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ADSTRACT

t
Fall application of commercial N fertilizers has causai so

concern about over-winter losses of mineral N (NI, =N + NO_=N) from the
4 3
soil. The ﬁgudy wis carried ouvc to determine the magnitude of ovor-
' ) "

winter losses of mineral N, and to det ‘mine the mechanisms bv which
fall-arplied ¥ 'was lost. Another facet of the work was to rimd scme
practical means to reduce the over-winter losses of mineral N. Th
work consisted of incubation and field experiments.

The results of field experiments‘at 10 locdtions over two vears
t1973—7$ and 1974-75) indicated that 38% of fall-applied urea N (applied
at 56 kg N/ha) disappeared over the winter from the mineral N pool.
Fall—nppliéd urea gave about 10 quingals/ha (1 quintal = 100 k§) lower
vield and one half as muéﬂ N (kg/ha) in barlev grain as did séring—
applied urea. The losses were greater from tall-applied calcium nitrate.
On the average of -six field experiments, 507% of fall-applied calcium
nitrate (applied at 56 kg N/ha) disappeared over the winterf Nitrogen
was generallv not lost until early March, regardless of whether it was
:applied as calcium nitrate or urea; Bv early Mav, the NO3 either
applied in the fall or prBduced through niprificaﬁion of urea during
the winter was partialiy lost.

Like falljépplied fertilizer N, soil mineral N was not lost from

the soil until March and was partially lost in eafly spring after thaw-
ing. Ammonification and nitrification of soil N océﬁg;ed in non-fallowed

and fallowed fields throughout the winter and as a‘consequence soils

“accumulated between 15 and 240 kg/ha of mineral N before the spring



AN

thow. iﬁ\\tln) averave, approvimatelv o) ko of S0l mineral N/ha was lost
aver the winter in ‘iree fallowved soils.

No leaching losses of labelled N applied in the rfall, at a rate of
112 kg N/ha, were observed over the winter. The highest over-winter

logses, through denitrification, were from KNO,1 mixed into the soll

(39%), followed by urea mixed into the soil (29%). The lowest losses
(167%) were from (NH,)qSO/ banded. Approximatelv cne-fifth of the fall-
: ST

ipplied N was immobilized.
"Five an.ritors were used in incubation experiments. Of these,
thiourea suppressed nitrification the most and onlv Qne—third of the
added urea N was found as NO3—N after six weeks. Pelleting with urea
increased the efficiency of thiourea as a nitrification inhibito.

. ,
Placing urea in bBands rather than mixing it into the soil slowed
nitrification in the field. Application of pelleted urea + thiourea
(2:1) in bands resu;ted in almost complete inhibition of nitrification
of urea for four weeks.
) Slowing nitrification of fall-applied urea, reduced the over-winter
losses. ‘Higher vield and N uptcke of barlev grain with fall-applied
urea + thiourea (2:1) than with urea were associated with higher mineral
N content of the soil in early May, before seeding. Urea + thiourea
(2:1) banded in'the fall gave 6.4 quintals/ha higher vield of barley
grain and 1.5 times more N/ha in barley grain than with urea banded

- .

alone in the fall. The N uptake (kg N/ha) by barley grain obtained with
urea + thiourea (g;g@;banded in the fall was about 907 of the N uptake

( . . N
obtained with urea banded in the spring. The method of applying urea

alone had some effect on yield of barley grain. Band placement of urea

vi



in-the rall resulted in an increase o0 1.7 quintals/ha sarlev grain

over mixed application.

vii
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1. INTRODUCTION

In the Prairie Provinces, for spring-sown grain crops, N fertili-~
zers are sometimes applied in fall rather than in spring.  Fall appli-
cation has several benefits. ‘These include improved efficiency in the
use of production and distribution facilities for the manufacturers;
lower prices and o certain supplv of fertilizers for farmers. Based

-
on research conducted prior to 1968, in the Canadian Prairies, it was
generally concluded that fall-applied fertilizers were as effective as
spring-applied. However, research conducted in the 1970's in Alberta
and Manitoba has shown that fall-applied N is often inferior to ¥
applied in the spring.

Nitrogen loss, where it occurs, is mainlyhia consequence of nitri-
fication. The NO3 is subject t loss thfough leaching, runoff and
denitrification. Unlike NOj3, NH, is held on the exchange complex of
the soil and therefore is not readily lost by leaching.

Several approaches have been used to minimize losses and to increase
crop recovery of N added as fertilizer. In addition to management
practices involving split applications and band placement, efforts to
reduce te rate of release of N from fertilizers’have been made. A
degree of-success has been achieved in this respect through development
of low or limited solubility N sources,.coated or encapsulated N sources
and chemicals designed to inhibit nitrification. All these practicgs
share a common attempt . to reduce the accumulation of NO4 before N is

taken up by plants. The use of nitrification inhibitors represents a

promising recent method to conserve applied fertilizer N. Most of the



work on this problem has been performed either in greenhouse or under
climatic conditions different from those under which the present inves-
tigation was conducted.

In the Prairie Provinces, recent shifts in the tvpe of N fertili-
zers and in their time of application may make the use of nit%ification
inhibitors important. The use of N fertilizers which contain no NO5 has
increased, as has the amount of fertilizer N applied in the fall.‘vThe
increased use of urea is due to its high content of N and less bulk
which reduces transport costs. Ammonium-based N fertilizers, however,
under favorable conditions are rapidlyv transformed4through the activi-
ties of nitrifying bacteria, to NO3 which may then be lost by leaching
and denitrification.

On the basis of rather‘limited results, the practice of fall
application of N fértilizers was begun in the Prajrie Provinces. The
practice is increasing and eventually perhaps half of the N fertilizers
used for grain crops will be applied in the fall. However, before rfall
fertilization could be recommended, the potential for ove -winter losses
under the climatic conditions prevailing in the Prairie P- . _.nces
required study. Therefore, the present study has the following objecF
tives:

1. To detérmine the magnitude of over-winter losses of mineral N
either from fall—applied fe;tilizer N or from soil N.

2. To determine the mechanism by whiéh the fall-applied N is lost.

To evaluate the effectiveness of thiourea, and other nitrifi-

cation inhibitors, in the over-winter conservation of mineral N.



S

2. LITERATURE REVIEW

Nitrogen in the soil occurs in two major forms: (l) the organic
fraction which comprises about 90% of the total soil N in the Ap horizon
of cultivated chernozemic soils, and (2) the inorganic¢ fraction which
comprises the remainder is non-exchangeable and.exchangeablevN’H4 and
water soluble NOB' The rate at which the ofganic fraction is mineral-"

/
ized {is generallv slower than the rate ar which crops can remove minerai
N. Therefore, addition of fertilizer N>increases vield unless substan-
tial biological NZ fixation occurs in a Crop rotation. Most N fertili-
zers contain inorganic fbrms of N (Nﬁ4 or N035 which are readilv avail-
able to plants. When urea is added to soil it is rapidly hvdrolvzed to
NH,. The enzymatic conversion of urea to ammonium (urea hvdrolvsis)
has been reviewed in detail by Gould (1970 and 1976) . Therefgre, this
review will not include urea hvdrolvsis, altWBugh urea is the main
fertilizer used in che present study. The NH, produced frqm the hvdrol-

o

ysis of urea ig cenverted to NO3. The NO; whether issued from the
—

fertilizer N or from the soil N, may be subject to losses by leaching
and denitrification. - .

The present investigation has been undertaken to determine the

o

extent to which over-winter losses of N occur, to find the mechanism by
which losses take place, and to find some practical means to reduce

these losses. Consequently, thig review considers soil Processes and

management practices pertinent to this problem. \



201 Nitritication

Aécording to McLaren (1971) the rates of nitrification mav be taken
as proéortional to the growth of nitrifiers which is related to substrate
concentration when the concentration is less than thut“needeg to
achieve the maximum growth rates and provided thé population size is
much smaller than the maximum attainable population. At low NHA—N
concentrn~ions in soil, nitrification is rapid end complete within a
few weeks (Broadbent et al., 1957), but it appears to be inhibited at
higher .concentrations (Mclntoéh and Frederick, 1958; Stojanovikc and
Alexander, 1958; Justice and Smith, 1962; and Anderson and BOSweli,
1964). The inhibition has generallv been attributed to ammonia toxicity.
Acidification of éoil by (NH4>ZSOA (Justice and Smith, 1962) may_ also be
a factor. The maximum tolerable NH44N concentration in soil d4ppears to
vary between 400 ppm (McIntosh and Frederick, 1958; and Anderyson and
Boswell, 1964) and 800 ppm (Broadbent et ai;, 1957). The cyitical con-
centration varies with the initial pH (as pHl affects NH4+ NH3 equi-

librium), and the NH4 source (Broadbent et al., 1957). Jono; and Hedlin

(1970) reported that with 50 ppm N as ammonium sulphate and urea, nitri-

fication for both fertilizers was complefe in 12 days. At high Y_con-
centrations (200; 400 and 800 ppm N), however, urea led to high Rit;lie
concentrations in the neutral Wellwood soil. Pang et al. (1975)

reported accumulation of‘large quantities of nitrite when urea was
banded at a rate of 800 kg N/ha, but no nitrite accumulated when 100 kg

iN/ha was applied. They attributed this nitrite accumulation to lower

activity of Nitrobacter at higher concentration of ammonia produced by



rapid hvdrolysis of urea.

If aitritication were inhibited suificiently bhv low temperatnres,
SH, bearing fertilizers appliad in late fall could cencelvably remain
without nitrification, and without appreciahle loss until spring.

L0 . . ' .

veneral below 35w, the lower the temperature the slower the rate of
nitrification. Some studies have shown that Aitrirtication o applied
N1, occurs in come so0ils at temperatures considerably lower than were

4

pre . iouslv thouzht (Anderson and Purvis, 19553 Crederick, 1950
Stojanovic and Broadbent, 19563 Bropdbent ot al., 19577 sabuey ot al.,
1956 and 1959; and Justice and Smith, 1962) . Nitrifjcation has been
reported to ocunr at lo to ZOC (Frederick, 1056 and Sabev ot al..
1956) . The optimum temperature fov nitrification - ries and has heon
reported as 300 to BZCC (Fisher and Parks, 1958 Anderson and Poowell,
1964), 257 to 27 (Waksman and Madhock, 1937: Justice and Smith, 19A7:
Thiagalingam and Kanehiro, 1973: and Kowalenko and Cameron, 1976) and
for a tropical ;oil 35%¢ (Mvers, 1974). Anderson and Purv®s (1953),
Frederick (1957), and Sabev et al. (1959) concluded that wariations
among soils in regard to "' .- temperature range, over which NOB forma-
tion from NHQ cccurs, a  ~ to be due to.differences in size of the
initial populations of nitrifiers.

Although numerous workers have reported the effect of soil moist;re
on nitrification, in onlv a few investigations have moisture levels been
reported in terms of soil moisture tension. Earl - in the centurv work- ™
ers such as Greaves and carter (1920), Panganiban/kf92§), and Russell et

al. (1925) deterpined the generally accepted optimum range of moisture

(50% to 60% of water holding capacitv) for nitrification. Although
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Denitritication

The term denitrification applies to the micrabial process wherebv

NO . is reduced to gaseous nitrogen conpounds such as N,0, NO and N,.
Al - .

Dvnitri!ic&tion_diffcrs irom assimilatory reduction of ij in o
denitrification leads to paseous loss of N to the atmospherc. Despite
the lone historic awareness of denitrification (Gavon and Dupetit, 1886)Y,
the kinetics of denitrification in soils are not clear. TFor the most
part, Jdenitrification rates have been thought to be independent of NO}

-

concentration (zero order kinetics) over a fairly wide range of 40 to

SO0 ppm NO -
ppm NO,

Aremner and Shaw, 1958; and Cooper and Smith, 1963). However, Bowman

! (Broadbent, 1951; Wijler and Delwicho,'l954; Nommik, 1956;

and Focht (1974) found denitrification rates to be substrate-dependent
at lower concentrations approximating first order kinetics and graduallv
diminished at higher concentrations (1000 Mg NO3—ﬁ/ml) to become zero
order. The maximum rate in a soil suspension obtained was 130 ¥g N/ml/
dav.

The rate of denitrification is closelv associated with temperature.
The lower temperature limit of denitrification has been set at 2%
(Bremner and Shaw, 1058) . at 3°C (Nommik, 1956), and 5°C (Bailey and
Beauéhamp, 1973). The upﬁer temperature limit ranges from 70°¢C
(Bremner and Shaw,‘1958) to 85°C (Nommik, 1956). ‘Tbe optimum tempera-
ture varies between 60°C (Rremner and Shaw, 1938) and 65°C (§ommik,

1956). The ratio between NZO and N2 in denitrification gas varied with

incubation temperatures; and NZO dominated at lower temperatures
{

(Nommik, 1956). Similarly Bailey (1576) reported that decrease in

temperature resulted in an increase of NO production which was the

N
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principal gas produced at 6 to 8. No research, to the knowledge of
‘\

the writer, has been reported on denitrification at temperatures below

07c.
Most research workers (Meiklejohn, 1940: Broadbent, 1951; Jones,
1951; Greenland, 1962: Jansson and Clark, 1952; Hauck and Melsted, 1956;

Allison et al., 1960; and Pilot and Patrick, 1971)‘apparently have

accepted the concept that the effect of moisture in saturated soils is

primarily that of reducing the volume of air-filled pores with a con-

comitant reduction in 0,. Bremmner and Shaw (1958), and Greenwood " (1962)
observed that the rate of denitrification as measured bv NO3 disappear-

ance in soils, increased as the moisture leve' was increased even bevond

the saturation level. They concluded that this was due to the slower

diffusion of O2 into thé‘soil mass wi;h increasing moisture. Greenwood

(1961), and Greenwood and Berry (1962) showed that the changeover from

aerobic to anaerobic metabolism takes place at an.‘O2 concentration less
! 3

than about 5 x lO_6 M. Even under apparently aerobic conditions, éicro—

sites having anaerobic conditions .at the centres of crumbs larger than

3 mm in diameter (Greenwood, 1961; Greenwoaod aﬁd Berry, 1962) may

pérmit denitrification to occur (Broadbent and‘Clark, 1965). Since

crumbs of this size are present in most soils, it would mean that

anaerobic conditions can be found in soils even when they are not wet;

and perhaps denitrification can take place, = ‘east slowly, in soils

that are not saturated. Denitrification has peen reported to occur at

or near 15 bars moisture tension (McGarity, 1961; d Ekpete and - .

Cornfield, 1964). -

\



'Nommik (1956) pointed out that at lower moisture contents, the
denitrification gas consisted chiefly of N 0. This indicates that the
degree of anaerobiosis is one of the factors which determine the compe~
sition of denitrification gas.

In addition to NO3 concentration, 02 supply, and temperature, the
effect of energy supplv on the denitrification rate has been d° ‘ussed
.(Bremner and Shaw, 1958; and Bowman and Focht, 1974). Bowman and Focht
(1974) found that glucose addition at a rate of lOOOyug/ml increased the
rate of denitriff%ation bv 58%.. Denitrification rates in soils under | .
saturated conditions are correlated with the amount of total organic
carbon (Bremner and Shaw, .775; Dawson and Murphv, 1972; Stanford et al.,

o .
1975; and Smid and Beauchamp, 1976) and very closely associated with the
supply of readily decomposable organic carbon (Burford and Bremner,
1975; and Kohl et:al., 1976).

The rate of denitrification increases with increases in -H from 5.0
to 7.0 or 8.0; further increases in pH lead to a suppression of denitri-
fication, until it ceases altogether at ﬁH 10.5 (Jansscn and Clark,

1952; anthommik, 1956). Nommik (1956) alsovshowéd that at lower pd .
Values, denitrification products consisted chiefly of NZO.’

Moisture, tempgrature, supply of available carbon, amount of NOB;
and pH are’all important to the rate of denitrification. This.review
regarding denitrification shows that rate of NO3 losses in gasecus

i ; : * . o g
forms increases 8 to 20 fold when ter s raised from 10 to the

optimum range. The rate of denitrification at 100% moisture saturation

is approximately nine times greater tha& at 80% saturazior. The rate of



10

denitritication depends upon the amount of available carbon. The rate
of denitrification under optimum conditions increases with increase in

NOB—N concentrations up to 1000 ug N/ml and becomes constant bevond

this level.



2.3 Leaching Losses

Leachinyg losses from ngriﬁﬁltural soils are of importance as these
can reduce the availability of essential plant nutrients, and may re-
sult in NO3 pollution of ground and surface water (Rav et al., 1957;
Harmsen and Kolenbrander, 1965; and Viets, 1965). The N03 due to its
extreme solubilitv and anionic form which prevents its adsoxrption onto

the soil colloids (except under strongly acidic conditions), is mere

susceptible to leaching than NHQ (Parker, 1972). Substantial movement
of NO3 in coarse textured soils has been recorded (Scholefield, 1945;
and Wetselaa 1962). Leaching losses of soil N03 under field condi-

tions have been measured in lysimeter éxperiments,‘QE in controlled
field drainage plots by measuring the NO3 content in"the effluent
(Bizzel, 1944; Chapman et al., 1949; Allison, 1955: and Owens, 1960).
On the basis of the results of 156 lysimeter experiments conduéted at

experimental stations in the United States, Allison (1955) attributed

25% to 60% ot NO3 loss due to leaching. Studies using pure iron and

aluminum oxides and hydﬁfxides (Hingston et al., 1972), and kaolinite

\Scholefield and Samson,.l953; Quirk, 1960; and Wada and Harward,

it

1974) have shown that under aci@ conditions, these minerals possess

the ébility to adsorb agipns such as NO3 and Cl and may reduce leach-
ing losses in soils containing large amounts of these minerals. Moshi
et al. (1974) showed that organic matter prevented Cl adscrption in
the surfaée soil, so that it might be expected that adsorption would
occur only in the sub-soil where the levels of organic matter are low.

. & -
Leaching column experiments have shown that adsorption results) in




.

!

slow(movement of anions relative to water (Corev and Fenimore, 19683;
Kinjg\é% al., 1971; and Black and Waring, 1976). Singh and Kanehiro
(1969); and Black and Waring (1976) reported that the rate of N03
leaching decreased with depth because of higher agsorption of NO3 in
the sub-soil than in the surface soil which has a high net negative
charge due to the presence of organic matter.

In the Prairie Provinces, summerfallowing has resulted in much
deeper peneﬁration of precipitation and subsequentlv NO3 than was
possible prior to cultivation. The results of studies conducted in
Manitoba by Michélyna (1959) have shown that the amount of NO3 in the
sub-so0il increased as the frequency of fallow increased, and little or
no NO3 was found in the sub—soii under continuous cropping. Renhie et
al. (1976) have found verv substantial amounts of NO3 below the rooting
zone. at University Farm in Saskatchewan. The totél NOB—N to a depth
of 4 m averaged approximately 500 kg N/ha (a two-vear rOtatién‘of
fallow-wheat has been followed on théée soils for 40 years). They
suggested that leaching losses may account for appfoximately 10% co
15% of N released from the soil organic matter gince cultivation began
in Saskatchewan. High concentrations of NO3 have been reported at
groundwater level in Alberta (*Alberta Envirénment, 1975), but the K

origin of this NO3 is not knownm.

*Nitrates in Shallow Groundwater Near Lethbridge. 1975. Pub-
lished by Alberta Environment. ‘



2.4 Effect of Placement Method and Inhibitors on Nitrification

In areas of intensive agriculture, it is becoming comfon Qlace
e

N fertilizers in bands. This results in high  local LoRCtn(ratlons of
ammonia and soluble salts whiéh reduce the rates of nitrification of
fertilizers. (asser (1965) and Leitch (1973) found that band placement
of (NH4)2504 reduced nitrification, and this effect was enhanced bv
addition of a nitrification inhibitor to banded (\H BN §O Total amount
of NO3 formed per unit area decreased with increased local concentra-
tion of NH4 in the band (Wetselaar et al., 1972). Maximum rate of
ﬂitrification in fertilizer materials (urea, ammonium sulphate and
ammonium hydroxide) took place not at the middle of the fertilizer
band, but near the edges of tHe diffused zone &Pang et al., 1973).
The progress in nitrification was characterized bv a decrease in pH in
the diffuéed zone,

Nitrification inhibitors may be of practical value in the produc-
tion of crops for a number of reasons. The usé of inhibitors with
ammonium-based fertilizers may reduce the losses of fertilizer N by
leaching and Aenitrification because NH4 is less subject to losses
than NO3 (Wagner and Smith, 1958; Parkef; 1972). It permits the use
of fall—applied NH4—N, where otherwise such practice may not be econ-
omical. Slowing nitrification of ammonium-based N fertilizers may
also be beneficial because it provides more uniform release of NO3
which eliminates NO3 accumulation‘(Goring, 1962), and may reduce the
severity of plant diseases (Huber and Watson, 1972).

Several inhibitors of nitrification have been studied, but N-Serve



(2-chloro, A-trichloromethvl-pvridine® | considered the mest nromising
(Ansorge et al., 1967; Horlich, 1968% 2nne- and Bremner, 1773, 1974
and Reddy and Prasad, 1975). The amount ot N-Serve required for maxi-
mum inhibition of nitrification in the fie!’ cxperiments varied from:
0.28 kg to 2.24 kg/ha. Tréacing soils with 1 ppm of N-Serve or 3 ppm
2-amino, 4-chloro, 6-methyl-pyrimidine (AM) suppressed nitrification

of scils incubatéd in plastic bags in the field during autumn, winter
and spring (Sabey, 1968). Ten ppm N—Sefve applied with aqueous NH3

and (NH4)2504 to a sandy loam soil in October retarded nitrification

for more than 2 weeks (Jauert et al., 1968). Nitrosomonas europea was

oy

greatly inhibited by 1 ppm of N-Serve, Nitrobacter agilis was also

inhibited, but much less than Nitrosomonas europea (Shattuck and

_.exander, 1963). Growth of Nitrosomonas was inhibited by 0.2 ppm

N-Serve, and 1.0 ppm completely inhibited the oxidation of NH& by
fresh cell suspensions (Cqmpbell and Aléem, 1965). They further
reported that cytochrome-oxidase activity (involved in NH4 oxidation)
inhibited by N—Se;ve was partly restored by adding cupfic ions and

inhibition of NH

4 oxidation by allylthiourea was not sreversed by cupric

ions.
Smaller NO3 losses and improved crop. recovery of N have been

obtained on using nitrification inhibitors such as N-Serve. However,
these inhibitors are expensive and are not economical to use in
commercial agriculture. Carbon disulphide (Cs,) is very inexpensive

and has been recognized as an effective nitrification inhibitor in a

closed system in the laboratory (Gainey, 1914; Powlson and Jenkinson,
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1971; and Sremner and Sundv, 1974). Nitrification of aqueous N was
- Al

e . <O
completelv inhibited by €5, tor three weeks at 25°C (Ashworth and .

Flint, 1974). At Rothamsted, 15 kg CS,/ha was able to completelyv
inhibit nitrification of aqueous NHS’ applied at a rate of 260 kg N/ha,
for 50 davs in a field experiment (Ashworth et al., 1975).

Thiourea, a sulphur-containing N compound, is ocne of the earliest
reported nitrification inhibitors. Quastel and Scholefield (1949)
tound a concentration of 25 ppm thiourea in a perfusion liquid inhibit-

ed nitrification for a period of 16 davs Subsequentlv (1951) thev

reported that nitrification was completel ed for 21 davs with -
380 ppm thiourea. Complete inhibition of : . 1tion has been
' . ) ‘ -3
observed in a pure culture of Nitrosomonas sp t. presence of 10

-6 . " , A
to 10 M thiourea (Jensen and Sorensen, 1952). o ntial growth of
Nitrosomonas sp and active nitrification were suppre. i v a concen-

tration of 50 ppm thiourea in the perfusion liquid (McBeath, 1962).

In a soil system, Jaques et al. (1959) reported that 1.5 x 10_3 moles
of thiourea/xg soil (120 ppm thiourea) inhibited nitrification for 20
days. Leitch (1973) found thiourea to be an effective nitrification
inhibitor under field conditions, when applied at the rate of 36 kg/ha
with banded (NHA)ZSOA' Applicétiqn of thiourea modified the growth
and N uptake pattern of a rapegeed crop and decreased the midseason
accumulation of NO3 in rape and oats.

The possible biological importance of copper ion in enzymes has

been stressed by Baudisch (1945). As Nitrosomonas contains cytochromes

in its oxidase enzyme system (Aleem and Lees, 1963), it is reasonable
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{ %
to expect that these are involved in NH, oxidation. Therefore, oy
. 34

3
i

would expect the inhibition of NH, osidation by immobilization of
-+ i )

copper ions by adding copper-enzvme poisons. However, Lees (1948)\

Campbell and Aleem '(1965), and Quastel (1965) reported that the inhib\\
~.
' ~

itory etiect of allylthiourea was not caused by the immobilization of
copper 1lons.

Thiourea has also been studied as a source of N for plant growth. -
After incubating 540 ppm of thiourea (containing 200 ppm N) in soil for
90 days, Fuller et al. (1950) recovered 154 ppm of NHA—S, but no NO3“N
or_NOZ—N, showing that NH4 released from thiourea had not nitrified.
Hamlyn'and Gasser (1967) while studying the possible use 5f thiourea
as a N fertilizer, oBserved thaL high rates of thiourea mixed into the
soil (1523 kg thiourea/ha) inhibited nitrification of the .\IH4 produced

for up t> 24 weeks.



2.5 TFall Application versus Spring Application of Fertilizer N

Even though NHq is more stable in soils than NOB’ there is a
question of whether crops can make use of NH& as well as of NO3.
Generally, NO3 is the form taken up by plants, not necessarily because
plants prefer it, but because NH4 applied is rapidly nitrified in ﬁost
soils. Under conditions where plants take up NHA—N, reduction in

growth may be expected, particularly in dicotyledenous species (Kirbwv,

1968). Rapeseed when grown in the greenhouse on soils, gave pcor growth .

when fertilized with NHA—N and a nitrification inhibitor (Nvborg et al.,
1977). On the other hand, field experiments showed that most soils in

so that application of NH,-N with a nitrifi-~

the field have enough NO 4

3
cation inhibitor for rapeseed gave nearly as much vield as did NO3
fertilizer. Work at Rothamsted showed that wheat yielded slightly
more with NO3—N than with_NHa-N plus inhibitor when water was adequate,
but the NH4—N plus inhibitor yieldéd nore when soil water was limited
 (Spratt and Gasser, 1970).
The unsettled question of whether NH4 can be used as the sole
- source of N for various crops with success equal to NO3 is intertﬁined
with the subjects of time of application of N fertilizers, and the use
of nitrification inhibitors. However, the matter of physiological
preference of plants for NH4 or NO3 is beyond the scope of this review.
Autumn applications of N have been found inferior to equivalent
spring application at Rothamsted (Widdowson et al., 1961; Devine -and

Holmes, 1964), and in north and north-central Georgia (Olson et al.,

1964). Pearson et al. (1961) found fall-applied N about half as



ellective in‘producingﬂcorn as spring-applied ¥V oar . gseven Locations in
Alabama, Georgia and Mississippi. The results of field studies con-
ducted in Illinois for 3 vears bv Welth et al. (1966) suggested that 1
kg of spring-applied N as ammonium nitrate produced the Same vield of
wheat grain as 1.5 kg of N applied in the fall. The average of four
field experiments conducted- in Onturio showed that spring apolications
Oof ammonium nitrate, uréa an'! anhvdrods ammonia produced about 187 more
Corn grain than fall application of these fertilizers (Stévensdn and
Baldwin, 1969). 1 Kentucky, spring-applied N produéed greater vield
of corn than rall application (Frve and Hutcheson, 19715 Miller et al.,
1975; Frve, 1977).

There are some reports available in thebliterature where fall
application of N hag been found fo be as effectiye in increasing vield
~as spring-applied Y. ‘Larsen and Kohnke (1946).reported that two of
three Indiana soils showed no differences in corn yields between fall-
and spring-applied ﬁ. In Georgia, Boswell (1971) and Boswell er al.
(1974) observed N0 statistical difference in corn vields between fall-
and spring-applied N‘at a rate of 156 kg N/ha. The field work conduct-
éd»in Wisconsin bv Chalk et al. (1975) showed that there were no
differences betweean grain yields of corn with fall and spring applica-
tion of anhydrous ammonia. In ghese studies, either the responses to
applied ¥ were gmall or the rates of N application are high.

In a- summary of 22 field trials condug¢ted in the Prairie Provinec-g

from 1950 to 1968, McAllister (1969) reported that‘at 15 of the 22

locations there were no differences in the vields of cereal grains

[



between fall and spring application, at 3 locacicns tall application
was better than spring application, and at 4 locations spring-applied
”N wag better than fall-applied N. In most of the tests, there were
generuT]y;émall responses to applied N, suggesting that these tests
were not suitable to compare fall- and spring-applied N fertilizers.'
In one of the tests, however, conducted in Feace River region, where
there was a verv large response to M. the spring-applled N was much
superior to fall-apvlied Y. Under the Prairie Provinces' climatis
conditions. where the soils remain frozen for most of the winter, one

would not expect losses of mineral N over the winter. However, the

results of research in the earlv 1970's showed crop vields and N uptake

.

to be favored bv spring application; In Alberta, Leitch and‘Nybo%g
(1972) found that N uptake with spring application was about two Eimes
greater than with fdll~dbplied N. Spring application of urea, ammonium
nitrate and calcium nitrate at four locations in Albefta, on the average
gave 5.3ﬂquintals/ha (1 quintal = 100 kg) more barley grain than the
fall application of these ferfili:ers (Malhi and Nybogg, 1974). For

the Manitoba lowlands, on iméerfectly drained soils, spring applica-
tion on the average of nine sites was 567 better than fall application
(Partridge and Ridley, 1974). In the uplands, where the soils were
well drained, the difference in the vield of barlev grain on the
average of 13 sites was 15%. Field studies conducted in Saskatchewan
by Paul and Rennie (1977) suggestéd that fall-applied N was inferior
to spring application.

Nitrification inhibitors have been found to reduce over-winter
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vield from fall-applied N plus the nitrificacion inhibitor (N=Serua)

was almost 250 iwi/ha areater than From the same amount of N ooy Lied
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in the fall witrhoutr inpibitor (Joswell et al., 1975)Y . Fiold studios
conducted at Cookeville in TenueSsce, using corn fertilised with 112

kg N/ha, showed that the relative efficiency of {all compared
spring application, was only 0.49 for unceoated ureza, buo 9,50 for

coated urea (Frve, 1977).
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When ammonium-hased lertilizers are added to 5011, these are
converted to NO by nitrifvine bacteria. Under certain conditions,
the NOS produced from N”Q‘ or added directly, mav be subject to
losses 1 denitrification.

