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- ABSTRACT ;

This study was initiated to investigate the
“occurrence and extent of over-winter changes in the level of

3

soil and fértilizer mineral N in. irrigated and dryland soils

of the Brewﬁ Dark Brown and Black soil zones of SDutthﬁ

Alberta. Over w;nte: sampling of soils at faur plot 81 ifes in

rr

the first year of the study :eveqled changes inaéhe levels of
NH4-N ani NO3=N in an irrigated stubble plot, drylanél
"'stubble and fallow plots, and an irrigated stubble plot with
varyi{g levels of rgsidual‘fer;ilizer N. Levels of mineral N
decreased from January to May, and the exﬁent of these
reductions was related SGil;inStUEé over winter, and lev21
of miperal - N in January.

CQ,Par;sans of  fall with spring fert;l;zer
treatments in the second yéar of the study, including

variables ef N-source, placement methods, the use of a 7
nitrification 1nh;b1tcr artd soil moisture in fall were ;adé
at six pPlot sites to include ;frlgated and dryland plats in
Ethe three 531: zones. In terms gf barley yield, ‘N uptake by
the crop, and recovery of m’iﬁfél N from fall applied
treatments, there was no evidence of over-winter losses of
fall-applied N, or that fall applied N resulted in lower
yields than spring applied N.

l5nﬁlabéllea NH4-N and NO3-N were adéed to
8ix soil sampleas, representing the topsoil a%é *subsoil” of

two southern Alberta soils and one central Alberta soil. The

soils were incubated for 90 days at both -1 and +4°C, and at

r



field capacity moisture content. Recovery ‘of applied NO4-N

 was é@mpleﬁ@}by KCl é;tractign, bus ﬂaésﬁy the modified
Kjeldahl procedure to include NO,~ and §®3§H. Recovery
‘of added NO3-N was complete’ regardleé; of soil or
iqcu&atian temperature, indie%tiﬁé éhat, as might ge
expected, that ng'denitrificatianIQ;curreﬁf and*that ﬁé_l
immobilization occurred. Nitrification occurred, at élﬂé,
but more e:teqéivefx at +4°C. The extent of nitrification of
added N was!influenceé by soil, depth and incubation

temperature. ' o .

o : x
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1. INTRODUCTION

Fall applicatiqn of nitrogen (H)‘fEEtilizers for
the. production of spring¥sowp crops has become an
increasingly popular practiée in the Prairie Provinces durinéi ik
the past decade. vThis practice benefits the fertilizer
industry as it permits more efficient use of prodéction,
marketing, ;hd distéibution facilities. Advantages ta‘tQE
farmer inglude lower Prices Yand a greater certainty af'supply
of €ertilizers in fall than in spring. Soil conditions,
availability of time, equipment, and labor often favor
fall-application. a

Prior to~work done in the 1970's in the Prairie
Provinces, ‘it was generally'accepted that N fertilizers were
as effective when appliéd in fall aé in spring. Since then
however, some studies conducted in Alﬁerﬁa, Saskatchewan and
Manitoba have shown ﬁ?at fall-applied N often produces lower
yields than spring-applied N.

The ammonium ion (NH4+) is strongly held by the 7
cation exchange complex of clay and Qrganic:mattEf; It is
therefore not readily subject to. loss by leaéhing- Unlike
Nﬁ4+, the'nitrate ion (NO3™) 1is subject to loss thraugﬁ“
leaching, runoff, and biological and chemical
denitrification. Niérbgen loss by denitrification can .
" therefore only occ;r after nitrification.

Most prqir@é crops absorb the major portion of

-~

their N requirement as nitrate-nitrogen (NDBEH)_ When .
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b
conditions in fall, winter and early spring allaw microbial

growth, substantial n1tr1f1catlcn can occur. This results in
formation and accumulat1on of NO3-N, if ammaﬁiuménitfegéh
(NH4-N) is avallable. Variable amcunts of denitrification
can occur between the time of application, and the time of
crop demand in s8pring ard summer, resulting in N losses and
reduced crop yields due to fall rather tha. 8pring
~application. Successes haye'been achieved in attempts to
slow the rate of nitrification by band-placement and by the
yse of chemical'nitrification inhibitors. 1In some areas
where losses were shown to occur however, these management
practices did not prove to be as éffective as spring
application of N fertilizers.

