction of nitrate or nitrite (Wijlgr and
Delwiche, 1954). Denitrification is the'most important source of N loss
as gaseous products, and may be a major cause of inefficient utilization

of added nitrogen. Various workers have reported a substantial amount
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of N loss through denitrification (Gerretsen and de Hoop, 1957; Séulides
énd Clark, 1958; Broadbent and Clark, 1965; Cleemput et al., 1977;
Christianson et al., 1979; Kowaleﬁgo, 1980). Two pathways have been
found to operate in the proceés of denitrification. One is the biologi-
cal reduction of nitrate or nitrite to volatile nitrogenous gases.
Biological denitrification is an enzymatic process accomplished mainly
under anaerobic condition. The second pathway is non-biological, and
takes place under aerobic éondition by éhemical processes. This is re-
ferred to as chemodénitrification (Clark, 1962).
2.4.6.1 Biological Denitrification

Biological denitrification is carried out by facultative anaerobic
bécteria. These bacteria are capable of utilizing nitrate in place of
oxygen as an eléctron-acceptor. The complete rgduction of nitrate to
elemental nitrogen, ‘coupled with-the complete oxidation of organic mat-
ter (represented by glucoée) is written as: C6H12°6 + 4N03— -——=> 6C02

+ 6H,0 + 2N, + 4e . Nitrate is first reduced to nitrite and then simul-

2 2

taneously converted to gaseous products - nitrous oxide and/or molecﬁlar
nitrogen (Wijler and Delwiche, 1954; Nommik, 1956;' Schwarzbegk et al.,
1961; Bollag et al., 1973).

The denitrifier population is very abundant in most soils. The most

numerous denitrifiers are Pséudomonas_gg., Achromobacter_§g., and Bacil-

1us §B. (Alexander, 1977). Different denitrifying species have differ-
ent rates of gas production under similar environméntal conditions (Val-

era and Alexander, 1961).
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Many factors that affect denitrificat}on loss of N have been
reported. Reviews on these factors have been prepared by Delwiche
(1956); Nommik (1956); Broadbent and Clarkl(l965); Payne (1973) and Wes-
terman and Tucker (1978a). Among factors discussed were: partial pres-
sure of oxygen in the so0il atmosphere, a readily available energy
source, nitrate content, moisture content, pH, and temperature in the
soil. McGarity and Meyer (1968) reported that denitrification activity
was highest in the upper soil horizons and declined with depth. The ob~-
sefved activity was significantly correlated with organic carbon and to-
tal N content of tﬁe soil. Organic matter content affects denitrifica—-
tion in fhree ways; - (1) organic matter serves as a reductant and
donaéeshelectrons in both aerobic and anaerobic microbial respiration;
(ii) organic matter i§ used in cell synthesis during growth and mainte-
naﬁce of micrporéanisms; (iii) a microbial populatiqn undertaking rapid
“decomposition of organic matter has a high biological oxygen demand
(BOD). This creates anaerobic conditions which are conducive to'deni-
trification. Bremner‘and Shaw (1958a); (1958b); Myers and McGarity
(1972); Stefansson (1972) reported an increase in microbial activity and
subsequent oxygen stress as a result of organié matter addition. Such a
condition favours denitrificafion. Maximum denitrification occurred in
fully saturated or flboded conditions (Bailey and Beauchamp,  1973b;
Bremner and Shaw, 1558; Cho and Sakdinan, 1978). This could occur in

soil after a heavy rain, irrigation or during a spring thaw.
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Loss of N through denitrification may be pronounced in neutral and
alkaline soil, with'poof aeration and an active microbial population
present. Broadbent and Clark (1965) observed reduced biological deni-~
trification when soil pH is bélgw 7.0. Acid conditions reduce the meta-
bolic activity and growth of most microorganisms (Bollag et al., 1970;
Paﬁl and Victoria, 1978). Raising the pH of an acid soil by liming (At-
kinson, 1964) iﬁcreases denitrification rate (Bremner and Shaw, 1958b;
Cady and Ba;thqlomew, 1960; Bollag et al., 1973; Cho and Sakdinan,
1978).

Some workers (Allison et al., 1960; Carter and Allison, 1960; Cady
and Bértholomew, 1960; 1961; Myers and McGafity, 1972) have reported
dénitrification in apparently well aerated soils, especially when.sup-
plied with reédily decomposéblé organic matter. Two hypotheses ére com~
ﬁonl; advanced to explain this pﬁenomena:

1. Many ﬁoist soils may posséss a range of microhabitats containing
vafying leﬁels 6f‘oxj§en s#fﬁly (Russell, 1973). Such soils may
contaihlélods that have no free air at field capacity, and the
‘soil witﬂiﬁ‘the clod is-anéerobiq; |

”2. ‘In the presence of easily decomposable orggnic material, rapid
decompositiqn of this material by thé microbial population re-
s;lts\iﬁ hiéh bibigiéal oxygen demand (BOD). Thus anaerobic con-
ditions fa@ouraﬁle“ tbvdenitrificétion are created (Bremner and

Shaw, 1958a; Myers and McGarity , 1972; Stefansson, 1972).
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2.4.6.2 Chemical Denitrification
Loss of added-N can occur through chemical reactions involving ni-
trite formed by nitrification of ammonium and ammonium yielding ferti-
lizers in the soil (Broadbegt and Clark, 1965; Allison, 1966). In their
studies, Smith and Chalk (1980) concluded that gaseous N-losses can oc-
cur via chemical transformation of nitrite, when the competitive biolo-

2 by nitrobacter is inhibited. Nitrite may accu-

mulate in soil as a result of a heavy application of urea or ammonium

- glcal oxidation of NO

yielding fertilizers (Jones and Hedlin, 1970; Pang et»al., 1973). Vari-
ous workers have reported chemical decomposition of nitrite when nitrite
is addéd to, or when it accuﬁulates in soils of acidic or slightly acid-
ic nature (Tyler and Broadbent, 1960; Reuss and Smith, 1965; Jones and
Hedlin, 1970b; Nelson and Bremner, 1970; Bollag et al., 1973; Pang et
él., 1974; Shankhyan and Shukla, 1980; Smith and Chalk, 1980). In the
absence of oxygen and at low soil moisture content, Cady and Bartholomew
(1960) and Bollag>et al. (1973) repo;;ed evolution of NO when NaNO2 was
added to soils of pH 475 - 5.0. | | .

A review by Broadbeﬁt and Clark (1965) summarized the likely pathways
fo% chemicél denitrificat}on:»

1. Since nitrous acid is unstable under acid conditions (pH 5 or

less), it decompdses according to tﬁe reaction:

o :
3HNO,, —=———— > 2NO + HNO, + H

2 3 T H0
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Nitrogen dioxide thus formed may react with water to form nitrous
acid and nitric acid. Nelson and Bfemner (1969), in their stud-
ies indicated that self decomposition of nitrous acid may be rep-
resented by:

2HNO, —————- > NO + NO, + H,0

2 2

Nitrogen dioxide produced from the reaction can be converted to

nitrate. Nitric oxide (NO) and NO, are the gaseous products of

2

denitrification when oxygen is present.

Reaction of nitrous acid with e«—amino acids- (a van Slyke reac—
tion). Under acid conditions, nitrous acid reacts with —amino
acids to yield molecular nitrogen according to the reaction:

R-NH, + HNO, ——— > R-OH + H

2 2 O+ N

2 2

In a similar reaction to the above, ammonia reacts with nitrous
acid to yield molecular nitrogen.

NH3 + HNO2

NH4+ + HNO

-——~~->'N2 + 2H20 or

0]

2

—==-=> NH,NO, --—===> N, + ZHZ

Reactions of nitrous acid with other soil constituents such as
organic matter, organic reducing compounds and soil minerals. It
has been reported (Nelson and Bremner, 1969, 1970a) that a gase-
ous loss of N in nitrite—~treated soil was related to the organic
matter content of the soil. They also noted that the role of
soil mineral in nitrite decomposition was insignificant. Some

other workers have confirmed the evolution of N2, NZO’ and NO +
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N02 from nitrite treated soils (Reuss and Smith, 1965; Stevenson
et al.,_1970; Steen and Stojanovic, 1971; Cawse and Cornfield,
1972). Bremner (1968) indicated that phenolic substances react
readily with nitrite to form nitrosophenols that are decomposed
by nitrous acid to yield N2 and NZO'

. 2.5 RESIDUAL EFFECTS OF NITROGEN

Evaluation of the residual effects of AN—fertilizer inQolves yield
measurement or N uptake by a crop grown on unfertilized plots in the
year following a known fertilizer application. It is possible to meas-
ure the residual effect of labelled materiai even when a subsequent ap-
plication of unlabelled materials is made (Brogdbent, 1980). Recent
studies of nitrogen transformafion in soils has shown that all forms of
nitrogen fertilizers have some residual effects (Jansson, 1963; Filimo-
nov and Rudelev, 1977). McGill (1980) reported a gradual increase in
theynitrogen‘ soil test values of farm samples from previously cropped
fields. This suggests that Vﬁefe farmers add nitrogen on a regulaf ba-
sis some of the nitrogen not used by‘ the crop is present as nitrate ni-
trogen and henéé available to the next crop.

| Various studies have indicated that only a small fraction of the res-
idual fertilizer N is utilized Sy crop in the following year (Sachdev et
al., 1976; Makarov, 1977; Koyama et al., 1977; Reddy and Patrick, 1978;
Toﬁar, 1981).T ‘ﬁikkelsen and beDatta (1980) feported that recovery of
residual fertilizer N in the second rice crop varied from 0.8 to 1.2% of

added N over the entire range of N fertilizer treatments. Korenkov et
1
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al. (1976) suggested‘that the insignificant residual effect of N was due

to incorporation of fertilizer N into various organic matter fractions.

2.6 NITROGEN BALANCE

An accurate accounting of the nitrogen balance in the total biosphere
requires an evaluation of thg individual nitrogen balance components forA
the entire soil~plant system (Hauck, 1978). The components of this sys-—
tem are: nitrogen added, crop removal, leaching, volatilization, immobi-
liz#tiqn, fixation and denitrificgtion. The amount of added N and crop
recoveries can be easily measured, but other components of N‘balance are
not easily determined. Leaching loss of N is an important factor in de-
termining the N balance. The difficulty of accurately measuring the
leaching component has been deﬁonstrated (Biggar and Nielsen, 1976).
Incorporation of urea or ammonium yielding fertiliéers into.the soii may
prevent ammonia volatilization (Ernst and Massey, 1960; Connell et al.
1979). Residual soil N is also difficult to measure, due to the size of
the organic N pool and the variability of the pool (Rolston, 1978).
Presumptive evidence of denitrification has always been obtained by in-
direct means (Hauck, 1971). This is done by measuring other components
of the system and assuming that the nitrogen unaccounted for was lost by
denitrification. In growth chamber studies, such measurements have
shown that between 18 and 40%Z of added N could be lost by denitrifica-
tion (Dilz and Woldendorp, 1961; Dinéhev, 1964; Zamyatiné, 1968; Hauck,

1978)1_ In two long term field experiments, Jolley and Pierre (1977) re-
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ported N deficits of 37 and 46% for 2 soils at the highest rate of N ap-
plication (168 and 134’Kg/ha, respectively). Values of denitrification
thus obtained are affected by the uncertainties associated with sampling
each of the other parameters involved in N balance.

It is only through the use of 15N labelled fertilizer that direct
measurement of added nitrogen in the soil-plant system can be made accu-
rately (Olson, 1978). The isotopic method gives a satisfactory account
of added N and thus permits an acceptable determination of N balance.
It is recognized that the tracer technique is based on certain assump-
tions: (i) that the isotope ébmposition of the tracer is constant, (ii)
that living organisms can distinguish one isotope from another of the
same elément only with difficulty, (iii1) that the chemical identity of
isotopes is maintained in biochemical systems (Fried et al. 1975; Po-
mares-Garcia and Pratt, 1978). Although these assumptions are not en-
tirely valid for all experimental conditions, they may be considered
valid in most studies in which 15N c9mpounds are used as tracers (Hauck
and Bremner, 1976; Olson, 1978).

A number of growth chémber experiments and some field studies have
been undertaken to prepare a nitrogen balance with 15N labelled ferti-
lizers. 1In most of the results, imbalance in N budgets has been used to
estimate gaseous loss of N via denitrification (Jansson, 1962; Zamyati-
na, 1971; Alessi and Power, 1978; Dev and Rennie, 1979; Crasswell,
1979). Rolston et al (1976) demonstrated that N2 and NZO from denitri-
fication of fertilizer can be measured in a field profile wusing a high

enrichment of 15N labelled fertilizer. It has also been shown that a
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complete nitrogen balance by direct, quantitative measurement of all
components involved can be obtained through use of a gas lysimeter (Ross
et al. 1968). The gas lysimeter is a closed system in.which plants can
be gfown for several weeks. This permits measurement of gaseous ex-
chénge, soil transformation and crop use of added N. It is claimed that
this apparatus is the best closed-system approximation of nitrogen bal-

ance in a productive ecosystem (Hauck, 1971).



Chapter III

MATERIALS AND METHODS

3.1 SOIL SAMPLES

Eight soils: Pine Ridge; Wellwood, Granville, Waitville, Holland,
Newdale, Red River, and Almasippi were used in'these studies. These
soils were collected éarly in the fall of 1978 from O - 15 cm depths of
cultivated fields. The soil samples were air-dried, ground to pass
through a 2mm sieve, and stored at 5°C. The locations, subgroup desig-
nations and some physigal aﬁd chemical préperties of the soils are shown

in Tables 1 and 2.

3.1.1 Experiment I: Utilization of Nitrogen from léN—labelled Urea and

Calcium Nitrate by Wheat Grown on Various Soils.

Two kilograms‘of air-dried soil were weighed into each pot and loose-
ly packed. The top 5 cm of soil was removed from each pot. The remain-
ing sqil was moistened to field capacity.

The soils had different amounts of native macronutrients. Yield com-
parisong of wheat grown on various soils was not the primary objective
of this sfudy. Therefore the basal applications of macronutrients ap-
plied as described below did not take into consideration the initial

nutrient levels. All pots received 50 ppm PZOS and 33 ppm K20 as 10 ml

- 33 -



TABLE 1

Subgroup designation, legal location and some physical and

chemical properties of the soils studied.

Soil Name

Pine Ridge Wellwood Granville Waitville
Subgroup Eluviated Eutric Orthic Black Orthic Gray Orthic Gray

Brunisol Chernozem Luvisol Luvisol
Legal location SE 26-4-7E NE 19-11-14 SW 8-17-16 SW 32-16-16
Texture FS FSL CL L
pH 5.8 6.0 6.3 6.9
C.E.C. (meq/100g) 8.2 21.7 25.3 28.4
Conductivity (mmhoYcm) . 0.1 0.2 0.3 0.3
Organic matter (%) 2.4 4,1 3.0 5.3
CaC0, (%) | 0.4 2.2 0.8 1.4
NaHCO3 extract P {ppm) 7.9 11.4 9.1 8.5
HZO at field capacity (%) 17.0 27.0 26.0 29.0
Total N by Kjeldahl (%) 0.10 0.19 0,15 0,23
Exchangeable K (ppm) 37.4 307 139 167

A




TABLE 2 , Subgroup désignation, legal location and some physical and

chemical properties of the soils studied.