The rates of nitrification and denitrification are influenced bv
several factors. The temperature range of 257 to 359 for nitrifica-
tion appears to be optimum and the nitrification rate decreases above
35°C. Mitrification has been reported to occur at temperatures as low
as 1% o 2%. The rate of nitrification has been found to be maximum
at 0.3 bar soil moisture tension and decreases bevond this moisture
content, A measurable rate of nitrification occurs at 15 bar soil
moisture tension. The rate of nitrification increases with increases
in NHQ concentration up to a maximum toler: '~ concentration between
400 to 800 ppm NHQ—N. -

The rate of'denitrification increases markedly with increases in
temperature up to 65°C and decreases-with further increases in temper-
ature until it ceases at 35°¢C. The lo&er temperature limit of denit-
rifiéation'has been set at 2° to 5%, *The rate af denitrification is
a maximum undér saturated conditiods (0 bar soii*moisture tension).
The rate of denitrification ;lso increases with increases in NO3
concentration and amount of rcadily available carbon present in the
soil. 4

* Losses due to the formation of NQ3 can be reduced by preventing
-

the formation of NO3 from.NH4 by placing ammonium-based N fertilizers



A

in h&sds, using slow release N fertilizers (aulphur-coated urea), or
by use of chemicals which inhibit the .growt.  of nitrifving bacteria.
Placement of N fertilizers in bands,wrather than mixing throughout

the soil, reduces the rate of nitrification of ammonium-based fertili-
z bv increasing the local NH& concentration.

v

The reduction of nitrification bv band placement can be enhanced

bv addition of a nitrification inhibitor to ammonium-based fertilizers.

Nitrification inhibition may be of pracrical value in the producticn

of crops for a number of reasons. The use of a nitrification inhibit-
or may reduce leaching and denitrification losses of fertilizer N.
Slow oxidation of ammonium-based N fertilizers mav be beneficial P
because it might provide more uniform release of NO3 and eliminate
possible NO accumulatibn. The use of inhibitors which inhibit urea

3

hydrolysis, and subsequent nitrification, mav prevent nitrite accumu-
o

lation to the levels which are toxic to the seedlings and stop gaseous

N losses which could occur in soils. The use of inhibitors mav reduce

the severity of some crop diseases (such as foot rot of wheat by

Cercosporella) which are associated with luxury consumption of NOB’ bv

suppressing the formation of NO3 from added fertilizer.

Fall-applied fergilizer N is usually inferior to spring applica-
tion in the eastern United States, in England, and in Ontario. Appar-
ently, the losses from fallfapplied N can occur as well in the Prairie
Provinces. Inhibition of njtrification thrcugh either the use of

chemical inhibitors or placement methods may permit application of N

fertilizers in fall without over-winter losses of N.

[§%]



3. MATERIALS AND METIHODS

3.1 Incubation Experiments

Incubation experiments with different soils (Malmo SiCL from
Ellerslie, Falun L from Egremont, and Cooking Lake SL from Smoky Ldke),\

which had been cropped to barley, were conducted under controlled co=-

‘.‘

ditions of témperature and moisture in the absence of light to prevent
the growth of algae. A brief summary of the chara;teristics of the
éoils appears in Appendix A, Table 1. Appropriate amounts of air-
dried Ap horizon (0-15 ecm), ground and passed through 5.0 mm sieve,
were weigh;d into pots (11.0 cm diameter x 8.5 cm high) whica had no

drainage holes. The soils were incubated for one week at experimental

/.

moisture levels and temperatures before treating them with fertilizers.
After adding ferti;izeféﬁ the pots were closed with plastic having
holes, 3 mm in diameter, to allow aeration, and incubateq at required
temperatures for d° “erent periods of time. All the containers wore
randomizea, and moisture levels were maintained for the dura:ica o
each experiﬁent. Soil samples were taken at various times, & e =
-N and/or.-urea according to tfe

yzed @or the content of NH,-N, NO

3

nature of the experiment. Experimental design for each of the incu-

4

bation experiments is in the Results “section.



3.2 Field Experiments
el teperiments
. 3 . . ) \ . o
Field experiments were conducted at various locatioéﬁ in 1973-74

and 1974-75, The description of the soils used is in Appendix A,

N

Table 1. The general purpose of these experiments was to assess fall
and spring applications of N fertilizers in their effect on vield and

N uptake of barlev, and also to find the effect of placement of N fer-
tilizers, or treatment with thiourea (a nitrification inhibitor) on
nitrification and on vield and ¥ uptake of barley. Specific objectives
and experimental design for each experiment appear in'the Results

. «
section. - ‘

In all :He experiments, N was applied aﬁ a rate of 56 kg N/ha,
with'the exception of two fféld experiments, where N was applied at a
rate of 100 kg N/ha. Nitrogen present in thiourea or in other inhib-
itors was taken into consideration. In\”mixed" application the fer-
tilizers were spread on the soil surface and then mixed into the soil
10 cm deep with a "rototiller", while in the "band placement” the
fertilizers were placed 5 cm deep in rows 23 ¢m apart. In spring, the .
fertilizers were placed in bands app#oximately 5 cm to fhe side and
2.5 cm below the seed row at the time of seeding. All treatments
received a blanket application of P, K and S at a rate of 41 kg P,

41 kg K and 17 kg S/ha. Fertilizers used were treble superphosphate
and potassium sulphate. At the time of seeding, thé fall banded N
fertilizers were no longer in bands because all the treatﬁents wefe
rototilled in order to prepare the seed bed. Individual plots were

6.8 m x 1.8 m and were replicated four times in a randomized complete



block desizgn or split-plot design. At all sizes, the banded tredatments
contained 8 rows, 23 cm apart and 5.8 m long.
To determine the fate of fall-applied N, a small field experiment

%
t Ellerslie (Malmo SiCL) using Nl'.

f

was set out in the late fall; 197z
The plots consisted of 30 cm diameter, 17.5 cm high galvanized steel
cvlinders driven 13 cm iﬁto thé soil. The cvlinders repfesented three
le enriched (11.0% NlS excess) N fertilizers (urea, KNO} and ammnonium
sulphate) and the fertilizers were applied at a rate of 112 kg N/ha.
Treatments were duplicated. The fertilizer needed for each cvlinder
was Jissolved in 25 ml of distilled water, and the solutions of KNO3
and urea were mixed into the tep 10 c¢m of so0il while the solution of
ammonium sulphape was place:d in a band 4 cm long at a depth of 4.5 cm.
S0il samples were taken in late Mav 1975 from the 0-15 cm, 15~
30 cm, 30—6szm, 60-90 c¢m, and 90-120 cm depths. For the 0-15 cm soil
sample, tEe whole of the soil from the cvlinder was taken out, mixéd
well and a representative soil sample was taken. For other depths
soil samples were taken with a 2.4 cm diameter coring tube. The soil
samples were also taken at 15 cm, 30 cm, and 60 cm lateral distances
from the cylinders, with a 4.3 cm diameter coring tube to a depth of
120 cm. The soil samples were dried at BOOC, groun$:aﬁq passed through

a 10-mesh sieve for LlS analyses in mineral N (NHA—V + NOB—N) and

sieved through 100-mesh for total N content of soil.
<
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Soil Sampling
1974, all the field experiments

.3
1973 and in October,

’ In October,
were sampled in 15 ¢m’increments to a depth of 30 cm, and in 30 cm
prior to the application or N

increments below to a depth of 90 cm
Each soil sample‘was taken bv combining 10 cores for the

tube (step sampler),

fertilizers.

0-15 cm depth taken with a 3.8 cm diameter coring
cnt taken with a 2 cm

and bv combining 10 cores for each depth below 15
diameter coring tube (Oakfield sampler).‘~The fall-applied N and the

control plots were sampled to a depth of 0-15 cm at various times
All the

throughout ‘the winter from November, 1974 . to March, 1975.

plots, ‘except those which received band placement, were sampled with a
coring tube (3.6 cm diameter) made up of hard steel, taking eight cofesr
from each treatment. The piots which received N fertilizers in fall
as band placement were sampled with a different technique. A volume
of soil 46 cm (loné) x 15 cm (wide) x 15 cm (deep) was dug with a
chisel acrcss the bands, thawed for a very short time, bassed through
5 mm sieve and a ;epresentative‘soil sample was taken. The rest of

the soil was returned to the appropriate hole. In early May, 1974,

‘ .

all the plots were frototilled"'to a depth of 10 cm prior to scil

sampling and soil samples were taken the same wav as in October, 1973

or October, 1974. The plots were sampled differently in May, 1975.

In plots which receivedimixed application, or no fertilizer in the fall,
soil samples were taken by combining 10 cores for the 0-15 cm depth
taken with a 3.8 c¢m diameter coring tube; and by combining 10 cores for

the 15-30 cmidepth taken with a 2 cm diameter coring tube. Below the
7

D
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res (2.4 cm Jdidmeter) taken with a

hvdraulic,
mounted sampler

truck-
. were combined. The plots which received band applica-

tions were sampled to the 0-15 c¢m depth bv the same method as used in

. ol o

winter lQ/ﬂ—/S.&“Below 15 ¢m, s
N

0il samples were taken the same wav as
\ - :

in the plots that r

i
)
dried, ground - to pass a

¢

ecdived mixed application. Soil samples were air
\ ‘

w
W
content.

2 mm sieve, and analwvzed for NH,-N and NO_-N
. ) : : Nt 3



ment. The samples were placed in cloth sacks, dried at 6SOC, weighed

and threshed to determine the grain vield. Xepresentative grain and

straw samples were collected, ground to 40-mesh and analyzed for total

N,



3.5 Analvtical Procedures

Ammonium and nitrate were extracted from soil samples bv shaking
with a 1:5 ratio of soil:2NKC1 for one hour. Ammonium and nitrate in
the extract were determined, using the steam distillation method of
Bremner and Keenev (1966). This method measures nitrite and nitrate
together. The amounts of nitrite were insignificant in the soils.
Therefore, nitrite was not determined separatelv.

Soil reaction was ﬁeasured with a pH meter using a glass electrodg,
in a 1:2.5 soil water suspension. |

Organic carbon was estimated by the modified Walklev-Black method
as outlined bv Allison (1965).

Total N was estimated by the semimicro-Kjeldahl method (Bremner,
1965) without modification to include NO3TN with the exception of soil

f

" samples having le where samples were treated to include NOB—N in total

>

soil N. ‘ ‘. P

The particle size analysis of soil samples w.. arried out by the
hydrometer method (Bouyoucos,‘1962).

The moisfure contents of soils at 0 bar and 1/3 bar soil moisture
tension were determined using a saturation paste and by the porous
plate method respectively. The moisture contents of soils at 7 bar
and 15 bar soil moisture tené n were defermined using the pressure
membrane method (U.S.D.A. Handbook 60, 1954).

" Bulk density was estimated by taking cores from the 0-15 cm, 15-
’

30 cm, 30-60 cm, 60-90 cm, and 90-120 cm depths, in the field. The

soil samples were dried at lOSOC, weighed-and bulk density was
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calculated from the ratio of weight of soil (grams) to volume of the
core (cmj).

Uréawwas estimated using the coiorimetric proceduré as outlined
bv Watt and Chrisp (1954).

The le analyses were carried out using a CEC 21-614 cvcloidal
mass spectrophotometer at the Department of Chemistrv, Universityv of
Alberta. ISample preparation and conversion of ammonium to N, zas was
perrormed according to the method outlined in Tracer Manual on Crops
and Soils by Intenngtional Atomic Energy Agency, Vienna (1576).

(1) Sample Preparation

The N in the samples (=3 mg N/sample) was converted to

ammqnia; which was distilled into HZSOA' These samples were evapor-
ated to a final volume of about 3 ml. The concentrated samples were
transferred to glass vials and stored in the deep freezer until
analyvzed.

L
(ii) Conversion of NH, to N, Gas

4
The conversion of NHA—N to-N2 gas for mass spectrometer
analvsis was accomplished by treatment of the sample in Rittenburg
tubes with 4 ml of alkaline sodium hypobromite solution aftgr evacu-
ating to 10—8 Torr. The N2 gas was evolved as described bv the
following reaction: ,

2 NH3 + 3 NaOBr ————>3 NaBr + 3 HZO + N2
The evolved N2 w3gs collected in break-seal tubes.

(1ii) Determination of Isotopic Composition of Nitrogen

The break-seal tubes were connected by a high vaccuum O-ring



svstem to the gas inlet svstem of the mass spectrometer and the gas
was then introduced into the ionization chamber at a regulated pressure
predetermined to give‘effective ionization of gas molecules.

(iv) Calculation of Results

The mass spectrometer measured the intensities of the

currents produced by mass 28 and mass 29 ionic beams separately. The
ratio (R) is that of the ion currents cor;esponding to mass ZS(NIQNLQ)
and mass 29 (NlaNlS), ie.:
. quNla
NlQNIS

Isotopic abundances were expressed in terms of atom % of the isotope

. o : 5 15 .
under invesrigation. To calculate atom % of N7, the following

relationship was used (Bremner, 1963)*:

4 w13 _ 100
Atom % N EﬁII

) . N B g .
Further calculations for atom 7% N excess and labelled ¥ recovered
in the soil were made as follows:

Percent fertilizer N in the soil

100

mgﬁNl5 in the soil «

mg le‘applied

_ Atom Z N7~ excess of soil N x Wt of Suil .(mg/cvlinder) < 100

Atom 7 le excess of applied N x Wt of applied N(mg/cylinder)
The data was analyzed by analvsis of variance and Duncan's multipie

range test was applied.

P
.

*Bremner, J.M. 1965. Isotope-r.. io analvsis of nitrogen in nitrogen-
, 15 tracer investigations. In Methods of Soil Analvsis. pp. 1,
256-1, 286. Black, C.A. Ed. Am. Soc. Agron. Monograph, No. 9,

part 2.




4.  RESULTS

4.1 Over-Winter Losses of Fertilizer ¥ Applied in Fall, 1973, in
Field Exveriments ’

Until 1969, the results of 22 field experiments (unpublished
data summarized By McAllister, 1969) conducted by researchers in the
Prairie Provinces showed on the average no differences in the grain
vields of cereal crops with fall and spring appliczation of N fertili-
zers. In all the field trials, only the graiﬁ vields of crops with
fall and spring application were measurgd,-and not N uptake bv the
crops. In addition, no ;ttempts were made to determine any over-
winter loss of mineral N apblied in the fall.

Due to the reasop; mentioned above, in October, 1973, four field
experiments were set out at four locations on farm fields: at Calmar
(Demay 1), at El1l. lie (Mal&o SiCL), at Smoky Lake (Cooking Lake SL),
and at Warépite (Falun L). All the experiments were located on non-
fallowed fields with the aim of obtaining low mineral N levels to get
laggé responses to fertilizer N. On the Demay L soil and the Malmo
SiCL.soil, the fields‘previously had é barley crop and on the other

. Va
two soils the fields had been previously seeded to rapeseea The
purpose of these experiments was to determlﬁe the quantity of fall;
applied N lost over the winter, and to find whether these over-winter
losses were great enough to reduce the yield and N uptake of barley
gréin with fall-applied N as compared rn spring application. For
this purpose, soil samples taken to aidepth of 90 cm in Mayv, 1974,

were analyzed for mineral N, and the yield and Nbuptake of'Galt.

32
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barlev (llordeum vulgdre) grain, obtained with fall and spring appli-

cation of various N fertilizers (e.g. urea, ammonium anitrate and
calcium nitrate) were compared. In all treatments except the control,
N fer-ilizers were'applied at a rate of 356 kg N/ha and were mixed

into the top 10 cm of soil with a rototiiler. Individual plots waré
6.8 m by 1.8 m and were replicated four times in a gplit—ploc design.
In one set of the plots, the N fertilizers were applied in Occgber,
1973, whi'~ in the other set of the plots, the fertilizers were

applied just before seeding in May, 1974.

4.1.1 Mineral N (NH,-N + NO.-N) content of soil in May, 1974
el ]

Only 40% of the fall-applied urea N was recovered as
mineral N in the top 90 cm on the Demav L soil (Tableii). The over-
winter losses of fall-applied N in plots which received ammonlum
ﬂitrate or calcium nitrate were significantly greater than in plots
receiving urea. ¥For these two fertilizers, about 75% of the apﬁlied
N disappeared froﬁ the mineral N pool by earlv Mav, 1974. Apparently,
19% of calcium nitrate N had leached down to the 15-60 cm laver, with
very small amounts leached into the 60-90 cp layer., Similar patterns
of downward movement of minefal N wére observed in urea or ammonium

nitrate plots.

o

-The over-winter losses‘of mineral ¥ on the Malmo SiCL
soil, the Cooking Lake SL soi% and the Falun L soil were somewhat
smaller than in the previous soil (Table 1). As with the Demay L
soil, the lowest.mine;al N ‘Tecovery in the top 90 cm was from calcium

nitrate, but there were no significant differences between urea and
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ammonium nitrase.  The lowest mineral N recoverv trom fall-applied N
which took place on the Demav L soil was probably because of the long-
er wet period which occurred in spring before samplinyg. This prolonged
wet period might have résulted in more denitrification on this soil
than the other soils.

Based on the averagé“of m?neral N recoverv from these solls
in the top 90 cm, apparently half of the fall-applied N disappeared
from the mineral N pool by early spring, 1974 (Table 1). Mineral N
. losses from the top 90 cm were greater in plots which received calcium
nitrate than in those which received urea of ammonium nitrate. Between
16% and 26% of the applied N was recovered in the 75-60 cm layer, and
onlv small amounts of fertilizer N seemed to have moved below the 60

cm lavyer.

4.1.2 Yields and N uptake of barlev grain

On the Demay L soil, yield and N uptake of barley grain
were éignificantly greater with spring application than with fall
application of calcium nitrate, ammonium nitrate, and urea (Table 2).
Among the fall-applied N, fertilizers, the lowest yield was obtained
with calcium nitrate. Fall application of calcium nitrate produced
only one-half the yield of barley grain (7.7 quintals/ha) as did
spring appiication of the same fertilizer. The N uptake by barley
grain f?om fall-applied calcium nitrate was only 5%, which was about
one-fifth of the amount of N recovered in barley grain with spring-

applied calcium nitrate. Similar .trends of vield and N untake of

barley grain with fall and spring application of fertilizer N were

i

)
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observed on the Malmo SiCL soil (Table 2), but the vield and N uptake
of barley grain from the fall- and spring-applied N fertilizers were
higher on this soil than on the Demay L soil.

On the Cooking‘Lake SL so0il, thg vields of barley grain
with fall and spring application of urea were not significantly différ—
‘ent (Table 2), but the ¥ uptake by barley grain with spring-applied
urea was significantly greater than with fall application. The N up-
take by barley grain with calcium nitrate applied in the fall was only
137%, which was less than one-half as much as with spring-applied
calcium nitrate. On the Falur L soil, uﬁlikg the previous soils, both
yield and N uptake,of barley grain with urea applied in fall and in
spring were not significaﬁtly different.

The avérage yield and N uptake of barleylgrain cbtained
witQ calcium nitrate, ammonium nitrate and urea applied at four
lécations during 1973—74.were lower with fall applicatign than springr
application of these fe;tilizers. Spring applications of urea, “
ammonium nitrate and calcium nitrate on the average gave 5.5 quintals/
ha greater yield of barley grain than did fall applications.. Among
the fall~applied N fertilizers, the lowest N uptake by barley grain
(18% of the N applied) was from calcium nitraﬁe, which was less than

one-half the N recovered in barley grain with spring application of

the same fertilizer.
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4.2 Over-Winter Losses of Fertilizer N Applied in Fall, 1974, in
Field Experaments

The results of field experiments conducted in 1973-74 demon-
strated that there were substantial over-winter losges of fall-
applied N which reduced the vields and N uptake by barley grain grown
~in the following/spring. During 1973—74, the time of losses was not
determined. Therefore, to determine whether the fall-applied fertili-.

zer N was nitrifigi during the winter, and to find approximatelv when

over-winter losses Joccurred, field experiments were set out in October,

1974, at six locafions ih farm fields: Blue Sky (Albright CL), Culmar
(Demay L), Cafiwood (Whitewood L), Egremont (Falun L), Bon Accord (Angug
Ridge CL), \and Ellerslie (Malmo SiCL). All the fields had previously
geen cropped to Ybarley. The following commercial fertilizers were
used: wurea, a onium.sulphate, ammonium nitrate and calcium nitrater
The fertilizers were aéplied at a rate of 56 kg N/ha and wére mixed
into the tdp 10 cm soil with a rototilleri Each plot was 6.8 m.by
1.8 m and was replicated foﬁf times in a split-plot design. Each
treatment was further divided into two sub-treatments (i.e. fall and
EN
sprihg). Fall treatments received N fertilizers in October, 1974;
and in spring treatments, the N fertilizers were applied in May just
before seeding. All the plots were seeded to Galt barley (Hordeum
vulgare) in fhe spring. Soil samples wégé taken throughout the winter
to find the rate of nitrificatiop of ;rea, and in May, 1975, to
determine the appérent loss of fall-applied N over the w;nter.‘ The

yield and N uptake of barley grain were measured at the six locations

to asses the relative efficiency of fall application compared to
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spring application of N fertilizers.

The dates on which the soils were pgrmanently frozen for the
winter (Table 3) were estimated from tﬁé soll temperature (at a depth
of lp or 15 cm) either from the measurements taken at the location, or
from tﬁe r;cords of the nearest meteorological station. The soils |
remained frozen until after the last soil sampling (except Delacour
where soil périodically thawed and froze throughout the winter).

Light temporary snowfalls occurred ih Novembef, and the dates of the

., ¢
first permanent snow cover are shown in Table 3.

4.2.1 Nitrification of fall-applied urea during the winter

" The percent niprifiﬁdtion varied from location to locationm
ranging from 76% to 14% by late winter (Table 4). The soil moisture
tension varied with soil and with time, but after the second sampling
on the Angus Ridge CL soil, the Cooking Lake SL soil, the Falun L
soil, and the Demay L sdii, the soil moisture tension was wellibelow
1/3 bar and the Airdrie CL soil was above 15 bars (Table 3). In
general, the percent nifrification increased with lower moisture
tension. The amount‘of nitrification of urea, two weeks after appli-
cation on the Angus Ridge CL soil, the Céoking Lake SL soil, the
Falun L soil, the Demay L soil, the Malmo SiCL soil and the Airdrie
CL soil varied from 14% to 31% on October 20 to 23. ‘The amount
nitrified increased fu%ther after October 20 to 23 to values of about
757 by léte winter on the Angus Ridge CL soil, the Cooking Lake éL

soil and the Falun L soil and to about 45% on the Demay L soil and

the Malmo SiCL soil. The average soil temperature for the locations
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Table 4. The amount of nitrification of urea during winter, applied at
a rate of 56 kg N/ha 1in October, 1974, in field experiments.

Apparent ’ recoverv ~f applied

Date of urea N as NO3~N {(in 0-15 cm depth)
Location* application at different dates#*#*
] Oct. 21 Dec. 6 Feb. 28
1 Oct. 77~ 31 c 65 b 76 a
' : Oct. 21 Dec. 6 Feb. 27
2 Oct. 7 28 ¢ 42 b 73 a
. Oct. 21 Nov. 7 Dec. 6 Mar. 9
3 Oct. 7 18 d 39 ¢ 60 b 74 a
“ Oct. 21 Dec. 10 Mar. 8
4 Oct. 6 30 b 38 b 49 3
Oct. 20 Dec. 4 Mar. 11
5 Oct. 6 14 ¢ 31b 42 a
Oct. 23 Dec. 10 Mar. 8
6 Oct. 8 18 b 24 ab 27 a
' Dec. 27 Mar. 15
7 Oct. 16 10 a 15 a
. Dec. 26 Mar. 1
8 Oct. 30 6 a 14 a-
*Location 1 - Angus Ridge CL at Bon Accord
Location 2 - Cooking Lake SL at Smoky Lake
Location 3 - Falun L at Egremont
Location 4 - Demay L at Calmar <
Location 5 -~ Malmo SiCL at Ellerslie
Location 6 - Airdrie CL at Delacour
Location 7 - Whitewood L at Ca { (Sask.)
Location 8 - Albright CL at Bl

**The values were calculated\as

In each row.
of probability) when not followed by the same letter..

treatment

in

a2e values are significantly different (95% level

N applie

d

/>x 100
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. 5 .
was calculated at 3. F during October 23-.to 31, and 1.6 °C durin
g

November 1 to 8. On the Falun L soll from Novemhsi 7, only four davs
th

\ amount nitrified

(Table 3), until December 6,

befo

"freeze '

increased fedm 39% to 60%. The other soils such as RES‘Angus Ridge

CL soil, the Demav L soil,

P . o
also showed nitrification at below 0 Csbut not to the same extent

9n the Whitewood L soil and the Albright CL soil,the treatments were

S ‘
set out later (October 16 and October 30srespectivelv) and nitrifica-

tion was only 157 and 14%, respectively by late winter (Table 43 .
There was a question of whether these results are typical

for only urea. At two of the locations, the plots were set out with |

(NH,) SO4 and results were similar to urea. On the Malmo SiCL soil,

L/a

the percent nitrification in late winter was 42% and 45% for urea and

-&ﬂ‘%4)2804, respectively. Corresponiing values were 27% and 29% on the

Airdrie CL soil.

The fall and winter of 1974~75 was normal. Discounting

the Aird:ie CL soil, average soil temperatures taken from the nearest

fm’teorolBEiggl stations were 6.0, -0.4, -3.1, -4.7, -5.3 and -3.4 C

for the months October to March in 1974-75, as compared to the pre-

vious 1l0-vear averages of 4.9, -0.6, ~4.5, —5;7, -4.9 and —3.80C,

respectively.

Mineral N (VH -N + NO —V) content of soil in March, and

= in May, 1975

4.2.2

The results -in Table 5 showed that there was almost

complete recovery of fertilizer N as mineral N in th# top 15 cm of
o -

soil in late winter when the ground was frozen. The' apparent

the Malmo SiCL soil and the Airdrie CL soil _

ek

SR el e L

ke b
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recoverv of fall~appiied urea in early March or late Februarv averaged
947% (range from 90% to 99%). In early spring it was only with the
snow thaw and prolonged wetness of the soil that mineral N losses
occurred (Table 5). There was much lower recovery of mineral N by
early Mav in the top 15 cm of the soil (average recovery of urea was

57% with a range from 37% to 72%). Essentially the applied mineral N

Vi, ot NO,.
ypparently$ only 447 and 687 of fall-applied urea N was

! in the top 90 cm (as NHA—N + NOj—N) on the Demav L soil and
Ehe;figun L so&l (Table 6), respectively. Approximately 8% of the
fall—appli;d urea N was recovered in the 15-60 cm layer. The resulte
of mineral N recovery i- ~he 60-90 cm depth indicated no further down-
ward movement of mineral N below 60 cm depth.d Similar trends were
shown on thé Albright CL soil and the Whitewood L soil. Likewise on
the Angus Ridge CL soil which received ammonium sulphate, ammonium

nitrate and calcium nitrate in addition to urea, the mineral N

recovery from different fertilizers in the top 90 cm averaged only

&

57% (range 55% to 60%). However, on the Malmo SiCL soil, apparently,
more than 80% of the fall-applied urea or ammonium sulphate N was
recovered in the top 90 cm in early May. The lowest recovery of

mineral N (70%) was with calcium nitrate. Verv little or no move-

ment of mineral N below 60 cm was observed, regardless of the fertili-

zer applied.

In summary, soil sampling in May for the determination of



Table 6. The recoverv of mineral N (NH4-N + NO3-N) in May, 1975, with
N fertilizers applied in October,
56 kg N/ha to si¥ soils.

1974,

at.a rate of

Apparent 7 recovery of applied N as NH,-N

+ NOL-N** ‘
Locationt Fertilizer® 0-15 cm 0-30 cm 0-60 cm 0-90 cm
. I
1 Urea 65 69 75 75
2 Urea 37 39 44 44
3 Urea 61 66 70 70
4~ Urea 60 64 69 68
5 Urea ‘ 52 a 55 a 61 a 60 a
Ammonium sulphate 50 a 53 b 57 ab 57 a
Ammonium nitrate 40 b 49 b 5S4 b 55 a
Calcium nitrate 35 ¢ 48 b 54 b 56 a
6 Urea 72 a 81 a 84 a 83 a
Ammonium sulphate 73 a 81 a 82 a 84 a
Ammonium nitrate 52 b 65 b 74 b 75 b
Calcium nitrate 18 ¢ .50 ¢ 68 b 70 b
tLocation 1 Albright CL at Blue Suv
Location 2 Demay L at Calmar
Location 3 Whitewood L at Canwood
Location 4 Falun L at Egremont
Location 5 Angus Ridge CL at Bom Accord J:
Location © Malmo SiCL at Ellerslie

*Fertilizers were mixed into the soil.
**The values were calculated as

Mineral N recovered i
- fertilized treatments

in the control

i) B (Mineral N recovered

In each column,

N applied.

the values for:each depth at each of the

x 100.

locations No. 5 and 6 are significantly different (95%
level of probability) when not followed by the same letter.
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mineral N recovery in the 0~90 cm depth for plots wﬂich received f{all-
applied N fertilizers, indicated that substantial- over-winter loéses

of mineral N occurrgd in the six field experiments. About 337 of the
fall-applied urea‘mixed into the soil was lost frém the mine;al N pool
by early Mav. 1In plots which received urea or ammonium sulphate, most
of the recovered mineral N in May‘was present in the top 15 cm la?@"
while in ~alcium nitrate plots, more than half of the recovered mineral
N in May was present in the 15 to 60 cm laver. . |

4.2.3 Yields and N uptake of barley grain

Yields and N uptake of barlev grain were significantly
greater with spring application than with fall application for urea
mixed into the soil at all the six locations (Table 7). Spring-
applied urea on the Demay L soil gave 20.7 quintals/ha more vield of
barley grain than the fall application. Oq the Angus Ridge CL‘soill
spring-applied urea producecfZl.S quintals/ha greater yield of barley
" grain than falllapplied urea. On thié soil the fertilizer N uptake
by barley grain* was 86% with spring—appligd urea N as compared to 20%
with fall application. .A simiiar trend was found on other soils.
Ammonium sulphate, ammonium nitrate and calcium nitra;e, which were
applied only to thé Angus Ridge CL soil and the Malmo SiCL soil showed
a trend similar to urea.

Based on the average of six field experiments, spring

<N in grain in ‘ j _ (N in grain
*% fertilizer N uptake = fertilized treatment in the control < 100
N applied

3

£~

~d
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application of urea produced about 13 quintals «re barlev grain
than did fall application. The N uptake with spring-applied urea was

2.3 times greater than with fall applied urea.