Chanaes in fertilizer manufacturing technology aﬁd
a }ecept general awareness of the potential N losses
resulting from fall applicati ave led to an increased
production and use of ammoni 1 fertilizers, especially

urea -and anhydrous ammon ia. Since the practice of fall

application continues to increase, further feseafch is meeded"

to investigate the potential for losses over winter and the
relative effectiveness of téchniqués to minimize these
losses. |

To the khowledge of the author, few comparisons of
fall to spring application of nitrogenous fertilizers an the
Brown, Dark Brown and Black soil Zones of southern Albartax

have been published. Therefore, the present study was

I3

\initiated with the following objectives:



1. To determgne if over-ﬁinter losses of fertilizer
nitrogen occur. )

2. To determine if fall-applied N fertilizers
result in lower N uptake and yields than spring-applied N
fertilizers. “

3. To compare the performance of various N
fertilizers on soils of .the Brown,?ﬁark.arown and.Bla¢k ;ﬁil
zones of southern Alberta. ‘

4. To compare nitrogen distribution and over-winter
transformations in dryland soils to those which have been
irrigated for a number of years: | -

5. To study the fate of fall-applied NO3-N under
conditions of varying soil moisture.

6. To observe N transformations under Qimulatedx
winter and éérly spring conditions By using N-15 labelied

NH4 @nd NO3-N in laboratory incubasgd soils.
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ITERATURE REVIEW

Inorganic N normally comprises a small portion of
the tétal’N in Ap horizons of mineral soils, yet uptake by
Plants and losses of N from the soil occur from the inorganic
fraction. Organic soil N cannot be overlooked in any
investigation of N fertility, but since the objective of the
present study was to explore losses of N, this review will
consider processes and conditions that affect N
transformations. Management practices which are pertinent to
the problems will also be discussed.

.

2.1 Mineralization

The decomposition of soil organic materials -and
subsequent release of NH4-N is carried out primarily by
)
heterotrophic soil microflora. The rate of mineralization

can therefore be correlated with soil environmental factors
affecting microbial growth. These include supply and nature
of organic substrate, temperature, moisture, reaction and
aeration status. Numerous articlgs in the literature on

these éspects héve been reviewed by Alexander (1961) and

Clark (196?). This review will concentrate mainly on some of ‘
" the more recent results reported in the.litératqfé.

The priming effect, or the sﬁimglating effect of
the addition of N fertilizers on the mineralization of soil
organic matter has been reviewed by Broadbent (1965).

Several possible reaséns for thi; effect have been suggested.

When roots of growing plarmts stimulated by N fertilizers are

present, activity of the rhyzosphere population will increase
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» relation to available N. Mineralization of soil organic N
could occur proportionally to this increased activity.
Another explanation of the e@hancement of soil N uptake
follwwing addition of fertilizer N proposes that root growth
stimulated by fertilizer N increases Ehe volume of soil .
Etilized by the plant, thereby increasing uptake of soil N.
Thg;e explanations fail howeves, to explain larger increases
in the rate of sail.ﬁ uptake brought about by the addition of

‘NH4—N rather than NO4-N, and_alsé the fact that
mineralization has been shown to be stimulated undgg;fallaw
conditions in the absence of growing plants. Broadbent
(1965) suggested tﬁat osmotic effects of various fertilizer
salts may have an effect on céll béeakdg;n, fesulting in
increased mineralization of soil N. Parnas (1976) explained
the priming effect as breakdown of soil organic matter
enhanced by an increase in the average growth rate of
heterotrophic bacteria. The addition of either eé:b&n (C) or

‘N when the ratio of these two substrates limits bacterial
growth potential can in?reése or decrease organic matter
bfeakﬂaﬁhil This change Es dependent on whether the C:N ratio
is moved closer to or away from the optimum for maximum
bacterial growth.

The idea that certain chemical reactions are
involved inispliﬁting NH¢-N from organic and inorganic
. . . ;
complexes is supported by Agarwal et al. (1971). The NH,4+
ions are subsequently exchanged with cations in the

surrounding soil solution. Although sulphate galts at low



caqcentfatiens increased Céz evolutionr from incubated soil,
chloride salts were better at increasing the rate of NH,-N />

. The different effects of anions is supported by

et

ea

\m‘

re
results which showed different-effects of two salts -

containing the same cation, but different anions. Broadbent P
and Nakashima (1971) used N-15 labelled NH4Cl and

(NH4)2564 to study to their effect on mineralization

rate, and also reported anionic effects. They also found

that NH, Salts increased the rate of NH4-N release more

than aﬁy other cation. They concluded thatiQSmapic effects

and the nature of sboth the soil and the fertilizer salt

and fresh organic residues on mineralization and co,
evolution. Although nitrification was stopped completely
between exchangeable sodium percentage 70 and 92,
mineralization increased dramatically. This increase may
have been due in part to chemical decomposition rather than
biological.