Soil Name Holland ‘ Newdale Red River - . Almasippi

Subgroup Orthic Black Ofthic Black Gleyed Rego Gleyed Rego Black
‘ Chernozem Chernozem Black carbonated phase

Legal location NE 32-7-10 -NE 22-11-17 L§t6—8—3E SW 28~11-10

Texture | L | CL | c : VFSL

pH : 7.3 - 7.4 7.3 7.7

C.E.C. (meq/100g) 39.2 ' 41.2 54.1 20.8

Conductivity (mmho/cm) 1.6 0.5 ' 1.4 1.6

Organic Matter (%) 8.1 9.1 5.9 4,6

CaCO4 (%) 0.6 2.4 1.5 6.6

NaHCO3 extract P (ppm) 6.7 14.8 16.5 14.7

HZO at field capacity (%) 34.6 34.0 36.2 27.0

Total N by Kjeldahl (%) 0.36 0.48 0,27 0,24

Exchangeable K (ppm) 398 227 498 168
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of KHZPO4 which was part of H20 required to bring the soil to fiéld ca-
pacity. The soils were fertilized with 15N—labelled ureé‘and caleium
nitrate to supply 100 ppm N on a weight basis of air dry soil. The la-
" belling in these N-sources were 19.1 and 21.8%15N excess for wurea and
Ca(N03)2 respectively. Exact amounts of N—ferfilizer added were 428 mg
urea per 2 kg soil and 1172 mg Ca(NO3)2 per 2 kg soil. These fertiliz-
ers were spread uniformly onithe surface of the soil in the pots. This
corresponds to the appiication at 5 cm depth from soil surface. A three
cm column of soil was replaced and the soil moistened to field capacity.
Ten wheat seeds (c.v. Neepawa) were sown in each pot and the final 2 cm
depth of soil was replaced. More water was added to bring the soil to
field capacity. There were three replications'for each treatment. The
pots were arranged in a completely randomized design in the growth
chamber. The temperature of the growth chamber was 20°C during the day
and 16°C at night. Humidity of the chamber was 50% in the day and 80%
at night. The plants were grown under a light intensity of 450 u Ein-
stein/mzlsec at;50 cm from the bottom of the growth chamber.

After germination, wheat seedlings were thinned to seven plants per
pot. During the experiment, water was added as required -to keep the
sdils at field capacity. Routine maintenance included removal of weeds,
rearranging the pots to compensate for the draft effects on pots cloée
to the chamber doors. The ' plants were harvested after 52 days of
growth. The soil was removed from each pot, sieved and roots were sepa-—

rated and washed. Soil from each pot was placed in plastic bags, thor-
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oughly mixed and sampled for analysis. The above ground and below
ground portions of the plant were dried to a constant weight at 70°.
The plant samples were ground in a mill fitted with a sieve of 1 mm
screen size.

The plant parts and soil sampleé were analyzed for total nitrogen by
Kjeldahl digestion and for lSN as described below. The distillate was
placed on a hot plate and concentrated to about 5 ml for 15N analysis.

Isotope ratio analysis was carried out with mass spectrometer as de-

scribed later.

3.1.2 Experiment II: Forms and Distribution of Inorganic N in Urea
[(NH, )ZCO] Treated Soils.

Duplicate samples of the air-dried soil were weighed into 250-ml
beakers to provide a 3 cm depth of soil. Ten ml of a solution contain—v
ing non- labelled urea were added. This gave a concentration of 500 ppm
N on an air dry soil weight basis. Soil and fertilizer were thoroughly
mixed, moistened to field capacity and the beaker§ were covered with a
polythene sheet to minimize loss of water. Duplicate check treatments
for each séil were included. The containers were placed in a humidified
desiccator and incubated at‘ZOOC for 33 days. A 10 gm sample was taken
from each container every three days, and the remaining soil was kept at
field capacity. The soils were analyzed for NH4+?N, NOB-—N, and NOZ-—N

Moisture content of the soil at the time of sampling was determined.
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3.1.3 Experiment III: Chemical Denitrification in Some Manitoba Soils
: Treated with Labelled Nitrite.

A previous incubation study indicated that addition of urea resulteﬁ
in accumulation of nitrite (NOZ—) in the acidic Pine Ridge and Wellwood
soils and in the alkaline Almasippi soil. This nitrite persisted in the
‘Pine Ridge and Wellwood soils but in the Almasippi soil it was soon oxi-
dized to nitrate. In all the eight soils used the possible loss of N by
chemical denitrification waé-investigated. Twenty—~five gram samples of

each of these soils were treated with 15N—labelled sodium nitrite (% 15N
= 50.0) to provide 100 ppm NOZ_-N. ‘The soil and NaNO2 were thoroughly
mixed to obtain a uniform concentration of nitrogen. The incubation
vessel (Figure 1) was connected to a vacuum line. The pressure of the
incubation atmosphere was reduced to 650 mm Hg while the Hg manometer
was alsq connected to the vacuum line. The samples were then incubated
for 4 days in a closed vessel at 20°C. Two gas sample tubes (Figure 2)
were used to collect the evolved gases from each incubation vessel. One
gas sample tube contained about 5 g of potassium hydroxide as a water
and carbon dioxide absorbent. The other contained 5 ml of concentrated’
sulphuric acid to absorb water only. Gas samples were taken at 1, 2, 3
and 4 days after incubation. Gas collected from the incubation vessels
was analyzed with a mass spectrometér by scanning for mass to charge
(m/e) ratios of 28 through 46. An air sample was aléo analyzed to esti-

mate the m/e of 28 through 46 present in the atmosphere.
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3.1.4 Experiment IV(i): Nitrogen Fertilizer and Soil Interactions.

All the eight soils mentioned earlier were used for this investiga-

),S0, labelled with 15N were the nitrogen
472774

 sources added. The labelling in these N-sources were 52.67, 52.3 and

tion. Urea, Ca(N03)2 and (NH

54;4Z excess for urea, calcium nitrate and ammonium sulphate, respec—
tively.

Duplicate samples of 50 g of air-dried soil were weighed into 100 ml
beakers. To each beaker. nitrogen was added in solution as urea,

Ca(NO or (NH In each case the solutions were of such concen—
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tration that adding enough solution to bring the soil to field capacity
gave a concentration of 500 ppm N on a dry soil weight basis. Exact
weight of N sources added were: 53.6 mg urea per 50 g soil; 146.5 mg
4)2804 per 50 g soil. The soil

and fertilizer were mixed thoroughly, and the beaker was covered with a

Ca(NO3)2 per 50 g soil and 117.9 mg (NH

perforated polythene sheet. The soil samples were placed in humidified
desiccators and incubated at 20°C for 2, 4 and 8 weeks. The desiccators
were 6pened each déy to permit air exchange. At every sampling date,
the soils were analyzed for total inorganic N and organic N. Moisture

contents of the soils were also determined.

3.1.5 Experiment E!(Ei): Rapid Reactions of N-Fertilizers in Four
Slightly Acid to Neutral Soils.

Four soils; Pine Ridge, Wellwood, Granville and Waitville were chosen
for this study. Previous investigation showed that these soils fixed

more nitrogen than the slightly alkaline soils. Calcium nitrate was ex—
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cluded from the N-treatments since this N-source was not appreciably
fixed in any of the eight soils. Procedures for incubation and the
amount of N added were the same as in Experiment IV(i). Soil samples
were taken at 1, 2, 4, 6 and 10 days after incubation. The soils were

analyzed for the same parameters as in Experiment vV({i).

3.1.6 Experiment V: Determination of Organically Fixed N in Four
Manitoba Soils.

This study was undertaken to ascertain the amount of N fixed in pre-
vious incubation studies that was organically bound. The same four
soils as in the last two experiments were used without ad justing the pH.

15N = 52.96) and it was added

Labelled (NH2)2C0 was the source of N (%
at a rate which provided 500 ppm N on the basis of dry soil weights.
Fifty gram soil samples were treated with urea-N, and soil and fertiliz-
er wére thoroughly mixed. Each treatment was replicated four times.
The soils were moistened to field capacity and incubated at 20°C for 4
weeks. At the end of the incubation period, the inorganic N was ex—
tracted with 2N KC1 from all four samples of all soils. From two sam-
ples of each soii the soil fesidue was analyzed for total N by the Kjel-
dahl procedures.v The other two samples were treated with 1N sto4 and
30%Z hydrogen peroxide to deséroy the organic matter. The H202 digestion
was intended to destroy organic matter only without affecting the re-

lease of inorganically fixed NH4+. The soil was then analyzed for total

N bound organically.
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3.1.7 Experiment VI: Interactions of Ammonium Yielding Fertilizers in
- pH Ammended Soils.

_Two slightly acid soils, Pine Ridge and Wellwood, and two slightly
alkaline soils, Newdale and Almasippi, were used for/this study. Sourc-
es of labelled N used were (NHZ)ZCO and (NH ) SO4 for reasons given in
eXperiment IV(i). The study was set out to ascertain if the amount of N
fixed in Pine Ridge and'Wellwdod soils could be reduced by liming these
soils and if Newdale and Almasippi soils would fix more N when acidi-
fied.

Pine Ridge soil (pH 5.8) was limed with 0.628 g (6.28 mmole) CaCO3
per 50 g soil to increase the pH to 7.5. Wellwood soil (pH 6.0) was
limed with 2.634 g (26.34 mmole) CaCO3 per SQ g soil to increase the pH
to 7.5. Newdale soil (pH 7.4) was acidified to pH 5.5 with 1.96 ml of
2M H2804 k3.92 mmole) per 50 g soil. Almasippi soil (pH 7.7) was also
acidified to pH 5.5 with 3.23 ml of 2M H SO4 (6.46 mmole) per 50 g soil.
Water was added to bring the soils to field capacity. The soils were
preincubated for 1 week at 20°C before N additions were made. Amount of
N added and procedures for incubation were as explained for experiment
IV. Soil samples were taken at 1, 2, 4, 6, 10, 14, 28 and 56 days after

incubation. The soils were analyzed for total inorganic N and organic

N. Soil moisture contents at the time of sampling were also determined.
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3.1.8 Experiment VII: Utilization of Nitrogen from léN—labelled
Fertilizers by Wheat Grown on pH Ammended Soils.

Four soils, Pine Ridge, Wellwood, Newdale and Almasippi were used for
this investigation. The pH of these soils were adjusted as explained in
experimént VI. Pine Ridge and Wellwood soils were limed to pH 7.5 with
27.28'g and 105.36 g CaCO3 per 2 kg soil, - ;espectively. Newdale soil
was acidified with 78.4 ml 2M H2804, and Almasippi soil with 129.2 ml 2M

H2804 per 2 kg soil to brihg both soils to pH 5.5. Sources of‘labelled

302 42250,

sources were 20.8; 17.7 and 21.1% excess for urea, calcium nitrate and

N used were (NHZ)ZCO; Ca(NO and (NH The labelling in the N
ammonium sulphate; reépectively; The soils were preincubated at 20%
for 1 week before adding N-fertilizers and seeding. Wheat (cfv. Neepa-
" wa) was grown for 52 days in the growth chamber, under the same condi-
tion as stated for the first experiment. Each treatment was replicated
four times. Added N-sources provided 100 ppm N. All subsequent experi-

mental and analytical procedures were as obtained for experiment I.

Soil pH at harvest time was also determined.

3.2  ANALYTICAL PROCEDURES

3.2.1 Soil pH

Soil pH was determined according to the procedures outlined by Scho—
field and Taylor (1955). A 1:2 ratio (w/v) of soil to 0.01 M CaCl2 so~-
lution was prepared. Samples were éhaken and allowed to equilibrate for
30 minutes. Soil pH measurement Qas made with a digital pH meter equip-
ped with glass and calomel electrode (Model 801, Ionalyzer Orion Re-

search).
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3.2.2 Organic Matter

The potassium dichromate—conc. H2504 oxidation method described by

Peech et al. (1947) was used to determine the soil organic matter. Af-
ter oxidizing the sample, the excess chromic acid in the solution was
back—~titrated with 0.5N FeSO4, using an automatic titrator which meas-

ured the oxidation-reduction potential electrometrically.

3.2.3 Calcium Carbonate

A one~gram soil sample waévdigested in 10Z HC1 forllo minutes. Car-
bon dioxide evolved was drawn through a drying absorption train. The
CO2 was absorbed by ascarite in a Nesbitt tube. The weight of CO2 ab-
sorbed was determined. The carbonate content of the soil was then cal=-

culated.

3.2.4 Cation Exchange Capacity

The cation exchange capacity was determined by the ammonium satura-

tion method described by Chapman (1965). A25¢g soil'sample was shaken

for 1 hour with 50 ml 1N NH, OAc (pH 7.0). After filtering, the exéess ‘‘‘‘‘
NH4OAc was washed from the soil with 200 ml 99% isopropyl alcohol. The
NH4+;saturated soil was leached with 10% acidified NaCl to remove ammo-
nium from the exchange sites. The leachate was distilled into 50 ml

boric acid (2%) solution. The ammonium in the distillate was determined

by titration with 0.1IN stoé.
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3.2.5 Electrical Conductivity

The conductivity of a soil-water saturated paste extract was measured
with a Radiometer direct reading conductivity metre (Type CDM 2, Bach-
Simpson Ltd.).

.

3.2.6. Available Phosphorus (NaHCO3

Sodium bicarbonate extractable P was determined as outlined by Olsen

Method)

et al. (1954). Five gréﬁs of soil were shaken for 30 minﬁtes with 100
ml of 0.5N NaHCO3 extracting solution (pH 8.5). The sample was filtered
and 25 ml of filtrate was treated with 5 ml of mixed reagent (7.5 g am-
monium paramolybdate, 0.l4 g antimony potassium tartrate and 88 ml sul-
phuric acid). After allowing this to stand for five minutes, the absor-

bance was read on Cecil Spectrophotometer.

3.2.7 Moisture Content at Field Capacity

An air dried soil sample was placed in a graduated cylinder. Suffi-
cient water was added to wet the upper half §f the soil column. The
cyiinder was covered with plastic film fastened with a rubber band. The
soil was allowed to équilibrate for 4 days. A sample of the soil was
tgken from above the wetting front in the cylinder. The soil sample was

dried in the oven at 105°C and moisture content was calculated.

N\
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3.2.8 Total Nitrogen to include Nitrite plus Nitrate

Total nitrogen of the soil was determined as described by Bremner
(1965). A five-gram moist soil sample was treated with 5% potassium
permanganate to oxidize nitrite to nitrate. This was followed by the
addition of 20 ml of 50% H2804 solution. Reduction of nitraté to ammo—
nium was accomplished by adding 2 g iron powder and predigesting at low
heat for 40-45 minutes. One Kelpak (0.3 g CuSO4 plus 10 g K2504) and 20
ml conc. HZSO4 were added; This was followed by the conversion of or-
ganic N to ammoniﬁm N by digésting at full heat for 1 hour. The ammoni-
um in solufion was converted to ammonia by the addition of 75 ml 50%
NaOH solution. The liberated ammonia was collected in 50 ml 0.1N HZSO4
containing mixed indicator, thg excess H2804 was back titrated with 0.1N
NaOH and N content of the sample was calculated. This method results in
overestimation of ammonium in solution from soils having high amine con-
tent. In such case, use of MgO will be more appropriate. In surface
soils, a high amount of amine does not normally occur since the soil is
aerobic. Hence the 507 NaOH method which hgs been routinely adopted in
this'department was used.

Following titration the solution was acidified with 1 drop of conec.
HZSO4. (fhis solution was concentrated to 5 ml on a hot plate. The con-
centrated solution was converted to nitrogen gas by treatment with sodi-

um hypobromite (NaOBr). The nitrogen gas was analyzed for mass to

charge (m/e) ratio of 28 and 29 on Mass Spectrometer as described by Cho

and Sakdinan (1978).
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3.2.9 Total Inorganic Nitrogen by Distillation

Ten grams of moist soil was shaken for 1 hour in 50 ml 2N KCl solu-
tioq to extract inorganic nitrogen. The soil suspension was filtered
and the residue leached with 100 ml 2N KC1. The soil extract was placed
in a Kjeldahl flask and 1.5 g Devarda“s alloy was added to reduce NOB—
to NH +. The extract was treated with 20 ml 50% NaOH and distilled into

4

50 m1 O0.1N H2504 containing a mixed indicator. The distillate was
back-titrated with 0.1N NaOH. Further procedures for determination of N

"and measurement of 15N were as described for total N determination.