LR
»
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Effect of Date of Application in October on the Relative Efficiencvy
of Fall vs Spring Application of N

i~
()

The nitrification of NHZ+ added to soil is closely related to soil
temperature which is higher during“early fall than late fall. There-
fore, one would expect more over-winter losses of mineral N, and subse-

quently lower vields of crops, with ammonium-based fertilizers applied

in ear? itai than when applied in the late fall. T Tind the effect
LU
of dat i lication in October, of urea and caliW$¥m nitrate, on the
N o

v

‘4-’”. "1
relative elriciency of fall vs spring applica@&%&#&n increasing the N
Y
uptake by barley grain, the relative efficiencies* were plotted against

the dates of application in October (Fig. 1,2). The resuits oﬁbﬁ’uptake

denl

bv barley grain were taken from field tests conducted for fou§;;35m§ﬁf‘
(l97l—f2, 1973-74, 1974-75 and 1975-76). For.urea 19 fie]duexperiagbﬁé
and for calcium nitrate 11 field experiments including 2 field experi-
ments reported by Leitch (1973) were used. Theﬂinscription for each
abbreviation in Fig. l.and 2 is shown in Appendix A Table lf"

) .
The efficiency of fall-applied fertilizer M, relative %o the

efficiency of spring—applied fertilizer N, increased‘from 41% with urea

N applied during the first week of October to 82% ﬁltﬁ\grea N applied

on October 31, as calculatged from the regre351on equatlon shwon in Fig.

b

1. There was a close correlatlon (r = 0,73**) between the dates of

application of urea in the fall and tﬁe rellative efficiency of fall vs

S

spring application. however, with calcium nitrate, the date of appli- !\J

N uptake with _ (N uptake
fall-applied N of control % 100
N uptake with > <N uptake

spring-applied N of control

*Relative efficiency (
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cation in the fall (from October 4 to October 31) had almost no effent

{

on the efficiency of fall velative to spring application (Fig. 2). The

relative efficiency of fall vs spring application of calcium nitrate
ranged only from 35% in the first week of October to 51% in the end of
October. The correlation coefficient (r) between the dates of appli-

cation of calcium nitrate and the relative efficiencies was only 0.43.

This r value (0.43) was not significant at 5% level of confidence.



4.4 Losses of Soil Mineral Nitrogen (NH,-N + NO.-N) from Non-Fallowed
and Fallowed Soils Over the Winter i

Considerable losses of N from the soils of the Prairie Provinces

have occurred since they have been brodght undé% cultivation (Shutt,
: ~.

1925; Newton ep al., 1945; Doughty et al., 1954), and losses are much
larger than can be explained by crop removal (Campbell et él., 1976;
Rennie et al., 1976). For example, Rennie et al. (1976) reported that
only 35% of the N mineralized from Saskatchewan soils was removed by
crops. Leaching, volatilization, denitrification and erosion have been
suggested as the mechanisms responsible for these losses of soil N.
Until recently it was not known that soils in Alberta might mineralize
substantialﬁamounts of N from fall to late winter, and that as the
soils thawed, considerable amounts of” mineral N might be lost; and
these obsgrvag%ons which came from thg results presented in this sec—
tion, miggt.h;ve a’folé'iq explaining the N losses from the soils of
"the Prairie Provinces.

The results of ;he field experiments conducted during 1973-74 .and
#1974-75 with fertilizers, showed that over-winter losses of minéral N
occurred from fall—épplied fertilizer N. One gight assume that soil
mineral N would behave the same way as fertilizér N. The present study
Qas carried out to obtain quantitative infog@ation about.over—winter
soil mineral N changes in non-fallowed and fallowed soils.

The soils used in 10 field experiqfntg in this investigation were

sampled in fall through winter to earlj spring. The soil samples, in

October and in May, were taken with a sampling corer (2.0 cm dd?pgter),

55



and for winter sampling, a hard steel corer (3.6 cm diameter) was used
in frozen soils. Soil samples were analvzed for NHQ—N and NOB—N'

Table 8 displavs the results of soil mineral N content (0-15 cm
depth) in soil samples taken from dctober, 1974: through winter to Mav,
1975, of seven field experiments. All these fields were non-fallowed
and low in mineral N conte;t. The average mineral N in soil samples
. taken ‘n October was 7 kg N/ha and by early Decembef, it increased to

an average of 17 kg N/ha. By early March, the soil mineral N content

el

Increased further to 24 kg N/ha. On Ehg Falun L soil, the mineral N
content increased from 5 kg ﬂ to 20 kg N/ha from November 7, cnly four
days before the soil was frozen until December 6. The soil'temperature
at 7.5 cm depth ranged from 3.3 to -1.7% during this period. Similar-
ly, on the Demav L soil, the mineral N content in frozen soil increased
from 26 kg N/ha in early December, to 41 kg N/ba in early March, 1975.
The last sampling, 'in early May, gave surprising results. One would |
expect mineralization af organic N to occﬁr at an accel ited rate
during late April or early May, however, aLi the 19cations showed a net
'ioss of mineral N in the tép 15 cmAsoil.‘ 6g-the aterage of‘the seven
locations, the soil minerﬂi N decreased from 24 kg N/ha in early March,
1975, to 13 kg N/ha in early May, 1975. |

E By early March, there was‘a‘significant build up of NﬁA—N in all
the seven soils. On the average, the NH4-N content increased.from 3

kg N/ha in late fall, 1974, to 10 ég N/hé in early March, or late

February, 1975 (Table 9). During this period, the NO3 content on the

average, increased by 10 kg N/ha.
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Table 8.  The content of mineral N(NH,-N + NO53-N) in non-fallowed
s0ils (0-15 cm) in October, 1974, in late February or
earlv - March, 1975, and in earlv Mav, 1975,

;

The soil content of mineral N (kg N/ha)*

Locationt " Oct. 1974 Dec. 1974 Mar. 1975 May 1975 '
Setp el
1 6 ¢ 11 b 23 a 10b W
2 8 d 16 b 20 a 12 ¢
3 4 d - 26 b 41 a 17 ¢
4 6 ¢ 12 b 15 a 7 ¢
5 4 ¢ 8'b 15 a 8 b
6 5¢ 20 a 23 a 15 b
7 17 ¢ 28 b 33 a 19 ¢
Average 7 17 - 24 13
tLocation 1 - Albright CL at Blue Sky
"~ Location 2 - Angus Ridge CL at Bon Accord
Location. 3 - Demay L at Calmar ‘
Location 4 - Whitewood L at Canwodd
Location 5 - Airdrie CL at Delacour .
Location 6 - Falun L at Egremont

Location 7 - Cooking Lake SL at Smoky .. .ke
*In each row, the N values are significantly different
(95% level of probability) when not followed by the
same letter. .

The soils were sampled tola depth of 60 c¢m only in October, 1974,
and in early May, 1975. The mineral N content in ‘the top 60 cm, on the
average of seven locations, increased from 12 kg N/hjﬁ}n October, 1974,
to 27 kg N/ha in early Maf, 1975 (Table 10). Since samples were not N
taken in late winter just prior to'thawing, one is left to wonder about
the mineral N content in the éoil profile (O—éd cm) in early March.

To confirm the results of over-winter soii mineial N changes in

non-fallowed soils obtained in 1974—75,'three plots were set out

in the fall of 1975, im\farm fields. Table 11 shows the mineral N
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Table 0. The mine xa%-XTNH,-N + NO4-N) content of stubble soils in
fall, 1974, and in earlyv spring, 1975, sampled to 4
“depth of 60 cm.

£

Mineral N content (kg N/ha)* in the 0-60

, cm depth
Location® Oct. 1974 Mav, 1975
1 ) 10 b 17 a
2 12 b 22 a
3 10 b 34 a
4 9 b 19 a
5 7 b 22 a
6 11 b 30 a
7 27 b 43 a
Average 12 27
Tlocation 1 - Albright CL at Blue Sky
Location 2 - Angus P J_, CL at Bon Accorsd
Location 3 - Demay L 't “almar b
Location 4 - Whitewouu u at Canwood it
Logation 5 - Airdrie CL at Delacour '
Location 6 - Falun L at Egremont
Location 7 - Cooking Lake SL at Smoky Lake

*In each row, the N values are significantly different (957
level of probability) when not followed by the same lerter.

contents of soil sa;bles taken from the 0-15 cn¥ depth, four times frgm
October{ 1975; to May, 1976. Tﬁe soil was frozen by the end of the

third week of November .and remained so until the end of the first week
of April. 1In the Angus Ridge CL soil, the mineral N content increased
from 19 kg N/Ha on November 15, 1975, to 40 kg N/ha on‘Maréh 20, 1976,
and by Abril 6, the mineral N content reached to 72 kg N/ha. It is

noteworthy that between %he sampliqg dates, from November 15; 1975, to

April 6, 1976, the soil was frozen for most of the time, and yet 53 kg

0

'\./(



Table 11. The changes in mineral N(NH,-N + NO,-N) content of
non-fallowed soils from Novgmber, 1975 to Mav, 1976,
sampled to a depth 15 cm.

The‘mineral N content (kg N/ha)* in 0-15 cm depth at

Location® different dates during 1975-76
Nov. 2 Mar. 24 Apr. 16 Mav 11
1 17 d 37 a 22 ¢ 31 b
Ndv. 15 Mar. 16 Apr. 6 May 1
2 19 ¢ 40 b 72 a 40 b
Nov. 16 - Mar. 6 Apr. 6 Mav 9
3 17 4 36 ¢ 50 a 44 b

tLocation 1 ~ Demay L at Calma:

Location 2 - Angus Ridge (" at Bon *ccord

Location 3 - Falun L at T r.mont .

*In each row, the N value: sign’ -~ancly different (95%
level of probability) whew .+ faliowed by the same letter.

of N/ha was mineralized. On the other hand, from April 6, to May 1, the
-~ -

mineral N content decreased by 32 kg N/ha. By conﬁrast, on the Falun L
soil, the mineral N content increésed by 33 kg N/ha from November 16,
1975, to April 6, 1976, but in this soil, “apparently, the loss of so0il
mineral N in the 0-15 cm depth, from early April towearly May,” was only
6 kg N/ha. In this soil, either there was little loss of mineral N or
the mineralizat&on prior to soil sampling might have occurred cancelling
any loss. N

On the Dema; L soil, there was an increase in mineral N content %fomA>
17 kg'N/ha in eariy November, 1975, to 37 kg N/ha by late March, 197¢ |
(Table 11), but the mineral N content decreased by 15 kg N/ha on A

16, 1976; sampling. It was observed that the soil remained Satura

for about a week just before April sampling. By May, the soil mineral N



6l

i3

"123391 2wes 3yl Aq pamo[To3 3ou uaym (A3Friqeqoad jo 19A9T %66)
UB13J3Tp AT3ur~y jrufrs aae 1uajuod N-foN pue N-THN lo3 Afs3eardas sanyea

juowsidy I® 7 uniey
P1022y uog 1' 1) 98p1y snluy
. lewie) 3e 77 Avwd( - T uoT3evOqL

N 243

‘Mox Yyora uly
- { uUolledo07
- 7 uoIjevdo’]

ol
o

8 1¢ 6 - 23eisAy
e 7z 9 rady q 11 57 [ AON 4 9 rady q 9 97 "AON €
e 1¢ 9 -ady 911 ST “aoN B 1y 9 ady q 8 S1 "AON 4
1 A ¢ "ABH q¢ ¢ "AON AR AR ¢ TABR q %1 ¢ "HAON T
Am;\wxv ale( Am;\wxv 33e(Qq nmc\wxv . 3je(d Amc\wxv 23e( +c0Hum00A
*Zlﬂoz *2lmO2 *znqmz ¥Z|qzz

'9/61 .mea< A1aea 10 yoiwl a3e[ UT Pu®B ‘g1 ‘aaquanoN ufp paydues
STIOS panoliei-uou 22143 jo yidep wd G[-( 243 ‘'u] S3jusjuocd N-fON pue N-7HN uT sadueyo 3yjg

7

‘ZT 2149®8L



content increased to 32 kg N/ha.

At 11 the locations, there was a build-up of Sy late March or
early April (Table 12). On the average of three 1 s, the NHA—N
content in the top 15 cm laver increased from 9 kg N/ha in Novemher,
1225;\Fo 31 kg NHA—N/ha hv late March or early April. During this
ﬁgeriod,gthe NO3—N content on the average increased by 14 kg N/ha (Table
12). N | , .

To find the amount of loss of soil mineral N in fallowed soils}
two field plots, one at Canwood (Whitewood L) in Saskatchewan and the
.other at Ellerslie (Malmo SiCL) in Alberta, were set out in late
Octobér, 1975. The data on the dates of rermanent freeze up and
permanent snow cover, and soil temperature are shown in Table 15. The
soills were sampled to a depth of 60 cm in lqte October, 1975, and in
early ﬂay, 1976. The soil samples were analyzed for?NHa—N and NO3—‘

The average amount of mineral N in the 0-60 cm depth in the fall

in the two soils was 127 kg N/ha (Table 13), but in earlv May, the

Coga
o
L&k

mineral N content had decreaéed to 33 kg N/ha. Therefore, apparently. _ ;
the average over-winter logs of - ‘ral N wss 44 kg/ha. It would be e
expected that the mineral N wouid ‘have imcreased considerably fro; .
October to just before thawing in theéo c\lls Con51der1ng that miner- ﬁ" o
allzatlon likely occurred durlng the winter, the actual lOSses of
mineral N might.haQe been even larger than thé observed lossgéﬂ

’ %able 14 displays the mineral N contéQF of a falloyed soil at

Ellerslie (Malmo SiCL), sampled four times from November 8, 1976, to

April 18, 1977, to.a depth of 120 cm. The mineral N content ~in




s0il sdmﬁLgd to a depth of 120 em, increased fro. 174 ki N/ha in ‘earlv '&5ﬂ‘
November, 1976, to 239 kg N/ha in early March, 1977, when the soil was

near-frozen or frozen during this period (Table 15), and' by mid-April -

A

approxipateiy 90 kg N/ha disappeared from the soil. There was a small

increase in the content of NH,-N in the top 30 cm laye from late fall,
o ot

1976, to early March, 1977, but by mid-April the NHQ—N content‘éﬁcreasod

e,

bv 23 kg N/ha. There was a considerable increase in the‘NOB—N in the
top 30 cm from early November, 1976, to early March,vx§77, and almost

half of.NO3—N present in early March sampling was lost by mid-April.

The mineral N content from early November; 1976, to mid-April, 1977,
increased considerably (59 Kg N/ha) in the 0-30 cm laver, but the 30-60
¢
a0
cm layer showed .littie increase (6 kg N/ha) and the mineral N content,

at depths below 60 cm remained essentially constant. In mid-April,

when the soil was very wet for m- lavs, one would expect lea
- ) . : 5

losses of mineral:N to the lowe " but resiilts here sho

in]

" apparent downward movement of min. . N'to the lower depths,

The’resultsigivén, so far,gﬁlgarly t out that.minéraL N, |
whether derived from fertilizer of from tﬁé*sdﬁl,.cén be }Qsthye the
» . o . ' - o W B

winter, particularly around the time of<Fhe thaw. The results reported

. . '—R\i* LA ] s R : . L

in thiswzz?fop indicate that soil N was mineralized from fall until - |
R ,,
just befigf'theltime of spring thaw. When over-winter changes in soil -
. : ‘4 ,‘ ‘ . . N : ’ | |
mineral N are evatuated by making measurement in the fall and another
N . | ‘
one in the spring, the result is a net effect of these mineralizatien

. .
and loss ; 'scesses. It is therefore quite possible that a relatively

hiddeén b

large accumulation of .mineralized N is partly, if not wholly,

# bl



Table L“‘\Thc contont of mineral \J(\lh N+ NO —\I) of two Llllowcd
QOLlswln late fall, 1975 ’nd qprin“’ 1974,

A} @‘.

Soil content ‘af NH4N and NO3—N (kg N/ha)

Gord

*Late fall, 1975 . *Spring,1976
‘ Depth (NHL,‘—N + (NH4-N +
Locationt  (cm) NI‘IA—N NOB—FI NOS—N)** NH&—N .NO3~N NOQ—N)**
) : : ‘
"1 0-15 15 68 83 } 5 43 48
15-30 13 7 30 4 21 25
% 30-60 5 16 21 5 11 16
0-60 33 ~ 101 134 a 14 75 89 b
& 2 0-15 20 65 85 L~ 753 57
15-30 10 . 9 =19 3 9 12
30-60 6 9 15 4 4 8 e
0-60 36 + 83 119 a 11 66 77 b
Y AT‘LOCBthH 1- Whitgaood L at Canwood | .
Location 2 - Malmp S:@}, atlEIIerslle EPE
. *Soil sample were takeq’gpn O’ct:ober 29 at Canwood and on LY
ks , November 2 at Ellerdlie’in” latg fall 1975 and the soil

samples in early sprlng, 3:;976 wére ‘tuken on ‘{av 14 at
(‘anwood and on,¥ay 9 at Ellerslle
S**Tn 0-60 cm deg_@;‘f’ the values: for NH,-N + ’\1034N are significaptly
- " different (95/“level o‘f probabiiitv\ when not followed by thd
same létter. , .. s

i

e

9

Bow

[ o

‘ 1y many studies of over' -winter mineral N changes have overlooked thls

r . J

: poss1bllity ) ' .
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.5 Incubation Studies on Nitrification

B

Nitrate N content of soil samples taken in plots which received
N fertiiizers in fall showed that urea was EI>rified throughout the
winter and, more than half of the fall-applied®urea N was found as NOB—N
bv March on the average for 8 locations{ Since the NO3 %5 subject to

losses by leaching and denitrification, there was a need to obtain
\ .
information about nitrification over a range of different temperatures

and moisture levels encountered in the field. Three incubation experi- .
. :

-

ments were conducted, each with three different soils (Malmo SicL, Falun

L, and Cooking_Lake SL). The details of‘the experiments are in Table

i

16. ’

4.5.1 Effect of different temperatures on the rates of nitrifica-
tion of added (NH, ) 50, B

Theﬂg@ximum nitrification rate occurred at 20°C (Table 17).

e

Beyond 20 L tbe rate dropped ofr rapidly and was 10 to 15/ of the

st temperature

max1m1.£ rate 52‘530 ¢ No NO3 was produced at 4',0 C.a
fication increased rd&iéiy from 4° to lOOC‘with tne

response occurring between 10° anddZOOC (Fig. 3). Nitrification was

) o L ’. PR o . . s e
measurable at 4°C but the rate &6f aitrification at -4 C was not signifi-

cantly greater than 0.

J <

lt5.2 The rates of nitrification of added (NH ). §94 at four .

moisture levels

v
‘. ; \

There was an increase in the relative ‘rate of nitrification
- . ; i 5”

withaincreaﬁad,soii moistiure ffom 15 bar to 1/3 bar soil{moisture .

Y

tension with the greatest response occurrlng between 7 bar and RZ? bar

soil moisture tension (Fig 4). Nltriflcation ceased at 0 bar soil

N

67
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The rates of nitrification of (NH ),
of 100 pg N/g to three soils in an 1ncubatlon LKQ&Ii(tV( 4
at six different temperatures and 1/3 bar soil moisturce o

tension.

SO,

applied

e

ar o §

Temperatu-

‘nte of nitrification (ug N/e/dav)**

(o) % i1 1 *Soil II *Soil IIT
i -4 .02 0.02 e 0.02 e

4 0.15 0.14 d 0.14 d

10 0.85 0.82 b 0.81 b .

K

20 0 3.72 ¥ 3,20 a 3.02 a

30 0.44 0.49 ¢ 0.34 ¢

40 0.00 0.00 eg 0.00 e
v %Spoil 1 —. Cooking Lake~ SL trom §mokv Lake. ‘?ﬁ

24001l - IT ‘- Falun L from: Egremont

f‘ ‘Seil III = Malmo SiCL from Ellerslie

*%Ln .edach column,the values-are significantly different (95%

.\.

™

N

T

.4

-+

1evel of probabllity) when not followed by the same letter.

o

moisture ten51on in all of the. three 501ls (Table 18).

et

The rate of

nltrlflcatlon at r/3 bar m01sture tension was about 2.8 times greater

L

than at 15 bar, and about 1.7 times greater than at 7 bar moisture

tens 101’1 .

‘tian could be expected at permanent wilting point.

4,

centration from 50 ug/g to 200 ug/g, but decreased with further increase

.3 Effectﬂof NH ~N concentrations on the rateﬁ of nitrification

'These data indica%gd that“an appreciablé amount of nitrifica-

W

The nitrification ramR increased with incr2551ng NH

4

-N con-

o~ : Y
in NHs—N\toncentration (Table 19). The rate of nitrificatiod at a

-“concentration of 200 ug NH41N/g was about 2.5 times greater than at 50

[

y

L9

¢

N S N

)
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Relative Rate of Nitrificati

Wt
g gl

“Temperature (°C)

. 4
' i
L_z L ] ! N 1 |
0 10 20 - 30 40 50 60

.

Influence of various temperatures on the rates of nitrification of (NH4),S04

added at a rate of 100 u
soil moisture tension. -

g N{g to a Cooking Lake SL soil j

-r’

ncubated at 1/3 bar ~
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Relative Rate of Nitrification
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Figure 4.4 * Effect of different soil moisture levels on the rates of nitrification of (NH4),
* S04 added at a rate of 100 ug N/g to a Coo}dng Lake SL soil in an incubation
~ experimentrat 20°C. ’
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Table 13 The rates of nitrification of 100 pg NH,~N/g added to
three soils incubated at four soil moisture tensions
and 20°C. ,
WO
o /
N ~
Soil moisture Rate J?gﬁitrification (ug N/g/dav)**
tension (bars) *S0il I *Soil II *Soil III
0 ' 0.0 d 0.0 d 0.0 d
1/3 3.6 a 3.4 a ‘ 3.2 a
Q ‘ .
7 2.0b 2.1b 2.0 b
15 1.3 ¢ | 1.3 ¢ . 1.2 ¢
\ . - 4
*Soil I . - Cooking Lake SL from Smokyv Lake

Soil II - Falun L from Egremont
Soil IIT - Malmo SiCL from Ellerslie ,

**In each column, the values are significantly different (95%:
level of probability) when not followed by the same letter.

< -
A-N/g. In general, the rate of nitrification was higher in the
hy
Cooking Lake‘%L§501l .al gh the differences among soils were smali.
L g 7&7 ',,\
The rates of- ﬁ%%rgglcation could be represented bv Michaelis-Menten

ng NH

kinetics (Fig. 5). Vmax varied from 9.1 to 9.9 ug/g soil/day and Km -
varied btheen 154 and 186 ug N/g soil (Table 20) . Among the:three soils
the Cooking Lake SL had the highest value of Vmax and the lbwest value

of Km. o a2
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!
Table 19, The rates of nitrate formation in three soils incubated
with dltfcrent concentrations of AH/—\I at ”Oo(, and 1/‘
bar soil momtu;‘e tension.

‘ . N

Concentration of  Rate of NO3-N formation (yg/g/dav)**

NH;-N (ug/g) *S0il I *S0il IT. *S01l 111

50 2.5d 2.0d 1.9d

100 3.8 ¢ 3.3 ¢ 3.4 ¢ ’

200 5.9 a 5.1 a 4.9 a :

300 4.5 b 4.1 b 4.1 b

*S0i1 I - Cooking Lake SL from Smoky Lake . .
Soil IT - Falun L from Egremont . _{K
Soil III =~ Malmo SiCL from Ellerslie - .

**In each column, the values are signlflcantlv different (95% 2

level cf probability) whes not followed by the same letter.

-

. . g ' . o

Cen

’I'aBle 20. - The values of Vma.x angd: Kn for nlt,a'fication in three

. A"ﬁfﬁérta soils. - S f n
c L] A‘,: ‘*\*‘#_‘ B ,]‘i,.‘l;{ -
FERFAR S R U
*{;f{o{“:' . ’ h.:].
. Vmax ‘ ‘ -Km”

Soil type (ug/g/day) B (ug/g}

Cooking Lake SL i %%: ' . : l%
* Falun L g Ter 1B

Malmo SiCL . . 9.0 ' 86 o

) .




0.60
: Malmo silty

clay loam

=~ 0.50 |-

Falun loam

| >
©
3.
el
2 a0
—|Z '
% Cooking Lake
O - sandy loam.
==
o
3
L ."'

7 1 ] A 1 r
0.008 -0.004 O  0.004 gﬁgs 0.012. 0.016 0.020°

~

'S \ugNHg-N/g/) . - R

Figure 5. Lineweaver-Burke plot of nifrificaﬁon rates in three Alberta soils at 1/3 bar moisture
- tension and 20°C.

i
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4.6 Incubation Studies on NOB:y Losses

The nitrate produced during winter, or applied in fall, may be
subject to losses in early spring. Therefore, three incubation experi-
ments with three soils (Malmo‘SiCL, Falun L,'and Cooking ﬁake SL) were
conducted to obtain detailed information regarding the effect of
different levels of temperatures .and moistures on NO3 losses. The
description for these experi;ents~is given in Table 21.

.

4.6.1 In£lﬁence of various temperatures on NO -N losses at O bar
soil moisture tension

e o The rate of loss of NO3—N increased with temperature between

4° and 40 C (Taple: 22 ) Ralslng the temperature to 60° C, decreased the

Y

rate of N03-N loss. Loss ot No,-N waayobserved at temperature below

3
freezing'(—aoc). Thee .rate of VO3—N loss at 40° Q,was 3.5 times greatev
: : Taw
than at 10°C and 13.5 times‘greater than at 4° C: The greatest response

¢

of NOB—N losses to temperatureBWas betw 0 4° and lOoC (Fig. 6).
+ " 4.6.2 The Yate ~of. loss of NO -N at different moisture\levels
e "3 f 3] ter
. :

v Although the hlghESt rate of 1} VOB—V loss was under flooded

*

condltlons, a detectable loss at 15 bar moisture tension occurred
(Table 23). At higher moisture levels, the rate of loss was greater in
the Walmo SiCL than other two so;}s The rate of VOB—N loss at 0 bar
was 16 tlmes greater than at 7 bar and about six, times than at 1/3 Bar
moisture tension. The response ofLNOB-N loss to the soil moisture

level was the highest when soll moisture tension decreased from tL} bar

to 0 bar (Fig. 7). ‘ . L

1
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Table 22, The rates of NQq-N losses in threce scils incubated at six
temperatures with 400 pg N03-N at 0 bar soil moisture

tension. ~
Temperature ' Rate of NOq-N loss (ug/g/dav)**

(°0) *50il1 1 % Soil IT *Soil ITI
-4 2.1 f 2.2 f 2.5 f

4 4.8 e 4.7 e 5.0 e
10 14.2 « 20.2 d 22.8 d
20 27.4 ¢ * 29.4 ¢ 31.6 ¢
40 60.1 a 65.5 a 71.2 a
60 ' 59.1 b 63.2 b 5.3 b

*Soil 1 - Cooking Lake SL from Smokv Lake

Soil 1I - Falun L from Egremont

Soil IITI - Malmo SiCL from Ellerslie
**In each column, the values are 31gnif1cantiv dfrferent (95%
level of probablllty) when not followed by the\jame letter.

‘able 23. The rates of loss of NO3-N added to three soils incubated
at five dlffereng moisture levels and 20°C with 400 ug
NO4-N/g of soil.

Soil moisture Rate of loss of NO3-N (ug/g/day)**
tension (bars) *Soil I . *S0il II *Soil III
Floodedt 49.9 a 45.4 a 51.6 a
0  30.2b 32.7 b 3860
1/3 5.8 ¢ 7.8 ¢ 9.9 ¢
7 1.8 d 2.0 d 3.2 d
15 0.8 e 0.3 e ‘ 0.7 e

+Flooded means 1.0 cm of water above soil surface.
*S0il I - Cooking Lake SL fraqm Smoky Lake
Soil II - Falun L from Egremont
Soil III - Malmo SiCL from Ellerslie
**In each column, the values are significantly different (95
level of probability) when not follawed by the same letter.
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Figure 6. Influence of different temperatures on the rate of loss of NO3-N added to a
Malmo SiCL soil at a rate of 400 ug N/g in an incubation experiment at
0 bar soil moisture tension. :
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Figure 7. Effect of different moisture levels on the rate of loss of NO5-N added at a
rate of 400 ug N/g to a Malmo SiCL soil in an incubation experiment at
20°C. '
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Table J4. The rates o0 NO3-N losses in three soils incubated with
difterent concentrations of NOB—N at 0 bar soil moistur

tensicn and 200C,
Concentration of Rate of loss of NOq-N (ng/g/dav)**
N03—N (ug/g) ' *S0il T *Soil 1T *Soil ITI
50 9.8 e 11.3 e 12.1 e
75 . :2.94d 14.5 d 16.5 d
125 A 17.4 ¢ . 20.0 ¢
250 4.4 b 26.5 b 29.1 b
500 . 29.0 a 31.8 a 34.2 a
*S0il I - Cooking Lake SL rrom Smokv Lake
Soil IT - Falun L from Egremont

Soil III - Malmo SiCL from Ellers. .e
**In each column, the values are significantly different (957
level of probability) when not followed by the same’ letter.

Table 25. The values of‘Vmax and Km for NO3—N losses in three Alberta

soils.
. Vmax Km
Soil type ' (ng/g/day) (ug/g)
Cooking Lake SL 37.4 o 143
/
“alun L J 38.5 126
Malmo SiCL 42.8 126

4.6.3 Relationship between the rates of NO3-N losses and the NO3-N
concentrations o

The rate of loss of NOB—N increased with the increasing
levels of NOB—N from 50 to 500 ug/g (Table 24). The rate was higher in

the Malmo SiCL soil than the other two soils. The maximum rates of
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nitrate loss were about 4 to 6o told greater than, those of nitriiication.

ts

The rate of NO, loss at 500 ug Nog—h/g was about 2.8 times greater than ¢

at 50 ug/NO3—N/g level. Nitrate losses in all rnree so.ls, could be

represented by Michaelis-Menten kinetics (Fip. 8). Vmax varied f{rom

/,

37.4 to 42.8 ug/g/day and the K ranged between 126 anid 143 ug N/g soil

(Table 25).
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Figure 8. Lineweaver-Burke plot of denitrification rates in three Alberta soils at 0 bar moisture
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4.7 Fate of Fall-Applied ¥ o Determined bv Using Nl lLabelled

Fertilicers - \ N

From the field work with commercial fertilizers, it was found that
essentially the fertilizer N was not lost until earlv in Mnfch, whether
the fertilizers had been applied aé NO3 or SHA in the fall. ﬁy May, the
NO3 either applied in fall or produced from the oxidation of ammonium-
based N fertilizers was partially lost, and also moved downwards into
the Goil. The N loss -3 apparently by denitrification and by immobili-
sation, but it was not possible to find' the proportion of losses by
denitrification as oppo;ed to immobilizati;n. Therefore, to study the
fate of fertilizer N applied in fall, tracer N15 was used in a field

experiment, set ou¥ in October, 1974, at Ellerslie (Malmo SiCL). Urea;:

KNO. and (NH4)7SO fertilizers tagged with le were added to cvlinders

3 4
(30 cm diameter x 17.5 cm'high) driven 15 cm deep into the scoil. The
plots were sampled in May, 1975, to a depth of 120 cm, taking samples
from each of the 0-15 cm, 15-30 cm, 30-60 cm, 60-90 cm, and 90-120 cm

. _ 14 15 .
depths. The soil samples were analyzed for N to N concentrations

in total soil N content and in mineral N content with a mass spectro-

meter.
>

Table 26 shows the percent recoveries of fall-applied ﬁ fertilizers
labelled with le, in the total N of the soil, in May, 1975. Consider-
able losses were observed from ﬁall—aéplied N ferﬁfﬁizers, particularly
from KNO,. In the top 120 cm, the highest recovery (83.9%) of fall-
appiied fertilizers waS‘wié% banded (NHA)ZSOA’ followed by urea mixed

into the soil (70.3%). The lowest recovery (58.7%) of le in total N

AR



of setl was with the KNOB' No Ieuchipg was observed below 60 cm and 90
cm oin (NH;,'),;SDA and urea treatments, respectivelv. 1In the treatment
which received KNO}. mixed 1in ghe soil, 27.27 of the fnllfappliod N
Teached do;; to the 15-30 gmydepth, but only a very small amount of
tagged ﬁitrate (0.47 of applied) was detected in the 90-120 cm dJepth.
There was more downward movement, however, with KNO3 than with urea.
The least leacﬁing below 75 ¢m was with (NHQ)ESO&, and almost all of
th; recovered le'was in the 0-15 cm depth.