2.2 Nitrification

The two-step oxidation of NH4+ to NO;~ is
carried out by a much smaller segment of the total soil

population than mineralization. Nitrosomonas and

Nitrobacter, which are largely responsible for nitrification,

are strictly aerobic chemoautotrophs. The nitrifying
bacteria, performing more specific functions in the,eycliﬁg_
of soil nitrogen than the mineralizing pcpélatian, al? have
more specific environmental requirements for growth and

activity. Pactors affecting their growth include aeration



status, temperature, pH, moisture and substrate supply. The
literature reveals an abundance éf works on this topic, ené‘
has bee§KEeviewed by Alexander (iQSS) and Campbell and Lees
(1967). This review will econsider some aspects of
nltrlfleatlen theh have been recently reported and are rore
spec1f;cel;y applicable to the present study. |

McLaren éi??l)-deeerigeé the rate of nitrification
as prcpertienel to the growth of nitrifiers if the population
is small in relation to its potential size, and if
concentration of eubetfete is leege enough, to permit maximum
specifie growth rates,

. The optimum temperature for nitrification has been
the subject of many experiments. It has been reported as
30°to 32°C (Fisher ené Parks 1958; Anderson and Boswell 1964)
and as 25° to 27°C (Haksman and Madhok 1937; Justice and
Smith 1962; Thiagalingam end!Keeehife 1973y Kowalenko and
Cameron lQ?é)g Some workers concluded that variations in
temﬁe}eture optima over which nitrification occurs is due to
the initial population of nitrifiers (Andereen and Purvis
1955, Frederick 1957; Sabey et al. 1959- end Pang et al.
© 1975a). Nitrification occurs at a faster rate under
moderately fluetu;%ing temperature conditions, than at-a
constant mean (Campbell and Biederbeck 1972; Myers 1975). It
has alse been reported to occur at lower temperatures than
previously theught. Nitrification at significant rates has
been observed at temperatures approaching 0°C (Ffeéeriek

1956 ; Anderson 1960; Justice and Smith 1962; and Anderson and



and. Boswell 1964; Malhi, 1978).
The varidble results suggest optimum temperature

for nitrification could be due in part to acclimatization of

the nitrifying population. Myers (1975) found the optimum -

temperature for nitrification in a tropical soil to be 35°cC.
Mahendrappa et al. (1966) report that northein soils
nitrifiedyfaster at 20° to 25°C than did southern soils,
which nitrified faster at 30° to 35°C. Nitrite accumulation
also differed in the same manner. Soils from a warmer
c;imate accumulated nitrite at a lower temperature, while the
northern soils did not, and vice-versa. With the use of
sterile synthetic soils, Anderson et al.(1971) found that

inoculated microflora from different soils nitrified at

different rates. Inoculum from soils which were commonly

frozen and thawed during winter resulted in more rapld N
nltrlf;catlaﬂ at lower temperatures than inoculum from soils
of warmer areas,

The effect of Egil moisture on nitrification has
also been reported by many workers. The nitrifying
papulatign responds readily to alterations in the soil
moisture status. Early workers suggested the optimum soil

l,t, range of 50-60% of soil moisture holding capacity
(Greaves and Carter 1920; Panganiban 1925; Russel et al,
©1925). Justice and Smith (1962) and Miller and Johnsén
(1964) reported maximum rates of nitrification at soil
mgistu?e tensions of 0.3 bar and 0.5 bar, respectiv ely¢

Although nitrification declines rapidly above optimum



moisture levels, significant rates have been observed at 0
bar moisture tension (Dubey 1968).

The decline in the rate of nitrification as soil
moisture decreases from the éptimumvlevel is more gradual.
For Example; a loamy Saﬁﬂrat 15 bar moisture tension
nitrified 73% of 100 ug N/g added as NH4-N within two weeks
under incubation at 25°C (bubey 1968). Justice and Smith
(1962) observed nitrification of 33% of 150 ug/g of NH4-N
in a soil at permanent wilting point incubated at 25°C for
four weeks. Nitrification takes™place in the film of water
héld at the surface of soil colloids (Lees and Quastel 1946;
Meiklejohn 1953). 1t is conceivable that small films of

d

water held against a tension of even more than 15 bar cou

1
Provide microsites for nitrification to occur (Cook 1977)1,

2.3 Denitrification e
. The term denitrification fefers to the reduction of

nitrite-nitrogen (NO-N), and NO3-N to gaseous compounds

such as nitric oxide (NO), nitrous oxide (NO,) and

molecular N (N,), resulting in the loss of the nutrient

from the soil. In the present study, denitrification will

refer to the biological reduction. Chemical reduction

resulting in icss can also occur, and is referred to as

V‘Ehema—denitfificatian. ) :