3.2.10 Soil Organic Nitrogen

A portion of the soil residue from the preceding determination was
placed in a Kjeldahl flask. One Kelpak and 30)m1 conc. HZSO4 were add-
ed. This was digested at full heat for 1 hour to convert the organic N

to ammonium N. Also to release organically fixed N, a second portion of

the soil residue was digested with 30% HZO HZSO4 (dil.) as described

-
by McKenzie and Wallace (1953) to determine organic nitrogen only. Sub-

sequent procedures for nitrogen and 15N determinations were as earlier

described for total N.

3.2.11 Ammonium Nitrogen

The inorganic nitrogen was extracted by shaking 10 g of moist soil in
100 ml 2N KCl solution for one hour. The suspension was filtered
through a Whatman No. 42 filter paper. To a 50 ml aliquot of the fil-

trate 0.5 m1 of 1O0M NaOH was added. The solution was thoroughly mixed



49
and direct reading was taken on the ammonium electrode — Orion Model 801
digital pH/mv meter. A calibration curve was constructed each time a
new set of samples was analyzed. The standard solutions consisted of

1.0, 2.5, 5.0, 8.0, 10.0 and 100 ppm of NH,CI.

3.2.12 Nitrite and Nitrate Nitrogen

Nitrite and nitrate nit;ogen were determined using an aliquot of soil
extract obtained for the aﬁmonium determination. Nitrite and the sum of
nitrate and nitrite wére deéermined colorimetrically using a Tecpnicon
autoanalyzer as outlined by Kamphake et al. (1967). A reagent blank and
standard soil sample were included with each set of 48 samples analyzed.
Standard solutions and calibration curves were prepared in order to ob-

tain nitrite and nitrate concentration in ppm.

3.2.13 Total Nitrogen (Plant)

A two—-gram samples of plant material with 1 Kélpak added was treated
with 25 ml conc. HZSO4. This was digested until the contepts of the
flask became clear. The digested plant material was treated with 250 ml
water and 50 ml of 50Z NaOH. This was followed by distillation into. 50
ml 0.1IN stoa. Subsequent procedures for N determination are the same

as explained for total nitrogen in soil.
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3.2.14 13N Analysis

Determination of 15N abundance in soil or plant material involved
Kjeldahl digestion of soil or plant material as described earlier. The
concentrated ammonium from the distillate was converted to molecular ni-
trogen by treatment with sodium hypobromite (NaOBr) in a vacuum system
as described by Cho (1980) (personal communication).

The nitrogen gas was anglyzed by the mass spectrometer for m/e 28 and
29. The 15N abundance was expressed as atom percent 15N excess. This
was calculated by using the following equations:

Atom % *°N Excess = 100/(2R + 1) - B.
where R is the ratio of the relative peak heights of mass to charge
(m/e) ratio of 28 and 29. The value B represents atom percent 15N in
the atmosphere. |

The aﬁmonium solution from the soil inorganic nitrogen extraction us-—
ually contains a relatively small amount of N. Thus, the nitrogen gas
generated after treatment with NaOBr is also very small. It was, there-
fore, necessary to h?ve an increased pressure in the reaction vessel to
transfer N2 from the reaction vessel to the gas container and from gas
container to the mass spectrometer (micromass 602C). Argon gas at a
pressure of 40 mm Hg was introduced into the reactioﬁ.vessel before NH3
oxidation so that the total pressure in the gas container becomes higher

than that due to produced N2 alone. Such an elevated pressure was found

necessary to have appreciable peak heights of m/e 28 and 29.



Chapter IV
RESULTS AND DISCUSSIONS

4.1 EXPERIMENT 1: UTILIZATION OF NITROGEN FROM léN—LABELLED UREA AND

CALCIUM NITRATE BY WHEAT GROWN ON VARIOUS SOILS.

The purpose of this invéstigation was to evaluate, under a controlled
environment, the efficiency éf (NHZ)ZCO and Ca(NQS)z_as nitrogen sources
for wheat on various Manitoba soils. A second objective was to ascer-—
tain the extent to which added N from these sources could be recovered
in the plant and the soil using 15N.—labei;Led carriers. The experiment
was carried oﬁt in clay pots each containing 2 kg of air-dried soil.

The soils were treated with 15

N—labelled (NHZ)ZCO and Ca(NO3)2 at rates
sufficient to supply 100 ppm N based on an air dry soil weight. Wheat
was grown in the growth chamber at 20°C for 52 days. Dry matter yields
of shoots and roots were measured. Both the plant parts and soil sam—
ples were analyzed fo; total nitrogen. Performance of the nitrogen
sources were assessed by ﬁsing (a) uptake of N by plant in the above
ground portion andlin roots (b) residual N in soil at the end of the ex-
periment (c) standard isotope criteria, i.e., percent N derived from

fertilizer (%N.d.f.f.); nitrogen “A” values and % utilization 'of added N

were carried out on a comparative basis.

- 51 -
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4.1.1 Dry Matter and Total N-yields of Wheat

The dry matter yield of shoot in (NHZ)ZCO—treated soils ranged from a
low of 5.32g per pot in Granville soil to a high of 23.9g per pot in the
Red River soil (Table 3). With Ca(N03)2—treated soils corresponding
values ranged from 7.94 to 23.3g per pot. Here again the highest yield
was obtained from the Red River soil. The lowest yield was obtained
from the Pine Ridge soil._ There were significant differences in dry
matter yield of wheat bet&een soils with both N-sources. These yield
differences were greater witﬁ (NH2)200 than with Ca(NO3)2. In terms of
dry matter yield, the soils were nearly in the same order for both N-
carriers. There were three soils (Pine Ridge, Wellwood and Granville)
in which the yield was significantly greater with Ca(NO3)2 than with =
(NHZ)ZCO' .The average difference in favour of Ca(NO3)2 for these soils
was 35.5 percent. The yield on two of thgse soils (Pine Ridge and Gran-
ville) was significantly lower than yield on the other soils with both N
carriers. With the other five soils the yield difference between carri—
ers was considerably smaller and in one of these (Almasippi soil) the

vield was significantly greater with (NHZ)ZCO than with Ca(NO3) " The

2.
yield data suggest that Ca(NO3)2 is the more available nitrogen carri-
er, especially on the slightly acid soils (Pine Ridge, Wellwood and
GranVillé).

'

Total N yield is a yield-dependent parameter and it ranged from 94.13
mg per pot with (NHZ)ZCO in Granville to 329.47mg per pot with Ca(NO4),
in Red River. There appears to be an inverse relationship between

yields and N percentage of the plant tissue. The lower the yield the



TABLE 3 Dry matter and total'N—yields in the .above ground portion

of wheat grown on various soils treated with (NH2)2CO

and Ca(NOé)2 at 100 ppm N (ZOO’ﬁé/pOt)

Soil Name _Yield (g/pot) ' N-Yield (mg/pot)
(NH2)2CO Ca(N03)2 (NH2)2C0 Ca(NO3)2
Pine Ridge 5.89h 7.94g 138.30 145,80
Wellwood 12.57ef 14.31cd 143,27 157.04
Granville 5.32h © 8.39¢g 94.13 ' 105.38
Waitville 11.62f 12.84def 136.80 145,07
Holland 14.73c 14.08cde 151.54 159.75
Red River 23.90a 23.33a ' 327.75 : 329.47
Newdale 13.79cde 14.07cde 199.93 208.55
Almasippi 16.11b 14.69c 157.88 160.11

*Means not followed by the same letter differ at a 0.05 probability level according to
Duncan's multiple range test.

£
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higher the N percentage thus reducing the gap in total N-yield between
low and high dry-matter yield samples. In all the soils, the total N-
co. This showed that

yield was greater with Ca(NO than with (NH

32 272
plant uptake of N from Ca(NO3)2 source was better than N uptake from

(NHZ)ZCO.

4.1.2 Nitrogen Derived from N-carriers and Percent Utilization of
Added N '

The isotope derived criteria commonly used to evaluate the compara-
tive availability of different N-sources include: Percent nitrogen de-
rived from fertilizer (percent N.d.f.f), “A” values and percent utiliza-
tion of added N. The first two values are yield independent parameters
that 1is their calculation does not require the assessment of plant
yield. Percent N.d.f.f. was significantly different between the soils
with both N-carriers (Table 4). Nitrogeh derived from Ca(N03)2 source
was significantly greater than N derived from (NH2)2C0 in Granville and
Waitville soils. In Red RiveF soil %N.d.f.f. was greater with (NH2)200

than with Ca(NO Differences in percent N.d.f.f. between the N-car-

372
riers were not significant in the other five soils.
Percent utilization of added-N is a yield-dependent criterion, and it

ranged from 30.61% with (NH2)2CO in Granville to 55.26% with (NH,),.CO in

2)2
Red RiverQ_ In seven of the eight soils used, utilization of added-N as
Ca(N03)2 was greater than that of (NHZ)ZCO' It was only significantly
greater in Wellwood, Granville and Waitville soils. With Red River soil

utilization of nitrogen from urea was significantly greater than from




TABLE 4 Nitwregen derived from N—carriérs in wheat

tops and utilization of added N

Soil Name NDFF (%i Utilization (%)
(NHZ)ZCO Ca(NO3)2 (NH2)2CO Ca(NO3)2
Pine-Ridge 54,21c 55.30¢c 37.44efg 40.32cde.
Wellwood 48,91ef 49, 68ef 35.03gh 39.01def
Granville | - 65.00b 68.59%a 30.61i | 36.13fg
Waitville 48.63f 50.24e 33.25hi | 36.45fg
Holland 52.474 51.89d 39.76de 41.45bcd
Red River 33.72h 32.501 55.26a : '53.55a
Newdale 41.36g 41, 60¢g 41.35bcd 43,40b
Almasippi 54,29¢ 54.59¢ 42,86bc 43.72b

*Means within the same parameters, not followed by the same letter differ at 0.05 probability
level according to Duncan's multiple range test.

19
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calcium nitrate. Percent utilization of added N varied considerably be-
tween the soils. The lowest percent utilizatin was obtained from Gran-
ville soil with both carriers. On the other hand, Red River soil showed
the highest utilization with both sources of added N. The four slightly
acid soils showed greater differences in percent utilization of N be-
tween the two carriers than the slightly alkaline soils. More of the
nitrogen added as Ca(NOB)2 was wutilized by wheat than N added as
(NHZ)ZCO’ especially in tﬁe slightly acid soils. Thus the uptake of N
from NH4+ source, urea, was'slowervand less‘than that from NO3— source.

This could be partially due to the adsorption and fixation of the ammo-

nium ions to the soil particles.

4.1.3 Yield and Percent Utilization.gg Added N by Wheat Roots

s

As with the tops, there were significant differences in root yield
between the soils (Table 5). The yield of roots ranged from 1.69g per
pot in Granville soil treated with (NH2)2C0 to 7.24g per pot in Ca(NO3)2
treated Wellwood soil. Root yield on Pine Ridge and Wellwood soils was
significantly greater with Ca(NOS)z.than with (NH,),CO. There was no
significant difference in root yield between the N-sources in the re-
maining six soils. In Pine Ridge, Wellwood and Granville soils a sig-
nificantly greater percentage of nitrogen added as Ca(NO3)2 than as
(NH2)200 was utilized by roots. There was no significant difference in
utilization of added N between the two carriers in the other five soils.
Nitrogen from Ca(NOB)eras utilized to a significantly greater degree

than N from (NHZ)ZCO in three of the four slightly acid soils.



TABLE ' 5 Dry matter yield and percent utilization

of added-N of wheat roots

Soil Name Yield (g/pot) Utilization (%)
(NHZ)ZCO Ca(NO3)2 '(NH2)2CO Ca(N03)2
Pine Ridge ' 4,65ef ~ 5.98be 12.14b 14.56a
Wellwood 5.52bcde 7.24a 12.40b 14.37a
Granville 1.69h 2.43h  4.66g 6.62ef
Waitville 3.81¢g 3.50g 8.16de 7.42ef
Holland 3.91fg 3.39¢ 6.92ef 6.15fg
Red River 6.25b 6.23b B 8.11de 7.52ef
Newdale 5.27cde 5.04de 9.83cd 9.59cd
Almasippi 5.55bcd 4.89de 10.22c 9.66cd

*Means within the same parameters, not followed by the same letter differ at 0.05 probability
level according to Duncan's multiple range test.

LS
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4.1.4 The "A" Values of the Experimental Soils

The “A” value is a yield-independent criterion and it is defined as
the amount of available nutrient in a particular source, for example
soll, measured in terms of a fertilizer standard. This is based on the

concept that if a plant is confronted by two sources of a nutrient, it
X ,

will take up nutrient from each source in direct proportion to the

amount available. The “A” value was calculated using the following

equation:

(ZlSN excess standard)
A=2B 15 -1
(Z"°N excess sample)

available soil nitrogen in ppm of dry soil weight.
the amount of labelled N-fertilizer added in ppm.

where A
B

The “A” value data, based on above ground portion (Table 6) provides a
measure of the availability of the soil nitrogen in the eight soils dur-
ing the 52-day growth period. The “A” values of the experimental soils,
as calculated from Ca(NO3)2 ranged from 46 ppm (Granville soil) to 207
ppm (Red River soil). Thus the soii.(Granville) which produced the
léést dry matter yield had thg least available N while Red River soil
with highest yield production had the .highest “A” value. As the yield
is not related to “A” value alone, there is no clear cut relation be-
tween “A” value and yield among the remaining six soils. The “A” values
obtained with urea are in nearly the same order of magnitude as those
obtained with NOB-. It was, however, noticed that the values obtained

with urea were generallj higher than those with NOS— on all acid soils.
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The two values are nearly equal, for neutral to alkaline soils, with the
exception of those obtained with Red River soil. It was speculated
that a difference 1in “A” value measured using different N-sources may
be due to N-source itself rather than to soil N. Thus, the relative ef-
ficiency of one carrier as compared to the other was estimated by assum—
ing that the “A” value of the soil obtained from N03_ source remained
constant. Such a calculation using “A” value obtained from NO3_ as
standard is listed in the last coluﬁn of Table 6. Relative efficiency
of urea as compared to Ca(NO3)2 rangeq from 85.1 percent that of
Ca(NO3)2 (Granville soil) to 105.62 that of Ca(NO3)2 (Red River soil).
The data suggest that N from Ca(N03)2 is more available than N from
(NHZ)ZCO especially on slightly acid Pine Ridgé, Wellwood, Granville and
Waitville soils. However, NO3— did not seem to be as available as urea

on Red River soil. This could proba%ly be due to possible 1loss of N

from N03- source as the soil was very heavy in texture.