The recovery or tagged N fertilizers in the mineral N content of
the soil are shown in Table 27: The labelledﬂKNO3 save lower recoveries
"(36.0%) in mineral N than similarly'appliedvurea (53.6%) in the 0-120
cm depth, and Z%e differencgs between KNO3 and urea were statisti;ally
significant. About one-half of the recovered KNO3 as mineral N was
found in the 15-30 cm layer. There was onlv 8.2% of fall-applied urea
in the 15-30 cm laver. Almost negligible leaching was observed below
15 cm in treatments which received kNHA)ZSOA.

To determine the amount of lellabelled fertilizer N immobilized
into organic N, calculations were made of the dNfferences between "the
recovery of labelled fertilizer 'N.in the total N of the soil and in the
mineral N of the soil. (It was assumed that there was no fixed N from.
the applied fertilizers, but if there was any, it was included in the
immobilized N.) Approximately one-fifth (ranging from 16.8% for
(NH4)2804 to 22.7% for KNOB) of the fall-applied N was found to be
immobilized (Table -28). The amount of immobilized N was higher (22.7%)

with KNO, than with urea (16.8%).

3

R



Table 2. The percent or N applied in the fall at a rate oi
112 kg N/ha recovered in late Mav, 1975, in the total
N oin a tield exyor fment using TN Jabetlled Tertilizers
on a Malmo SicClL Sllerslice,

% of fall-applicd N recovered in totai Y*- in Mav, 19075

Depth (cm) KNOj-Mixed Urea-Mixed (NHg) ~ S0, -Banded
0-15 28.2 54.3 R0. 6
15-30 274 14.2 3.2
30-60 ' 22 1.5 0.1
60-90 - 0.5 0.3 0.0
90-120 0.4 : 0.0 0.0
0-120 58.7 ¢ 70.3 b 83.9 a
~ - *Atom % N12 excess of N fertilizers was 11.0 percent.

**For each row, the values are significantly different (957
level of probability) when not followed by the same letter.

Soil samples were taken in three concentric areas outside the cylin-
ders, to find whethgf there was any horizontal movement of fall-applied
N fertilizers. The first area extended from the edge éf the cvlinder
out for a distance of 23 cm, the seccnd for another 23 cm, and the third
gtill another 23 cm. There was no evidence of horizontal movement of
le at a diétance of 23 cm or 46 cm in the treatment which received
(NH4)2804 (Table 29). Omnly 2.0 Z of appliea N from KNO3 and 0.67% of
applied N from urea were recovered in an area between the edge of the
cylinder and a distance éf 23 cm from it, in the 15-60 cm layer; and no
le was detected bevond this distance (Table 29).

At this location, at least, there was no leaching loss of any

consequence below the 60 cm soil depth from the N fertilizers, urea,

P



Table 27, The percent of fall-applicd N at a rate of 112 ke N/ha,
‘ recovered in late Mav, 1975, in the soil amineral N
(Nl,=N +NO3=NY in i tield experiment using LY panerted
fertilizers on a Malmo SiCL oat Fllerslie.
% oof fall-applied N recovered in soil mineral N** in
Mav, 16875 = N .
Depth (cm) KNO;—Mixed Urea-mixed (Nﬂalq 504-ﬂjndgd
- - A .‘ ~ o
0-15 17.2 4402 .6
‘ “ r‘v',‘l" .
15-130 16.2 U S 3
30-60 1.7 . . 2.0.8 1
60-90 : 0.5 0.4 ‘ 0.0
a0-120 0.4 0.0 aﬂO
0-120 36.0 b 53.6 a 66.0 a

*Atom ¢ N2 excess of N fertilizers was 11.0 percent.
**In 0-120 cm depth, the values are significantly ditfferent (957
level of probabilitv) when not followed by the same letter.

(NH4)7504 and KNO3. This means that the amount of tagged .=rtilizer

N, not recovered in the total N of the soil in the 0-120 cm depth, was
lost from the soil system essentially by denitrification. The esti-
mated amounts of denitrification were 39.37% for KNOB, 29.1% for urea,

and 16.1% for (NH SOA’ while the amounts of immobilization were 22.7%,

4)2
16.8%, and 17.9%, respectively. These results demonstrated that the

"~

greatest over-winter losses occurred in the field with the N fertilizers

or which produced NO mostqquiékly.

which contained NO 3

3,



Fable 28, The percent ot fall-applicd N L5 immobilized (0 of the
rall-appliecd NIV i the toral N oot the soil minus Loof the
tall-applied NI 0 the mineral N (NH =N+ NO=N) ot the
s0il) by late Mav, 1275, in a field pxperiment using SR

Labelled tertilizers on a Malme SiCL at Ellexslie.

. ot fall-applied labelled N immobilized**

Do (em) KNO3—Mixeq Mrea=M.“od” (NHQ)ZSOQ—Handed

e 11.0 0. 15.0

15-30 11.2 n.0 2.9

30-60 0.5 0.7 0.0

60-90 0.0 0.0 0.0

90-120 0.0 0.0 n.0

0-120 22.7 a 16.8 a 17.9 4

o gl - . s
*Atom % N > excess of N tertilizers/was 11.0 percent.
**In 0-120 cm depth, the values were'significantly different
(95% level of probability) when not followed bv the same
letter. '

1

Table 29. The percent of N applied in the fall at a rate of 112 kg
‘' N/ha reccvered in late Mav, 1975, in the total N of the
soil in an area between cvlinder and a Egint 23 cm from”
cylinder in a field experiment using *N--° labelled
fertilizers on a Malmo SiCL at Ellerslie.

%4 of fall-applied N in total N in late Mav, 1975

De th (cm) KNOJ—Mixed Urea-Mixed (NH4)2804—Banded
0-15 0.0 0.0 0.0
15~30 1.8 0.6 0.0
30-60 ‘ 0.2 0.0 0.0
60-90 .0 0.0 0.0
90-120 .0 0.0 0.0
0-120 2.0 0.6 0.0

o) l’- : . "
*Atom % N7 excess of N fertilizers was 11.0 percent.\\\



4.8 Inhibition ot Nitrirication in incubation Fxperioont:

4.8.1 Rates of nitritication of various N rtertilizers

The fncubation experiments were conducted to compare “he
rates of nitrification of various N fertilizers, and specifically to
determine if .thiourea would inhibit nitrification of urea. The expcrf
ments were carried out with two soils (Malmo SiCL and Falun L). One
thousand grams of air-dried Ap horizon (0-15 cm), zround and passed
through 5.0 ﬁmksieve. were weighed into 1. cm dlameter plastic pots.l
The pots were incubated at ZOOC and 1/3 bar soil moisture tension. The
fe;tilizers were banded at a depth of 4.5 cm below the soil surface, in
a groove 6.2 cm long and 0.5 cm wide in the center nf the pot. There
were four treatment§: (1) control, (2) urea, (3) urea + thiourea (2:1)
pelleted together, and (4) ammonium sulphate. All the treatments were
replicated four times. Nitrogen was applied at a rate of 50 ug N/g
soil. The addition of thiourea had a considerable effect on inhibiting
nitrifiqation for at least 6 weeks in both soils (Table 30). On the
average for the two solils, abodt 85% of the urea N was nitrified, while
approxima-ely 30% of the urea + thiourea (2:1) was nitrified. The data
for 3 weeks showed that urea + thiourea (2:1) was a slow nitrifying
fertilizer (about 12% nitrificatibn) as compéred to other N ferti%izers
which nitrified quickly (i.e. 62% to 76% of urea N and 427 to 447 of
ammonium sulphate N was nitrified after 3 weeks of incubation). Even

after 9 weeks, there was some inhibition of nitrification from the

addition of thiourea to urea.
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4.8.2 Comparison of nitrification inhibitors

This incubation experiment was conducted with two soils
(Malme SiCL and Cooking Lake SL) to select a nitrification inhibitor
which could be used in the field experiments in this investigation.
Urea '+ inhibitors'were not pelleted in this experiment. Urea alone and
urea + inhibitors «ere banded at a depth of 4.5 cm below the soil
surface in a groove 6.2 cm long and 0.5 cm wide in the center of the
ﬁot containing 1000 g éir—dried soil (Ap horizon). The pots were
incubated at‘l/3 bar soil moisture tension and 20°C. There were six
treatments: . (1) control, (2) urea, (3) urea + thiourea (2:1), (4)
urea + thiocacetamide (2:1), (5) urea + calcium suiphide (231), and
(6) urea + phosphorus pentasulphide (2:1). All the treatments were

— :
replicated four times. Nitrogen was applied at a rate of 50 ug N/g

soil. M

When urea alone was agplied in bands, more than 90% of
applied N was nitrified in both soils after 5 weeks incubation (Table
'31). The addition of inhibitors suppressed nitrificatica significantly.

The greatest inhibition was in treatments which received urea +
thiourea (2:1), followed by urea + thioacetamide (2:1). Calcium

o

sulphid~ and phosphorus pentasulphide were found not very effectve in

suppr..ssin,. nitrification.

v
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Table 31. Effect of thiourea and other sulphur compounds on
nitrification of urea applied at a rate of 50 ug N/g
to two soils in arf incubation experiment at 20°C and
1/3 bar soil moisture tension.

Apparent % recovery of applied urea N
as NO,-N after 5 weeks**

"Treatment?® Soil I* . Soil T1%*
Urea ’ 92 a&- 97 a
Urea + Vthiourea (2:1) 43 ¢ 48 ¢
Urea + T thiocacetamide (2:1) 48 ¢ 70 b

Urea + Tcalcium sulphide : :
(2:D : 71 b 91 a

Urea + “phosphorus
pentasulphide (2:1) 70 b 91 a
*Sp0il I - Malmo SiCL from’Ellerslie

Soil II - Cooking Lake SL from Smoky Lake
**The values were calculated as
NO;-N recovered in >_<NO3—N recovered\
N\fertilized treatment in the control
- N applied .
+Inhibitors were not vrelleted with urea.
dFertilizers were banded in all the treatments.

X 100




4.9 TInhibition of MNitrification in Field Experiments

4.9.1 Effect of band placement and addition of thiourea on
nitrification of urea ’

To study the effect of the.method of applicaﬁion and the
addition oé thiource. on the rate of nitrification of urea under field
conditions, experiments were set out in September, 1973, one at
Ellerslie (Malmo SiCL), and another at Breton (Breton L). There were
five treatments: (1) control, (2) urea - mixed, (3) urea - banded,

(4) urea + thiourea (2:1) - mixed, and (5) urea + thiourea (2:1) -
vbanded. Individual plots were 6.8 m x 1.8 m and each plot was répli—
cated four times in a randomized Cgmplexe block désign. Nitrogen was
applied at a rate of’lOO kg N/ha.

At both sites, four weeks after fertiliéernapplication,
nitrification was slightly (5%) lower when urea was banded rather than
mixed into the soil (Table 32). The addition of thiourea to urea
inhibited nitrification of urea almost completely, and the nitrification
of urea + thiourea (2:1) was significantly lower with band placement
than wiih mixing it into the soil. Incidentally, at the two-week
sampling, urea + thiourea (2:1) piaced in bands, inhibited nitrification
of soil N, as evidenced by the lower amount of NO3—N in this treatment
than in the control. The results of these field experiments showed tlht
a"ts,hiourea was very effective in inhibiting tne nitrification of urea.

The regults of this ekperiment demonsﬁrated that the band placement of

pelleted urea + thiourea would serve as a technique for the field

experiments in this project to attain inhibition of nitrification while
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comparing rall and spring application of N fertilizers. At the same
time, this technique might be of practical importance in agriculture.

4.9.2 Effect of different amounts of thiourea on the rates of
nitrification ol nrea

Field experimeats were éonducted to determine the nitrifi-
cation rates of different mixtures of urea and thiourea. The experi-
ments were laid out in the first week of June, 1975, at two 1oéatians:
one at Ellerslie (Malmo SiCL) and the other at Canwood (Whitewood L).

There were eight treatments: (1) control, (2) urea, (3) urea + thiourea

©(10:1), (4) urea + thiourea (5:1), (5) urea + thiourea (2:1), (6) urea

+ thiourea (1:1), (7) urea + thiourea (1:2?), and (8) thiourea. Indiv-
idual plots were 6.8 m x I.8 m. Each plot was replicated four times
in a randomized complete block design. In all treatments except the
control, N was banded at a rate of 56 kg N/ha. Thé various mixtures
of urea and thiourea were prepared on a weight basis. Soil samples
were taken from the 0-15 cm depth.

On the Malmo SiCL soil, 38% of applied urea was nitrified
at 4 weeks after applicati&n (Table 33), and the addition of thiourea
reduced the amount of nitrificatiom. At 4 weeks, urea + thiourea
(2:1) inhibited nitrification almost completely. It was also observed
thét the addition of thiourea at high rates (i.e. urea + thiourea in a

ratio of 1:2) inhibited nitrification of soil N as evidenced by less

NO,-N in fertilized plbts than in the control (Table 33). At 4 yeeks,

3
!
about 90% of applied X was recovered as NHA—N’+ NO3—N (Appendix A

Table 16) in plots which received urea alonme, or received urea +
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G6H

thiourca (10:1). However, the'hipher rates of thioureca (i.c. urea +
ot

thiourea in a ratio of 2:1 and 1:2) resulted in considerable reduction

eries of mineral N in

&

. A 3 ; ’
thiourea. At 8 weeks, almost all the N i? urea + thiourea (2:1 and
¢

in the recovery of mineral N. The lower reg

\
J - .
of urea hvdrolvsis by

these plots were probably due teo the inhibiti

1:1) was recovered as NHA—N + NOJ—N. however, with urea + Ehiourea
(1:2) and thiourea alov: where the minerél N (NHA-S + NO3—N) recoverv
was 737 and 377, respectivelv. The amounts of nitrificaticen for urea
+ thiourea (2:1) and (1:1) were low (38% and 29%,respectively) as
compared to urea alone (77%). Almost no NO3 was found in plects which

b o
. received only thiourea.

o

A similar pattern existed between the extent of‘nitrifica—
tion inhibition and the amount of thiourea on Whitewood L soil (Table
33). At 4 weeks, 67% of the urea applied was found as NOB—N compared
to 10%Z and 1% with urea + thiourea, (2:1) and (1:1), respectively.
Higher rétes of thiourea also inhibited nitrification of soil N.

These experiments showed that urea and thiourea in a ratio
of 2:1, or narrower, can inhibit nitrification\and consequently‘may

prevent over-winter losses of fall-applied V.



()/

4.10 Etftect of Thiovurea on Increasing the FEtficiencv of Fall-Applied
irea During 19,374 :

The results of incubation and preliminary field experiments with
urea, Including the use of nitrification inhibitors, suggested that
thiourea when pelleted with urea in a ratio of two parts urea and one
part thiourea and placed in bands, was effective in inhibitin@ nitri- )

. 1 !
fication of urea. In October, 1973, feur field experiments were set
out with the purpose of comparing fall and spring application of N
fertilizer§ and assessing the etffect of thiourea as an inhibitor of
nitrification over the winter. The four experiments were located at
Calmar (Demay L), Ellerslie (Malmo SiCL), Smoky Lake (Cooking Lake SL),
and Waispite (Falun L).” There were two fertilizers (urea and urea +
thiourea - 2:1), and two methods of application (mixing into the soil
and band placement). TIndividual plots were 6.8 m x 1.8 m. All the
plots were replicated four times in a split-plot design, and eéch
plot was further divided into two sub-plots (i.e. fall and spring).

The plots were sampled to a depth of 90 cm in Mav, 1974, and analvzed

for NHA—N and NO3—N contents.

4.10.1 Ammonium N content of soil in Mavy. 1974

The results of the NHA—N contents in the 0-90 cm depth of
the soils (Table 34) showed that when urea was applied by itself in

the fall, and mixed into the soil, it was almost completely nitrified

5\
\

by the following spring. (The nitrification was calculated as perdent

/

. /
of applied N, not recovered as KCl extractable NHA—N.) With band/

placement of urea, there was a slightly lower nitrification. Fo
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example, on the average of four experiments, the NH -N content was
+

approximatelv 1.8 times greater with the urea banded than with the

urea mived into the soil. With the addition of thiourea to urea, and

especially when applied in bands, nitrification was greatlvy supprossed.

On the average o! four f{ield tests, the NH,-N content was approximate-
-

ly three times greater with the urea + thiourea banded than with the

= ar

urea banded by itself. Approximately 547 or ftall-applied N was

recovered as NH,=N in plots which received urea + thiourea (2:1), as

4

compared to 177 where urea alone was banded.

10.2 Mineral N (NH, -N % NO,-N) content of soil in Mav, 1974
J

In May, abouta\b of fall-applied urea N was recovered*

as mineral N in the tép 90 cm depth on the Demay L soil (Table 35).
The band placement of thjourea to urea in a ratio of 1:2 increased the
mineral N recovery in tH&s plot by 247. Cooking Lake Sﬁ‘éoil was the
only soil on which band/placement of urea alone influenced mineral N
recovery from the O—90k¢m layer. Howevef, mineral N recover? from
only the 0-15 cm depth \as significantly greater with band place= .nt
of urea, than mixing it to the soll, at three ;f four field te: 5.
Band application of urea + Yhiourea (2:1) gave significantly higher
mineral N recovery in the 090 cm depth, than mixed application of the

same fertilizer, on all the soils except the Falun L soil.

On the average of four locations, the application of urea

0il content of KC1 011 content of KC1
*R L extractable VH -N + NO,-N xtractable NH,-N + NO_-N
ecovery w.s g 3
in fertilized treatmen in control treatment < 100

lculat =
calculated as Applied N

99
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+ thiourea (2:1) pellets in bands pave 187 greater minerl N recoverv
than when urea alone wuas applied. In plots which received urea +

thivurea (2:1), the mineral N recoveryv was higher and almost all of

i,
&

- , :
the mineral N was recovered in the surface laver (0-15 cm), whercas
with the urea alone the mineral N recoverv was less and some of
mineral N had moved to the 30-60 cm laver.

4.10.3 Yield .d N uptake of barley grain with urea and urea +
thiourea (2:1) -

f;ll—applied urea at a rate of 56 kg N/ha when mixed into
the soil produced only 8.7 quintals (} quintal = 100 kg) of barley
"grain/ha on Demay L z0il, as compared to 16.1 quintals when applied in
the spring (Table 36). Band placement of urea in «the fall gave 3.2
quintals more barley grain than uréa mixed into the soil. Application
of urea + thiourea (Z:If pelléts increased the vield of barlev grain
further. Among the fall applicétiohs, the highest vields and N uptake
, z
of barley grain (16.9 quintals/ha and 407%,respectively) were obtained
with urea + thiourea (2:1) pellets banded in the fall. Also the band-
ed urea + thiourea (2:1) appli . ' the fall produced almost as high
v vields of barley érain as did -- ing—applied urea. Spring-banded
urea + thiourea (2:1) -showed some toxicity symptoms on the barley
leaves, depressed theigrowth of barley in the early growing season,
and eventually lowered the yields of grain slightly. No toxic symptoms
were observed swith fall-applied urea + thioufea (2:1).
) »///Atnthe other three iocations, the addition of tgigurea to
//__/

S . .
urea improved the efficiency of fall-applied urea by increasing the
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vields and N uptake of barleyv grain (Table 36). The hipghest N uptake
with fall banded urea + thiourea (2:1) was associated with the highest

mineral N (NHA—N + NO,-N) recovered in this plot in earlv May soil

3
sampling (Table 34). Aiso, at these locations, urea + thiourea when
banded in the spring was found slightly toxic to barlev and resulfed
in reduction of yield of‘barley gra;A.' Although, 'urea + thiourea
(2:1) mixeg‘into the soil did not produce anv toxicity symptoms when
épplied in the spring, it gave no increase in yield and N uptake of
barley grain over urea alone applied in the spripg.

Thes; tield experime:: - demonstrated that band placement
~and use of th?ourea improved over-winter cénservation of fall-applied
urea N, and increased the yield and N uptake of barlev seeded in the

following spring. Urea + thiourea (2:1) banded in the fall produced

as much yield (25.5 quintals/ha) and N uptake (50%) of barley grain

as did spring-applied urea alone (25.2 quintals and 467, respectively).

o

10hA



4.11 Influence of Thiourea and Band Placement in Improving the Over=
-Winter Conservation ot Fall-Applied Urea During 1974-75 ///V

To confirm the results obtained in the field experi ts conduct-
ed during 1973-74 concerned with over-winter conservation of fall-
applied urea N, six experiments were set out in October, 1974, on

¢
stubble fields. These experiments were located at Blue Sky (Albright
CL), Calmag (Demay L), Canwood (Whitewood L), Egremont (Falun L),
Bon Accord (Angus Ridge CL), and Ellerslie (Malmo SiCL).‘ The foilowing
fertilizers were used: urea, and urea + thiourea (2:1) pelleted. The
fertilizers were applied bv two methods (mixing‘into the soil, and
band placement), and at two times ,(fall application and spring appli-
cation). Nitrogen was applied at a rate @f 56 kg N/ha. Individual
plots were 6.8 m x 1.8 m. Each plot was replicated four times in a
split-plot design. ’Soil s;mples were taken to a depth of 90 ém in
eafly‘spring, 19%5, and were aﬁglyzed for the contents of NH4-N and o
NO ;N.

3

4.,11.1 Effect of thiourea and band placement on the inhibition
of nitrification of fall-applied urea over the winter

The NH4-N content (Table.37) of soils ;ampled to a depth
of 90 Cm/in May, 1975, from éix fields éxperiments set out in O;tober,
1974,ishowed that by early May, only 9% of the urea mixed into the
soil remained as NHA—N. There was slight iﬁhibition_of nitrification
from band placement (nitrification was calculated as % of the fall-
applied N not recovered as NHA—N), with 14% of the applied urea

recovered as NHa—N. The addition of thiourea to urea increased the
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inhibition effect greatly and about 407 of the fall-banded urea +

thiourea (2:1) remained as NHA—N.

4.11.2 Mineral N (XEA—N + NO3—N) content of soil in Mav, 1975

Apparently, &4%. 68% and 607 of the fall-applied urea N
mixed into the soil was recovered in May in the top 90 cm laver on the
Demay L soil, the Falun L soil and the Angus Ridge CL soil, respective-
lv (Table 38). The band ﬁlacement of fall-applied urea resulted in
significantly greatér mineral N recoverv than did mixing into the
soil. On the Demay L soil, the mineral N recovered was 16% gréatgr
with banded urea than when it was mixed into the soil. The addition
of thiourea to urea improved the over-winter conservation of fall-
applied urea N, and band placement of urea + thiourea (2:1) pellets
enhanced this effect. Thus, the highest mineral N recovery (87%) was
with urea + thiourea (2:1) banded, and that was two times greater than *
‘urea alomms mixed into the soil.

On the three other soils, although banded urea gave higher:
mineral N recovery than mixing of urea into the soil, the differences
were not significant. Howevef, the addi;ion of thiourea had a signifi-
cant effect in increasing the mineral recovery of fall-applied N.

The mineral N'recovery in May, at various depths revealed that fall-
applied urea was partially moved downwards; In general, the downﬁard
movement was the highest in plots where ure; was mixed into the soil
and was the lowest in urea + thiourea (2:1) banded plots. Apparently,
there was little or no leaching below the 60 cm depth. -

Thus, in the six field experiments, the over-winter losses
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of mineral N from fall-applied urea were veduced bv the addition of
thiourea to urea, especiallv when placed in bands (Table 38).

4.11.3 Yields and N uptake of barlev grain with urea and urea +
thiourea (2:1)

On the Demay L soil, fall-applied urea when mixed into the
soil pr&duced 20.7 quintals/ha (1 quintal = 100 kg) lower vield of
barlev grain than the spring-applied ﬁreu (Table 39). Band application
LoD

of urea increased the vield and the N uptake of barlev grain bv 4..

\
quintals/ha and 147, respectively, as compared to urea mixed into the

s0il. The addition of thiourea to urea produced I ‘ntals/ha more
barlev grain than urea banded in the fall, while th ‘lacement of
urea + thiourea gave an increase of 6.6 quintals/ha o o grain.
Among the fall applications, banded urea + thiourea (2:1, -~ ~he

highest N uptake bv barley grain (65% of applied N), and thi: N take
was approximately two-thirds of the N uptake with urea banded 1ii.
spring. However, when urea + thiourea (2:1) was banded beside the
seed in the spring it pro%pced toxicity symptoms, and caused slowing
of emergence. This resulted in reduction of the number of plants and
ultimately depressed the yield and N uptake of barley grain in this
treatment. ZFven when urea + thiourea was applied in the spring but
mixed into the soil, there‘weré no visual toxicity symptoms, but on
thre—ayerage there was depression in the yield as compared to urea
applied in the spring.

On the Albright CL soil, the Whitewood L soil and the

Falun L soil, similar to the previous location, urea + thiourea (2:1)
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was the best fertilizer for increasing the vield and N uptake -:‘
barlev grain among the fall-applied N fervilizers. Although N uptake,
of barle;'grnin with urea banded was greater than with urea mixed intd
the soil on these three soils, the difference was not staFiscicnllv
significant (f;bie 39). Similar results were obtained on the Angus
Ridge CL soil and the Malmo SiCL soil (Table 39).

On the average of six field experiments, the fall appli-
cation of urea produced 15 quintaié/ha less barlev grain than the
spring application (Table 39). The band placement of urea + thiourea
(221) overcame much of the over-winter losses and gave 8.2 quintals/hu
more yieldnof barley grain than fall banded urea alone. Band place-
ment of urea in the fall produced 1.7 quintals/ha more vield of barley
grain than mixing of urea»iqto the soil, bﬁt when the urea wés applied
in the spfing there was no difference between band placement and mixing
into the soil.

Thé application of urea + thiourea in bands ﬁn‘the'spring
showed severe toxicity symptoms in all the experiments and gave a
decrease in yield of bArlgy grain as comg§red to urea applied in the
spring. Altho;éh there was no visual toxicity‘symptbms with urea *+
khiourea (2:1) mixed intc the soil in the spéihg, there was some
depression in the yield of barley grain. The depression im. the yield
due to the toxicity of thiourea was mucﬁ more pron&unced during 1974-

75 than during 1973-74, and the :éason for this difference between the

years could not be ascertained. . 2 5
\, e A

The N uptake by barley grain with fall-banded urea”was

g



,

about one-half as much as with spring banded urea (Table 39). The
addition of &hiourea to urea when placed in bands increased the N
uptake byv bafley grain by 21%. The N uptake bv barley grain with
urea + thiourea (7:1) banded in the fall was about three-fourth of the
N uptake with spring banded urea.
The combined data of 10 field experiments conducted during
1973-74 and 1974-75 showed that the yield and N uptake of barley grain
with fall-applied urea were considerablv. lower than spring application
(Table 40). TFall application of urea, when mixed into the soil, gave
10.0 q;intals lower vield of Parley grain than éimilarly applied urea
in the spring. Band placement of urea in the fall resulted in an
increase of.l.7 quintals of barley grain over mixed application. The
use of thiourea with urea was much more effective ard the band place-
meat of urea + thiourea (2:1) produced 8.1 quintals more barley grain
5 - :
than with urea mixed iﬁio the soil. bThe N uptake by barley grain
obtained with urea + thiourea (2:12 banded in the fall was about 90%
of the N uptaké obtained with spring-applied urea.
. These 10 field experimengs have~shown that at least under
experiméntal conditions of this study, most ofAthe over-winter losses
of urea can be.avoided by its treatment, with thiourea and its appli-

cation in bands.

' 4
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4.12 Over-Winter Conservation of Soil N bv Using Inhibitors

The results of various field exﬁériments conducted from 19%3 to
1977 demonstratgg that the mineral N from fall-applied fertilizers, as
well as from soil N, was lost over the winter. The over-winter \
losses froT’fall-applied fertilizer N were reduced by using thiourea
(a nitrifiéation inhibitor) with urea. Assuming that mineral N arising
from the soil behaves in a manner similar to the mineral N arising from
fertilizer, one might expect thas inhibitors, which suppress both
ammonification and nitrification: to reduce the over-winter losses of
soil mineral N. Consequently, incubation and field experiments were
carried cut on this subject.

Two preliminary incuﬁétion experiménts<with Malmo SiCL soil from
Ellerslie were conducted to 'de’ ~mine the effecf,of inhibitors on the.
rate of ammonification and subsequently nitrification of soil N. Nine
hundred grams of air-dried ..; horizon (0-15 cm), were ground and
passed through a 5 mm sieve, and were weighed into 11 cm diameter
plastic pots. The pots were incubated at 20°C and 1/3 bar soil mois-
turgBtension._ In all the treatmenfs,'éxcept the control, inhgzitors
were injected at a depth of 10 cm below the soi} surface in the center
of the pot. Each treatment was duplicated in tﬁe.first experiment. and
was triplicated in the seéond exper%ment. The soil samples taken at
appropriate times, were analyzed for NHA—N and N03—N contents. The
description of the soil used for these experiments is given in
Appendix A Table 1.

The soil contentsvof NHQ—N and NO3—N (Table 41) after 10 days of

7



Table 41. The rates of release of NH,-N and NOB—N‘as influenced byv
the addition of inhibitors to % Malmo SiCL soil from
Ellerslie in an incubation experiment at 20°C and 1/3
bar soil moisture tension.

Soil content of NH,-N and NO3-N (pg/g)
Treatment™ NH, -N NO3—N Total
4

0 day incubation 9 + 0.6 10 + 0.5 19

i+
Nl
—

10 days incubation:

Control 7% 0.6 54 + 2.1 61 t 2.7
N-Serve* (20 ng/g) 30 ¢ 2.8 25 * 0.9 55 + 3.7
cs, (20 ug/g) 36 + 4.3 12 £ 0.8 48 + 5.1
CC1,C0CCLy (6 ug/g) ** 37 * 4.7 16 + 1.8 53 + 6.5
20 days incubation;

Control 5:0.7 68 £ 1.5 73:+ 2.2
N-Serve* (20 ng/g) | 8 + 1.4 66 = 1.1 . 74 * 2.5
Cs, (20 ug/g) 35 + 1.8 31 ¢ 1.4 66 + 3.2
cc13cocc13‘(6 ng/g) ** 42 +'3.5 22 £ 3.0 64 = 6.5

TIn all treatments, except the control, the inhibitors were
injected at a depth of 10 cm.