. .
Biological dEﬁitrificétian is carried out by

facultatively anaerobic heterotrophic bacteria cépabie of

1 L . ., _ .
Cook, F.D. 1977. Personal commun ication. Professor,
Department of Soil' Science, University of Alberta,
Edmonton, Alberta.



using NO3~ or*NO,™ as a temminal electron acceptor in .
Place of oxygen (Alexander 1977). As with other biological

pProcesses, the rate of denitrificatfon is dependent on 50 il

L] m ‘F’

m

factors such as substrate supply, moisture, temperatwure g

and nature and supply of organic carbon. In order fgr
dengtrificatign to occur, aeration must be restricted
(Broadbent and Clark 1965).

Workers have been aware of th; process of’
denitrification since thé»late nineteenth'century (Gayon and
Dupeéit 1886), but because.of the difficulty associated with

differentiation of this process from assimilatory nitrate

reduction, the kinetics of this process are difficult to

A

demonstrate. Assimilatory iiﬁuctian of NO3-N for the
purpose of microbial protein synthesis ults in b
L F
disappearance of NO3-N which is easily mistake enly
interpreted as denitrification, espeéially in field

. %
experiments (Allisop 1955). .

Denitrification rates have bggn thgught to be
independant of NDB’ concdentration from 40 to approxlmately
5@6 ug/g (Ercadbent 1951; Wijler and Delw;ché 1954; and
Cooper and Sm;th'lQEB)r Bowman and Focht (1974) :eported
however, that ﬂEﬁltflflEEtlDﬂ rates are NQB—N dependent at
lower c§ncentratlaﬁs. This dependence gradually decreases at

: r
higher concentrations (1000 ug NO3-N/ml). They observed a

maximum rate of 150 ug N/ml/day from a soil suspension.

s
Soil moisture content is an important factor

governing denitrification. In order for this process to



occur, soi]l aeration must be festfictea High sall mgisture

levels reduce. the valume of air-filled pores and the rate of
movement of oxygen into and through the soil (Jaﬁss;é and
Clark 1952; Wijler and Delwiche lQSé% Bremner aﬁd Shaw 1958;
Allison et al. 19%9; Broadbent and Cla:kﬁLQES; Alexander
1977). E%en in agparegtly well-aerated soils, anaergbicv
conditions may exist in the centers of soil aégrega;es or
~crumbs (Broadbent and Clark 1965; Ale;anéeg 1977);

Anaerobic cgﬁditians favoring denitrification could
therefore exist in much drier soils than Qaé previously

thought. Malhi (1978) observed measurable rates of NQB

loss by denitrification at 15 bar mulstufe tension andIED“C.
Similar results have been reported by McGarity (19615.'
Greenwood (1961) showed that thé changeover ffgm
aerobic to anaerobic respiration by soil facultative .
anaerobes occurs at an approximate O, Concentration of -

10-6 M. Heek and Grass (1975) concluded that redox

Potential is a good indicator of the Qxygen status of soil.

\H‘

n-soils treated with NO,-N, NO3-N, fresh Qrgani: matter }

and an atmasphere of He, redox potential decreased and

Stabilized at +200 mV until all the ND3 had disappeared,

then at +180 mV until all the NO,™ was reduéeda(sailéy'ané

Eeauchémp 1973). .
Temperature is a prime factor controlling the fat;

of denitrification. The lower temperature limit for ,

denitrification has been set at 2°C (Bremner and Shaw isss),



at 3°C (Nommik 1956), and at 5°C (Bailey and Beauchamp 1973).
Smid and Beauchamp (1976) con ,ded by extrapolation of rates
at 5°, 10°, 15°, and 30°C hpwever, that denitrification géu;é
ofgcur at or near 0°C. Cho et al. (1979) measured”
denitrification intensities of some southern Alberta soils. =
Using a mathematical formula based on N5, Production in
iﬁ%ubated soils, they concluded that the minimum temperature
for denitrification was 2.75°C. -The upper tempé:éturé limit
ranges from 70°C (Bremner and Shaw 1958) to 85°C }N@mmik
1956). The optimum temperature lies be tween 60° and 65°C
(Nommik 1956; Bremner and Shaw ;LQSS)