4.1.5 Total Nitrogen Balance

The distfibufion of the two nitrogen carriers in plant and soil at
the end of the —experiment together with the estimated loss from the
soil-plant system (unrecovered N) is given in Table 7. In most of the
soils, the total nitrogen in the plant was greater from Ca(NO3)2 than
from (NHZ)ZCO' The average values of N recovered by plants were 48.5

and 51.3%Z for urea and Ca(N03)2, respectively. This confirms the rela-

tive inefficiency of (NHZ)ZCO as a source of N for wheat under the con-
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TABLE 6 "A" Values of the experimental soils measured using

Ca(NO and urea and relative efficiency of the urea as

3)2
compared to Ca(N03)2

Scil Name _ "A" Value (ppm) Urea efficiency (%)
~£NQS) Urea (100 ppm = Ca(N03)2
Pine Ridge 81 84 95.7
Wellwood 01 104 ' 96.9
Granville 46 ' 54 85.1
Waitville 99 106 93.8
Holland 93 91 102.4
Red River 207 197 _ | 105.6
Newdale 140 142 99.0

Almasippi 83 84 98.8
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ditions in which the experiment was conducted. The amount of labelled
15N remaining in the soil was greater with (NHZ)ZCO’ than with Ca(N03)2.
The average value of N remaining in the soils after the removal of plant
top and roots were 34.9 and 25.7% for urea and Ca(NOB)Z’ respectively.
Thus, recovery of total nitrogen from both plant and soil Qas greater
from (NH2)2C0 than from Ca(NO3)2. Hence, the calculated nitrogen loss
frqm tbe two N-carriers was greater with Ca(N03)2 than with (NH2)200 in
most of the soils (23.1 and 16.6% respectively). The inefficient utili-
zation of urea by plant was the result of immobilization or fixation of
N from ureé by soil constituents. The higher value of unaccounted for N

from Ca(NO3)2 may possibly be due to denitrification.

4.1.6 Summary

This investigation showed better wutilization of added-N from
Ca(NO3)2, by wheat than from (NHZ)ZCO in the Pine Ridge, Wellwood, Gran—
ville and Waitville soils. The yield-independent isotope criterion, the
“A” value, suggésts that Ca(NO3)2 is the more available nitrogen on
these slightly acid soils. The “A” value data support‘tﬁe conclusion
that, for the above mentioned soils, (NHZ)ZCO was less efficient as a
nitrogen source for wheat. Dry matter yield of wheat from Pine Ridge,
Wellwood and Granville soils was significantly greater with Ca(NO3)2
than with (NHZ)ZCO' Total nitrogen balaﬁce indicates that labelled 15N

remaining in the soil at the end of the experiment was consistently

greater with (NHZ)ZCO than with Ca(NOB)Z' Since this residual N was not
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TABLE 7 Total nitrogen balance (percent of added N-fertilizer)
Soil Name Urea Ca(N03)2
Plant Soil Unrec. N. Plant Soil Unrec. N

Pine Ridge 49.6 27.3 23.1 54.9 13.4 31.7
Wellwood 47 .4 31.1 21.5 53.4 24,2 22.4
Granville 35.3 48.2 16.5 42.7 41.6 15.7
Waitville 41.5  43.2 15.3 43.9  32.0 24.1
Holland 46.7 41.4 11.9 “47.7 33.6 18.7
Red River 63.4 29.7 6.9 61.1 21.4 17.5
Newdale 51.2 28.9 19.9 53.0 17.2 29.8
Almasippi 53.1  29.0 17.9 53.4  22.3. 24,3
Average 48.5 34.9 16.6 51.3 25.7 23.1

Unrec N = Unrecovered N
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readily available for plant uptake, it might have been adsorbed, fixed
or otherwise immobilized in the soil system. As a result, total recov-
ery of added N from (NH2)200 was equal to, and in most cases greater
than N recovery from Ca(NO3)2. The unrecovered N was somewhat greater
with Ca(NO

than with (NH,),CO in most of the soils. This may be due

3?2 2)2
to a greater loss of N by denitrification in soils treated with Ca(NO3)2

Co.

than in soils treated with (NHZ)Z

4.2 EXPERIMENT II: FORMS AND DISTRIBUTION OF INORGANIC N IN UREA
[(NE,),CO] TREATED SOILS INCUBATED AT 20=C

The growth chamber experiment indicated that nitrogen remaining in
the soil at harvest in (NHZ)ZCO—treated soil was greater than N in
Ca(NOB)Z-treated soil. The purpose of this Vstudy'was to ascertain the
forms and distribution of inorganic N from (NH2)200 in the eight soils
used. Urea was added to each soil in the amount of 500 ppm N on an air
dry éoil weight-basis. Soil and fertilizer were thoroughly mixed, kept

at field moisture capacity and incubated at 20°¢C for 33 days.

4.2.1 Distributioﬁ_g£ Inorganic N in Pine Ridge Soil

Ammonium—N concentration in Pine Ridge soil decreased with increase
in time of incubation (Figure 3). This was due to transformation of
NH4+—N to other inorganic forms and probably also to adsorption and fix-
ation of NH4+¥N to soil particles. The presence of NH4+—N throughout
the incubation period iﬁdicates a slow oxidation of NH4+;N in acid Pine

Ridge soil. Accumulation of NOZ-—N started slowly but did occur early
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in the incubation period. Nitrite accumulation reached a maximum of 145
ppm N (29Z of added N) after 12 days incubation. Concentration of
NOZ—-N remained constant at 90 ppm N between the 15th and 21lst days, af-
ter which it siowly declined. A trace of NOZ--N persisted till the end
of the incubation period. Nitrite accumulation in this soil was proba-
bly due to inhibition of biological oxidation of nitrite by Nitrobacter
Sp. Production of N03——N was slow ﬁp to the 24th day of incubation,
during which time the concéntration was below 35 ppm-N.
From 24th day onward, NOB_ dqncentration increased with time until the
end of thg»incubation period. The total inorganic N did not reachISOO
ppm N at any time. This might be due to slow enzymatic hydrolysis of
urea at the initial period and to loss of N at the iater stage of incu-
bation. Ammonium~N constituted the bulk of the total‘inorganic N
throughout the incubation period. About 75% of added urea-N was recov-
ered, mainly as NH4+—N and NO3-—N at the end of the incubation period.
Nitrogen deficit in this soil might‘be due to NH4+;N fixation and deni-

trification of accumulated NOZ_—N.

4.2.2 Distribution of Inorganic N in Wellwood Soil

The concentration of NH4+;N in Wellwood soil followed a similar pat-
tern to that obtained for Pine Ridge soil (Figuré 4). Ammonium~-N in
Wellwood soil was more rapidly oxidized than in Pine Ridge soil, proba-
bly because Wellwood soil is less acidic than Pine Ridge. Presence of
NH4+;N was still observed at the end of the incubation period indicafing

a slow rate of oxidation of NH4+;N in the slightly acid Wellwood soil.
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Figure 3: Ammonium, nitrite, nitrate and total inorganic nitrogen in
Pine Ridge soil treated with urearN at 500 ppm.
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Nitrite accumulation occurred in Wellwood soil, but to a lesser degree
than in Pine Ridge soil. The maximum concentration of NOZ-—N was ob-
tained on the 12th day of dincubation. A small quantity of nitrite-N
persisted untii,the end of the incubation period. Accumulation of NO3—
started between three days and six days of incubation and continued un-
til the end of the incubation period. Total inorganic N reached a maxi-
mum of 575 ppm N after 9 days of incubation. This is probably due to
increased mineralization oécurring in this soil. About 320 ppm N was
recovered és total inorganic N at the end of the incubation period. Un-
recovered N was présumably fixed or lost to the.system through denitri-

fication.

4.2.3 Distribution of Inorganic N in Granville Soil

[N

Unlike the two previous soils, oxidation of ammonium~N in Granville
soil was fast enough that no NH4+—N was found after 21 days of incuba-

tion (Figure 5). Very little NOZ-—N was measured. The highest concen-

tration of 15 ppm NO2 -N was observed at 12 days of incubation. By the

18th day, all of the NOZ——N had disappeared. Production of nitrate-N

was very rapid until the 27th day after which it 1levelled off. Total
inorganic N at 6 days of incubation was 600 ppm N and decreased to 350

ppm N at the end of incubation. By the end of the experiment inorganic

N was mainly in NO3 -N form. Since no substantial nitrite accumulated

in Granville soil, N-loss in Granville might be mainly due to NH4+—N

fixation or immobilization, and not via chemical denitrification, the
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Ammonium, nitrite, nitrate and total inorganic nitrogen in
Wellwood soil treated with urea-N at 500 pPpm.
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pathway of which includes NOZ_' However biological denitrification

could also have occurred.

4.2.4 Distribution of Inorganic N in Waitville Soil

In the Waitville soil the pattern of inorganic N distribution was
similar to that in the Granville soil (Figure 6). There was no ammoni-
um-N present after 18 days of incubation. The trace amount of NOé_—N
formed in this soil was coﬁpletely transformed by the 12th day of incu-
bation. Nitrate-N production was rapid and it continued accumulating
untilvthe end of the incubation period. Mineralization of both soil-N
and added urea was rapid in Waitville soil. The total inorganic N at 6
days was over 750 ppm N. This had decreased to 500 ppm N at the end of

incubation. Total inorganic N towards the end of incubation was mainly

in the form of nitrate-N.

4.2.5 Distribution of Inorganic N in Holland Soil

The concentration of NH4+;N in Holland soil was 700 ppm N after 6
days of incubation (Figure 7). This high concentration of NH4f—N may be
due to increased microbial activity and rapid mineralization in Holland
soil. By the 15th day of incubation, all the ammonium-N had been com-
pletely oxidized. Nitrite production was small and no trace of this was
left by 15th day of incubation. Nitrate accumulation reached a maximum
of 400 ppm N at 15 days of incubation. After this, NO3_—N concentration

declined to about 250 ppm N at the end of the incubation beriod. This
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decline may be due to immobilization of N in Holland soil. Total inor-—
ganic N at 6 days was about 800 ppm N and this was mainly in NH4+—N
form. From 15 days onward, total inorganic N was solely in the N03_—N
form. Transformation of NH4+—N did not match the production of nitrate-

i

N and NOZ——N formation was minimal.

4.2.6 Distribution of Inorganic N in Newdale Soil

Both hydrolysis of urea'and oxidation of NH4+;N were rapid in Newdale
’soil (Figure 8). All the NH4+-N had disappeared by the 12th day of in-
cubation. No substantial nitrite build up was observed. froductién of
NOS-—N started early in the incubation period and N03——N continued to
accumulate during the first 18 days of incubation. The decline in ni-
trate-N concentration after 18 days may be due to immobilization of add-
ed-N. The total inorganic N decreased with time, and in the later peri-
od of incubation followed the same pattern as nitrate-N distribution.
Over 80% of added-N was recovered in form of nitrate-N at the end of the

incubation period.

4.2.7 Distribution_g£ Inorganic N in Red River Soil

As was observed for Newdale soil; mineralization of both soil and
added N was rapid in Red River soil (Figure 9). Concentration of NH4+—N
was 680 ppm N after 6 days of incubation. By the 18th day of incubation
all the NH4+;N had been completely nitrified. There was virtually no

nitrite accumulation in Red River soil. Nitrate-N increased very rapid-
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ly and reached a maximum of 425 ppm N after 15 days of incubation. By
the Zlét day the nitrate-N content had started to decrease. Total inor-
ganic N decreased from 770 ppm N at 6 days to 285 ppm N at the end of
the incubation. This considerable N-loss might probably be due to deni-
trification of NO3——N in this soil, as this soil had very high clay con-~

tent.

4.2.8 Distribution of Inorganic N in Almasippi Soil

Nitrification of NH4+—N was rapid in the alkaline Almasippi soil,

such that no NH4+FN remained in the soil at 15th day of incubation (Fig-
ure 10). A considerable amount of nitrite accumulated early in the
period of incubation. Nitrite-N attained its maximum concentration of
270 p;m N by 12th day of incubation. Accumulation of nitrite-N in Alma—
sippi soil may be due to inhibition of nitrité oxidizing bacteria. All
the accumulated nitrite was completely transformed by the 2lst day of
incubation.v Formation of NO3_~N started very early and kept increasing
until the end of the incuBation period. The total inorganic N was high
initially, and fhen décreased to 460 ppm N at 15th day, but kept in-
creasing thereafter. This decrease in total inorganié N followed by an
increase may have been due to immobilization process taking place in the
soil with the immobilized nitrogen subsequently being mineralized. Re-
covery of N in the mineral form at the end of the experiment was 658 ppm

AY
and hence exceeded that added as urea.
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4.2.9 Effectlgﬁ Added Urea—-N on Soil pH

Addition of urea-N caused an immediate increase in pH of the soils,
due to hydrolysis of this N-source (Table 8). The soil pH reached its
maximum in all the soils after 6 days of incubation, indicating the com-
pletion of wurea hydrolysis. The soil pH started to decrease after 6
days reaching its lowest point at the end of the inchbation period. The
difference in the pH values between 6 days and the end of incubation was
| more in the slightly acid soils than in the alkaline soils. A pH de-
creasé of 2.2)1 units occufred in slightly acid Wellwood so0il, while a
similar value for slightly aikaline Newdale soil was 0.60 units. This
decline in soil pH might have intensified the inhibition of both ammoni-
um and nitrite oxidizing bac;eria\especially in soils that are original-
ly slightly acid. This in turn could result in nitrite accumulation and

persistence of NH4+-N in soils with low pH.

4.2.10 Effect of Soil pH on Oxidation of Ammonium—N

Figure 11 sumﬁarizes the trend in NH4+;N transformation. It was ab-
stracted from Figures 3, 4, 5 and 10. The purpose of including Figure
llvis to emphasize the effect of ‘difference in soil pH on the oxidation
of ammoniuﬁ—N. Initial pH values of the soils before N addition are in-
dicated on the figure. The transformation of NH4+—N was so rapid in Al-
masippi soil that all the NH4+;N was completely nitrified by the 15th
day of incubation. Granville soil with a lower pH had cbmpletely ni-

trified the NH4+FN by the 21st day. Wellwood soil, more acid than Gran—
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TABLE 8 ' Effects of urea-N addition on soil pH

during incubation at 20°C

Soil Name Soil pH
After 6 days At the end Difference @~ 07
incubation of incubation between the 2

Pine Ridge 7.45 5.91 1.54
Wellwood 6.83 4.62 2,21
Granville 7.73 E 5.66 2.07
Waitville _ 7.83 ' 6.73 1.10
Holland 7.82 6.57 1.25
Newdale 7.94 7.34 0.60
Red River 7.64 6.32 1.32

Almasippi 8.43 7.58 0.85
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ville soil, and less so than Pine Ridge still had 60 ppm NH4+—N at the
end of the incubation. This confirms the fact that oxidation of NH4+FN
is considerably reduced in acid soil. This may be attributed to inhib-
ition of the microbial population responsible for NH4+—N transformation

in soils as earlier observed.

4.2.11 Summary

This investigation showed that nitrite-N accumulated in slightly acid
Pine Ridge and Wellwood 'soils. The accumulated NOZ_—N persisted in
these soils until the end of the incubation period, eveh though at a
very low concentration. Nifrite accumulation especially in slightly
acid soils may lead to loss of N through denitrification. Accumulation
of NOZ——N also occurred in alkaline Almasippi soil (pH 7.7), but for a
relatively short period. This NOZ_-N was sﬁbsequently oxidized to ni-
trate-N. No substantial accumulation of nitrite-N occurred in the re—
maining soils under investigation. Oxidation of ammonium—N was consid-
erably slower in slightly acid soils. A fair amount of NH4+;N remained
in Pine Ridge soil after 33 days of incubation. Conversely, rapid ni-
trification of ammonium-N occurred in alkaline Almasippi soil. Persis-
tenée of NH4+;NA and accumulation of NOZ-—N in slightly acid soil might
have been accelerated by the reduction in soil fH. Addition of urea
caused an immediate increase in soil pH, but subsequent oxidation of
NH4+—N produced, resulted in pH reduction. Slow oxidation of NH4+—N in

these soils might be due to inhibition of the nitrifying bacteria by the

slightly acid environment.