*N-Serve: 2-chloro-6-trichloromethyl pyridine

**Chloroacetone (CCl3CQCCl3)



\‘*«\ such as ATC and CS

incubation indicated that the addition of MnhibYtors to the soil slow-

/
ed the amount of ammonification, but the differences were statistically

significant only with C82 injected at a rate of 20 u}¥/g soil. The

amount of NO, produced after 10 days of inc decreased

3

significantly with all the inhibitors. After 3Q davs of incubation,

N-Serve was not effective in suppressing nitrification, while CS, and

i

CC13COCC1 injected at a rate of 20 ug/g, and 6 ug/g,respectively,

3
were very effective in inhibiting nitrification.

In the other incubation experiment, the addition of inhibitors,
” injected at_avréte of 2 ug/g, to the soil signifi-
Qsiowed the production'of mineral N (Table 42). Although’N—Serve

—_ .

—

tended to inhibit the formation of mineral N, the results were not
statistically significant. All the inhibitors psed in this experiment,
suppressed the amount of NO3 signif%cantly. Among the inhibitors
used, ATC was very effective, and was closely followed by CSZ'

The results of the very preliminary incuﬁation éxperiments (Tables
41 and 42) indicated that the addition of inhibitors at reasonabiy low
rates (20 ug/g, ér le;s) may reduce the aﬁpunt of ammonification of
soil-N, while substéntially reducing nitrification. 1In oni‘of the
incubation’expefiments (Table 42) where ATC, CSZ’ and N—S;:;; were
compared, the maxihum inhibition of ammonification of soil N and
subsequent nitrification was with ATC. To find if ATC was an’eff;ctive
inhibitors of mineralization of soil N in the field, ana waé also

effective in reducing winter losses of soil mineral N, two field

experimeﬁts (one at Ellerslie-Malmo SiCL and the other at Westlock-

8%
[3%]



Table 42. The effect of inhibitors on the release of mineral N
(NHA—N + NO4-N) in a Malmo SiCL from Ellerslie incubated
at 20°C and 1/3 bar soil moisture tension.

Soil content of NH,-N and NO,-N (ug/g)

injected at a depth of 10 cm.

*ATC: 4-amino-1,2,4-triazole hydrochloride.

**N-Serve: 2—chlo}o—6—trichloromethyl pyridine.

Treatmentt NHA—N NO3—N Total
0 day incubation 6 £+ 0.3 7 £ 0.6 13 £ 0.9
i& days incubation:
Control ‘ 509 62 + 2.1 67 + 2.4
ATC* (2 pg/g) - 32 ¢ 2§ 17 + 1.3 49 * 3.3
N-Serve** (2 yug/g) 20 ¢ 1—."§ 42 1.3 62 %3.1
CSVZ" (2 ug/g) 22 + 1.5 30 £ 0.9 52 + 2.4
s, (6 ug/e) 27 + 1.2 18 + 1.7 45 + 2.9
: 1
+In all treatments, except the control, the-inhibitors were



<.

‘}
Falun CL) were set out 1in October, 1976. -The description of soils
ﬁsed fcr the éxperiments is 1in Appendix A Table lﬂ ATC was mixed into
the soil to'; depth of 10 cm at a rate of 22 kg/ha. The individual
ploté were 6.8 m x 1.8 m. Each plot was replicated three times in a
randomized complete block design. Soil samples were taken from the
0-15 cm, 15-30 cm, 30-60 cm, 60-90 cm and 90-120 cm depths, fpur times
from October, 1976, to June, 1977 (the exact dates of sampling for each
site are in Table 43). The soil samples were analvzed for NHA—N and
NO3—N content.

On the Malmo SiCL soil, in plots which did not receive ATC, the
mineral N increased from 53 kg N/ha on October 10, 1976, to 176 kg N/
ha on March ZQ, 1977, while in plots where ATC was added, tHe mineral
N increased to only 122.kg N/ha during the same period. 1In late April,
after the snow melted, the mineral N in the control plots decreased to
79 kg N/ha, while in ATC plots, the mineral N decreased to 88 kg N/ha.
That 1is, the calculation shows that thg\cOntrol plots mineralized 123
kg N/ha by late March but 97 kg mineral N/ha was lost by late April,
while during the same period the ATC plots mineralized only 69 kg N/ha
followed by the mineral N loss of 34 kg N/ha.

Apparently, the changes in mineral N content during winter took
place only ip the top 60 cm. From earlyA0ctober, 1976, to late March,
1977, the mineral N in the top 60 cm of %he control'blot increased by
124 kg N/ha while the mineral N content changed by 123 kg N/ha in the

0-120 cm depth. Similar results were obtained in plots.which received

- ATC 4n the fall. On'Jungrl&, the mineral N contenté in the control and

(

/
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the ATC plots were almost the same, showing thdt there was no flush of

mineral N from the use of ATC which we had expebted to occur.

On the Falun CL soil, as on the previous soil, the apparent over-
winter losses of mineral N in the control in the top 120 cm were
considerable from March 9 to May 5 (Table 43). However, in the ATC
plots on Falun CL soil, the mineral N content increased during the
same period. From March 9 to May 5 the mineral N content in the
control decreased bv 66 kg N/ha, while in the ATC plot the minerali?
increased by 18 kg N/ha. At this location, the soil content of mineral
N in soil samples (0—150 cm depth) taken on June 15 was greater by
16 kg N/ha in plots with ATC than in the control,

On the average of the two locations, the apparent loss of soil
‘mineral N in the control over the wintér was 82 kg N/ha, whereas the
loss of ,mineral N during the period in ATC treatme: s only
8 kg N/ha. These fieiﬁ exper:;Zits demonstrate that tl -winter

losses of soil -mineval N were reduced by using an inhibitor which

suppressed.- ammonification as well as nitrification.
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5. DISCUSSION

The present investigation was carried out to determine the extent
of mineral N (NHA—N + NOB—N) losses over the winter, to dete;mine the
mechanisms by which the fall-applied N was lost, and to find some prac-
tical means of reducing these losses. Incubation and field experi-
ments were conducted to meet the objectives of this studv.

Fall and spring application of various N fertilizers were com-
pared at 10 locations. The results for mineral N recovered in May
(Tables 1 and 6), from these field plots sampled to a depth of 90 cm,
showed that 38% of fall-applied urea N disappeared over the winter
from the mineral N. The yields and N uptake of barley grain obtained
in these field experiments supported this observation of fall-applied
urea being less effective than spring-applied urea in increasing the
vield and N uptake of barley grain (Tables 2 and 7). These results
were in agreement with the ‘indiﬁgs of Widdowson et al., 1961; Devine
and Holmes, 1964; Olson et al., 1964; Partridge and Ridley, 1974:
Frye, 1977; and Paul and Rennie, 1977. ' The mineral N recovered (Table
5) in soil samples taken through the winter suggested that essentially,
the applied N was not lost until early March, but by May, the fertili-
zer N was paétially lost.

Thus the results of field experiments’ with N fertilizers esta-
blished that substantial losses of fall-applied N occurred over the
winter andiit was reasonable to think that the mineral N arising from

soil organic N, or issuing from fertilizers, would go through the
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same reactions,‘particularlv those reactions related to their losses
from the soil. Field experiments were set out to determine the over-
winter losses of soil ﬁineral N in non-fallowed and fallowed soils.
The mineral N contents (Table 8) of soil samples taken in late
fall and during wintér, from plots where no N was applied, showed that
soil N was mineralized over the winter when the soil temperatures were
near or below freezing. While the average amounts of miheral N i?‘the
0-15 cm depth, of non-fallowed soils at the seven locations in.the
late fall was 7 kg‘N/ha, by December it increased to an average of 17
kg N/ha, and bv early March the soil c;ntent of mineral N was 24 kg
N/ha. The soil was frozen from December to March. The continual
increase in the mineral N content in the frozen soil had not been
reported previously for soils in the Prairie Provinces. Liké fall-
applied urea N, the soil mineral N presefit in March, was partially
lost (average'loss was 11 kg N/ha) by early May. “As in the non-
fallo;ed soils, there wés a build up of miﬁeral N during winter and
loss of mineral N in early May after ghawing in the fallowed soil
(Table 14); but the magnitude was greater in the fallowed soil than in
non~-fallowed soils. On the average of three fallowed fieids, the
soil content of mineral N in early spring decreased by approximately
60 kg N/ha (Tables 13 and 14). These greater losses of mineral N in
fallowed soils were due to the presence of-lérger amounts of NO3 in
the fallowed soils in the fall than in the non-fallowed soils.

It is known that under saturated conditions NO3, if present in

the soil, can be lost by leaching and denitrification while NH, does



not. Therefore, one might conclude that tﬁe over-winter losseé of
mineral resulted from the formatiéq of NO3 during the winter from
fall-applied urea. Therefo}e, tiélégount of nitrification of urea

over the wiﬁter was determined. On the avefage of eight field experi-
ments, approximately one-half of the urea applied the previous fall

by mixing into the soil was found as NO3 (Table 4) by early March.

This ocgfdrred with cold soil temperatures (6.0, ~0.4, —3.1; ~4.7, -5.3
and -3/4°¢ for the mounths October to March, respectively, at 10 cm
depth§,.,The results of"NO3 formation in near-frozen or frozen ‘soils
under field conditions were confirmed by incubation expériments (Table
175 in ‘the present inbéstigation. Similarly, Frederick (1956) suggested
that in some éoils, the rate of nitrification at temperatures 0° to 2%
was great enough to oxiaizé 55_kg of NHaFN/ha in two months.

The NO3 of the mineral N pool? can be lost by leaching, immobili~
zation, and denitrification‘(note, however, that only leaching and
denitrification are responsible for NO3 losses from the soil system).
The ‘movement of NO3 in soil is affected by mass flow, diffusion, and
dispersion. Being soluble in water and not held on the soil exchange
complex (except under strongly acidic soil conditions), NO3 will '
generally move as far as the water moves. Mathematical equations have
been developea to calculate the rate of movement of NO3 in the soil.
ACCording‘to Gardner (1965), the concentration of NOé at any given

depth (X) down a profile, when leaching of a narrow band from the

surface occurs in the absence of plant uptake or denitrification is



represented bv:

*(X«vt)z

1.
-5
Co Xo (4nkt) “e AT

CX

i

where
CX = Comcentration of NO, in the soil water
(ug N/ml) at depth % (em) ,
Co = Original concentration of NOg in the soil water (pg N/ml) =«
Xo = Orig 71al depth of soil (cm) in which the band of NO4 was

located N 1
k = dispersion coefficient (cm~day )
v = flow rate (cm day”l) !

t = time (days)

The parameter k varies with flow rate. The parameter 8 which is the

‘characteristic of tne system was introduced by Day and Forsythe (1957).

Since k/v = 8/2, k in the above equation can be replaced by 8

(McGill, 1977) and then the formulation becomes

L ‘(X~vt)2
o Zoo=VE)

CX = Co Xo (2mBvt) BT

where all units are as previously defined. The iﬁpor;ant observation
results from tﬁis equation is that the depth of NO5 movement (X)
exceeds the depth of water movement (vt) because of diébersion and
diffusion. _ .
However, these eduations are not practical to cdlculate the move-
ment of NOj3 over tﬁe winter down the soil profile under Alberta \
condic. .as where the soils freeze in winter to a depth of very |
approximately 100 cm (althoﬁgh iggyaries greatly from year to year).
"Monitoring of soil moisture change% during:the melt périod showed
that very little infiltration occﬁrred until the soil had‘thawed :

(Granger et al.,*1977)". 1In early spring, when snow melts, the soil
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underneath remains frozen and restricts the free movement of water
down the profile by sealing soil pores with icc formed at the inter-
face of thawed and frozen soil. This process v. thawing and ice
formatipn repeats many times before the whole frozen soil profile

thaws. The thawing front moves verv slowly (sav 7 to 10 davs for

v

complete thawing of the frozen soil profile). Under these conditions, ,

the relation between the depth of movement of NO3 and the depth of

@

water movement, will not follow the presently available water-solute
movement models. Work conducted in Manitoba Yy Chang and Cho (1974),
and Field-Ridley (1975) showed that the dowrward movement of applied

NO3 was due to mass flow.

Making the assumption that water movemerit is by mass flow, then
the depth to which water moved after thawing in the present study
was calculated from the data presented in Table 44 according to the

following logic:

Moisture content of O-14 cm soil on April 22 when the
soil below was frozen = 70.4% ,
Moisture content while the soill was frozen = 25,3%
Totalmamount of precipitation from November, 1974, to April,
1975 = 8.0 cm
Actual amount of precipitation retained by the soil was
calculated from the formula,"', _ Pw x D x Db

4= "0

Where d = Depth of precipitation (cm) retained by the soil
D = Depth of soil (14 cm)
Db = 0.99g/cm3 -

Pw = Water as % of soil weight retained by the soxl
(70.4 ~ 25.3 = 45.1)
d = 45.1 x 14 x 0.99 _ 6.2 cm

100

The 6.2 cm of winter precipitation which was retained by soil,
will, after tHawing, bring 41 cm depth of soil upto 1/3 bar
moisture tension and this is the approximate depth to which the

2



Table 44. Depth of water needed to bring the various depths of a
Malmo SiCL, to 1/3 bar soil moisture tension in April,

1975, .
Depth (cm) Db (g/cm3) Pw (%) d (cm) *
0-15 0.99 15.7 2.3
15-30 1,03 14.6 2.3
30-60 1.21 123 AN
60-90 1.35 10.9 . 4ob

*Depth of Water (d) needed to bring the various depths to
1/3 bar moisture tension was calculated by using the

formula:
q = Pw x D x Db
100
- Where Pw = (% of water at 1/3 bar soil moisture tension) -

(% of water present in the soil at freeze up)
D = depth of soil (cm) _
Db = bulk density of soil (gm/cm?)
. 3
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water will move soon after thawing. 6.2
Percent of total precipitation retained bv the soil = 8.6 x 100
= 787% ' AN

This means that 22% of the total precipitation was lost by
runoff and evaporation. .

These calculated results of water movement coincide with the field
observations (Table 26). The soil moisture content in the 0—15 cm
and in She 15-30 cm layers was considerably higher on Mav 3, 1975,
than at freezing time (Nov. 2, 1974). There was verv little increase
in moistu;e content in the 30-60 cm layer‘on May 3 and no increase in
moisture content'gelow 60 cm depth (Fig. 9). VA similar pattern of
water movement was observed in another field at the same location in
the same year (Table 45). Similar calculations for 1976-77 showed
that snow w;ter retained would wet 42 cm of soil to 1/3 bar so;l
moisture tension. Based on these calculations, it would appear unlike-
ly that NO3 leached below 42 cm during snow melt in 1977 (Table 46) .

Table 45. Soil moisture content of a Malmo SiCL on November 2, 1974
(at the freeze up), and on May 3, 1975 (after the thaw) .

Soil moisture (%)

Depth {(cm) Nov. 2 May 3
0-15 24.9 34.5 |
15-30 18.8 30.1
30-60 , 15.7 ° 18.8
. 60-90 '19.4 19.8 (




Table

he}

46. Depth of water needed to bring the various depths of
a Malmo SiCL, to 1/3 bar soil moisture tension in
April, 1977.

Depth (cm) Db (gm/emd)  Pw (%) d (cm) *
0-15 0.98 21 - 3.1
15-30 1.06 17 2.7
30-60 1.26 13 4.9
60-90 1.33 _ 10 4.0
90-120 1.39 10 - | 4.2

*Depth of water (d) needed to bring the various depths to 1/3
har soil moisture tension was calculated by using the formula:

d = Pw x D x Db
100
Where Pw % of water at 1/3 bar soil moisture temsion) - .
(% of water present in the soil at freeze up)
Depth of soil (cm) '
bulk density of soil (gm/cm3)

D

Db

Total amount of precipitation from November, 1976 to April, 1977
was 10 cm.

]
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The so0il content of NOB—N recovered from various depths upto
150 cm (Fig. 10) om March 4, 1977, in frozen soil and on April 18,
1977, after thawing Eo.a depth of 55 cm showed that there was no
change in NO3—N content below the 60 cm depth and there was a decrease
‘in NO3—N in the surface layer dqwn'CO a depth of 60 cm as shown by
April sampling. On April 18, the soil thawed to a depth of 55 cm and

there was no increase in the soil content of N03—N in the frozen soil

showing that NO3 did not diffuse through the frozem soil. The data on_

calculated depth of water movement, field observations on water move-
ment, and NO3 movement in the fallowed soil demonstrated that NO3
probably did not leach below 60 cm. Similérly, the results of field

experiments with commercial fertilizers.(Tables 1 and 6) and the use

of Nl5 labelled NO3 (Table 26) under field conditions showed that

Ty

leaching was not the mechanism-responsible for the over-winter losses

of fall-applied N. The results of the present investigation are in
agreement with the findings of the study conducted on the movement of

-

NO3 in Manitoba by Field-Ridley (1975), which shqwed that applied
NOB-N at a rate of 550 kg N/ha as calcfﬁm nitrate, was retained Prif
‘marily in the surface 25 or 30 cm of soil after two years of applica-
tion.

Thus far it has been establish;d that leaching does not seem‘Eo
be the mechanism 6f over-winter losses of mineral N, Therefore), the
gpparent losses must be dué.to immobilizagion and denitrification.

This conclusion was supported by field studies conducted in Manitoba

by Field-Ridley (1975), in which low recoveries of applied NO3 have
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Mar. 4, 1977 « Apr. 18, 1977

10-15 c¢m 28 |0-15 cm

15-30 cm 11 15-30 cm

30-60 cm - 6 30-60 cm

\

60-90 cm 60-90 cm . -

-
EM‘— u
A

2 [90-120.em 2 [90-120 cm
2 [120-150 cm 1 2 1120-150 em

Figure 10.  Soil content of NO3-N (ppm) of a fallowed field at Ellerslie {(Malmo SiCL)
in March, and in April, 1977,
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been attributed to both immobilization and denitrification. It was

Sl
N

‘ "
not possible from the results{of-fiéld experiments with commercial-
i .

fertilizers to establish how much of the missing mineral N was

/ .

immobilized and how much.denitrified. Therefore, to determinelthe
fate of féll—applied N, one fieid experiment was carr#g; out using
NlS enriéhmeﬂt. The results of NlS labelled ﬁ03 shqwed that appfoxi—
méteiy onéfchifd of theimissing fall-applied N from the mineral N‘
po;i was recovered in the'organic frac;ion of. the soil.

Therefore, the rest of the losses of applied N froﬁ the mineral N
| pool must be due to denitrification. Laboratory incubation studies
had indicated that potential losses could amount to 44 ug N/g soil
during the period April 20 to 29 (Table 47).. The potegtial losses
through denitrification eiceeded the actual losses as mea;ured by
NlS»techniquel Results of incubation studiés on denitéification
(Sacks énd Barker, 1952; Nommik, 1956; and Bailey, 1976) conducted
Vunder §aturated séil conditions with NO3 suégested ;hat,almost all of
the NO3 lost from the soil couldAhave been = ne gaséous f&rm.

Research work of Bremner et al. (1965), Wellmgn et al. (1968),
Delwiche and Steyn (1970), Blackmer and Bremﬁer (1976), and Chign et
al. (1977), has demonstrated that a significant discrimination occurred
between N}a and le during denitrification of NO3. They suggested that
‘in general isotopic fractionation results from the fact that le be;r-
ing molecules react-more slowly than N14 bearing molecules during
denitrification so tﬁat the substrate is enriched and the product is

1
depleted in N 5. Therefore, the actual losses by denitrification
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Table 47. The expected amount of NO3-N loss in early spring, 1975,

under field conditions (calculated on the basis of
equations developed from the results of incubation
experiments) from KNOg applied at a rate of 112 kg N’ha
(or 75 ug N/g) to a Malmo SiCL at Ellerslie in fall, 1974.

-

Soil temperature Soil moisture  Expected NO3-N
Date (°C) at 7.5 cm depth  tension (bars) ‘loss (ng/g/day)*
April 20 1.7 Very wet 2.1
21 1.7 Very wet 2.0
22 42,2 0.002 2.2
23 2.1
24 3.8 2.2
25 5.4 0.009 4,2
26 6.1 X 4.9
27 8.3 7.3
28 11.7 0.01 8.9
29 13.2 8.1
Total 44.0
g
*Expected NO3—N loss (ug/g/day) = %ﬁf&g%gT x RRNLFM x RRNLFT

Where Vm = Maximum rate of NO3-N loss (ug/g/day)
S = Concentration of NO3-N (ng/g)

(Km) = Michaelis Menten constant (ug/g)
RRNLFM = Relative rate of NO3-N loss for soil moisture
RRNLFT = Relative rate of NO3-N loss for soil temperature

Observed loss of NO3-N in May, 1975, from KN03 applied in fall, .
1974, at a rate ¢ .12 k§ N/ha (approximgtely175 ug NO3—N/g),
as determined by using N 5 technique was = 31.6 ug N/g.
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would be more than the losses observed by using Nl) tracer. In

the present investigation, the .actual ovet—win{sg losses of fall-

applied N b denitrification could have been mork than the observed

-

lo s determined by NE technique. O

Since under water saturated soil conditions NO3 is subject Fo
losses by denitrification while NH4 is not, therefore one would éxpect
more losses frbm NO3fNithan from NHA—N after spring thaw. In the
present study, the apparent loss of fall-applied commercial fertilizers
over the winter was greater in-plots wh;ch received calcium nitrate
(50% loss) than urea-treated plots (38% loss). Similarly, in the le
experiment, the losses of fall-applied N by denitrification were 1.3

times greater in KNO,-treated plots than in urea-treated plots. The

3
lower apparent recovery of ﬁall—applied NO3—N than urea in the soil
samples taken the following spring corresponded with the yield and
N uptake of barley grain in the present study where fall-applied
calcium nitrate wés inferior to fall-applied urea (Table 2). This
suppo;ted the suggestion that NO3 is lost over tbe winter more than
NHA' Simikirly the field work reported by Devine and Holmes (1964)
has shown that autumn-applied ammonium sulphate resulteéjin hiéher
average yield of winter-wheat thén did calcium nitrate/’

The N -uptake daté plotted in Fig. 1 showed that the relative
efficiency of fail versus spring application of urea was incrqasedAby

'

delaying the applitation in October. This higher efficiency of urea

applied in late October as opposed to early Octéber could be due to

conversion of lower amounts of urea to Noé. Following this observation,

&
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one would suggest that over-winter iosSes of mineral N could be pre-
vented by inhibiting the formation of NO3 f;om ammonium-based fertili-
zers. Therefore, incubation and field experiments were conducted to
find some practical means to reduce the rate of nitrification of urea
and subsequent conservation of fall-applied N.

The incuba;ion experiments showed that thiourea (a nitrification
inhibitor), at a rate of 40 ug/g of soil, was effective in inhibiting
nitrification of urea for at least six weeks when pelleted with urea
(two parts of urea and one part of thiourea) ;nd placed in bands
(Table 30).- The particular interest of these experiments was to find
methods’ of maximizing the effect of thiourea in inhibiting nitrifica-

kY

tion of urea applied in fall so that most of the fall-applied urea

-

!

would remain as NHA which is much less subject to los.ses.than.NO3 ¢
(Wagner and Smith, 1958; and Parker, 1972). The amounts of thiourea
found effective in inhibiting nitrification of ufea in the present
study were much lower than the levels which have pfeviously been
reportedlnecessary to control nitrification (Fuller et al., 1950).

The results of the field experiments (Tables 32, 34 and 37)

showed that the amount of nitrification was lower in plots where urea

alone was placed in bands than where it was mixed into the soil. Theiﬁbkv

lower rate of nitrIfication of band placement than mixed application of 4
NHA—N has also been reported (Larson and Kohnke, 1946; Gasser, 1965;

and Leitch, 1973). The lower rates of nitrification of banded urea

were probably due to higher concentrations of NHA’ produced‘by hydroly-

sis of urea (in its vicinity), which probably inhibited the activity
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of nitrifying bacteria. Higher concentrations of NHA in the bands,
than in the area between the bands, has been rgporged (Leitch, 1973).
Similarly, in incubation studies, the addition of (NHA)ZSOA to soil

at a rate of 300 ug N/g depressed the rate of nitrification (Table 27).
The addition of thiourea to uféa increased ;he inhibition effect
greatly when placed in bands. A similar trend in inhibition of nitri-

placed in bands by the use of thiourea has been

ficat%on of (NHA)ZSO

tudy, the field experiments set out in October,

&

;éi§74, showed that 45 kg thiourea pelletedeith 90

: Iy I
. kg urea .ﬁiaced inS%anﬁs'inhibited nitrification of urea sub-~

¥

s

stantially ové;:fhe winter (Tables 34 and 37) and prevented the losses
of fall-applied N (Tables 35 and 38). A very large amount of thiourea
(1523 kg of ﬁhiourea/ha) was required to inhibit nitrific?tion of NH,
for upto 24 weeks when mixed into the soil (Hamlyn and Gassér, 1967).
The fiéld experiments demonstrated that the problem of very large
amounts of thiourea necessary for inhibiting nitrification of NH4
under field conditions can be‘overcome in part by pelleting thiourea
with urea and placing the pellets in bands.

The use of inhibitors has been requted to increase tﬂe yield
and‘N'uptake of crops. N-Serve (2 - chloro, 6 - trichloromethyl

pyridiné) when used with ammonium sulphate increased the N uptake of

a
- winter-wheat more than autumn-applied ammonium sulphate alone (Gasser-

and Hamlyn, 1968; and Huber et al., 1969j. Huber and Watson (1972\

found that N-Serve prevented N loss when used with fall-applied

o AL TR VU SR P
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ammonium sulphate. This treatment prevented the NO3 formation from

fall-applied NHA'and consequently reduced the seberity of foot rot of

winter-wheat caused by Cercosporella. Similarly in *he present study,

the pelleting of thiourea with urea and plaeement of this fertilizer

in bands in the' fall increasfd the yield of barley grein by 6.4
quintals/ha over the fall-applied urea alone (Table 40). Higher vield '
and N eptake of barley grain with urea + thiourea (2:1)~as tompared to
urea alone were not due to parhological differences becéﬁse no evidence

4

of any disease to barley plants was observed in this>study. The

increase in yield of barley grain by urea + thiourea (Z:ij bandea‘in

fall was about 85% of the increase in yield from urea alone banded iﬂ\
the spring at the time of seeding.

These field experiments deﬁonstrated that thiourea applied in
the fall inhibited nitrification and therefore reduced the over-winter
losses of fall—applied urea. If soil mineral‘N and the fertilizer
mineral N react in a similar manner, then the inhibitors wHich suppress‘
both ammonification and nitrification, may reduce the over-winter loss—
es of soil mineral N. |

AIn incubation exéeriments, the additien of inhiﬁitors (ATC (4 -
amlhg - 1,2,4 - triazole hydrochloride), N-Serve, CSZ’ and CC13C0CCL )
to soml lessened the amount of ammonlficatlon and nltrificatlon of
soil (Tables 41 and 42). Of the four inhibitors used, ATC was the
most effective. To determine the effectiveness of ATC under field

conditions, ATC was mixed into the soil at a rate of 22 kg/ha in two

farm flelds in fall, 1976. The application of ATC 1in the fall slowed



the‘release of soil mineral N from fall throdgh winter, ana substan-~
tially reduced the amount of soil mineral N lost over the winter
(Table 43). It was expected that a flush of mineral N cguld bt Eodhd,
but it was not detected. By way of speculation, the use of some of
the 1nh1bitors that slow both ammonlflcatlon and nltrif*catlon might
be a practlcal way of reducing over-winter losses of soil N under *
farm conditions in the Prairie Provinces. This is especially true for
fallowed fields, which normally accumulate large amounts of mineral N
and then lose much of 1t over the winter,

In summary, the résults showed that there were substantial over-
winter losses of mineral N from fall-applied fertilizers as well as
from 5011 mineral N. These mineral N losses were maiﬁly by denitri-
ficatioﬁ. Approximately -one-fifth of the fall-applied N was recovergd
in the organic fractiom of soil N. The over-winteﬁ losses of fall-
vapplied urea were prevented by peiﬁeting thiourea té nitrifiéaticn_
inhibitor) with urea ;nd placing this fertiiizer in baﬁds.. Losses of
soil mineral N were reduced‘by the application of an inhibitor (ATC)
to soil. Some of the other practical implications resulted from this
study will be discussed in the following paragraphs.

The efficiency of_fgll-applied ammonium-based fertilizers
depended on when conditians favorable for ﬁitrification'occurred
relative‘to conditions favoring N loss. If coﬁditions favorable for
N loss occurred befdre‘nitrificatiOn, one would expedt lower N loss

than if such Londitions occurred after NH4 was nitrified. The N

uptake data plotted in Fig. 1 indicated that the efficiency of fall
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relative to spring application was considefably lower with urea

épplied in early Octobér than with urea apélied in late.October. For
example the relative efficiency of fall vs spring application decreased
from 82% with urea aﬁplied on bc;ober 31‘co 417 with urea applied o;.
October 4. The linear regression equation, Y = 35.3 + 1.49 X (where

X is the date of application in October) could Se used to predict the
relative efficiency of fall vs spring application of urea in

Octdbef and may be useful to producers for chéosing the date of urea

A2

~application in fall.

If the main reagon for over-winter N losses is denitrification
o
at spring thawing time or leaching oE'NO3, it would be expected that

the date of fall application would have little effect on the relative

efficiency of a NO3 fertilizer. The experimental data supported this

”hyédfhesis, since the relative efficiency of Ca(NOj)2 increased from
35% on October 4 to¥oﬁly 31% on Octobertsl (Fig. 2).

In three fallowed fields,. apparently ,7 kgbof soil mineral N per
hectare disappeared over the Qinter. In the Nﬁé'experiment with fall-
:qpplied N, approximately one-third of the missing mineral N applied
Qés immobiiized. Therefore, the rest of the missing mineral N (i.e.,
67% of 60 kg N = 40 kg N/ha) from the soil mineral N in the 0-120 cm
depﬁh appeared to be lost bv denitrification. If losses of 40 kg
mineral N pe? hectare (average of only cﬁree fallowed fields)
accurred in most of the fallowed soils; then‘ﬁﬁé annual over-winter

losses of soil N would-be approximately 440,000 tons in the Prairie

Provinces from failowed soilsxgléhe. These célculations were based
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on the assumption that approximately 11 million hectares of cultivated
land were fallowed each year in the Prairie Provinces. The soil
mineral N losses over the winter in the top 15 cm laver on stubble

soils would amountgho 200,000 tons of mineral N. These large over-

e ) ) ‘
winter losses of soil mineral N, may be of some concern to soil testing
programs for available N, inasmuch as the soil samples are generally

+taken in the fall. N -

The presence #f NO3 at thawing time is a prerequisite for anv

*

losses of fall-applied N. Therefore, some part of the study was

devoted tb determining the rates of-N03 formation from NH4 and the

rate of N03 losses in the laboratory-at different levels of temperature

and moisture, »

L)

‘ 'Iﬂitrification was sensitiv- “o high temperature as evidenced by
the increased rate of nit: ._icat. n with increasing 1ncubat10n temper- ,
atere from 4° to ZOOC, anc decre&sed with further increase in- tempera:‘“'
‘ture (Table 17). Tﬁere was \03 format.on at lo C which agrees'with
b4

the findings of Meiklejohn (1954). Tyler et al. (1959) have reported

Y P
D] o

~that nltriflcation of added NH& occurs at temperatureb as low as 3°C. {

Results of,a_similar nature were obtained in the presentlstudy. The

fat ZOOC, and very slow

o

rapid nitrification in all the three soils
nitrificatign at 30°C, suggested that the optimum. temperature close

to 35°% reported by Myers (1974) is hlgher than for- 50115 used in the

';;.present study. The variation in optimum temperature for nltrification

for soils from different cllmatlc regions probablv exists because the
o

“,/“'-
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nitrifyving becteria in soils may vary in their adaptabilities to
temperatures (Thiagalingam and Kanehiro, 1973).

The measurable rates of nitrificetion (Table 18) at 15 bar soil
moisture tenmsion are °in agreement with rhe results of Miller and
Johnson (1964), and Dubey (1968). The maximum rate of nitrif;cation
at 1/3 bar soil moisture tension is in agre :nt with the f%ndings of
Justice and Smito (}962). The absence of uitrificatioo at 0 bar soil
m01eture ten¢1on probably was due to the shortage of free O i he

'soil *aused by excess water. Sfﬁilar results have been reported by

mller and Juhnson (1964), and Alexander (1965) The absence of

:»nltrifreatlon at O bar is contrary, however to the flndlngs of Dubey

(1968) who reported appreciable nitrification at 0O bar soil moisture
tension, but he d1d not offer any reason for this behaviour.

The rate of n03 -N loss (Table 22) at 4°C in the present study was
higher than the NO3—N loss which has been reporred to be quite insig-
nificant at 3°C (Nommik, 1956). This could be due to gﬁe difference
in the type of microJDrganisms preeent in soils f;om two different
climati_ - zioms. because the micro-organisms in soils developed under
different climates would)probably be different in their adaptation to
temperature. The optimum temperature of 65° and 60°c for NO3 dis—
'appearance reported by Nommlk (1956), and Bremner and Shaw (1958),
respectively, may be much‘h}gher‘rhan for soils used in this study
where the maxioum rate of &03 loss was at 40°C (Tabie 22).

The high rate of NO3 loss under flooded conditions (Table 23) is

w.&}
in agreement with the flndings of Bremjer and Shaw (1958), and

.
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Greenwood (1962). At the same time, NO3 loss can occur at moisture
content near permanent wilting point, probably due to creation of
micro-~anaerobic sites within the aggregates (Gréenwood, 1961; and
Greenwood and Berry, 1962). On the basis of the results of the
incubation ex .. ents one can expect considerable losseswoﬁ NO3 in
early sprin  al* . thawing, when the soil is eaturatad‘#ﬂg soil
temperature io L1c1ently hlgh (5 C) From theiépghﬁis of dincuba- .
tion experiments, it seems that the soil moisture and temperature in

late fall and during winter under snow cover are high enough to resulgb

""&.l
An 2} VO3 formation from ammonium-based N fertilizers applied in late tkmp.fﬂﬁp
.\,,)

. fall. ' ' -
' , < Q%ﬁw
In conclusion, the results of incubation experiments for nitri-

fication and for N03—N losses can be used to predict the rate'of NO3

N\,
N L >

prmﬂunjpn from NH4 and NO3 losses over a range of soil moisture <

a ‘ i
levels and temperatures encountered in the field. A 9

R



6. CONCLUSTIONS

This thesis has touched upon several topics concerning soil N and
fertilizer N: the over-winter losses of mineral N isﬁuiné from fer—.
tilizer as’well as from soil N; the mechanisms of ovérQWintér 1osses‘
of mineral N; and the ways of‘preventing the losses of mineral N. The
following conclusions were drawn:

In 10 field experiments, 38%Z of urea N applied in the previous
fall at a rate of 56 kg N/ha waf-lost from the minerdl N bool over the
winter. Fall-applied urea resulted in about 10 quintals/ha (1l.quintal
= 100 kg) lqwér yield and one-half as much N uptake by ba;ley grain as
did spring-applied urea. Considerfable over-winter losses of ;oil—
derived mineral N were observed. For example, in tﬁfé§ fallowed soils,
approximately 60 kg of soil mineral N disagpeared overtggé;wiQCer.

R N

The le study, deep profile sampling and calculation of.ébfing'
water movement showed that the losses could not be accounted for by
leaching. Further the le Experiment ;howqgfthat only 22% of ﬁhe

applied N as KNO, was immobilized. Hence i;ilﬁs concluded that 39%

3

of this fertilizer was lost by denitrification. It is suggested, and

laboratory data support the suggestion, that amménification ;nd
nitrification dccur throughout the winter leading to large amounts of
,N05 just prior to spring thaw. At the time of spring thaw, the water
saturated conditions of the soil above the frozen layer lead to
relatively rapid—denitrification 6f the accumulated NQ3.

: A
Nit:ificatidn was slowed by placinhg urea in bands and the effect
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4

was much greater when pelleted urea + thiourea (2:1) was in the bands.

Sléwing nitrification of fall-applied urea, bv applying thiourea with
urea, reduced the over-winter losses. Hence this increased the yield
of barley.grain by 6.4 quintals over urea banded alone in the fall in

10 field.experiments. The N uptake by barlev grain with urea. +

thiourea (2:1) banded in the fall was 1.5 times greater than with urea

banded alone in the fall. Similafly, the losses of soil mineral N

were reduced by the application of the inhibitor ATC.

150



7. REFERENCES
LA .
Aleem, M.I.H., Lees, H. 1963. Autotrophic enzyme systems. 1.

Electron transport systems concerned with hydroxylamine oxidation
in Nitrosomonas. Can, J. Biochen. Physiol. 41: 763—778

Alexander, M. 1965. Nitrification. In Soil Nltrogen, pp. 307-343.
Monograph No. 10, Am. Soc. Agron. Madison Wisconsin, W. V.
Bartholomew and F.E. Clark, Eds.

Allison, F.E. 1955. The enigma of soil nitrogen balance sheets. Adv.
Agron. 7: 213-250.

Allison, F.E. 1965. Organic carbon Walkley-Black Method. In Methods
of Soil Analysis. pp. 1,372-1,376. Black, C.A. ed. Am. Soc.
Agron., Monograph. WNo. 9. Part 2. ,

Allison, F.E., Carter, S.N., Sterling, L. D. 1960. The effect of partial
pressure of oxygen on denitrification in soil. Soil Sci. Soc. Am.
Proc. 24: 283-~285,

Anderson, 0.E., Boswell, F.C. 1964. The influence of low temperature
and various concentrations of ammonium nitrate on nitrification
in acid soils. Soil\§ci. Soc. Am., Proc. 28: 525-529,

Anderson, 0.E., Purvis, E.R. 1955. Effect of low temperature on
nitrification of ammonium in soils. Soil Sci. 80: 313-318.

Ansorge, H., Markert, S., Jauert, R. 1967, Studies on inhibition of
nitrification by some ‘Qemical preparations. Albrecht-Thaer-Arch.
11: 509-516. {k .o :

Ashworth, J., Briggs, G:G.;'iyans, A.A, 1975, Field;ipjection of
carbon disulphide to inhibit nitrification of ammonia fertilizer.
Chemistry and Industry 6: 1-3. - . -

Ashworth JJ., Flint, R.C. 1974, Delayed nitrificatibn and controlled
' recovery of aqueous ammonia injected under grass. J. Agric. Sci.
Camb. 83: 327-333.

Bailey, L.D. 1976. Effects of temperature and root on denitrification
in a soil. Can., J. Soil Sci. 56: 79-88.

Bailey, L.D., Beauchamp, E.G. 1973, Effect of temperature on NO,jnd
NO, reduction, nitrogenous gas production and redox potentia%
saturated soil. Can. J. Soil Sci. 53: 213-218.

Baudisch, 0. 1945, Biological functions of minor elements. Soil

, Sei. 60: 173-184, .

. 151



Bhaumik, H.D;, Clark, F.E. 1947.- Soil moisture tension and biologi-
cal activity. Soil Sci. Soc. Am. Proc. 12: 234-238.

Bizzel, J.A. 1944. Lysimeter experiments, VI. The effects of crop-
ping and fertilization on the loss of nitrofdn from the soil.
Cornell Agr’. Expt. Sta. 256: 1-14, -

Black, A.S., Waring, S.A. 1976. Nitrate leaching and adsorption in a
Krasnozem from Redland Bay, Qld. I. Leaching of banded ammonium
nitrate in a horticultural rotation. Aust. J. Soil Res. 14:
171-180. '

Black, A.S., Waring, S.A. 1976. Nitrate leaching and adsorption in
a Krasnozem from Redland Bay, Qld. II. Soil factors influencing
adsorption. Aust. J. Soil Res. 14: 181-188.

Black, A.S., Waring, S.A. 1976. Nitrate leaching and adsorption in a
Krasnozem from Redland Bay, Qld. IIT. Effect of nitrate concen-
tration on adsorption and movement in soil columns. Aust. J.
Soil Res. 1l4: 180-195.

Blackmer, A.M., Bremner, J'M. 1976. Nitrogen isotope discrimination
in denitrification of nitrate in soils. Soil Biol. Biochem. 9:

73-77. .
3

Boswell, F.C. 1971, Gomparlson of fall, winter g; spfing N-P-K,
fertiliZé? appllcations for corn and cotton., Agron. J. 63:

1905-907. Y
S

Boswell, F.C., Futral, J.G., Anderson, O.E. 1974. Comparison of fall—
applied N under formed beds with conventional spring N application .

for corn production. Agron. J. 66: 374-377. .

Aguyoﬁcos, G.B. 1962. Hydrometer method improved for making particle
size analysis of soils. Agron. J. 54: 464-465.

Bowman, R.A., Focht, D.D. 1974. The influence of glucose and nitrate
concentration upon denitrification rates in sandy soils. Soil
Biol. Biochem. 6: 297-301.

o ,

Bremner, J.M.. 1965. Organic forms of nitrogen. In Methods of Soil
Analysis. pp. 1,238-1,255. Black, C.A. Ed. Am. Soc. Agron.
Monograph, No. 9, Part 2. '

A
Bremner, J.M., Cheung, H.H., Edwards, A.P., 1965. Assumptions and .
errors in nitrogen-15 research. In The Use of Isotopes in Soil
Organic Matter Studies. pp. 429~442, Pergamon Press, Toronto.

152



153

Bremner, J.M., Keeney, D.R. 1966. Determination and isotope ratio
analvsis of different forms of nitrogen in soils: 3. Exchange-
able ammonium, nitrite, and nitrate by extraction distillation
methods. Soil Sci. Soc. Am. Proc. 30: 577-582.

Bremner, J.M., Shaw, K. 1958a. Denitrification in soil. I. Methods
of investigation. J. Agric. Sei, 51: 22-39.

Bremner, J.M., Shaw, K. 1958b. Denitrification in soil. II., Factors
affecting denitrification. J. Agric. Sci. 51: 40-52.

Bremner, J.M., Bundy, L.G. 1974. Inhibition of nitrification in soils
by veolatile sulphur compoqnds. Soil Biol. Biochem. 6: 161-165.

Broadbent, F.E. 1951. Denitrification in some California soils. Soil
Sci. 72: 129-137.

Broadbent, F.E., Clark, F.E. 1965. Denitrification. In Suil Nitrogen.
pp. 344-359. Monograph No. 10, Madison, Wisconsin. Bartholcmew,
W.V. and F.I. Clark, Eds. ) ‘

Broadbent, F.E., Tyler, K.B., Hill, G.N. 1957, Nitrification of
ammonical fertilizers in some California soils. Hilgardia 27:
247-267.

Bundy, L.G., Bremner,,J.M. 1973. Inhibition of nitrification in soils.
Soil Sci. Soc. Am. Proc. 37: 396-398. '

Bundy, L.G., Bremner, J.M. 1974a. Effects of urease inhibitors on
nitrification in soils. Soil Biol. Biochem. 6: 27-30.

Bundy, L.G., Bremmer, J.M. 1974b Effects of nitrification inhibitors
on transformations of urea nitrogen in soils. Soil Biol. Biochem.
6: 369-376. C SR

Burford, J.R., Bremmer, J.M. 1975. Relationships between the denifri—
fication capacities of scils and total, water-soluble and readily
decomposable soil organic matter. Soil Biol. Biochem. 7: 389-
394 " :

Campbell N.E.R., Aleem, M. I H. 1965. The effect of 2-chloro, 6~
trichloro-methyl) pyridine on the chemoautotrophic metabolism
of nitrifying bacteria. I. Ammonia and hydroxylamine oxidation
by Nitrosomonas. Antonie Van Leervenhoek. 31: 124-136.

Campbell, C.A., Paul, E. A., McGill, W.B. 1976, Effect of cultivation
and cropping on the amounts and forms of soil N, In Western
Canada Nitrogen Symposium, pp. 7-101, Alberta Agriculture,‘
Edmonton, Alberta.

b
:g
,}!

L



154

Chalk, P.M., Keeney, D.R., Walsh, L.M. 1975. - Crop recovery and
nitrification of fall and spring applied anhydrous ammonia.
Agron. J. 67: 33-37.

Chang, C., Cho, C.M. 1974. The movement of fall- and spring-applied
nitrogen fertilizer and chloride ion in Manitoba soils. Proc. ey
19th Man. Soil Sci. Conf. Publication Branch, Man. Dept. Agric.,  T%
Winnipeg, Manitoba. pp. 127-131. : '

- Chapman, H.D., Liebig, G.Fs, Rayner, D.S. 1949, A lysimeter investi-
gation of nitrogen gains and losses under various systems of
cover cropping and fertilization, and discussion of error sources.
Hilgardia 19: 57-128.

Chien,_S.H;, Shearer, G., Kohl, D.H. 1977. The nitrogen isotope effect
associated with nitrate and nitrite loss from waterlogged soils.
Soil Sci. Soc. Am. Proc. 41: 63-69. . )

Cooper, G.S., Smith, R.L. 1963. Sequence of products formed during
denitrification in some diverse western soils. Soil Sci. Soc. -
~ Am. Proc. 27: 659-662. ‘_ - .

Corey, J.C., Fenimofe, J.W. 1968. Tracing groumnd water with chloride
ions and tritium through acid kaolinite soil. Tnt. J. Appl.
Radiat. Isotop. 19: 741-746.

Dancer, W.S., Peterson, L.A., Chesters, G. 1973. Ammonification aﬁd
nitrification of N as influenced by soil pH and previous N treat-
ments. Soil Sci. Soc. Am. Proc. 37: 67-79. i

Iy

Dawson, R.N., Murphy, K.L. 1972. The temperature dependency of hio-
-logical denitrification. Water Res. 6: 71-83.

Day, P.R., Forsythe, W.M. 1957. Hydrodynamic dispersion of solutes
in the soil moisture stream. Soil Sci. Soc. Am. Proc, 21: 477~
. 480. .
‘ : Wy
Delwiche, C.C., Steyn, P.L. 1970. Nitrogen isotope fractionation in
soils and microbial reactions. Environ. Sci. Technol. 4: 929-

935.

Devine, J.E., Holmes, M.R.J. 1964. Field experiments comparing autumn
and spring applications of ammonium sulfate, ammonium nitrate, and
calcium nitrate for winter wheat. J. Agr. Sci. 63: 69-74,

Doughty, J.L., Cook, F.D., Warder, F.D. 1954.. Effect of cultivation
on organic matter and nitrogen of brown soils. Can. J. Agr. Sci. ,
34: 406-411. ' '

~




Dubey, H.D. 1968. Effect of sc.l moisture levels on nitrification.
Can., J. Microbiol. 14: 1,348-1,350.

Ekpete, D.M., Cornfield, A.M. 1964. Losses through denitrification
from 5011 of applied inorganic nitrogen even at low moisture
contents. Nature 201: 322-323.

Field-Ridley, G. 1975. Nitrogen movement'in two Manitoba soils. M.

\ - Sc. Theésis. University of Manitoba, Winnipeg, Manitoba.

Fisher, W.B., Parks, W.L. 1958." Influence of soil temperature on
urea hvdroly51s and subsequent nltrlflcatloﬂ "Soil Sci. Soc. Am.
Proc. 22: 7 247-248.

Frederick, L.R. 1956. The formation of nitrate from ammonium nitrogen
in soils. I. Effect of temperature. Soil Sci. Soc. Am. Proc.
20:  496-500. ' ' s

Frederick, L.R. 1957. Formation of nitrate from ammoniavnitrogen in
soils. II. Effect of population of nitrifiers. Soil Sci.
83: 481-485.

Frye, W.W. 1977. Fall vs spriing sulphur-coated urea, uncoated urea
and sodium nitrate for corn. Agron. J. 69: 278-282,

‘Frye, W.W., Hutchéson,'J B. 1971. Nitrogen fertilizer movement in ,
-two Virginia soils as related to time and rate of application for
corn. Proc. Assoc. South. Agric. Workers Inc. 68: 52.

Fuller, W.H., Caster, A.B., McGeorge, W.T. 1950. Behaviour of nitros.
genous fertilizers in alkaline calcareous soils: 1 nltrlfylng
characteristics of some organic compounds under controlled -
‘conditions. Ariz. Agr. Expt. Sta. Bull. 120: 451-467.

Géfdner, W.R. 1965. Movement of nitrogen in soil. In Soil Nitrogen:
pp. 550-572. Mgnograph No. I0. Am. Soc. Agron. WadlsOn,
Wlsconsin..‘ﬁhrtholomew W.Vv., Clark, F.I. Eds.

Gasser,AJ.K.R. 1865 Effects of 2—chloro, 6~(trichloromethyl)
pyridine on t- .itrification of ammonium sulfate and its recovery
by rye-grass. J. Agr. Sci. 64: 299-303.

Gasser, J.K.R., Hamlyn, F.G. 1968. The effects on winter wheat of
ammonium sulphate, with and without a nitrification inhibltor,
-and of calcium nitrate. J. Agr. Sci. 71: 243-249.

Gayon, E., Dupetit, G+ 1886. Recherches sur la reduction ﬁes nitrates
par les infiniments petits. Soc. Sei. Phys. Nat. Bordeaux. Sci.
30: 201-307. Cited by Nommik, H. 1956. In Investigations on
denitrification. Acta. Agric. Scand. 61 195-228.

155

friemAN Sl

diozos X




156

fin)

Goring, C.A. 1962a. Control of nitrification by 2-chloro, 6-(tri-
chloromethyl) pyridine. Soil Sci. 93: 211-218.

Goring, CfA 1962b. Control of nitrificacion of ammonium fertilizers
and urea by 2-chloro, 6- (trlchloromethvl) pvridine. Soil Sci.

I
93: 431~ é39

Gould, W.D. 1970. Urea hydrolysis in soils. M.Sc. Th.osis. Univer-
sity of Alberta, Edmonton, Alberta. '

Gould, W.D. 1976. Inhibition of urease by heterocyclic mercaptans.
Ph.D. Thesis.- University of Alberta, Edmonton, Alberta,

Granger, R.J., Chanasyk, D.S:, Male, D.H., Norum, D,I, 1977. Thermal
regime of a Prairie snow cover. . Soil Sci. Soc. Am. J. 41: 839-

842,
Creaves, J.E., Carﬁer, E.G. 1920. Influence of moisture on the + o=~

‘terial activities of the soil. Soil Sci. 10: 361-387. j

Greenland, D.J. 1962. JPenitrification in some troplcal soils. J.
Agric. Sci. 58: 237-233. .

 Greenwood, D.J. 1961. The effect .~ sxygen concentig
gecomposition of organic materlals in soil. Plai@
60~376. ’ '

Greenwood, D.J. 1962. Nitrification and nitrate dissimilation in
soil. 1II. Effect of oxvgen concentratlon Plant and Soil
17: 378-391. -

7, : @ :
Greenwood, D.J., Berrv, G. 1962. Aerobic respiration in soil crumbs.

Nature, Lond. 195: 1%61-163. ,
ya

‘ Hamlvn F.G., Gasser; J.K.R. 1967. Experiments on nltrogen fertili-

T zers. Rdth Agri Expt. Sta. Rep. pp. 42.

Harmsen, G.W., hdlenbrander; G.J. 1965. Soil inorganic nitrogen.
pp. 43-92. In Soil nitrogen. Monograph No. 10, Amer. Soc.
Agron. Madison, Wisconsin.j W.V. Bartholomew and F.E. Clark Eds.

Hauck R.D. , Melsted, S: ﬁ. 1956. Some aspects of the problem of
evaluatlng denitrification in soils. "Soil Sci. Soc. Am. Proc.

23: 361-364.

Hingston, F.J., Posner, A.M., Quirk, J.P., 1972. Anion adsorption by
geothite and gibbsite 1. The role of the Proton in determlnlng
absorption® envelopes. J. 50il Sci. 23: 177-192.

!

/o jSraY

e A B



iolflich, G. '1968. Albrecht-Thaer-Arch 12: £91-699. Cited by
» Gasser, J.K.R. 1964. Soils and Fert. 27; 175-180.

Huber, D.M., Murray, G.A., Crane, J.M. 1969. - Inhibition of nitri-
flcation as a detergent to nitrogen loss. Soil Sci. Am. Proc.
33: 975-976.

Huber, D.M., Watson, R.D. 1972. Nitrogen form and plant disease.
Dawn to Earth. 27: 14-15. :

I.A.E.A. 1976. Tracer Manual on Crops and Soils. Technical reports
series No. 171. Internatlonal Atomic Energy Agency Vieana, 1976.

Jannson, S.L., Clark, F.n. 1952. Losses of nitrogen during decom-
position of plant material in the presence of inorganic nitrogen.
Soil Sci. Soc. Am. Proc. 16: 300-334.

Jaques, R.P., Robinson, J.B., Chase, F.E. 105y, “ects of thiourea,
ethyl urethane and some dithlocarbavxLe fungicide: on nitrifica-
tion in fox sandy loam.™ Can. J. 1 Sei. L9 275-243,

. b

Jauert, R., Ansorge, H., Gorlitz, H. . - Intlu-uce of N-SERVE on

nltriflcatlon plant growth and phosplivius absorption.
Albrecht-Thaert-Archives 12: '957-497:

lensen,iH.L, Sofensen, H. 1952, -The influence of some organic sul-
fur compounds and enzyme inélbiQprs on Nitrosomonas europea.
Acta. Agr. Scand. 2: 295-3p4.

Jones, §5.J. 1951. Loss of elementa1 nitrogen from SOllS under anaero-
bic conditions. Soil Sci. 7l 193~ 196 “
s
Jones, R.W., Hedlin, R.A. 1970. Ammonlum, nitrite and nitrate.
accumulation in three Manitoba soils as influenced by added
ammonium sulphate and urea. Can. J. Soil Seci. 50: 331-338.

Justice, J.K., Smith, R.L. 1962. Nitrification of ammonium sulfate
in a calcareous soil as influenced by combination of m01sture,
temperature and level of added N. Soil Sci. Soc. Am. Proc.

26: 246-250. ;

. Kinjo, J., Pratt, P.F., Page, A.L. 1971. Nitrate édsorption ITI.
Desorption, movement and dlstrlbutlon andepts. Soil Sc¢i:. Soc.
Am. Pro¢. 35: 728-732, :

Kirby, E.A. 1968. TIonic uptake and ionic balance in, plants in rela-
tion to the form of nitrogen nutrition. In Ecolbglcal Aspects of
the Mineral Nutrition of Plants. A svmposium of th# British e
Ecological Society, Sheffield, April, 1968, pp. 215-235, Ed.
I.H. Rorison.

587



158

N

, d

Kohl, D.M., Vithayathil, F., Whitlow, ?., Shearer, G., Chien, S.H.
1976. Denitrification in soil systems: The significance of
good fits of data to mathematical forms. Soil Sci. Soc. Am.
Proc. 40: 249-253. ‘

Kowalenko, C.G., Cameron, D.R. 1976:. Nitrogen transformation in an
incubated soil as affected by combinations of moisture content
and temperature and adsorption fixatio: .+ :mmonium. Can. J.
Soil-Sci. 56: 63-70. '

Larsen, J.E., Kohnke, H. 1946. Relati'~ merits of fall and spring
applied nitrogen fertilizer. Soi ci. Soc. Am. Proc. 11:
378-383. ’

Lees, H. 1946. Effect of copper-enzyme poisons on soil nitrificatipn.
Nature 158: 97-99.

Lees, ﬁ., Quastel, J.d. 1946. vfhe site of soil nitrification. Bio-
chem. J. 40: 815—823. S ‘ .

Léitch, R.H. 1973. Comparison of uptake of applied ammonium and
nitrate nitrogen by crops. M.Sc. Thesis, Universitv of Alberta,

Edmonton, Alberta.

Leitch, R.H., Nyhorg, M. 1972. A comparison of ammonium and nitrate
in N fertilizaTs:>~ Proceedings of the Soil Science Workshop
Department of Soil Science, University of Alberta, Edmonton,

Alberta.

Malhi, S5.S., Nyborg, M. 1974. A preliminary report on the comparison
of fall and spring application of fertilizer N. Procéedings of
the Soil Science Workshop, Department of Soil Science, University
of Alberta, Edmonton, Alberta.

McAlliscer, R.E. 1969. A summary of field experiments on fall and
-spring application of N fertilizers. Mimeograph. Cominco Ltd.
Calgary, Alberta. '

McBeath, D.K. 1962. The inhibition of ‘nitrification by thiourea and
2-chloro, 6-(trichloromethyl) pyridine. Ph.D. Thesis, Cornell
University. (Dissertation Abstr. 23: 1, 471).

McGarity, J.W. 1961. Denitrification studies on some south Australian
soils. Plant and Soil 14: 1-21.

McGill, W.B. 1977. Personal communication. Department of Soil
Science, University of Alberta, Edmonton, Alberta.



McIntosh, T.H., Frederick, L.R. 1958, Distribution and nitriﬁication

of anhvdrous ammonia in a Nicollet sandv clav loam. Soil Sci.
Soc. Am. Proc. 22: 402-405.

McLaren, A.D. 1971. Kinetics of nitrification in soil: “h of
nitrifiers. Soil Sci. Soc. Am. Proc. 35: 91-95,

Meiklejohn, J. 1940. Anaerobic denitrification Ann. Applicy Biol.
27: 558-573.

Méiklejohn, J. 1953. The nitri“ving bacteria: a review. J. Soil
Sci. 4: 59-68.

Meiklejohn, J. 1954. Some aspects of the physiologv of the nitrif§4
ing bacteria. Autotrophic Micro-organisms. Cambridge Universityv
Press. Cambridge. 68-83.

Michalyna, W. 1959. Consumptive use of water by plants and nitrate
content in soils as influenced by cropping sequence .and fertili-
zer treatments. M.Sc. Thesis. University of Manitoba, Winnipeg,

Manitoba.

Miller, R.D., Johnson, D.D. 1964. The efféct of soll moisture tension
on COp evolution, nitrification and nitrogen mineralization.
Soil Sci. Soc. Am. Proc. 28: 644~647,

Miller, H.F., Kavanaugh, J., Tlomas, G.W. 1975. Time of N application
and yields of corn in alluvial soils. Agron. J. 67: 401-404.

Moshi, A.D., Wild, A., Greenland, D.J. 1974. Effect of organic matter
on the.charge znd phosphate adsorption’charaqteristics of
Kokuyu red clay from Kenya, Geoderma 11: 275-285.

o+

N -, -

fication in a tropical soil.. Soil R: 1. Bioctem. 7: 83-87.

Myers, R.J.K. 1974. Temperature effects on ammonification and nitri-

Newton, J.D., Wyatt, F.A., Brown, AL, it45.. Effect of cultivatién
and cropping on the chemical composition of ‘some Western Canada
Prairie Province soils. Part I}I{f Sci. Agric. 25; 718-737.

Nommik, H. 1956. Investigations on déﬁitriﬁjcn;ion. Acta. Agric. -
~ Scand. 6: 195-228. CE

Nyborg, M., Mahli, S.S., Timmermans,“J., Leftch, R.H. 1977. Lossess’, o

of crop available nitrogen from soils. In Agriculture and For-
estry Bulletin, Spring, 1977, Pp. 33-39. Udiversity of Alberta.

<!
13

O

e v»ah-aaw&uw%uv 4-_,.‘.«{.}1 .

“ ._<r<, .

-,
24



160

Olson, R.A., Dreier, A.F.; Thompqon' C., Grabouski, P.H. 1964. Using \; : e
fertlllzer nitrogen effectivelv- on grain crops. Nebraska Agr. -
Exp. Sta. Res. Bull. SB-479
: ( . Lo
Owens, L.D. 1960. Vltrogen movement of transformatlons in soil as
evaluated by a lvsimeter studv utilizing isotopic nitrogen.
. Soil Sci. Soc. Am. Proc. 24: 372-376. '

Pang, P.C. Cho; .M., Hedlin, R.A. -1975. Effect of nitrogen con-
ceqtration on the transformation of band-appli
tilizers. Can. J. Soil Sci. 55: '23-27.

Pang, P.C., Hedlin, R.A., Cho, C.M. 1973. TransformatNon and movement

of band-applied urea, ammonium sulphate and ammoniu hvdroxide

. during incubation in several Hanltoba soils. Can. J\Secil Sci.
53: 331 341

L

Pangénibgp, E.H. 1925. Temperature as a factor-in nitrogen changes
in the soil. Jour. Am. Soc. Agron. 17: 1-31.

Parker, J. 1972. How fertlllzer moves and reacts in soil. Crops
and Soils. 25: 7 ll ‘ ‘

ve Paftridge, J.R.D., Rldlev,~A 0. 1974. Effect of nitrogen fertlllzer
' applied in spring or fall on vields of barley Manitoba Agrono-

mists Conference. Universityv of Manito™ ‘innipeg, Manitoba.
~Paul, E.A., Rennie, D.R: 1977. Croprutili e d ‘fate of fertili-
zer,nltrogen in soil® In Proceedings ¢ Fertility and’ Crop

Workshop. Department of ! 5011 Science ¥, Lu_versity of Saskatchewaﬁ,
Saskatoon, Sask - e

. : .
Dearson, R k , Jordon; H'W , Bennet, O. L,,Scarsbtook NRE. ., Adams W. E : L !
White, A.W. 19617 Residual . effect of fall: and sb&1ﬂg-apo11ed V! f; o *

fertillzers on crop yields in the- southern UnltedaStates . USDA i -
a0 Tech . Bull. 1254. . . : : . R BN

<3 ;

. r's':‘-;_::‘_‘\ , - joE . ) o -

Pilot, L., Patrlck W.H=A1971. Nitrate reduction in soils: Effect : R A
of soil m015ture ten§¥$n Soil Seci. 114: 312-316. e -4

0 . . .