80

[ J
600 \\
\‘\\
N
500} - |
B \\ \° WELLWOOD
S(\/ (pH=6.0)
400}
=z
£
[» 8
Q
\T v
S
300} .
S PINE RIDGE
< (pH=5.8)
g ’//’
I .
2 |
" 200} v
\ N GRANVILLE <
ALMASIPPI \ _
I00F  (pH=7.7) N\ \\,/ (pH=6.3) .
\ N
\ - -
\ A\
o\\\ N |
0] 1 \‘ \x , o
3 o9 15 21 Y 2
TIME (DAYS)

Figure 11: Changes in NH +-N concentration in soils with different pH

treated with éOO ppm urea-N.



4.3 EXPERIMENT IIiS CHEMICAL DENITRIFICATION IN SOME MANITOBA SOILS
TREATED WITH ——N-LABELLED NITRITE

The growth chamber experiment showed that recovery of added nitrogen
was incomplete. A s#bsequent incubation study indicated that an accumu-
lation of nitrite occurred in some of the soils when treated ﬁithvurea.
Hence incomplete recovery of added N in the growth chamber study could
have been due to denitrification. An experiment was conducted on eight
Manitoba soils to determine whether unaccounted for nitrogen could be
recovered as N-containing gases. These soils were treated with
15y-1abelled NaNO, to supply 100 ppm N, kept at the desired moisture
content and incubated at 20°C for four days. Gas samples from the incu-
bation vessels were trénéferred to 2 gas éontainers, one containing 5 gm
solid KOH and the other with 5 ml conc. sto4; The KOH removed CO2 and
HZO while HZSO4 removed Hzo frém the sample gas. The possible gaseous
produéts having mass to charge ratio (m/e) of 28 through 46 are given in
Table 9.

The gas sample analyzed by the mass spectrometer contained a mixture
of the original atmosphere and probable products of chemical or biologi-
cal processes taking place in the soil. In order to estimate the rela-
tive magnitude of produced or vconsumgd gases the following procedures
were taken. | Argon (m/e 40) in the sample was chosen as a standard.

Therefore, normalized peak heights of m/e 40 were used as a basis for

comparing the intensities of other m/e”s. A sample of air was scanned.




TABLE 9
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Possible gaseous products having mass to

charge (m/e) ratio 28 through 46 and

their probable components

mfe Gases Probable Components
28 . N2 14le*N

29 N2 14NlSN

30 N3N0 Luboy; 40

31 NO Lo

32 02 02

40 Ar Ar

44 CO,; N, co,; ntno

45 N20 14N15N0

46 N,O; NO ISNISNO; 14NO
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The contribution of air to each m/e in the sample was deducted in order
to establish the actual peak heights of produced or consumed gases (Ta-
ble 10). The difference in the production of m/e 44 between sto4 and
KOH containers was used to calculate peak heights due to COZ'
Probability of fragmentation okazo to NO and to N2 was determined
and found ta be 0.177and 0.053 respectively. Individual values were
corrected after % N of N,0 was measured. Determination of the peak
heights of produced gases and ZISN in the gases were calculated as fol-
lows: The peak heights of ﬁ/e 45 and 46 from sample contained with KOH
were found to be due to N20 while m/e 44 was always contaminated with
COZ' This may have been due to forﬁation of COZ within mass spectrome~
ter since the sample contained 02. Design;ting measured peak heights of

m/e 45 and 46 as (45)N20 and (46)N,0 respectively, the ZlSN in N,0 was

calculated using equation 1.

ZPN(N,0) = 200/ (R + 2) (1)
where R = (45)N20/(46)N20
- The peak heights of m/e 44 due to N,0, (44)N,0, was calculated with

equation 2.

(44)N20 = R2(46)N20/4 (2)
The total peak height due to NZO’ i.e., (NZQ)T, was the sum of peak

helghts of (44)N,0, (45)N,0 and (46)N,0.

(N20)T = (44)N,0 + (45)N,0 + (46)N20 (3)

The peak height of m/e 31 due to fragmentation of N,0 corresponds to:



TABLE 10 Mass spectrometric analyses of incubation atmosphere after 2 days

Normalized Peak Height

NOE ~ Pine Ridge

NOE - Wellwood

mn/e (ﬁég) (KOH) 5iffé£ence (ﬁOH) Differeﬁc;
28 ©-3419.35 3473.10 53.75 3466.70 47.35
29 25.47 34,19 8.72 42,29 16.82
30 1.40 1.40 1.75 1.75
31 095 0.95 1.05 1.05
32 825.43 $650. 00 (=)175.43 740,95 (-)84.48
40 100.00 100.00 100;00

44 5.79 6.90 ) 1.11 8.11 2.32
45 4.90 © 4.90 7.60 7.60
46 2.48 2,48 3.07 3.07
(44)*C02 336.05 349.68

* Difference in amu 44 between H2304 and KOH containers.

%8
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0.177(46)N20 + 0.0885(45)N20
In ofder to obtain the net production of m/e 31, the peak height m/e 31
due to fragmentation was subtracted from the measured peak height of m/e
31. The peak height of m/e 30 due to NO was calculated using the equa-

tion:

(30)NO = R/2 (31)NO (4)

~ where (30)NO is the net production of m/e 30 due to NO
and (31)NO is the net m/e 31 due to production of NO other than
by fragmentation

The net production of 15NlSN, i.e. (30)N2 was calculated by subtracting

the fragmentation products, N2 and NO formed from N20 and the net pro-
duction of NO, i.e., (30)NO from the intensity of m/e 30. By subtract-

ing the fragmentation contribution from the measured intensity of m/e

29, the met production of 14NlSN, i.e., (29)N2 was calculated. It has

been reported (Cho et al., 1978; Cho and Sakidinan 1978) that the pro-
duction of m/e 28 as calculated by deducting the intensity of m/e 28 of

air from the measured intensity of m/e 28 of the sample was not relia-

ble. The reason is that 14N14N is a major component in the air while

the production of 14N14N by denitrification is relatively small, thus

there is a great error in the calculation of 14NMN production. For

this reason (29)N2 and (30)N2' were used to calculate (28)N2. There

are two ways by which N2 can be derived from added NOZ_. Two nitrogen

atoms in NZ can be derived from added NOZ_ by regular denitrification

pathway or from a "van Slyke type reaction" in which one atom of N orig-

inates from a soil source and the other atom from a labelled source.
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These atoms are designated as Nz1 and N22 indicating that they are de-
rived from 1 source or 2 sources respectively. In order to obtain indi-

vidual intensities, (29)N21,(29)N22, (30)N21, and (3O)N22 four equations

are required, two of which are already known. Thus in addition to equa-

tions: : .
(29N, = 29N,* + (29)n. 2
2 2 2
: - 1 2
(3O)N2 = (30)N2 + (30)_N2
two additional relationships were chosen. The relationship between

(29)N2l and (30)N21 was chosen ﬁo be

(29)N21/(30)N21 = R (5)
where R is as defined in equation (1). The relation between (29)N22 and

(30)N22 was chosen to be

(29)N22/(30)N22 = 269.27 + R/2 (6)

An équation similar to equation (2) with (28)N21 replacing (44)N20 was

used to calculate (28)N22. The intensity of m/e 28 due to “van Slyke

type” nitrogen, i.e., (28)N22 was calculated using equation 7:

(28)N22/(29)N22 = R/2 + 0.0037R )

The partial pressures of N2l and N22 were calculated by using the total

peak heights of these components. The total production of N, from the

2
labelled source (N22)T is obtained using equation (8):

(sz)T = (28)N22 + (29)N22 (8)

Total mg N22—N produced is given by the relationship

Ve
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NN = 0.00725(n,%),
where 0.00725 is the factor of conversion from peak height to weight in mg.
Therefore production from NO, -N = 0.00725(N22)T/2.
An example of the-method of calculation with the result of an MS scan is
sﬁown in Table 11.. N
Of all the eight soils studied, only Pine Ridge and Wellwood soils

demonstrated substantial production of molecular nitrogen, hence tenden-

cies for chemical denitrification. The initial rate of production of

molecular N from added nitrite'in Wellwood soil was 3.2% of added N per
day (figure 125. Corresponding value for Pine Ridge soil was 1.4% of
added N per day. The difference in the rate of chemically produced N
between the two soils méy be due to higher organic matter (4.1%) in
Wellwood than in Pine Ridge soil (2.47%). It was noted that these two
soils demonstrated persistent accumulation of NOZ——N in the previous in-
cubation study. Almasippi soil which accunulated NOZ——N over a(short
period of time in the previous study did not show any measurable produc-

tion of molecular N in this investigation. This may be due to rapid ox-

idation of NO, -N to No3‘—N in Almasippi soil.
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TABLE 11 Illustration of the method of calculation

with the results of MS scan after

2 days of incubation

NO, - Pine Ridge Soil

2

R 1.98

215 N (Nz) 50. 30

(44) N,0 ' 2.42

(NZO)T ' - : 9.81

(30)N2 : 0.33

(29)N2 7.93
1

(30)N2 0.30
) _

(30)N2 0.03
. .

(29)N2 0.60
2 .

(29)N2 , 7.33
1

(28)N2 0.30
2 -

(28)x; ' 7.24

1 .
(Nz)T A 1.20
2
(NZ)T 14.60

* Values are measured heights normalized at 40Ar.
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4.4  EXPERIMENT IV (I). NITROGEN CARRIERS AND SOIL INTERACTIONS.

The growth chémber experiment showed that much of the added N re-
mained in the soil after harveéting.' In addition, the incubation study
showed that not all the added urea could be recovered as mineral nitro-
gen after 33 days. The objective of this study was to investigate the
interactions between N-carriers and soil that prevented the applied N
from being fully utilized by wheat or recovered as mineral N. All the
eight soils were wused in this Study. Nitrogen carriers used were la-
belled urea, ammonium sulphate and calcium nitrate. The soils were kept
at field capacity and incubated at 20°C for 8 weeks. Labelled nitrogen
remaining iﬁ tﬁe soils, after extractions with'ZN KC1, was determined.
Nitrogen not removed by 2N KCl was designated as fixed N. Soil-fixed
nitrogen can be defined as N remaining in the soil after prolonged ex-
traction with 2NKC1. Tﬁis méy include N fixed chemically by both organ-
ic matter and the clay fraction, and also biologically immobilized N.

Since biologically  immobilized N cannot be distinguished by chemical

means, it is here defined as fixed N. However the N fixed from added

Ca(NO3)2 was negligible. This indicates that the amount of nitrogen im—- .

mobilized by micro organisms was small.
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4.4.) Nitrogen Fixed in Pine Ridge Soil

After 2 weeks of incubation, 9.5% of added urea—-N (500 ppm) was fixed
in Pine Ridge soils(Fig. 13). The amount of fixed N, which was not ex-
tractable with'ZN_KCI, increased with time to 16.8% by the 8th week of
incubation. The amount of N.fixed from (NH4)ZSO4 also increased with
time, but less of the N from (NH4)ZSO4 was fixed than urea. At the end
of incuba?ion about 9% of N as (NH4)2804 was fixed. Thus only 54% as
much of the (NH4)ZSO4 nitroéen was fixed as was the case with (NH2)2C0
nitrogen. In contrast to the above, the amount of N fixed from added
Ca(N03)2 was very small amounting to less than 1% of that added. The
greater fixation of (NH2)2C0 nitrogen than Ca(NO3)2 nitrogen no doubt
accounts for the greater amounts of the former remaining in the soil af-

ter harvesting wheat in the growth chamber experiment.

4.4.2 Nitrogen Fixed in Wellwood Soil '

The amount of N fixed frdm (NHZ)ZCO added to Wellwood soil increased
with time until the 6th week of inéubation and remained nearly constant
until the incubation was terminated at eight weeks (Fig. 14). After
eight Qeeks about 14Z of added (NHZ)ZCO was fixed. Nitrogen fixed from
added (NH4)ZSO4 also increased with time amounting to 1127 of added N
‘after eight weeks incubation. As was observed for Pine Ridge soil,less
than one percent of the N added as Ca(NO3)2 to Wellwood soil was fixed..
Throﬁghout the incubation period, the greatest amount of N fixation oc-

curred with (NHZ)ZCO while added Ca(NO3)2 was the least fixed.
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4.4.3 Nitrogen Fixed in Granville Soil

After two weeks incubation 16.8%7 of the N added as (NH4)ZSO4 was
fixed in Granville soil (Fig. 15). The amount fixed increased gradually
to 18.2% by the end of the incubation period. Nitrogen fixed from added
(NH2)200 remained constant at about 15% from 4&th to 8th week of incuba-

“tion. Unlike Pine Ridge and Wellwood soils, in Granville soil more N
was fixed fgom_ (NH4)ZSO4 than from (NHZ)ZCO' As previously observed,
very little of the N from adagd Ca(NO3)2 was fixed in this soil.

4.4.4 Nitrogen Fixed in Waitville Soil

In Waitville soil after 2 weeks about equal amounts‘(l4Z) of N were
fixed from (NHZ)ZCO and (NH4)ZSO4'(Fig.16). This increased to a maximum
of 16.8% after 4 weeks of incuSation and then remained nearly constant
until the end of incubation period. There was an increase of 1% in the
amount of added (NHZ)ZCO fixed between the 2nd and 8th weeks of incuba-—
tion. Only one percent of N added as Ca(N03)2 was fixed after eight

weéks incubation.

4.4.5 Nitrogen Fixed in Holland Soil

Throughout the incubation period, slightly more of the added N from
(NHZ)ZCO than from (NH4)ZSO4 was fixed in Holland soil (Fig. ‘17). The
amount of urea-N fixed reached a maximum of 13% of added N at 4 weeks of
inéubation. This amount decreased to about 11% by the 8th week of incu-

bation. Fixation of added N from (NH4)2304 remained nearly constant at
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about 10% from 4th week until the end of incubation. As previously not—
ed with other soils, very little N added as Ca(N03)2 was fixed in Hol-

land soil.

4.4.6 Nitrogen Fixed in Newdale Soil

‘With Newdale soil, the amount of added N fixed from both (NHZ)ZCO and
(NH4)ZSO4 remained nearly constant throughout the incubation . period
(Fig. 18). About 9% of ad&ed (NHZ)ZCO and 7.5% of added (NH4)ZSO4 was
fixed in Newdale soil at each sampling date during the incuEation. Thus
considerably less N-fixation of these carriers occurred in this soil

than in the soils previously described. Nitrogen fixed from added

Ca(N03)2 was less than 1% throughout the incubation period.

4.4.7 Nitrogen Fixed in Red River Soil

The amount of fixed N from added (NH4)ZSO4 decreased from 9% at 2nd
week to 5.5% by the 8th week of incubation (Fig. 19). Nitrogen fixed
from added (NHZ)ZCO decreased from 8% at 2 weeks to a constant value of.'
7% at 4th and 8£h week of incubation. There was a very slight differ-
ence between the amount of added N fixed from (NHZ)ZCO and (NH4)ZSO4
throughout the incubation period. Even though the soil has a relatively
high amount of organic matter, the magnitude of N fixation was not as

great -as was observed with Granville or Waitville soil. Here again very

little N added as Ca(NO3)2 was fixed.




20~ HOLLAND

O
|
‘\
Zz
T
o,
n
[®]
(o]

N-FIXED(% OF N ADDED)
5
I
\
<
E .
o
Y]
wn
O
H
| i
. W,

n
1

Y S -
—— = T I J
(0] 2 4 6 8

TIME(WKS)

Figure 17: Nitrogen remaining in soil treated with 15walabelled
_ carriers (500ppm N) after extraction with 2NKC1.