Powlson, D.S., Jenking%n D S.."1971. Inhlbltwon ‘ofw nltrlflcatlon in
soil by CS, from rubber Ehngs (soil fum16¢t10n)§ Soil Biol.
Biochem. 3: 267—269

g 12

-

Quastel, ' J.H. ‘1965 Soil metabolism. Ann..Rev. Plant Physiol. 16:
217-240. | ' . » -

Quastel, J.H., Scholefie;d,uf.c. 1949. 1Influence of organic nitrogen <
compounds on nitrification in soil. Nature 164: 1,068-1,070. "




-

Sabey, B R, Frederick L.R.

LY BN

'1‘“ |  1¥

’

Quastel, J.H., Szholefield, P.G. 1951. Biochemistrv and nitrification
in soil. Bact. Rev. 15: 1-53. 9 .

Quirk, J.P. 19'0. . Negative and positive adsorption bv kaolinite.
Nature 188: 253-254.

Rav, H.E., gggregor} J.M., Schmidt, E.L. 1957. Movement of ammonium
nitrate™in soils. Soil Sci. Soc. Am. Proc. 21: . 309-312.

Reidy R N.S., Prasad, R. 1975. Studies on the mineralization. of
- Mréa, @oated usea and nitrification inhibitor treated urea in
p. J. Soil Sci. 26: 304-312.

Rennieg D.A., Racz, G.J., McBeath, D.K. 1976. Nitrogen losses. In
Western Canada Nitrogen Svmp051um pp 325—353, Alberta Agricul-
ture, Edmonton Alberta. «

ley, A.0. 1975. Effect éf‘nltrogen fertitiaers, time and method.
of placement on yields of barley. Paper presented at the 19th
. Annual Manltoba Sbil Sc1ence Meetlng, 19 '

Russetl, j c., Jones, E.G. Bahrt Ga& 1925 . The tempergture and
, moisture factors dn nitrate-préi%rtlnn@ Soxl Sc1 19 381~ 39&.
}r - N R ',-_‘ w3 5»\ .. .
Sabev, B. K. 1988. The. influence of nit 1ﬁ1cé§10n suppressants on the
rate of ammonium oxldathn in Midwestern ‘U.S.A. field soils.

Soil Sci. -Boc.” Am. ProQQKBZ 6/5—679.j

o (,

Sabey, B. R Bartholomew W 3 Shaw, R Pesekw 4l 1956, Influence
_of temperature on nltrlrlcatlon Jin 50115 Soil Sei. “Soc. Am.
Proc 20 357- 360 O . A

W

N

-BattHQlomew W.V. 1959. The forhation

;- of nitrate from ammonij
.'and initial pepulatiof o
rate‘and delay period. =S¢

P ‘\u i v

. \ g .
Sacks, L.E., Barker; H.A. 1952. Substrate onidatiqn and nitrous
oxide utilization in denitrification. J, /Bact. 64: 2474252,

0e trifylng organisms on the maximum
Sci. Soc, Am. Proc. 23: 462-465.

Schoiefield, J.L. 1945, A comparison of soil nitrate levels under
bare fallow and after ploughing in various perennial tropical
legumes and cowpeas’. J. Agric. Sci. 2:- 170-189. -

Schoiefield, R.X., Samsonv H.R. 1953.+ The defloculation of kaolinite

~ suspensions and accompapying change over from positive to nega-.,

tive charge. Clay Min. Bull. 2 45- Sl

f soils: III. Influence of ~temperature -

2PN

161



3

h?%tEvenson C K. , Baldﬁ&n, 3.5, 1969 & Effect of tima and method of
Ll €

162

»

.,

Shactuck, G.E. Jr., Alexander, M. 1963. A differential inhibitor of
; nitrifying mlcro—organlems Soil Sci. Soc. Am. Proc. 27:
_500-601:

;ShUtt;'F T. 1925. Influence of grain: 0row1ng on the nitrogen and
organic matter content of ghe western soils of Canada. Dom."Can.
Dep. dgr. Bull. N.S. 44.7 Cited bv Newton et al. 1945. S¢i. oA
Agrlc 25: 718-737. ’

Slngh B.R. Kanehiro Y. +1969. Adsorption and nitrate in amorphous
and” kaollnlte and kaolinitic Hawaiian 501ls 3011 Sci. Soc.
Am. Proc. 33: 681-683. ) N o

Smid, A.E. Beauchamp, E.G. .197s. Effect of temperatnre and organic ,— "
matter ohvdenitrlflcatlon in soil. Can. J. Soil Sci. 56: 385- 7/ '
391 Y : . - oo oo

,

Spratt 2 D., Gasser, J. K R.~ 1970. Effect of ammonium and nitrate

forma.of nitrogen andgrestrlcted water supprv on growth and
nltrogen uptake of a:, Can@}J Soil Sc1 50: 263-273.

Stanford G., Dzienla.{fv‘%déf 1, R. A 1975. Effect:of tempera—
w tufe on denitrificatién rate’ Al sodls. Soil Sq1 Soc jAm Proc
39: 867 870. g - )

i .
. s
A

N appllcatlon and source af N on the wield and N content of corn.
R . P .
o Agronlgl\ 615 381—384 g:f T @ ) . .

StOJanovif, B.J., Alexander, M. 1958. Eﬁfect of inorganic nltrogen..' .JC'

on ni tificatlon Sbll Sc1. 86 508—215 .
. . . . 4 B
. ¥ C} i v, . .
Stojanovic, B.J. Broadbent F.E. 1956 Inflyence of law Lgmperature
on nitrqgen transformatlon in honeove silt loam Soi
84y 243-248. ) oL . . .
: \ - : - : ‘ ﬂ. % . ' ol ’ 2 . " * E .

Thlagalingam K., nanehiro;__ :"73.; Effect of temperature on nitrogen
¢ transfqgmatlon in Hawaii:-n-oils .Plant "and Soil. - 1v7-189.

i ' @ ‘
'ﬁmr, G. 0_,; Warren; L.E., Andriessen$ F.G. 1962. Effect of f"—ch],orO-«"

6(tr1chloromethyl) pyridine on the nitrification.of anmortium
fertllizers in field soils. Soil Sci. 94: 270- 273

. . : -

Tyler, K.B. , Broadbent, F.E., Hill, G.N. 4959. Low temperature effects
of nltrificat&on in.four Californla soils.. Soil Sci. 87: 123-
129 . , _ . . L

U.S.D.A. 1954. Diagnosis and improvement of saline and alkall 30115 .’
Agr. Handbook No. 60. "L.A. Richards, Ed. : )



163

\‘ ."'&
. Viets, F.G. 1965. The plant's need for and use oﬁmhitrogeﬁ. In
) soil Nitrogen, pp. 508%554. Monograph Y“o. 10, Am. Soc. Agron.

Madisvn, Wisconsin. W.V. Bartholomew and F.E. Clark, Eds.

Wafa, K., Harward,«M.E.” 1974. Amorphous clav constituents of soils. v

Adv. Agron. 26: 211-26Q. - R

agner, G.H., Smith, G.E.;;  gf 1trogen losses from soils fertilized
with different nitrd¥en gsriers. Soil’ Sc1‘“’85 W 125-129. ‘ g

~aksman, S.A., Madhock, M.R. ‘=937 Influence of light and heat upon
‘the formatlon of nitrates in sgil. Soil Sci. 44: 361-375. .

‘Watt,.G.W.,-Chrisp, J.D. - 1954. Spectophotometric method for deter-
mination of urea. Anal. Chem. 26: 452-453.

y :
Welch, L.F., Johnson, P.E., Pendleton, J.W., Miller, L.G. 1966. .
Eff1c1encv of fall- vs spring-applied nitrogen for winter wheat.
Agron. J. 58: 271-274. . s <

We1lman, R.P., Cook, F,D., Krouse, H.R. 1968, KNitrogen—lS; Micro-
bial ajteration of abundance. Sci. 161: 269-270. o
. . =1 o . ar Vi . R ;}wfq
E Wetselaar, R. 1962. Nitrate' disgmibution in tropical soils. III', .
} Downward movement and;accuyu ion of nitrate in the shbsoil
¥ Plant and Soil-16: 19-31. * . = . ,
d Wetselaar, R., Passioura, J. B’, Singh, B.R. 1972. Qpnsequences of
bandlng nitrogen fertilizers on soil. 1 Effects on nitrifica-
tion. Plant and’ 801l 36: 159-175. .

i

Y ‘ : : ‘ SRR R
WiddoﬁgOn,'F.V.,‘Penny, A., Williams, R J B. 1961. Autumn nitrogen -
fbrlyinter wheat. J. Agr. Sci.’ L 329- 332 '

.
’ L

Wijler, J;, ﬁelwighe, c.C.. 1954, '~invest1gat10ns on the denitrifving
process in-soil.- Plant and Soil. 5: - 155-169.»

- | . . (‘}

- ,
- l ¢ w



8. APPENDICES

APPENDIX A

" MISCELLANEOUS DATA TABLES

W~

'(A
P
.
“r
“)
- .
AN
»
4
. M =



ﬁ&uwh..m Do

v
C
— 2 )
— .wu -
. N . ,,M
\ o & = -
2 B &3 v\w _
AR %°g i) unyeg dTwezouiayy Lein jae(q M qo0T13189
9°9 9°'9 &wu ufTeys dTwazou1aqy %mu.o:.,fmm apy muﬁamumH ;
5 0°¢ 19 g3 ~42103 1 7 tostant 4exg. up BUTTA
¢z G'9 1S e w,.c.ﬂxoou _T0sTANT] Aexn wg aje] Lyjoug
¢ 01 09 10TS oE.Hmz DFWAZOUIBYY) YoeTg d 13 STT18a2TTYH
o.m. €L 1 ..9. unyed dTuzouisyy Ae1n dqaeq 349 Juowaady
€9 6'9 10 i STIpary SFwazourayy, 3oe iy 1a anoorTaq
0°¢L 0°8 10 Bovmmz - T084aTH CIIuD 1I poomue)y
S'¢ 1/ 1 wooswuﬁcz TostAng Lein’ 1un 1 mooscwo
~ £y N..w_,; 1 oy »A.msmc ) Homxwﬁw POIBTADTY 10 ,.(‘v%eﬁmo.
ERR b9 Eh) MOpEIY  911BABN 1 1084319 ng ~-paogyng
A% AL 1 uo3sag Wmf:s Ke1g ag
% (P23BY i 1) _ S
6°9 99 1D 38pTy wzw& dTwazouiayy oeig ug p1o22y uog
Ly L9 10 Emﬂni uEm.N.oEm:u feip A1eq 14 Mg’ antg
Lozl T % ©9°0) (§°2:1) %uxme mwﬁumm HHOm uojleuldysaq uoT3IB|d07]
. W0, nd , o
! \bz = ) . i -
; *sjusuTIadxa Uf pasn (wd ¢T-0) STFOS 8yl jo uofadyiosag ‘I 9Tq®e]

1,



Table 2. pH of soils used in experiments.

Location - 0-15 cm 15-30 cm 30-60 cm

Blue Sky o : . 7.0 7.1

Bon Accord ' 3.6 ' ‘6.1 5.8

Breton - 6. ' 6.3 6.6

£

Calmar . 8.2 | 8.6 8.7 | 8.7

Canwood = -~ 7.1 7.2 7.7 n.d.x .

Delacour - 6.4 n.d.*

Egremont i ?7.3._ . 7.8 ” 8.0 8.3
Ellerslie 6.0 TS SRR RN . 6.0
3 ’ A v N * E
. . . } L B wt, A ) v R L N
Smoky Lake = 6.5 S 7.2 S 7.2 7.3
M - . h : s o . " . ‘4._ o ‘ :
| Warépite'n i1 v 6.6 " 1.0~ T n.d.* o
, IR W : " ¢ . .
R o w.',‘ R RPN . " ] 4 M
@ AT e o ) v B P i I
. | . ‘: . ‘ u’ ‘ o - RN 3 ‘ . - s k3
. . ST ) Q



Table 3. Soil ﬁoisture characteristacs of soils (Q-lS cm)

AR
R
Percent moisture <
Location‘Q Air dry Saturation 1/3 bar 7 bars 15 bars
g .

Blue Sky 2.8 55.9 29. 21.3 8.6
Bon Accord 5.1 58.5 30. 20.5 13.5

- : .
Breton 1.9 A 24, 15.7 8.6
Calmar 4.0 48.4 26. 18.9 10.9
Canwood 3.7 46.3 23.2 15.3 /7.0

. ’ U
Delacour 4.1 59.4 31. '23.5 '16.9%
Egremont v 3.6 40.2 20. 13.8 9.8
o .

Ellerslie 5.6 76.1 39. 28.9  18.1
Smoky Lake 1.3 30.4 15. 10.9 6.2
Warspite 3.5 55.2 29. 20.8  12.3,
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Table 4. Bulk density (Db) of soils.

Location 0-15 cm 15~30 cm 30-60 cm 60—9% cm  90-120 cm
Blue Sky 136 1.39 1.59 1.64 1.70
Bon Accord ) 1.32 . 1.30 1.66 1.70 ‘
Breton ) 1.31 1.41 1.74 - n.d.*
Calmar 1.61 ;611;_.89 2.01 1.98
Canwood 1.39 \' 147 1.s4 1.61
Delacour 1.14 “1.23 1.42 7 1.53 %
Egremont 1.30 1.50 1.69 LA g,
Ellerslié 0.99 1.03 1.21 .45 1.59
Smoky Lake ‘i 1.44 - 1.50Q. 1.49 o 1.51 n.d.*
Warspite §-23 L4000 1430 - 147 n.d.*
/ R
© *Not gone |
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Table 5. Mechanical analysis of soils used in experiments.
e N
¥ R PO
Location Depth (cm) ZSqﬁ.ﬁ'-‘; %#Silt %Clay Textural Class
Blue Sky 0-15, , 6 32 32 _ CL
T 15-30 30 32 38 CL
30-60 22 18 60 C
" Bon Accord 0-15 24 40 36 - CL
15-30 32 38 30 CL
30~60 38 32 30 CL
60-%90 12 .38 50 : o
Breton 0-15 44 32 24 L
: 15-30 32 36 32 CL
30-60 34 26 40 ; CL o
Calmar Q-15 43 < 30 C27 A L
15-30 38 23 39 CL
30-60 36 28 36 ' CL
60~90 s 38 26 36 CL
Canwood . 0-15 38 41 21 - L
15-30 24 46 30 CL
30560 44 30 26 - _ L
Delacour 34 37 - 29 " c.
38 36 o CL
Egremont ‘:rr*;‘. 28 22 L
40 26 34 A
. | 42 20 38 ; CL
Ellerslie 0-15 20 42 38 . SiCL -
© 15-30 C 22 40 - 38 sicL | ,
30-60 22 38 - 40 CL . v
Smoky Lake 0-15 69 21 10 SL
S © 15-30 56 20 24 SCL
i 30-60 58 . .-18 24 - SsCL
3 60-90 C 40 - 24 36 CL, %
Warspite 0-15 RS> BIIPE: - S T - er
- . 15-30 , . 28 38 34 -, CL
. 30-60 .. 32 32 36 CL L
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Table 6. The content of NH,~N and NO3-N of soils in late
: September, 1973 used for field experiments.
3
. ’
The soil content of NH,~N and NO3-N (kg/ha) im
0-15 cm depth . :
Location NH,-N , ) ; NO3~-N * Total
Calmar 4.6 d7.5 : 11.9
Ellerslie 7.1 24.8 31.9 \
. N -
Smoky Lake 4.2 4.3 " 8.5
3.3 0 9.5 : 128

Warspite

S
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Table 13. S8oil moisture content of various soils at different times
in 1974-75.
Soil moisture (%)

Location Date 0-15 cm 15-30 cm 30-60 cm 60-90 cm
Blue Sky Oct. 30, 1974 25.3 26.3 21.3

Dec. 6, 1974 26.5

March 1, 1975 27.7

May 18, 1975 29,1 28.3 22.0
Bon Accord Oct. 7, 1974 29.8

Oct. 21, 1974 38.7

Oct. 27, 1974 40.3 34.8 - 27.8 29.4

Dec. 6, 1974 38.1

Feb. 28, 1975 42.8

April 18, 1975 63.1 (Free water on soil surface and

frozen ground below 20 cm)
April 24, 1975 42.8 38.9 “"he ground was frozen
below 35 cm)

May 2, 1975 31.4 37.0 28.4 30.1
Calmar Oct. 6, 1974 17.6

Oct. 22, 1974 25.8 -

Oct. 29, 1974 27.0 17.2 16.7 29.9

Dec. 10, 1974 25.9 ‘

March 8, 1975 28.1

“April 20, 1975 41.7 29.1 (The ground was frozen

below 28 cm)

May 5, 1975 - 28.8 24.4 23.1° 31.1
Canwood Oct. 16, 1974 18.7 18.6 12.0 16.9

“ Dec. 27, 1974 17.8"°

March 15, 1975 19.9

May 7, 1975 20.4 18.1. 14.3 17.2
Delacour "Oct. 8, 1974 ;9.9

Oct. 25, 1974 J11.3 14.2 ©11.3

Dec. 8, 1974 10.0-

Feb. 26, 1975 10.9

April 11, 1975 . 10.5

April 26, 1975 9.1

May 9, 1975 16.4 19.3 10.9
Egremont Oct. 7, 1974 12.6

Oct. 20, 1974 10.0 ‘

Oct. 27, 1974 22.9 15.2 11.5

Nov. 7, 1974 21.7 17.8 10.1 16.1

Dec. 6, 1974 20.6

March 11, 1975 21.7

46.2

April 16, 1975



178

¥ Table 13. (Continued)
- ) Soil moisture (%)
Location * Date s g 0~15 cm 15-30 cm BO—GQ\cm 60-90 cm
Ve '
April- 24, 1975 39.8 26.4 16.8 (The ground
was frozen below 40 cm)
Mav El, 1975 24.9 21.5 14.9 17.0
Ellerslie , Oct. 6, 1974  18.1
(Field I) Oct. 20,-1974 24.4
Oct. 29, 1974 25.9 19.7 14.1
Nov. 17, 1974 24.9 18.8 14.7 10.4
Dec. 4, 1974 26.6
March 11, 1975 23.1 i
April 21, 1975 73.2 (The grou 5\frorzen below 14 cm)
April 28, 1975 59.4 34.9pd,wg$\ .
May 3, 1975 34.5 30.1 18.9 19.8
Ellerslie
(Field ID) o 0 27, 1974 . 22.2 18.9 16.1 19.6
Nov. 2, 1974 24,2 20.4 18.4 19.1
Dec. 4, 1974 24.9
March 11, 1975  25.3 ,
April 21, 1975 70.4 (The ground was frozen below 12-cm)
April 28, 1975 54.7 30.4 (The ground was frozen
below 35 cm)
May 3, 1975 29,1 29.9 18.9 . 18.7
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Table 14. Nitrogen fertilizers and other chemical compounds used in
’ experiments.

Solubility in
Chemical Name ‘ Chemical formula “N water (g/100 ml)

<

nitrate NHNOy 34 118.3 @ 0°c

Apmonium sulphate (NH,) ,S0,, 21 70.6 @ 0°C
Calcium nitrate Ca(NO3) o 15.5 50.5 @ 0°C
Calcium sulphide ca$ -— 0.021 @ 15°%
PHosphorus penta- N |
P,S : _—
sulphide 255 Insoluble
Thiocacetamide : NH,CS CHj 18.7 _—
Thiourea t NH,CS NHp 36.8, 9.18 @ 13°C

Urea =+ NH,CO NH, 46 78.0 @ 0°C
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Table 15. The pH of three Alberta soils after incubation with
various levels of NH;~N as (NH4)7SOA.

\Y

Soil pH(1:2.5)

Treatment Soil I* Soil IT** Soil TII***

Control _ 6.4 7.2 5.9

50 ug NH,-N/g 5.8 6.8 5.7

100 ug NH,-N/g 5.7 6.6 . 5.5

200 ug NH4~N/g 5.3 6.6 5.4

300 ug NH,-N/g 5.3 6.5 5.4
*S0il I - Cooking Lake (from Smoky Lake, Alberta).
**So{1-IT =~ Falun L (from Egremont, Alberta).

*%%Soil II1 - Malmo SiCL . (from Ellerslie, Alberta).

v
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Table 16. Effect of different .amounts of thiourea on the mineral
N(NH,-N + VOJ—N) recovery from urea applied at a rate
of 56 kg N/ha on two soils in field experiments.

-

13

Apparent % recovery of applied N as NH4-N + NO3-N

(0—13 Cm)* ’
) At 4 weeks At 8 weeks o
Treatment? ~.Malmo SiCL Whitewood . Malmo SiClL  Whitewood L
Urea 93a 94a 88a 91a
Urea + thiourea
(10:1) 96a 83b 86a 89a
, Urea + thiourea ,

:;‘ (5:1) ) 80b . 85b 86a 88a
Urea + thiourea
(2:1) . 55¢ . 84b 8%a 93a
Urea + thiourea :
(1:1) 45d 58¢ 91a 89a
Urea + thiourea ,
(1:2) 35¢e ‘ 48d . 73b 78b

Thiourea 26f 22e 37¢ 65¢

fFertilizers were placed in bands in all the treatments.
*The values were calculated as

Mineral N recovered uj , (?ineral N recovered

fertilized treatment B in the control

N applied

In each column, the values are significantly different
(95% level of probablllty) when not followed by the same
letter.

X 100



Table 17. Equations for the rates of nitritication dhg NO3=N
losses at different temperatures and soil moisture
levels, )

Rate of nitrification and incubation temperature '

o o
Between -4 and 4 C
Relative rate of nitrification

i

0.004(temperature, © ) + 0.021

o o
Between 10~ and 20 C
Relative rate of nitrification

0.031(temperature, ?C) - 0.084

Between 20O and 3OOC
Relative rate of nitrification

~0.088(temperature, °C) + 2.760

Between 30O and AOOC
Relative rate of nitrification

-0.012(temperature, “C) + 0.478

Rate of nitrification and soil moisture

Between 0 bar and 1/3 bar éoil moisture tension
Relative rate of nitrification = 3.030(s0il moisture tension, bar)/

Between 1/3 bar and 7 bar soil moisture tension

Relative rate of nitrification = ~-0.067(s0il moisture tension, bar)
: + 1.022 :
Between 7 bar and 15 bar soil moisture tension
Relative rate of nitrification = -0.024(s0il moisture tension, bar)
+ 0.724

t

Rate of NO3;-N loss and incubation temperature

Between -4° and 4°¢
Relative rate of NO3—N loss

it

OJOO&(temperature, °c) + 0.051

Bétween 40 and lOoC

Relative rate of NO3—N loss -

Between 10o and 20°C
Relative rate of NO3—N loss

0.098

0.0&Z(tempefature, OC)

0.012(temperature, OC) + 0.200

Between ZOo'and 4OOC

Relative rate of N03—N loss 0.116 Y

It
1

0.028(temperature, OC)_

Between 400 and GOOC

Relative rate of NO3—N loss 0.004 (temperature, OC) + 1.160



Table 17. (thtinuéd)

Rate of NO3-N loss and soil moisture

Between 0 bar and 1/3 bar soil moisture tension

Relative rate of NO3-N loss = -2.255(soil moisture(tension;:bar)

+1.000 . G

N}
/

Relative rate of NO3-N loss = =0.026(soil moistyFetedsion,
+0.265 e \\

ELR

Between 1/3 bar and 7 bar soil moisture tensionﬁw¢,'§$

Between 7 bar and 15 bar soil4ﬁoi§?ﬁré tenéi?ffg‘\ '
Relative rate of NO3-N loss = -0.008 (s0il moisture tension,

Y A
+:0,139 AN

bar)

bar)
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APPENDIX B
,/\ M :
RATE OF HYDROLYSIS OF UREA AS INFLULLCED ‘\\
BY THIOUREA AND PELLET STZE )

ABSTRACT

Two incubatlon experiments and a number of field experi;gan vere
conducted to determihe the effect of soil moisture tension, rellet size
and addition of thiourea to urea on the rate of urea hvdrolysis. In
the incubation experiments at ZOOC, the rate of hvdrolysis of urea
increased from 15 bar to 1/3 bar soil moisture tension, with the largest
change (doubling) occurring from 15 bar to 7 bar soil moisture tension.
Increasing pellet size retarded the rate of urea hydrolysis bv about
22% with urea pellets weighing 0.21 g as compared to 0.01 g urea pellets
after 114 . When thiourea‘(a metabolic inhibitor) was pelleted with

,,J

ureaz in a ratic of two parts urea and ope cvart thiourea, the inhibition
v
effect was doubled.
In a field experiment, tHe addition.of thiourea to urea and in-

creasing pellet size suppressed the rate of urea hydrolysis considerably

fecr 8 davs. The amount of urea hydrolyzeé with urea + thiourea (2:1) .

l

pellets weighing 2.51 g was one-fourth of the amcount of urea hydrolyzed

with 0.01 g pel” of urea alone. In the other six field éxperiments

which were set out in Jdctober, only 22% to 33% of urce: ' thiourea (2:1)

was hydrolyzed @ two seeks after application, while . 'st all of the
. . .

urea was hydrolyzc . nen it was mixed into the soil without an inhibi-
tor.

»

Under our field conditiong, the Nydrolysis/of yrfa can be inhibited
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tor at least one week. The innibition or urea hvdroivsis appears to
be preat enough that the problems encountcered from the rapid hvdrolvsis
of urea, wherever these occur, may be reduced by combined use of thio-

urea and either increased pellet size or band placement. -
. ‘ (

INTRODUCTION

In most soils, urea is rapidly hydrolvzed to ammonium through soil

urease activity. The resulting accumulation of ammonium and concomitant
~rise in pH which can lead to several problems sﬁch as damage to seed-
lings, nitrite toxicity, and gaseous loss of urea N as ammonia, has
‘been repdrted by Martin and Chapman (1951), Volk (1959), Wahhab er®al.
(1960), Court et él; (1964a, 1964b), Gasser (1964), and Overrein and

Moe (1967). The effect of inhibitors on the reduction of hydrolysis

of urea in soils has been demonstrated in incubation studies by
Kistiakowsky and Shaw (1953), Moe (1967), Bremner and Douglas (1971,
1973), and Gould (1976). The volatilization loss of ammonia from.urea &
' applied to a forest soil was substantially retarded bv increasing the
pellet size in a field study by Nommik.(l956). He further 5uggesped
that the retardation effect was probably due to decreased rate of urea

hydrdlysis. —

The present study was carried out to inhibit the rate of hydrolysis
through the use of thiourea (a metabolic inhibitor) with urea and by

increasing the pellet size.

MATERIALS AND METHODS

Two incubation experiments with two different soils (Malmo siltwy



clav loam and Falun loam) were conducjed to determine the rate of

|
hydrolvsis of urea as influenced by moiscire levels, method of appli-
cation, pellet size, addition of thiourea (an inhibitor of hvdrolysis).
The description of the soil ﬂsed for the.experiments is given in
Table 1. One thousand grams of air—dried;Ap Qorizon (0-15 cm), ngund
and passed through 5.0 mm diameter sieve, were weighed into pots (11.0
cm diameter x 12.0 cm nhigh). The soils were incubated at exéerimenta]
moiéture.levels and temperature.of 20°C for a week before treating them
with fertilizers. Urea and urea + thiourea pellets were spread uni-
formly over the soil surface. The pnots were closed with plastic having
holes, 3 mm in diameter, to a]}ow acration ané incubated for different
periods ofltime. All the containers were randomized and moisture levels
were maintained fo; thé duration of the experiments. Soil samples were
taken at various times, and analyzed for their content of urea with
éolorimetric procedure as outlined by Watt and Chrisp (1954). The
experimental design for these experiments is given in Table 2;,

The field experimenﬁs were conducted in central and northern
Alberta. The climate of this area has an average annual precipitation
jof 350 mm to 475 mm and an average annual température of 2.5°C.

One field experimeni was conducted with different sulphur éom—
pounds as inhibitors in Augustf i974 on a Malmo silty clay leoam soil.
There were sixAcreatments: (1) control, (2) urea, (3) urea + ﬁhiourea,
(%) urea + thioacetamide, (5) urea 4 calcium sulphide, and (6) urea'

+ phosphorus pentasulphide. Except for the control, all the treatments

received nitrogen at a2 rate of 112 kg N/ha and the fertilizers were

[

18¢
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banded .t ¢ depth of 5 cm.  fuca treatment was replicated fpnr times
in a randomized complete hlock desien. Individual plots were 6.8 m o
1.8 m. Soil samples were taken to 4 dgpch of 15 ecm with & coring tube,
2.0 cm in Qiameter, and were‘analyzed for only NHQ—N and NO,-N content

3

using the steam distillation method described by Bremner and Keenev
(1966).

Six‘field experiments were set out in™the fall of 1974 to find
the effect of thiourea and method of application on the rates of hydro?
lysis of urea. The description of soils used in the experiments is
given in Table 1. There were five treatments: (1) control, (2) urea-

mixed, (3) urea-banded, (4) urea + thiourea (2:1)-mixed, and (3) urea

"
'

+ thiocurea (2:1)-banded. A}l tue treatments were renlicated four

times in a randomized complete block design. Infiividusl plots were

6.8 mx 1.8 m. The élots\which received band placement codfained 3
rows, 23 cm apart, and the fertilizers were banded at a deptH of 5 cm.
The mixed application consisted of spreading the‘fertilizer on the

soil surface and then mixing it into the soil 10 cm deep with a
"rototiller". The soil samples from the plots with fertilizers mixed

. VTN ’ \
into the soil were taken to a depth of 15 cw/gitﬁ a coring tube, 220 cm
in diameter, while the plots which receivé& band placement were sampled

by taking a volume (46 cm x 15 cm x 15 c&& of soil aéroés the bands. .

The soil samples were analyzed for only NHA—N and NO3~N content as

v
’ s

described previously.

To determine the effect of pellet size and thiourea under field

conditions, an.experiment was set out on a Malmo silty clay loam soil



in late August, 1975. There were seven trcdtmeﬁts and cach treatment
was replicated four times in a randomized complete block design:

(1) control, (2) urea (0.01 g each pellet)., () urea + thiourea——2:]
(0.01 g each pellet), (4) wea (0.21 7 cach pellet), (5) urea + thio-
urea--2:1 (0.21 g each pelict), (6) urea (2.26 g each pellet), and

(7) urea + thiourea--2:1 (2.51 g each pellet). Nitrogen was applied

at a rate of 112 kg U perAhectare. In all treatments, except those
receiving 2.26 g~ or 2.51 g-pellecs, the fertilizers were banded 5 cm
deep in rows 23 cm apart. The pellets greater than 2 g were applied

by hand every\30 cm in a grid pattern, at a depth of 5 ecm. Individual
plots were 6.8 m x 1.8 m. Soil samples in all the trealments, except
those which received greater than 2-g pellets, were obtained by taking
a volume of soil (46 cm x.15 cm x 15 cm). 1In treatments which received
‘greater than 2-g pellets, representative soil saﬁéle was taken from a
volume of soil obtained by digging a hoie (30 cm x 30 cm x 15 cm). The
soil samples were air dried, éround to pass through a 2.0 mm diameter
sieve and analyzed for the content of NHQ—N and NOB—N as described
previously.