20r NEWDALE
E €
a 15}
(o}
<< .
Z
uw
s | | (NH), CO
* X —_— ——— X
5 T v
2 \
| (V¥ 150
Z N
—Q— —— — —— Q— —— — — T — —- 9 —
0 2 4 6 8
TIME(WKS)

Figure 18: Nitrogen remaining in soil treated with 15N--labelled
carriers (500ppm N) after extraction with 2NKC1.
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4.4.8 Nitrogen Fixed in Almasippi Soil

With Almasippi soil, there was virtually no difference between
‘NHZ)ZCO and (NH4)ZSO4 in the amount of added N fixed throughout the 8
weeks of incubation (Fig. 20). Nitrogen fixed remained nearly constant
at about 6% of added N.. Less than 1% of added N from Ca(N03)2 was fixed
in Almasippi soil throughout the period of incubation. Of " the eight
soils studied, améunt of added E fixed from (NH2)2CO and (NH4)2804 was
least in Aimasippi soil. it was observed from experiment II that ammo-
nium-N was rapidly nitrified-in Almasippi soil. This lack of persis—
tencé of NH4+;N in Almasippi soil was responsible for the small amount

of fixation.

4.4.9 Summary

This study showed that the amount of added N fixed by experimental
soils from Ca(N03)2 was small. More of the nitrogen added as (NH,),CO
was fixed than of‘N added as Ca(N03)2 in all tﬁe eight soils. This pro-
vides an explanation of the greater amount of added N from (NHZ)ZCO than
from Ca(NO3)2 remaining in the soil at the end of_the growth chamber ex-
periment. More (NH2)2CO than (NH4)ZSO4 nitrogen was fixed in Pine.Ridge
and Wellwood soils, while the reverse was true in Granville and Wait—-
ville soils. There was not much &ifference in the amount of N fixed be-
tween (NHZ)ZCO and (NH4)ZSO4 in slightly alkaline soil, namely, Holland,

Newdale, Red River and Almasippi.
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The interaction between N-carrier species and soil characteristics,
especially soil pH, could be described as follows: Two acid soils, Pine
Ridge and Wellwood seemed to fix more N from urea, an alkaline N~source
than from (NH4)ZSO4, an acid N-carrier. In soils with a higher pH but
still slightly acid, Waitville anleranville soils, there was little
difference in the amount of Nifixed from the two sources. As the soil
pH increased further, the magnitude of the fixation_decreased énd there
was little difference betwéen N-carriers. Fixation of added N in all
the~sqils was more of a problem with the NH4+;yie1ding carriers rather
than N03-—source. It is probable that the slightly alkaline soils pro-
vided a better environment than the slightly acid soils, for microbial
activity. Thus oxidation of NH4+;N was faster in the slightly alkaline
soils. This was substantiated by results obtained in experiment II
where NH4+—N was nit?ified more rapidly in Almasippi than Pine Ridge
soil. However, there was a reversal of the order of N fixation from
‘urea to (NH4)2804 due go increase iﬁ soil pH on slightly acid Granville
and Waitville soils. This could be due to longer life of NH4+ from
(NH4)ZSO4 » than from (NHZ)ZCO on these acid soils because of the acid-

forming characteristics of (NH4)ZSO4 as compared to (NH2)2C0 .
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4.5 EXPERIMENT IV (II): FIXATION OF AMMONIUM YIELDING CARRIERS IN
SLIGHTLY ACID SOILS

‘Fixation of added N was mostly from ammonium yielding carriers and
occured more on slightly acid soil. A study was undertaken to ascertain
the extent of N fixation that occurs in the first few days after N addi-
tion. Four slightly acid soils were chosen for this investigationi The
sources of N were (NHZ)ZCO and (NH4)ZSO4. The soils were incubated at

20°C for 10 days.

4.5.1 Fixed N in Pine Ridge Soil Within Few Days of N-addition

Added nitrogen fixed from (NH2)200 increased from 2.5% at 1 day to 9%
after 10 days of ipcubation (Fig. 21). Corresponding amounts froﬁ added
(NH4)ZSO4 were 1.5% at 1 day and 3.6% by the 10th day of incubation.
Thus fixation of N added as (NH2)2CO by the end of the incubation period
was two and one half times as muéh as the amount of N fixed from added

(NH Amount of N fixed from/ the two carriers conformed with N

47250,
fixed after 2 weeks of incubation by the same soil in a previous study

(Fig. 13).

4.5.2 Fixed N in Wellwood Soil Within Few Days of N—additiomn

Fixation of added N in Wellwood soil followed a similar pattern as
was -observed fér Pine Ridge soil. Added N fixed from (NHZ)ZCO increased
from 3.5% at one day to 8.5% by the 10th day of incubation (Fig.22).
Two percent of added (NH4)ZSO4 was fixed on the first day and by the end
of incubation period 5% was fixed. Thus more nitrogen from (NH2)2C0

than from (NH4)ZSO4 was fixed in Wellwood soil. The trend of increase
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in the amount of added N fixed in this soil was in agreement with N fix-

ed at 2 week period in the previous investigation.

4.5.3 Fixed N in Granville Soil Within Few Days of N-addition

There was a rapid fixation of added N from both carriers in the Gran-
ville soil. About 10% of the added N (irrespective of sourqe) was fixed
after incubating the soil for one day (Fig. 23). Fixation of urea ni-
trogen kept increasing and-it was over 187 by the 10th day of incuba-
tion. Fixation of added N‘as (NH4)ZSO4 remained nearly constant at
about 11% from 2nd to the 6th day of incubation, after which it in-
creased to 15% at the end of incubétion. From 2nd day to the end of in-
éubation period, more N from (NH2)200 than from (NH4)ZSO4 was fixed in
Granville soil. Added N fixed from both carriers in Granville soil was
greater than added N fixed at the same time iﬁlPine Ridge or Wellwood

soil.

4.5.4 Fixed N in Waitville Soil Within Few Days of N-addition

The pattern of fixation of added N in Waitville soil was similar to
that observed for Granville soil. About 9.8% of added (NH2)2CO and 9%
of (NH4-)ZSO4 was fixgd after one day of incubation (Fig. 24). Fixation
of (NHZ)ZCO nitrogen increased to about 18% by the 10th day of incuba-
tion. The corresponding value for fixed N from (NH4)ZSO4 was 147 of

added N.
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After the first day of incubation slightly mére added N from (NHz)zco
than from (NH4)ZSO4 was fixed in Waitville soil. These resul?s are in
quite good agreement with those presented earlier (Fig. 16) where it was
found that added N fixed frém both (NH2)2C0 and (Nﬁ4)2804 in Waitville
soil was about 157 after 2 weeks of incubation. Added N fixed in this
soil was nearly equal to that of Granville and greater than that of Pine

Ridge or Wellwood soil.

4.5.5 Summary

This study dindicated the occurrence of a rapid fixation of added
NH4+—yie1ding carriers in slightly acid soils. More nitrogen from added
(NH2)200 than from (NH4)ZSO4‘was fixed in Pine Ridge and Wellwood soils.
This was only true for Granville and Waitville>soils from 2nd day of in-
cubation onward. There was greater fixation of added N in Granville and
Waitville soils than in Pine Ridge and Wellwood soils. By the 10£h day
of incubation, about 18% of added (NH2)200 was fixed in Granville and
Waitville soils,' while about 9% was fixed in Pine Ridge and Wellwood
soils. Thus a considerable amount of added N was fixed in all the soils

within few days of N addition.
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4.6  EXPERIMENT V: DETERMINATION OF ORGANICALLY AND INORGANICALLY
FIXED N IN FOUR MANITOBA SOILS

A substantial amount of added N from ammonium yielding carriers was
fixed in slightly acid soils. Both the organic and inorganic soil frac-
tions are capable of fixing ammonia in relatively unavailable forms.
Nitrite-N can also be fixed by the organic fraction of the soil (Bremner
et al 1957). In both the growth chamber and incubation studies surface
soils, which are higher in ‘organic matter and, more often than not, low-
er in clay content than sub-soils, were used. It was the purpose of
this investigation to determiné the amount of N fixed by the soils that
was bound in the organic and the inorganic soil fractions. After ex-
tracting the inorganic N with 2N KC1l, the soil residue was analyzed for
total and organic N. The determination by Kjeidahl digestion methqd was
designated as total N, while N determined by 30% HZOZ—HZSO4(dil') diges—
tion method was designated as organic N. The difference between the two

was termed inorganically fixed N.

4.6.1 Total Nitrogen in Soil

" Nitrogen remaining in soil after 2N KC1l extraction ranged from 0.11%
in Pine Ridge to 0.42% in Newdale soil (Table 12). The fixation of N
ranged between 6.94%Z of that added in Almasippi soil and 12.59% in the
Wellwood soil. Percent of 15N of N obtained by Kjeldahl method was be-

tween 0.71% in Almasippi and 2.96% in Pine Ridge soil.



TABLE 12

Nitrogen contents remaining after 2N KCl extraction
and urea-N fixed in four soils after 4 weeks

of incubation (N rate = 500 ppm)

Soil Name %z Nitrogen %15 N excess % of added
(Kjeldahl) » N fixed
Pine Ridge 0.11 4 2.96 12.56
Wellwood 0.20 _ 1.70 12.59
Newdale 0.42 0.72 11.46
Almasippi 0.26 0.71 6.94
15 = 52.96

4" N excess (standard)

901
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4.6.2 Organic Nitrogen

The organic nitrogemn in the four soils ranged between 0.09% in Pine
Ridge and 0f36Z in Newdale soil (Table 13). The organic N constituted
between 80 and 87% of the total soil N. Nitrogen that was organically
fixed was 5.39 and 9.06% of that added for Almasippi and Pine Ridge
soils respectively. The amount of organically fixed N was expressed per
unit weight of soil organiq matter (OM) in order to compare the intensi-
ty of fixation of N by orgaﬁic matter. The following calculations were
undertaken: |

Example:

Pine Ridge soil, pH = 5.8; % OM = 2.4; % clay = 5.0

500 micrograms/gram soil

Added N = 500 ppm N

mg of added N fixed per g of OM = 0.0906 X 500

mg
24

1.89 mg

The Pine Ridge soil fixed 1.89 mg of added N per g of soil organic mat-
ter. This value decreased to 0.92 for Wellwood and further decreased to
about 0.5 mg/g for the two alkaline soils. The capacity of soil organic

matter to fix added N was greater at a lower soil pH than higher pH.




TABLE 13 Organic nitrogen and fixation of added urea~N by organic

matter in four Manitoba soils (N rate = 500 ppm)

15

Soil Name % organic N %2~ N excess % of added added N

A in organic N N fixed fited (mg/g -O0M)
Pine Ridge 0.09 2,58 9.06 . 1.89
Wellwood 0.16 1.28 7.54 0.92
Newdale 0.36 0.62 8.37 0.46
Almasippi 0.23 0.63 5.39 - 0.58

215 N excess (standard) = 52.96

801



109

4.6.3 Imorganic Nitrogen

The calculated difference between total soil N (Kjeldahl) and organic
N was the inorganic N and this ranged from 0.02% in Pine Ridge to 0.06%
of added N in Newdale soil (Table 14). Similarlyvthe difference between
total fixed N and organically fixed N constituted the inorganically fix-
ed N and was designated as “clay fixed” N. The “clay fixed” N ranged
from 1.55% in very fine sandy loam Almasippi to 5.05% of added N in fine

15

sandy loam Wellwood soil. Since % N of N obtained by Kjeldahl method

was higher than that of HZOZ—HZSO4 method, the “clay fixed” N must have
a higher % 15N than organically fixed N. The percent 15N of the “clay
fixed” N was calculated as follows: According to 15N balance: The cal-
culated percent 15N excess in ‘élay fixed” N ranged from 1.32% in Alma-
sippi to 4.67% in Pine Ridge soil (Table 14) corresponding value of ZlSN
excess in total N were 0.71% and 2.96% (Table 12). In all the soils
tested the ZlSN excess in “clay fixed” N was 1.5 to 2 times greater than
the leN excess in total N.

Calculation similar to those carried out for organic Vnitrogen were
undertaken for “clay fixed” N to express the amount of N fixed per unit
weight of clay .. The value obtained for Pine Ridge soil was 0.35mg/g
clay. This value decreased to 0.0Smg/é for the two alkaline soils.
The capacity of clay to fix added N was approximately one fifth (in acid
s0il) to one tenth (in alkaline soil) of that of organic matter. It was

thus observed that both organic matter and clay fixed more of the added

N in NH4+ form under acid rather than alkaline conditions.




TABLE 14 Inorganic N contents remaining after 2N KCl extraction and

fixation of added urea N by 'clay' in four Manitoba soils

Soil Name % Nitrogen le N excess Z of added Added N

N fixed fixed (mg/g clay)
Pine Ridge fs 0.02 4.67 3.50 0.35
Wellwood  fsl 0.04 . - 3.38 5.05 0.15
Newdale cl 0.06 1.32 3.09 0.05

Almasippi vfsl 0.03 1.32 1.55 0!05

le N excess (standard) = 52.96

011
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4.6.4 Summary

It was found, from this experiment, that a substantial amount of add-
ed urea N was fixed by soil and unextracted by 2NKC1. The fixed N was
separated dinto organically and “clay fixed” N by separate digestion
methods. Approximately 7 to 12.5% of added urea N was fixed by the
soils, of which about 80 to 87% was found to be organically bound and
the remaining was “clay fixed~.

The capacity of organic matter and clay to fix N were compared. Or-
ganic matter was found to fix approximately 5 to 10 times as much ni-
trogen per unit weight as clay. Both organic matter and clay had a
greater capacity to fix added N at low pH. The N fixation capacity

gradually decreased with increasing soil pH.

4.7 EXPERIMENT VI: INTERACTION OF AMMONIUM YIELDING CARRIERS IN PH
AMENDED SOILS

t

Previous incubation studies indicated that added N from ammonium-
yielding carriers waé fixed more in slightly acid than in alkaline
soils. The purpose of the present investigation was to 'determine 1f
liming reduces the amount of N fixed in slightly acid soils and if aci-
difying alkaline soils increases the amount of added N fixed. Two
slightly aci& and two alkaline soils were used. The slightly acid soil,
Pine Ridge (pH 5.8) and Wellwood (pH 6.0), were limed with the amount of
Ca003 fequired to bring“Fheir PH to 7.5. The alkaline soils, Newdale
(pH 7.4) and Almasippi (pH 7.7) were acidified to PH 5.5 by the addition
of 2M H,_SO NitrPgen was added as (NH2)200 and (NH4)2804 and the soils

274"

were incubated for 56 days.
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4.7.1 Nitrogen Fixed in pH Amended Pine Ridge Soil

Nitrogen fixed from added (NHZ)ZCO in limed Pine Ridge soil increased
from about 2.3% at one day to 9% by the end of incubation (Fig. 25).
With (NH4)ZSO4, N fixed increased from 2.2% at 1 day to 5% at the 10th
day and remained nearly constant until the end of incubation period.
Fixation of added N in limed Pine Ridge soil.was greater with (NHZ?ZCO

than with (NH Lining Pine Ridge soil decreased the amount of N

42259,

fixed from added (NH,),CO. By the 10th day of incubation about 7% of

2)2
added (NH2)200 was fixed.. The corresponding vaiue in unlimed Pine Ridge
soil was 9% of added N (Fig. 21). The difference in N-fixed between
limed and unlimed Pine Ridge soils was substantial at 56 days (8 weeks)
incubation period. At this time, 1limed Pine>Ridge soil fixed 9% while
unlimed fixed 16.8% of added N (Fig. 13). There was also a difference
.in the amount of N fixed from (NH4)2804 between limed énd unlimed Pine
Ridge soil. After 10 days of incubation fixed N in limed soil was 5% of

that added and it remained constant at this value until the end of incu-

bation. The corresponding value in unlimed soil was 9% (Fig. 13).

4.7.2 Nitrogen Fixed in pH Amended Wellwood Soil

In limed Wellwood soil, N fixed from added (NHZ)ZCO increased from
2.5% at the 1st day to about 6.5% by the 10th day of incubation (Fig.
26). Nitrogen fixed remained constant at this value until the end of
incubation. There was very little difference between the N sources,

(NH4)ZSO4 and (NHZ)ZCO’ in the amount of N fixed from lst to 4th day of
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incubation. There was, however, slightly more (NHZ)ZCO nitrogen fixed
from the 6th day to the end of incubation. From 10th day to the end of
the incubation period, added N fixed from (NH4)ZSO4 remained constant at
about 5%.

Liming Wellwood soil reduced the amount of added N fixed from
(NHZ)ZCO' Ten days after incubation 6.52 of added N was fixed in limed
Wellwood soil. When the soil was not limed; 8.5% (Fig. 22) was fixed.
By the end of the incubafion period, 13.47Z of added N from (NHZ)ZCO
(Fig. 14) was fixed in unliﬁed, while 6.5% was fixed in limed Wellwood
soil.  With added (NH4)ZSO4’ liming Wellwood soil decreased N fixed from
28th day (4th week) to the end of incubation. Nitrogen fixéd from
(NH4)ZSQ4 in limed soil was 5% at the end of incubation, while N-fixed
"in unlimed soil at the same period was about 11% (Fig. 14) and had a
tendency to increase. As was observed for Pine Ridge soil, liming de-

creased the amount of N fixed from both carrieré in Wellwood soil.

4.7.3 Nitrogen Fixed in pH Amended Newdale Soil

There was very little differeﬁce between N sources in thé amount of N
fixed in pH amended Newdale soil (Fig. 27); Nitrogen fixed from each of
the carriers increased from 3.5% at first day to 11%Z and 11.5% with
(NH2)2CO and (NH4)ZSO4, respectively at the end of incubation. The
trend of N-fixed kept increasing under reduced soil pH with both carri-
ers as opposed to its constancy when the pH was not amended (Fig. 18).

Acidifying Newdale soil increased the amount of added N fixed by this
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Figure 25: Ammonium fixation from two carriers (500 ppm N) by pH
amended Pine Ridge soil during incubation at 20°.

8'5 - pH :7.5
a _
Q
(]
<
<
wI0
o
&2 | (NH,),co
o X X. X
w — X
. X —- e e -
@’ z° e - {:(NH ),S0 °
L ,;é’ 41204
5
/ |
1 1 L/ 1 ] J
2 6 107 14 28 o 56
TIME(DAYS)

Figure 26: Ammonium fixation from two carriers (500 ppm Ig) by pH
amended Wellwood soil during incubation at 207c.
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soil. By the end of incubation, 11% and 11.5% of added N was fixed from
(NH2)2C0 and (NH4)ZSO4, respectively. When the soil PH was not reduced,

corresponding values were 9% and 7% (Fig. 18).

4.7.4 Nitrogen Fixed in pH Amended Almasippi Soil

In the pH amended Almasippi soil, the amount of N fixed from (NHZ)ZCO
increased from 3% at 1 day to a maximum of 6.5% of added N by the 6th
'day of incubation (Fig. 28). Nitrogen fixed remained conétant at this
value until 28th day of incubation. By the end of incubation, N fixed
from (NH2)200 decréased to 5.7%Z of added N. With (NH4)2804 N fixed in-
creased from 2.5% at lgt day to about 6% after 14 days of incubation.
As with (NHZ)ZCO’ amount of N fixed from (NH4)ZSO4 decreased to 5.7% at
the end of incubation. There was no real difference in the amount of N
fixed from the two N sources. From 14 to 28 days (2-4 weeks) of incuba-
tion, .6.52 of added (NHZ)ZCC was fixed, while 6% was fixed at the same
time when the soil pPH was not feduced (Fig. 20). With (NH4)2SO4, the
amount of N fixed from this source was not appreciably affected by re-
ducing the soil pH (Figs. 20 ahd 28). \ Thus acidifying Almasippi soil
did not cause any‘appérent increase in the amount of N fixed from either
carrier. In a subsequent investigation, the PH of acidified Almasippi
soil was found to increase during incubation. This might ‘also have oc-
curred here although the pH was not measured at the end of the incuba-

tion period.
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4.7.5 Recovery of Added Nitrogen From Limed and Unlimed Soils.

The total recovery of nitrogen (Figures 29 to 32) represent the sum
of ammonium, nitrite, nitrate and fixed nitrogen in the treated soils.
These figures were included to show the effect of liming on recovery of
added N. Also to evaluate the magnitude of N that was unaccounted for

under limed énd unlimed soil conditions.

4.7.6 Pine Ridge Soil

Throughout the incubation - period recovery of added N waé greater in
limed than unlimed Pine Ridge:soil. Recovery of added N from (NHZ)ZCO
in Pine Ridge soil after one déy of incubation was 60% and 27% for limed
and unlimed soils, respectively (Fig. 29). Corresponding values at the
end of the incubation period were 68% and 56% of added N.

There was virtually no difference between limed and unlimed soil in
the amount of N recovered from (NH4)ZSO4 between 6 and 28 days of incu-
bation (Fig. 30). However after 56 days of incubation, added (NH4)ZSO4

recovered was 902 and 81% from limed and unlimed soils, respectively.

Nitrogen that was unaccounted for was greater with (NH2)2C0 than with
(NH4)ZSO4 in both limed and ﬁnlimed Pine Ridge soils. By 56th day of
incubation, 10% of added (NH4)ZSO4 and 32% 6f added (NH2)2CO, was unac-
counted for in limed soil (Fig. 29 and 30). Earlier study showed a con-
siderable accumulation of NOZ-—N during the incubation of Pine Ridge
soil with (NH2)200 added. This might result in chemical denitrifica-
tion, thus contributing to the magnitude of unaccounted for N from added

(NHZ)ZCO in Pine Ridge soil.
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4.7.7 Wellwood Soil

In both limed and unlimed Wellwoéd soil, N recovery from added
(NH,),CO took a similar pattern up to 2 days of incubation (Fig. 31).
Liming Wellwood soil did not increase N recovery'until 14 days of incu-
bation. From this date onward, the slight difference in N recovery that
occurred was in favour of limed soil. At 56 days of incubation 95% and
90% of added (NHZ)ZCO were recovered from both limed and unlimed soils,
respectively.

There was substantial difference in N recovered from (NH4)ZSO4 be—-
tween limed and unlimed soil b& the end of incubation period (Fig. 32).

By this date 907 of added (NH4)ZSO4 was recovered in unlimed soil.

4.7.8 Summary
This study showed that liming Pine Ridge and Wellwood soils decreased

the amount of N fixed from both added (NH,).CO and (NH4)ZSO4. More of

2)2
added (NHZ)ZCO than (NH4)ZSO4 was fixed in the two soils when the pH
was_amended.‘ Liming Pine Ridge soil increased the amount of N recovered
from both carriers.. There was a slight increase in N recovéred from
added (NHz)éCO in limed Wellwood soil. Recovery of added (NH4)ZSO4 was
not substantially increased by liming Wellwood soil.

When the pH of Newdale soil was reduced, more added N was fixed from
both carriers. There was not much differénce between the carriers in

the amount of N fixed, but a tendency towards increased fixation of add-

ed N. In Almasippi soil, pH reduction did not increase the amount of N
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Figure 31: Nitrogen revcovery from added urea in limed and unlimed
.- Wellwood soil incubated at 20°C.
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Figure 32: Nitrogen recovery from added ammonium sulphate in limed and
unlimed Wellwood soil incubated at 20°C.
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fixed. This might be due to increase in pH that probably occurred dur-

ing the incubation. This speculation was confirmed in subsequent study.

4.8 EXPERIMENT VII: UTILIZATION OF NITROGEN FROM lEN—LABELLED

CARRIERS BY WHEAT GROWN ON PH AMENDED SOILS.

.The results of the incubation study in experiment VI indicated that
liming Pine Ridge and Wellwood soils decreased the amount of added N
fixed by these soils. Conversely, reducing the soil pH increased the
amount of N Fixed in Newdale .but not in Almasippi soil. The objective
of this study was to evaluaté the efficiency of three nitrogen sources
for wheat grown on pH amended soils and to ascertain the extent of re-
covery of added N by plant and soil. |

The pH of the soils was amended as explained in experiment VI. Pine
Ridge and Wellwood soils were limed to pH 7.5, while Newdale and Alma-
sippi soils were acidified to pH 5.5. The soils were préincubated at
20°C for one week before adding N carriers and planting wheat seeds.
Su?sequent procedures and ~analysis were as explained for the first

growth chamber experiment. The soil PH at harvest time was measured.

- 4.8.1 Dry Matter and Total N Yeilds of Wheat

In urea treated soils, the dry matter yield of shoots ranged from
6.66 g per pot in limed Pine Ridge soil to 11.58 g perApot.in acidified
Almasippi soil (Table 15). There was a significant difference in dry
matter yield between the soils treated with (NHZ)ZCO. With Ca(NO3)2

treatment, the dry matter yield ranged from 6.63 g per pot in Pine Ridge

)
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to 11.40 g per pot in Newdale soil. The yields from Newdale and Alma-
sippi soils were significantly greater than yields from the other two
soils. Dry matter yield in Wellwood soil was significantly greater than
yield from Pine Ridge soil. With (NH4)ZSO4 treatment dry matter yield
of wheat shoots in Almasippi soil was significantly greater than yields
from the remaining soils. There was no significant difference in yields
from Wellwood and Newdale . soils, but both had significantly greater
yield than that of Pine Ridge_soil. In three of the soils (Pine Ridge,
Wellwood and Almasippi) there was no significant difference in dry mat-
ter yield between the N-sources. The yield from Ca(NO3)2 treated New-
dale soil was significantly greater than yields from the other two N-
carriers, which were not signifiantly different from each other. Of the
four soils used, dry matter yield from Pine Ridge soils was the least.
Dry matter yield of wheat tops in this study was lower in almost all
soils than those obtained in the first growth chamber experiment. This
was probably due to high sulphate concentration especially when the soil
was acidified by the additionlof sulphurié acid. In the two limed
soils, the cause of the decreased yields due to liming is unknown.

The total N-yield ranged from 101.2 mg per pot with Ca(NO3)2 treated
Pine Ridge soil to 218.2 mg per pot with Ca(N03)2—treated Newdale soil.
In Newdale soil, total N-yield was considerably greater with Ca(NO3)2
treatment than N-yield from the other two N-sources. In the remaining

three soils, total N-yield from (NH4)ZSO4 treatment was slightly great-

er than N-yield from (NHZ)ZCO and Ca(NO3)2.



TABLE 15 Dry matter and total N-yields in the above ground portion
of wheat grown on pH amended soils treated with

three different N-carriers

Soil Name _ Yield (g/pot) N-Yield (mg)

(NH2£CO Ca(NO3)2 (NH4)2304 (NH2)2C0 Ca(N03)2 (NH4)ZSO4
Pine Ridge 6.66f 6.63f 6.98ef 106.1 101.2 110.0
Weliwood 8.11de 7.96.de 8.87cd 129.8 123.9 145.8
Newdale 9.77bc  11.40a 9.23cd 168.6 - .218.2 168.3

Almasippi 11.59a 10.85ab 11.10a 180.3 177.4 190.3

* Means not followed by the same letter differ-at a 0.05 probability level according to
Dunean's multiple range test.

€21
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4.8.2 Nitrogen Derived from N-Carriers and Percent Utilization of
Added N

Nitrogen derived from Ca(NO3)2 source was significantly greater than
N derived from either (NHZ)ZCO or (NH,),50, in all the soils (Table
16). There was no significant difference in percent N.d.f.f. between
the two NH4 —yielding carriers. The lowest % N.d.f.f. of 34;8 was ob-
tained with urea-treated Newdale soil while the highest of 62.4% was
from Ca(NO3)2—treated Pine-Ridge soil.

Percent utilization of added N ranged from 28.7% with urea in Pine
Rldge soil to 50.9Z with Ca(NO3)2 in Almasippi soil (Table 16) A
greater percentage of the nitrogen from Ca(N03)2 was utilized by wheat
than of the N from (NHZ)ZCO' The difference was significant only in
Newdale and Almasippi soils. Except for Newdale soil, there was no sig-
nificant difference between the utilization of Ca(N03)2 and (NH4)ZSO
Utilization of added N was not significantly different between the N-
sources in limed Pine Ridge and Wellwood soils. There was a reduction
in the yield of wheat in this experiment as compared to experiment I.
Thus, in order to compare the effect of acidification or liming upon the
efficiency of N-carriers, a yield-independent parameter was chosen. Ni-
trogen derived from fertilizer (N.d.f.f.) is a yield-independent parame-
ter and can be used to compare the N-carriers only if native s;il N was
unaffected by pH change. The values of N.d.f.f. (urea) was generally“
not affected when two acid soils were limed (Tables 4 and 16). On the
other hand, the values of N.d.f.f. (urea) decreased when alkaline soil

was acidified. Such a trend was not observed with Ca(N03)2 treatment.




TABLE 16 Nitrogen derived from N-carriers in wheat tops

and percent utilization of Added-N

Soil Name . NDFF (B Utilization (Z)
(NH2)2C0 Ca(N03)2 (NH4)ZSO4 (Nﬂz)zCO Ca(NO3)2 (NH4)ZSO4
Pine Ridge 54, 1bc 62.4a '55.2b 28.7¢c 31.5¢c 30.3c
Wellwood 45.9e 50.6cd  43.5e 29.6c 31.2¢c 31.5¢
Newdale 34.8f 42.4e 36.4f 29.3c 46.2b 30.6¢c
Almasippi 49.6d 57.4b 49.8d 44,70 .50. 9a 47.3ab

* Means within the same parameter not followed by the same letter differ at 0.05 probability
‘.level according to Duncan's multiple range test. :

SC1
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Thus  acidifying alkaline soll decreased the availability of

Nﬂ4f—yielaing carriers as compared to native soil N.

4.8.3 Yield and Percent Utilization of Added N by Wheat Roots

Dry matter yield of wheat roots ranged from 2.86 g/pot in
(NH4)ZSO4—t;eated Newdale soil to 4.67 g/pot in (NHZ)ZCO-treated Alma-
sippi soil (Table 17). .There was nov significant difference in root
yield between the N—carriershin any of the soils. However, there were
significant differences in root yield between the soils. Dry matter
yield 6f roots in urea-treated Almasippi soil was significantly greater
than yield from the same N-source in Wellwood and Newdale soils. With
Ca(NO3)2 treatment there was no significant difference in root yield be-
tween Pine Ridge, Wellwood and Almasippi soils. Yield from Almasippi
soil, however, was signifiantly greater than yield from Newdale soil.
Dry matter yield of roots from (NH4)ZSO4 treated Newdale soil was sig-
nificantly lower than yield from Pine Ridge and Almasippi soils with the
séme N-source.

Utilization of added N by wheat roots was not significantly different
between N—sourcgs. Percent utilization of added N from Ca(N03)2 was
slightly greater (though not signific;ntly s0) in all the soils than

utilization from the other N~sources.