The recoveries of fertilizers were calculated by taking the differ—
ences between the contents of NHA-N + NO3—N or urea{ in the controls
and in the fertilizer treatments. The hydrolysis of urea in the incu-
bation experiments was based on the amounts of urea recovered from the
treated soil Famples, while the hydrolysis in the field experiments was

determined from the contents of NH4 =N + NO3—N recovered in the treated

s0il samples. - Both of these techniques were-found to be in good agree-

191



ment.
RESULTS

Rate of hvdrolvsis of urea and urea + thiourea (2:1) in the incubation

experiment

The rate of urea hvdrolysis increased with soil mois

re from 15

bar to 1/3 bar soil moisture tension (Table 3). The rate o hvdrolysis

at 1/4 bar was 2.6 times greater than at 15 bar and 1.3 timep greater

than at 7 bar moisture temsion after 160 h incubation. Frog the data

it is seen that a considerable amount of hydrolysis can be dgpected at

wilting point moisture content of the soil. At all moisture

\

the hydrolysis of urea was inhibited significantly by addition of thio-

urea to urea. After 80 h incubation, at 1/3 bar moisture, only 27% of
urea was hydrolyzed in urea + thiourea (2:1) treatment as compared to

65% when.urea alone was applied.

Effect of pellet size, method of application and thiourea on the rate

of urea hydrolvsis in the incubation experiment

In all the cases, the amounts of urea hydrolyzed were significantly
greater with urea mixed into the soil than with top-dressed urea (Table
4). The rate of hydroiysis decreased with the increased size of pellet,
the pellets weighing 0.21 g for urea freatments had aontVZZZ l;wer'

hydrolysis than with 0:01 g urea pellets. The inhibition effect of

increasing pellet size was enhanced when thiourea pelleted with urea in

2:1 ratio was used. At 114 h incubation, the amount of urea hydrolyzed

192



with 0.01 g urea pellets was about 1.5 times greater than 0.21 g pellets
it

of urea + thiourea (2:1).

Comparison of various sulphur compounds in inhibiting.urea hvdrolysis

in the field experiment

At 35}Hays after fertilizer application almost all of the urea N
was hydrolyzed, but the hvdrolvsis was‘delayed‘by the addition of thio-
urea to the urea (Table 5). Only about 43% of the N in the urea + thio-
urea and urea + thioacetamide fertilizers was hydrolvzed after 35 days.
The time over which the inhibition continued was longer than‘the other
experiments. This probably was due to low moisture content of soill at
the time of~fertilizer application and for th; next 35 dayvs (greater
than 15 bar soil moisture tension). This ex;eriment showed that all
four compounds reduced the rate of hydrolysis of urea, but thiourea.and

thicoacetamide were both more effective than phosphorus pentasulphide

and calcium sulphide.

Effect of method of application and thiourea on hvdrolysis of urea in

six field experiments

In the field experiments on Malmo ;ilty clay loam and Angus Ridge
clay loam (Table 6), soil éampling at 14 days after fertilizer applica-
tion showed 88% and 927% hydrolvsis of urea mixed intoothe soil, réspec—
tively, «.d 747 and 78% hydrolysis of urea banded in the soil, respec-

tively. Tk ‘lysis of urea + thiourea was much lower, with only

37% and . 0 . 5is with mixed and banded applicationms, respectivély.
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In the other four field experiments (Table 5), urea alone m;xed or
banded in the soil was almost completely hvdrolvzed when the soil was
sampled 14 davs after application. Howevé?, with the urea + thiourea
fertilizer, hydrolysis was about 50% when the fertilizer was mixed into

the soil and only about 30% when the fertilizer was banded.

)

The average soil temperature in October at a 10 cm depthtwas 6OC.5

The soil moisture at the time of fertilizer application at different
locations varied from 0.1 bar to 15.9 bar soil moisture tension. A few
days after the fertilizer application, some of the soils géined mois-
ture due to a rainfall. However, the amount of hydrolysis did not vary

much. from location to location.

4

Effect of thiourea and pellet size on the rate of urea hydrolysis in

the field experiment

Soil samples taken at 8 days showed that the hydrolysis of'urea

was significantly suppressed with the addition of thiourea to urea

(Table 7). This effect was further increased by incredsing the pellet

size. At 8 days, almost all of the urea N applied was hydrolyzed in
treatments which received 0.01 g urea pellets which is abou; 1.5 times
greater than 2.26 g urea peiiets. The soil was near saturation from
rainfall for most of the 8 days period. The émount of urea hydrolyzed
in treatments which received urea + thiourea (2.51 g each pellet) was

one-h 1f as much as found in urea + thiocurea of 0.01 g pellets.
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DISCUSSION

The hvdrolysis of urea was affected by soil moisture level; method

of application, and use of inhibitors. In the incubation studyv, urea
applied to the surface gf ﬁhe soil at a rate of 224 kg N per hectare
(approximaﬁely 200 ppm of urea N) required almost 160 h for nearly-
complete hydrolysis. Gould (1970), and Doﬁglas and Bremner (1971),
reported that in incubation studies at 25°¢ ana 37OC, urea added at a
rate of 100 ug N/g and 1000 pg N/g to soil hydrolyzed in 8 h and 20 h,
respectively. The lower rate of hydrélysis of urea in the present
investigation was probabl? due to the fact that we used urea pellets
(0.01 g each pellet, the size of commercial urea used for fertilizer)
whereas Gouid (1970), and Douglas and Bremner (1971) used urea solutions
which were thoroughly mixed into the soil.

Under incubation, the amount of hydrolysis approkimately doubled\
by increasing soil moisture from 15 bar to 7 bar soil moisture tensiop,
but there was only slight increase by.increasung soil moisture further
to 1/3 bar soil moisture tension. In the field experiments, the amount
of Bydrolysis of urea ghanged only slightly from locatioﬁ tollocation,
although there were differences in the soil moisture tefision from one
locétion to another. |

Thiourea has been shown as urease inhibitor (Kistiakowsky and Shaw,
1953). In .the present study, thiourea pelleted with urea suppressed the

hydrolysis of urea by about 50% for approximately omne week, regardless
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of the size of the pellet and the method of application.

In a field experiment, while studying the extent of ammonia loss
from surface applied urea materigls of different sizes to a forest
soil, Nommik (1956) reported that the gaseous loss was significantly
retarded by increasing the pellet size. He further suggested that the
retardation effect was probably because of decreased rate of hydrolysis.
In the present work, the rate of hydrolysis of urea in a field experi-
ment was inhibited by one~third with increased pellet size, from 0.0l g
écdhmercial ﬁrea) to 2.26 g urea pellets. The addition of thiourea to
urea in bigger pellets reduced the hydrolysis to one-fourth as compared
to urea +‘thiourea of 0.01 g pellets. |

In six field“experimenCS, the addition of thiourea to urea reduced
the amount of hydrolysis of urea to one-half. The pand placement of
urea + thiourea (2:1) inhibited ‘the hydrolysis to' one-third. Therefore,
the use of thiourea with ure;, and ghe application of this fertilizer
in bands, substantially reduced the ;mount of hydrolysis of urea in the
fieid. Bundy and ﬁremner'(l9742 found that tﬂé use of inhibitors,

>
which have little effect on urea hydrolysis, but inhibit nitrification,
promoted gaseous ioss of urea N as ammonia produged from very rapid
hydrolysis of urea. Thg'rapid hydrolysis may result in the acéumula—
tion‘of large amounts of nitrite which are toxic to seedlings, and
result in gaseous loss through chemical decomposition of nitrite.
(Court ef al., 1964a and 1964b; Gasser, l9é4).~ Thiourea,han inhibitor

of urea hydrolysis. - d also an effective inhibitor of nitrification,

may reduce any problems encountered in the use of urea as a fertilizer.

196
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This study suggested that the use of an inhibitor, which can sup-
press the hydrolvsis and subsequently the nitrification, together with
increasing the pellet size, or the band placement, of urea, will reduce

the hydrolysis of urea under practidal conditions.
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Table 1. Description of soils used for experiments.

199

Location Soil type Soil Gréat—Group* pH . OM(%)
(1:2.5)

Bon Accord Aﬁgus Ridge clay loam Black Chernozem 6;6 6.9
Calmar Demay loam Gleysol 8.2 4.3
Delacour Airdrie clay loam Dark Brown Chernozem 6.9 6.3
Egremont Falun loam Dark Gray Cﬁernozem 7.3 5.0
Ellerslie Malmo silty clay loa% Biack Chernozem 6.0 10.5

J Gray Luvisol 6.5 2.5

Smoky Lake Cooking Lake sandy
loam

*According to The System of Soil Classification for Canada, 1974
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Table 3. Hvdrolvsis of urea + thiourea (2:1)* applied at a rate of
224 kg N/hg to a Falun loam soil in an incubation experi-
ment at 20°C and 1/3, 7 and 15 bar soil moisture tension.

L Soil moisture Urea hvdrolvzed as percent of applied**
Treatment . tension (bar) 20 w 40 h 80 h 160 h
Urea 1/3 18 a 36 a 65 a 96 a
Urea + thiourea -
- 2 52

(2:1)* 1/3 6 ¢ 13 ¢ 27 ¢ 52 ¢
Urea 7 11 b 23 b 45 b 75 b
Urea + thiourea

(2:1)* 7 3d 10 d 20 d 27 e
Urea 15 6 c 13 ¢ 26 ¢ 37 d

Urea + thiourea
(2:1)* 15 1d

i~
]
H,

1le 16

*Two parts of urea and one part of thiourea were pelleted together
o and the pellets were top-dressed on the:surface.
. **For each column values are significantly different (95% level

of probability) when not followed by the same letter.



Table 4. Influence of pellet gize, method of aprlication and
thiourea on hvdrolvsis of urea applied ut a rate of

224 kg N/ha to two soils in an incubation experiment

' at 20°C and 1/3 bar soil moisture tension for 114 h.

'

Urea h&drolyzed as percent

Method of Pellet . of applied#**
Treatment application size (g) Soil I* Soil II*
?}ea . Top-dressed 0.01 67 b 72 b

Mixed 0.01 77 a 76 a
Urea + thiourea Top-dressed 0.01 30 ef 31 ¢
(2: D+ Mixed 0.01 38 d 39 d
Urea Top-dressed 0.21 55 ¢ ‘ 57 ¢

Mixed 0.21 62 b ‘ 69 b
Urea + thiourea Top-dressed 0.21 27 £ 25 £

(2: 1)+ ’ Mixed 0.21 35 de - 31 e

tTwo parts of urea and one part of thiourea were pelleted together
and the pellets were top-dressed on the surface.

*S0il I -~ Malmo silty clay loam
S0il II - Falun loam

**For each column values are significaﬁtly different (95% leveil of
probability) when not followed by the same letter.

o\



Table 5. Effect of thiourea and other sulphur compounds on
hydrolysis, of urea in a field experiment on a Malmo
silty clay loam.

Apparent % of applied N
as urea, hydrolyzed**

Fertilizer* ' At 5 weeks At 10 weeks
Urea 100 a 97 a
Urea + thiourea (2:1)% ‘ 42 ¢ ) 93 a
Urea + thioacetamide (éfl)T 43 ¢ 95 a
Urea + calcium sulphide (2:1)%+ ‘ 71 b | _ 100 a
Urea + phos;horus pentasulphide (2:1)+ 68 b 95 a

tTwo parts of urea and one part of the compound were mixed
together before application and were not pelleted.
*Fertilizers were applied on August 14, 1974 at a rate of
112 kg N/ha.
**For each column the values are significantly different Z95%
level of probability) when not followed by the same letter.

4
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Effect of thiourea on hvdrelyvsis of urea applied at a rate

Table 6.
of 56 kg N/ha in six fileld experiments (fertilizers were
applied on October 6 tuo 8, 1974).
Apparent % of applied
urea N hydrolyzed after
Soil type Treatmente 14 days**
Falun loam Urea-Mixed 95 a
Urea-Banded 88 b
U+ T (2:1)T-Mixed 46 c
U+ T (2:1)T-Banded 33 4
Airdrie clay Urea-Mixed 95 a
loam Urea-Banded 92 a
U+ T (2:1)t-Mixed 51 b
U+ T (2:1)t-Banded 32 ¢
Demay loam Urea-Mixed 101 a
“ Urea-Banded 91 b
U+ T (2:1)T-Mixed 48 ¢
U+ T (2:1)t-Banded 27 d
Malmo silty Urea-Mixed 88 a
clay loam Urea-Banded 74 b
U+ T (2:1)t-Mixed 37 ¢
U+ T (2:1)t-Banded 22 d
Angus. Ridge Urea-Mixed 92 a
" clay loam Urea-Banded 78 b
U+ T (2:1)t-Mixed 53 ¢
U+ T (2:1)t-Banded 39 4
Cooking Lake Urea-Mixed 96 a
sandy loam Urea-Banded 94 a.
U+ T (2:1)t-Mixed 49 b
U+ T (2:1)t-Banded 32 ¢

TU + T (2:1) - Two parts of urea and one part of thiourea were -

pelleted together.

*Mixed and Banded Tefer to method of fertil
the values in each column are significantly
y) when not followed by the

**For each location,

different (95 level of probabilit

same letter.

¢The average weight of urea pellets was 0.01 g, but that of urea

+ thiourea pellets was 0311 g.

izer application.
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Table 7. Effect of pellet size and thiourea on hydrolysis of urea
at a rate of 112 kg N/ha in a field experiment on a Malmo
siltv clay loam on August 20, 1975.

Pellet Apparent % of applied N as urea,
Fertilizer_ size (g) hydrolvzed at 8 days (0-15 cm)**
Urea 0.01 98 a
Urea + thiourea (2:1)%* 0.01 49 d
Urea : - 0.21 84 b
Urea + thiourea (2:1)* 0.21 36 e
Urea ' 2.26 63 ¢
Urea + thiourea (2:1)%* 2.51 25 £

*The urea + thiourea 'was

89.2 kg of thiocurea per hectare.
together and the pellets were applied at°a rate of 112 kg N per
hectare considering the N in thiourea as well as urea.

**For each column values are significantly different.(95% level of

applied at a rate of 178.4 kg urea plus
Urea and thiourea were pelleted

probability) when not followed by the same letter.



APPENDIX C-
ACIDIFICATION OF SOILS BY NITROGEN FERTILIZERS

ABSTRACT

°

Incubation and field experiments were conducted to find the rate
of soil acidification of typical Alberta soils by ammonium-based fer-
tilizers. On the average of four soils, a depréssion of soil pH by
0.37 and‘O.ZO units was observed with.ammonium sulphate and urea added
at a rate of 50 ug N/g, respectively, after 6 weeks of incubation. The
depression in soil pH was lower in plots which received urea pelleted
with thiourea (a nitrification inhibitor). The depression in soil pH
was related to the amount of nitrification. In three field'experiments,
the average pH of the soils in M%y, 1974 was 0.23 units lower than iﬁ
October, 1973, when urea N was applied by mixing into the soil. Band
placamentvof urea reduced the exteﬁt of acidification of soil compared
to mixing of urea into the soil. The explanation for this behaviour

of placement of urea N was a slowing of nitrification. .

INTRODUCTION

. S
The acidification of soils by ammonium-based N fertilizers is a

fact that has long been accepted in many parts of the world. The
increased soil acidity has been attributed to fertilizers (King, 1972).
, j : , ‘

Soil acidity, when associated with ammonium-based fertilizers, results

from the conversion of NH4,to NO3 by nitrifying bacteria. The import-

r
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ance of soil aciditv in growing crops is well known (Péarson and Adams,
1967). In Alberta, some of the agricultural soils are naturally acid
and a small decrease in soil pH may eliminate the pfoduction of acid-
ity-sensitive crops (Hoyt et al., 1974). Therefore, incubation and
field experiments were éarried out to determine the rate at which some
of the typical Albérta soils écidify with the applisation of ammonium-

based fertilizers.

MATERIALS AND METHODS

Incubation Experiments

Incubation experiments with four soils (Malmo SiCL from Ellerslie,
Falun CL from Warspite, Cooking Lake SL froﬁ Smoky Lake, and Falﬁn L
from Egremont) were conducted under ééntrolled temperature and moisture
to compare various N fertilizers with Tespect tq their effect on pH.
Three hundred grams of air-dried Ap horizon (O—Z; cm) , whiéh had been
groﬁnd and passed through a 5.0 mm diame;gr sieve, were weighed into
ﬁots‘(il.O cm diameter x 10 cm high). The soils were incubated for a
.week at 20°C and 1/3 bar soil moisture before treating them with
fertilizers. There were four treatments: (1) control, (2) urea,

(3) urea + thiour%? (2:1), and (4) ammonium sulphate. Each t;eatment
was duplicated. Nitrogen was added at a rate of 50 ug N/g. All the
v fér&ili;érs’were banded at a depth of 3.8 cm below the surface ;n a
groove‘6.25 cm,loqg and 0.5 cm wide in the center of the pot. The

pbts were closed with plastic with holes, 3 mm in diameter, to allow

aeration. 'All the containers were randomly arranged and moisture



levels were maintained at 1/3 bar soil moisture tensic. . The experi-
ments were conducted for a peribd of 6 weeks from the mi.idle of
January to about the end of February, 1974. The so}l samples were
taken at six weeks, air dried, ground to pass through 2.0 mm sieve,
and determined pH of 1:2.5 soil water suspension with a pH meter. The
samples were also analysed for NHA—N and N03—N using the distillation

method described by Bremner and Keeney (1966).

Field Experiments

Three field EXperiments were conducted to detefmine the rate of
% ' .

acidification of soils with various nitrogen fertilizers and te,see
the effect of mefhod of application (mixing into the soil and band
placement) of "ertdilizers on the rate of écidification. Three field
experiments: at Ellergli;'(Malmb SiCL), Smoky Lake (Cooking Lake SL)
and Breton (Breton L) were set out in October, 1973. The description
of soils used is giveﬁ in Table 1. There wére five. treatments: (1)
cbntrol, (2) urea-mixed, (3) urea-banded, (4) urea + thiourea (2:1)-
mixed, and (5) urea + thiourea (2:1)-banded. Nitrogen was applied at
a rate of 100 kg N/ha at Ellerslie and at Bretqn, and 56 kg N/ha at
Smoky Lake. Individual plots were 6.8 m # 1.8 m énd‘each plot was
replicated four times in a randomized complete block design. In plots
which received mixed applicatilons;the fertiiizers were mixed in the
top 10 cm soil with a rototiller; while in plots which received band

~application,the fertilizers were placed 4.5 cm deep in 23 cm apart

rows. The soii samples were taken the following spring from the 0-15
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cm depth, air dried, ground to pass through 2.0 mm sieve and analysed

for pH, NHA—N and NO3—N as mentioned previously.

RESULTS

Effect of Nitrification of Ammonlum Based Fertilizers on Soil pH in
Incubation Experiments

The rate of acidification is influenced by the proportiqn of NH&
that is nitrified. The results of the incubation experiments present-
ed in Table 2 showed that the pH was decreased markedly at six weeks
in plots that received urea and ammoniuﬁ sﬁlphate. In the Faiun CL
soil, the pH was dropped from 6i68';o'6.33 with ammoni lphate and
to 6.44 with urea at six weeks. Simila%ly, in the Cook ¢ 2 SL
soil, the éH was depressed by 0.47 units with ammonium su. hate ad by
0.17 with urea, while depression in soil pH was lower (i.e., ~.07
~units) in'pléts which received thiourea (a nitrification inhibitcer)
with urea. The results in Table 2 showed that urea alone nitrified
faster than did urea + thiourea, and resulted in more dépression in
pH. The depression in pH was greatest with amménium sulphate.

Effect of Transformatlons of Fall-Applied N Fertllizers on Soil pH ' ¢
in Field Experiments

o

The results of the effect of method of application and é?e use
of thiourea‘(a nitrification inhibitor) on the acidification of soils-
- by urea, in ghree field experiments set out in October, 1973, are
given in Table 2. There‘wgs mofe reduction in soii'acidity when urea

"was placed in bands than when it was mixed into the soil. On the



average in three field experiments, the Rl by May, 1974, was depressed
by 0.15 uﬁits with banded urea as compared to 0.23 units with mixed
urea. Almost no depression in soil pH was observed when thiourea was
added to urea. This reduced acidification as a result of band place-
ment and addition of thiourea to urea was apparently due to slower
nitrification (Table 3).

“At Smoky Lake soil samples were taken two times: first in May,
1974, at seeding time and second in Sepfember, 1974, aftef harvesting
of barley. The pH results indicated that thé pH was depressed further
from May, 1974, to September, 1974, dufing»the growing.season in all
the treatments (Thbl; 3). The greater depression during the summer
was in treatments which received urea + thiourea fertilizer mixed in
the soil, but urea + thiourea banded still maintained pH higher than

other treatments.
DISCUSSION

Since the occurrence of acid soils is related to soil-type, much
of the soil acidity apparently is inherent,’ but ﬁhere are evidences of
increased soil acidity fesulting-from the use of ammonium-based N
fertilizers (Webster and McCoy, 1974; Nyborg, 1975). Similarly, in
the present study, a depression of soil pH by 0.37 and 0.20 units with
incubation of ammonium sulphate and urea,:respectively, for six weeks
in four soils was observed (Table 2). The highest production of soil
”acidity by ammonium sulphate as compared to other nitrogen sources has

been reported by Andrews (1954). In the field experiments, with urea
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e
mixed into the soil in the fall, the soil pH (0-15 cm) was lowered by

j”@b?Ut 0.20 units in the following spring.
About one-half of the farmed land in Alberta is in the range of
pH 5.6 to 6.5. Therefore, a relatively small decrease in the soil
pH would cause a large increase in the acreage of acid soils (Penny
and Hehry, 1976). The long—term use of ammonium-based fertilizers may
result in a significant reduction in soii pH and may cause potential’
problems in the production of crops such as alfalfa (Hovt et al.,
1974; McCoy and Webster,‘l977). Therefore, more work should be done
to find out. the rate of acidification of soils by use of amﬁonium—
based fertilizers and to develop the means to counteréct this effectt
During this investigation, a sﬁall part of the work was devoted
to find some practical means to reduce the rate of acidification by
‘ammonium-based fertilizers. Since the rate of acidification is in-
fluenced by the amount of nitrification, therefore the pH of the soil
will be depressed more with an ammonium-based fertilizer which nitri-
fies faster than with a slow-nitrifying fertilizer. The results of
the field experiments (Table 3) suggested that there was lgss depres-
sion in soil pH when urea was banded than when it was mixedbinto the
soil. This effect was increased considerably, when thiourea‘(a nitri—
fication inhibiﬁor) was applied with ufea; This lower depres;ion in
soil pH, as a result of band placement and addition of thiourea to
urea, was apparently due to slower rate of NO3 formation (Table 3).
Therefore, the use of inhibltors with ammonium—based fertilizers may

maintain the soil pH at higher level than the,fertilizers used without



o
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inhibitors, and may possibly eliminate the problem of soil acidifica-

tion encountered from the use of ammonium-based fertilizers.
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Table 1. Description of soils (0-15 cm) used for field experiments.

~
\chacion ///4>\Sail classification Texture (0.M.%
Ellerslie . Black Chernozemic SiCL . 10.5
Egremont Dark Gray Chernozemic L 5.0
Smoky Lake Gray Luvisol SL 2.5

Warspite Dark Gray Chernozemic - CL 6.6
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APPENDIX D

EFFECT OF THE POSITION OF MINERAL N (NHA—N + NO3—N) IN THE

SOIL PROFILE ON THE-*N UPTAKE BY BARLEY GRAIN

The resu. of the field experiments (Table 1) 1nd1cated that
one unit of fertilizer mineraf»N applied to the soil at seeding time,
resulted in more N in barley grain(than did one unit of mineral N.
found in the soil at seeding time but originating from urea N
applied the previops fall. The amount of fertilizer N at seeding
time was 56 kg-N/ha for those plots which geceived urea applied at
that rate just before seeding; while for the plots which received
‘urea in’the previous fall, the amount of net:&ertilizer mineral N
was determined on soil sémples obtained just‘prior to seeding, to a
depth of 90 cm.

The explanation for a lower ratio* of the N in the crop to the
fertilizer'N found in the soil at seeding time with fall-applied
urea 'N, than with the spring application of grea was probably caused
by a distribution of the mineral ‘N from fall- -applied fertilizer
throughout the top 60 cm or 90 cm depth whereas the mineral N from
the urea applied in the spring remained in the top layer. Given the
dist;ibutibn of mineral N throughout the top 60 cm or 90\cm layer,

the mineral N was lost during the growing season (Table 2), be those

losses through denitrification, immobilizatiom or leaching.

N in barlev grain (kg/ha)
Fertilizer N at seeding time (kg/ha)

*Ratio (NU:MN) =



While not particularlyv borne out by the results in this studv,
the following reasons for the ‘lower efficiency of mineral N leached

to deeper depths have been cited: (1) greater dilution of mineral

\

by the soil; (2) detrimental effect of poor aeration on nutrient

J
absorption MLawton, 1945); and (3) the mineral N being at lower depth
ma ot contribute to increase in vield of crops in the late groging

season, en if it becomes available to plants.

In this\iﬂVestigation, higher NU:MN ratios were expected with
fall application than with spring application, because it was thought
that in most cases the immobilized N from fall-applied N would
remineralize during the growing season and increase the N uptake by
barley grain, but this did not hgppen. The resultg with calcium
nitrate were similar to those obtained with urea. .

All the experiments did not show this‘pattgrn (Table 1). With
calcium nit;ate five of the six soils, and Qith urea e{éht of the 10
soils showed this pattern. On the Falun L soil and thJ Cooking Lake
SL soil, the NU:MN ratios were grea;er‘with fall-applied urea than
with spring application.

e These field experiments demonstrated ;hat one un;t oF Qineral N
present at the time of seeding in the top 15 cm layer resulted in-
more N in the Bgrley ggain than when one unit of mineral N recovered

in the soil at seeding time was distributed throughout in the top 90

cm depth.

*Lawton, K.- 1945. The influence of soil aeration on the growth
and absorption of nutrients by corn plants. Soil Sci. Soc.
Am. Proc. 10: 263-268.
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The NH,-N and NO;-N content of soils in September, 1975

Table 2.
after harvesting. .
NH,-N and Y0_-N (kg/ha)

’ 0-15 cm 15-30 cm 30-60
Location Treatment NHQ—N NO3—N NHA—N NO3—N NH4-N NO3—N"
Bon Accord Nil 7.4 9.8 4.8 2.8 2.6 3.8

Urea-Fall 5.6 7.4 4.1 3.1 2.6 3.0
Urea-Spring 5.9 8.8 4.4 1.4 1.8 2.6
C.N*-Fall 6.2 8.9 4.7 2.9 2.4 3.5
Calmar Nil 10.2 4.3 8.0 4.0 2.1 2.1
Urea-Fall 11.6 2.6 6.5 5.5 . 3.1 2.1
Urea-Spring 9.8 3.0 8.5 4.5 ///3«1 1.0
Canwood Nil 3.7 8.5 2.7 3.5 2.8 2.4
Urea-Fall 4.8 7.8 3.1 3.9 2.4 1.6
Urea-Spring 3.8 7.4 1.9 2 1.6 0.8
Egremont Nil 6.2 3.1 5.6 2.0 5.4 5.4
Urea-Fall 5.8 4.4 4.0 3.2 5.2 3.6
Urea-Spring 5.1 3.4 5.2 2.4 3.6 2.6
Ellerslie Nil 7.8 6.0 4.9 3.5 2.5 4.4
Urea-Fall 6.8 6.1 4.6 3.0 2.9 3.2
Urea-Spring 6.2 5.2 3.5 1.9 2.4 1.9
C.N*-Fall 7.1 5.9 4.6 3.4 2.6 3.8

*C.N.

- Calcium nitrate



APPENDIX E

INCREASING EFFICIENCY OF FALL-APPLIED UREA BY

‘

"CHUTKI PLACEMENT"

The results of field experiments conductéd during 1973-74 aand
1974~75 showed that the band placement of 45 kg of thiourea (a nitri-

fication inhibitor) pelleted with 90 kg of urea per hectare gave 6.4

quintals (1 quintal = 100 kg) more barley grain, than did urea applied

without an inﬁibitor. Since thiqurea is expensive, its use to reduce
the over-winter losses of fall;applied urea N would increase the cost
df crop production. .Therefore, two experiments in farm fields were

" carried out at Breton (Breton L) and at Canwood (Whitewood L) during
1976-77 t® determine if 'chutki placement’ (a method of seeding‘wheh
a number of seeds are placed together at a poi;t, used for seiding

chillies in Punjab)\is effective in improving the over-winter conser-

vation of fall-applied urea N.

The ﬁescfiption of soils is given in Appgndix A, Table 1. There
were four treatments: (1) control, (Zf urea-mixed into the soil in
fall, (3) urea—éhutki placement in fall, and (4) urea-mixed into the
soil in spriﬁg at seeding ti;et Individual ﬁiots were 6.0vm (long) x
1.2 m (wide). 'Ali the treatments were reﬁlicated four times in a
randomized complete block design.

Urea was applied at a rate of 84 kg N/ha, In the '"mixed" appli-

cation, urea was spread over the soil surface and then mixed into the

% 220
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top 10 cm with a "rototiller", while in thé "chutki placement" the urea
was placed at the 5 cm depth in the middle of a 60 cm x 60 cm area.

All the plots received a blanket application of 41 kg P, 41 kg K and

17 kg é pér hectare. At the time of seeding, urea applied in the fall

&
by chutki placement was'no longer intact because all the plots were

rototilled before seeding. qﬁig\barley (Hordeum vulgare) was seeded
in rows 15 cm apart. At‘mapﬁritx/khe crop was harvested and threshea
to determine grain yield. A representative grain sample was takén
for each treatment and analyzed for total N.

The yield of barley grain (Table 1) with spring-applied urea on
themBreton L soil was 23 quintals greater than with urea mixed into
the soil in the fall.' The "chutki élacement" increased the yield of
barley graih by about 10 quintals over mixed applicétion in the fall.
On the Whitewood L soil, like the previous soil, the uréa mixed into
the.soilvin the fall was less effective iﬁ increasing the yield of
'barley graih than spriﬁg applic;tion.l However, at this locaﬁion,
ﬁchutki placement" of urea in the fafi gave significantly greater
yields of barley grain than the spring application. On the average of
thege two.lqcaﬁions, the yield'of-barley grain with "'chutki placement'

»

of urea in the fall was greater by about 11 quintéls than urea mixed
. ( i

into the soil in the fall. - . -
Similarly, N in the barley graim as a % of the applied N with
"chutki placement" of urea in the fall was significantly greater than

with urea mixed into the soil in the fall at both locations. On the

average, N in the grain as % of applied N with "chutki placement" of



urea in:the fall at two locations was greaﬁer by 18% than with urea
mixed into the soil in the fall,

These experiments demonstrated that fall appl?cation of urea by
"chutki placement" may eliminate, or reduce, the amount of nitrifica-
tion inhibitors neceésary to improve the over-winter conservation of

fall-applied urea.
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