TABLE 17

Dry matter yield and percent utilization of -added-N

by wheat roots in pH amended soils

Soil Name Yield (g/pot) Utilization (%)
(NH2)2CO Ca(NO3)2 (NH4)ZSO4 _(NHZ)ZCO Ca(N03)2 (NH4)2304
Pine Ridge 4.,27abe  3.53bed 4.20abe 10.4de 11.2bed 10.9cde
Wellwood 3.16cd 3.43bed 3.37bed 10.4de 11.4bed 10.1de
Newdale 3.8cd 2.914 2.86d 8.9ef 9.1ef 8.0f
4.67a 4.36ab 4.43ab 12.6abc 13.5a 13.1ab

Almasippi

* Means within the same parameters not followed b

level according to Duncan's multiple range test.

y the same letter differ at a 0.05 probability

XA
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4.8.4 Total Nitrogen Balance

The recovery of added N by plant and soil at the end of the experi—
ment and calculated unrecovered N are shown in Table 18. The total ni-
trogen recovery in plant was neari& equal for all the N-sources in limed
Pine Ridge and Wellwood soils. An attempt was made to compare the
change in the efficiency of either NHaf—yielding carrier or Ca(NO3)2 due
to change in soil pH. Difference in percent N recovery by plant between
two different types of N carriers was used for this purpose. Liming the
acid soils brought wutilization of added N from NH4+—carriers closer to
that of Ca(NO3)2 (Tables 7 and 18). For Newdale soil, totai nitrogeﬂ in
the plant was greater from Ca(NOB)Z—treatment than from the other two
N-carriers, which were nearly equal. Without liming (Table 7), total
nitrogen recovery of urea and Ca(NO3)2—N by wheat grown on Newdale soil
were nearly equal (51 and 53% respectively). Lowering the pH of Newdale
soil reduced total N in plant from NH4+Fyielding carriers to approxi-
mately 38% while the value for total N in plant from Ca(NO3)2 was 557

‘which was similar to that of unamended Newdale soil. In Almasippi soil,
nitrogen in plant from Ca(N03)2—treated soil was slightly greater than ﬁ
in plant from the other two N-carriers. Absence of significant differ-
ence between N-sources in total N in plant may be due to the increase in
soil pH that occurred in Almasippi soil during the experimént. This in—-

crease migh£ have led to increased utilization of added N from

NH4+;yielding carriers.




TABLE 18 Nitrogen balance on PH amended soils (% of added N)

Soil Name (NH2)2CO Ca(N03)2 (NH4)ZSO4

Plant Soil Unrec.N Plant Soid UnrecuN © Plant Soil Unrec.N
Pine Ridge 39.1 47.4 13.5 42.7 45,3 12.0 41.3  40.4 18.3
Wellwood 40.0 50.4 9.6 42.6 46.7 10.7 41.6  39.7 18.7
Newdale 38.2 57.9 3.9 55.3 39.6 5.1 38.6 50.9 10.5
Almasippi 57.3 _ 30.2 12.5 64.3 26.8 8.9 60.4 24,2 15.4
Average 43.7 46.5 - 9.9 51.2 39.6 9.2 45.5 38.8 15.7

Unrec N = Unrecovered N

621




130

The amount of labelled 15N remaining in limed Pine Ridge , Wellwood
and Almasippi soils was greatest with (NH2)2CO and least with
(NH4)ZSO4. In acidified Newdale soil 15N remaining in the soil was
greatest with (NHZ)ZCO and least with Ca(N03)2. This could account for
the inefficient utilization of NH4+;yielding carriers in Newdale soil.
Total recovery of added N was greater in this experiment than the first
growth chamber study. This was because more N remained in the pH amend-
ed soils.

The amount of N unaccounfgd for was greatest with (NH4)2804 in all
soils. There was virtually no difference between (NHZ)ZCO and Ca(NOS)é
in unrecovered N in limed Pine Ridge and Wellwood soils. For acidified
‘Newdale soil, unrecovered N was'slightly greater with Ca(NO3)2 than

(NHZ)ZCO whereas the reverse was true with Almasippi soil.

4.8.5 Soil Reaction

In limed Pine Ridge and Wellwood éoils, there was no substantial
change in soil pH throughout the growth period with (NHZ)ZCO and
Ca(N03)2 treatments (Table 19). A pH drop of about 0.2 units occurred
in these soils with (NH4)ZSO4. An increase of about 0.4 pH units oc-
curred with all the N-sources in Newdale soil. In acidified Almasippi
soil, "a considerable increase in soil PH occurred during the growth
period. The increase ranged from 2.33 pH units with (NHZ)ZCO treatment
to 2.4} with (NH4)ZSO4 treatment. This increase in soil pH may be due

to gradual dissolution of some CaCO3 particles remaining in the soil af-
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ter the HZSO4 treatment. This subsequently neutralized the acid added
to the highly calcareous Almasippi soil. Similar pH change could have
-occurred in the incubation study in experiment VI which may explain why

Almasippi soil did not fix more N when the soil was acidified.

4.8.6 Summary

There was no significant difference in dry matter yield of wheat be-
tween fhe N-carriers in limed Pine Ridge and Wellwood soils, and also in
acidified Almasippi soil. Convgrsely, in Newdale soil, dry matter yiéld
was significantly greater with Ca(N03)2 treatment than with the other
two N-carriers. In this study, a lower dry matter yield was obtained
than in the first growth chamber experiment. Liming Pine Ridge and
Wellwood soils brought utilization of added N from NH4+—yie1ding carri-
efs closer to that of N from Ca(NO3)2. More nitrogen from added
Ca(N03)2 was utilized in Newdale so0il than from the other nitrogen
sources.  Acidifying this soil probably reduced the utilization of N
from NH4+-carriers. This was reflected in the amount of N :emaining.in
Newdale soil at the end of the study. In acidified Almasippi soil, the
soil pH changed considerably during thé experiment and this probably led
to increased utilization of added N from NH4+;carriers. More of added N
from (NHZ)ZCO than from Ca(N03)2 remained in all the soils at the end of
the experiment. This was in agreement with the first growth chamber ex-
periment. Nitrogen unaccounted for was greatest with (NH4)ZSO4 in all
the soils. Total recovery of added N in this study was greater than

that obtained in experiment I with the same soil and N-source. - This was




"TABLE 19 Soil reaction before and after the growth of wheat

following addition of different N-carriers

So0il Name ' Urea Ca(N03)2 (NH4)2SO4
PHE - PHEHiL, .PH¥ pHE* pH¥ pHE*
Pine Ridge 7.50 7.40 7.50 7.40 7.50 7.24
Wellwood 7.50 7.47 7.50 7.43 7.50 7.35
Newdale 5.50 5.91 5.50 5.84 5.50 5.81
Almasippi 5.50 7.83 5.50 7.86 5.50 7.91

* Soil pH as amended béfore cropping.

**301l pH as determined after cropping.

[A %1
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due .to the fact that a relatively greater amount\of N remained in the

soil at the end of the experiment in this study.



Chapter V

GENERAL DISCUSSION

In a growth chamber étudy, the dry matter yield of wheat was signifi-
cantly greater with Ca(N03)2 than with (NHZ)ZCO in acid Pine Ridge,
Wellwood and Granville soils. There was no difference between N-sources
in terms of dry matter yield in neutral and alkaline soils, except for
Almasippi. In Almasippi soil, dry matter yield of wheat was signifi—
cantly better with (NH2)200 than WithCa(NO3)2. In‘ this study percent
utilization of added N, which is a Yield dependent criterion was greater
with Ca(NO3)2 than with'(NHz)ZCO in seven ofAthe eight soils studied.
It was only significantly so in Wellwood, Granville and Waitville soils.
.Thus a better utilizatién of added N from Ca<N03)2 than (NH2)2CO was ob-
tained in the acid soils.

. Percent of N derived from fertilizer is a yleld-independent parameter
used to evaluate the relative efficiencies of different N-sources. .Per-
cent N.d.f.f was significantly greater with Ca(N03)2 than with (NHZ)ZCO
in acid Granville and Waitville soils. This is further evidence that
Ca(NO3)2 is a more available N-source for wheat in these acid soils.
Similarly the “A” value data indicates that Ca(N03)2 is a better source

of N for wheat than is (NHZ)ZCO especially in acid soils.
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Incubation studies indicated that the lower efficiency of (NH2)2C0 as

a nitrogen source in acid soils may be due to its fixation 1in such
soils. An incubation study showed that fixation of added N from
(NH2)2C0 was considerable, particularly in acid soils; and that it took
place rapidly. Within one day 10 percent of added (NH2)2CO was fixed in
Granville and Waitville soils. Substantial fixation also took place in
Pine Ridge and Wellwood soils, although in these soils it took place
more slowly. Removal of added N in this form appears to have been due
largely to éhemical fixatibn as NH4+ by clay and organic matter rather
than as immobilizatioﬁ'by miéroorganisms since Ca(N03)2 was not similar-

ly affected.

There appears Fo be some inconsistency in results obtained with (NHZ)ZCO
in that, although Granville and Waitville soils fixed about 20 percent
of added (NHZ)ZCO- N, it was found from incubation studies that the re-
maining 80 percent could be recovered as nitrate in less than three
weeks. This was comparable to recoveries obtained in the alkaline ﬁol—
land, Newdale and Red River soils.

Added N fixedAwas mainly ofganically bound. Assessment of the amount
fixed per unit weight of organic matfer indicated that soil fixation of
added N was inversely related to soil pH. This is in agreement with the
findings of Smith and Chalk (1980). Also the incubation study showed
_that organic matter fixes more added N at low pH values. Sohn and Peech
(1958) indicated that acid soil containing a large amount of organic

matter had the greatest ammonia-fixing capacity. In this study more
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(NHZ)ZCO- N may have been fixed by Pine Ridge and Wellwood soils because
the half 1life of NH4+;N was greater in these soils than in alkaline
soils. This was a consequence of the low rate of nitrification result-
ing from low microbial activity. However in Granville and Waitville
soils nitrification was relatively fast, but this was not reflected in
the yield or N.d.f.f. The: loss of N in Granville and Waitville soils
could be attributed to increased rate of soil fixation and immobiliza-
tion of added N. Liming an acid soil decreased fixation of added N by
reducing the residence timg of NH4+;N and probably increasing microbial
activity.

Nitrogeﬁ balancevstudies showed that some of the added N was not tak-
en up by the plant or recovered in the soil. This unaccounted-for N
could have been lost through chemical denitrification particularly in
the acid Pine Bidge and Weliwood soils. These two soils and alkaline
Almasippi soil demonstrated a substantial accumulation of nitrite from
added urea during an incubation study.

A subsequent study with 15N—labelled nitrite-N showed that acid Pine
Ridge and Wellwood soils are capable of producing elemental N from ni-
trite. Therefore chemical denitrification might have been responsible
for unaccounted-for N in these soils during the growth chamber study.
The alkaline Almasippi soil accumulated nitrite following urea applica-
tion, but did not show any capacity for chemical denitrification of ni~
trite. This may be due to rapid oxidatioﬁ of nitrite to nitrate by the
Almasippi soil. None of the other five soils showed a teﬁdency for

chemical denitrification.
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These studies showed a greater uptake of nitrogen from Ca(NO3)2 than
from urea in acid soils. It is significant that recovery of added ni-
trogen in plant plus that remaining in soil was equal to or greater with
urea than with.Ca(NOB)2 in all cases. This indicates that whereas urea
nitrogen is more subject to fixation than nitrogen from Ca(NO3)2 the
latter was more subject to loss from the soil-plant system, presumably

by denitrification.




Chapter VI

SUMMARY AND CONCLUSION

Growth chamber experiments and incubation studies were conducted to
determine crop utilization and soil fixation of three nitrogen carriers
in severai Manitoba soils with varying physical and chemical properties.
In a growth chamber study, eight soils were treated with 15N-labelled
urea and calcium nitrate and wheat was grown for 52 days at 20°cC.

More nitrogen from Ca(NO3)é was utilized by wheat than from (NHZ?ZCO
in the Pine Ridge, Wellwood, Granville and Waitville éoils. ~ The yield-
independent isotope criterion, the “A” value, suggests that Ca(NO3)2 is
the more available N carrier and (NHZ)ZCO tﬁe less efficient N-source
for wheat on these slightly acid soils. The dry matter yield of wheat
from Pine Ridge, Wellwood, and Granville soils was significantly greater
with the Ca(NO3)2 treatment than where (NHZ)ZCO was used. A total ni-
tfogen balance showed that 15N remaining in the soil at the end of the
experiment was consistently greater with (NHZ)ZCO than with Ca(No3)2 in
all the soils used. The total recovery‘of added N (including soil fixed
N) from (NHZ)ZCO was at least equal to and in most cases greater than
that of Ca(NO3)2. This may have been due to a greater loss of N by den-

- dtrification in Ca(NO3)2—treated than (NHZ)ZCO—treated soils.
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An incubation study indicated that oxidation of NH4+—N yas considera-
bly slower in slightly acid soils. Some of the NH4+;N remained in
urea-treated Pine Ridge soil after 33 days of incubation at 20°C. Per-
sistence of NH4+;N in slightly acid soil might lead to fixation of
NH4+—N. In the same study, nitrite-N accumulated and persisted in Pine
Ridge and Wellwood soil following treatment with (NHZ)ZCO' Accumulation
of nitrite-N also occurred in alkaline Almasippi soil, but ‘- only for a
short time sincé it was rapidly oxidized to nitrate.

A subsequent investigation using 15N—labelled NaNO2 demonstrated a
tendency for chemical denitrification with the production of molecular
nitrogen from Pine Ridge and Wellwood soils. The initial rate of pro-
duction of molecul;r N in Wellwood soil was 3.2% of added N per day, and
1.4% per day for Pine Ridge soil. None of the remaining six soils used
showed a substantial production of molecular N throughout the period of
incubation.

In studying the interaction between soil and N-carriers in the labo-
ratory, it was observed that more of the N added as (NHZ)ZCO and
(NH4)ZSO4 was fixed than N added as Ca(N03)2 in all the eight soils
used. This provides a partial explanation of the greater amount of add-
ed N from (NHZ)ZCO than from Ca(NO3)2 remaining in the soil at the end
of the growth chamber experiment. Fixation of added N from

NH4+Fyie1ding carriers occurred very rapidly especially in slightly acid
soils. About 187 of.added N from (NHz)zco was fixed in Granville soil

by the 10th day of incubation.
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In a subsequent incubation study, it was found that most of the fixed

N was organically bound. The soil organic matter fixed approximately 5
to 10 times as much N per unit weight as clay. Both organic matter and
clay had a greater capacity to fix added N at low pH. Added N fixed
from both (NH2)2C0 and (NH4)éSO4 was increased when Newdale soil was
acidified. This was not true with acidified Almasippi soil. It was
subsequently found that the pH of Almasippi soil increased during the
incubation period. Liminé Pine Ridge and Wellwood soils decreased the
amount of added N fixed from-NH4+;yielding carriers. Even after amend-

ment of the soil pH by liming more (NH2)2CO than (NH4)ZSO4 was fixed.

The second growth chamber experiment was designed to study the effect

of pH amendments on crop utilization of added N. There was no signifi-
cant difference in dry matter yield of wheat between N-carriers in limed
Pine Ridge and Wellwood soils and also in acidified Almasippi soil.
Liming Pine Ridge and Wellwood soils, however, brought the utilization
of added N from NH4+¥yie1ding carriers closer to that of N from
Ca(NO3)2. Dry matter yield of wheat in acidified Newdale soil was sig-
nificantly greater with Ca(N03)2 treatment than either of the
NH4+—yielding sources. ;n pH amended Newdale soil, wheat utilized more
N from Ca(NO3)2 than from ammonium carriers. Thus acidifying the alka-
line Newdale soil decreased the utilization of N from both (NHZ)ZCO and
(NH4)2804. In acidified Almasippi soil, the pH changed considgrably
du;ing the experiment and this probably led to increased utilization of

added N from NH4+-carriers. Such increase in pH explains the lack of an
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increase in the amount of N fixed in acidified Almasippi soil during the

incubation experiment. Nitrogen remaining in soil at the end of the

second growth chamber experiment was greater with (NH2)2CO than with
Ca(NO3)2. Unrecovered N by plants and in the soil was greatest with
(NH4)2804 in all the soils used. In this investigation total recovery
of added N was generally greater than that obtained in experiment I with
the same N-source. This was due to the fact that a greater amount of N
remained in the soil at thevgnd of the study with pH amended soils pro—

bably due to lower crop utilization of added N.
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