Sgagiggd et al. (1975) describe the response of th%'

rate of denitrification to change in temperature by the

temperature coefficient, Q1o (Qlo X where x = xsiald
increase in the rate of reaction for every 10°C increase in
temperature). The range of temperature over which the
denitrification Q=2 was 11° to 35°C. The most rapid
decline in rate occurred when temperature was decreased frcm
10° to 5°C. Malhi (1978) observed a similar response of
denitrification rate to temperature. In a Malmo SicL,
denitrification was detected at -4°C, and the most rapid

increase in rate occurred below 10°C. The rate of

denitrification continued to increase to 40°C, reaching a

rf

maximum of 71 ug N/g/éay at 0 bar moisture tension.
Studies on the effect of soil pH on the rate of

trification have shown that the optimum range is pH 7 to

m
\I‘-'-

8 (3

Jansson and Clark 1952; Nommik 1956). The lower and upper



limits for denitrification were esﬁimateéigt PH 5 and 10,
respectively, |

In addition to the edaphic factors already
discussed, an available energy supply is a requirement for
the denitrification process. Bowman and Focht (1974):

increased the rate of denitrification in a soil by 583 when a

. 1000 ug/ml glucose solution was added. The rate of

-

denitrification in a soil low in organic carbon is much
slower than in a soil rich in organic matter (Kha% and Moore
1968; Alexander 1977). Burford and Bfemnerg(l§75) observed
high correlation betweeé biological denitrificatiaﬂ rate and
total organic carbon (r = 0.77), and a very close c@ffelatién
to water-soluble or easjly mineralized carbon (r = 0.99).
Similar results were shown by Stanford et al. (1975).

The presence afigrcwing plant roots has a variable
effect on the éenitrificatién'précess (Woldendorp 1962;
Bailey 1976; Séefaﬁsan 1976; Alexander, 1977). 1In the
presence of a growing root system, the heterotrophic
population is supplied Hithiﬁfesh organic matter in the form
of root exudates and sloughed-off material. Respiration by
the decomposing bacterTa as well as by the growing roots
reduces the oxygen supply in the root vicinity, favoring the
denitrificaticn;pfaeess. The effect of this decreased oxygen
content on denitrification will depend on supply of NO ™
and NO3~. In a soil rich in mineral N, one would expect an
increase in gaseous lassgs of N, but where N is scarce, the

competition for thig nutrient by the plants and the soil

13,
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microflora may limit its availability for denitrification.

The nitrifying organisms are strict aerobes.
Prolonged periods of anaerobic conditions will stop
nit:ificatiani as well as impeag amm@ﬂifi:aticﬂg TthEféfég
the level of NO3-N available for denitrification would be
limited. Reddy and Patrick (1975) céncluded that in a soil
where redox potential falls sufficiently t; allow
denitrification to occur, the most nitrification and
denitrification occurred under two day aerggic and two day
anaerobic cycling.

2.4 Leaching Losses of Nitrogen

Downward movement of soil or fertilizer N be¢ond
the root zone is of agronomic importance because of the
reduction in available quantity of this essential crop .

nutrient, and environmentally important because of possible

NO3-=N pollution of ground or surface waters (Harmsen and

[V

Kolenbrander 1965; Viets 1965). There are two major
pProcesses involved in the movement of N through the so0il:

(1) movement of dissolved or suspended material

(2) molecular or ionic diffysion due to
concentration gradients (Gardner 1965). .
In losses due to leaching, the primary mode of mavemeﬁf%ﬁg by

the process of convection by mass fiow.
. The leaching of N through agricultural soils is
most frequently equated to the movement of NO3=N. Although

NO,~, urea and some other amino compounds are quite soluble

=



in water, their ex stence in the so6il solution is generally
short-lived (Harmsen and Kolenbrander 1965). Because of its

anionic form, NO;~ is g’y not adsorbed by soil:

colloids.
Workers studying the movement af NDB-N through
the s0il bave used several apprcaches. Leachate collected. in
lysimeter experiments in which field conditiors Qere 3
.Simulated have been analyzed over a period ‘of years.
Attempﬁs to draw N balance sheets for ingoing 4nd Dutgaing N
were reviewed by Allison (1955). Some workers used gﬁ
accggpanying anian such as chloride (C1=) (Wetsellar 1961,
1962; Yimprasert and Blevinsg 1976) to trace NO3™ movement
through soils because of a similar leaching rate, Recovery
of diffe:enﬁ ratios of the iéﬁs indicated a net increase in
NO;~ due to nitrification, or net decreases due to plant
uptake, microbial immobilization or dissimilatory EéduEtiGﬂév
A third method of study has involved the use of isotopic N
(Chalk and Reﬁney 1975; Malhi 1978). Cost of isotopic forms
of N makes this an expensive method to study 1eaéhing losses
under field conditions. It is superior however, in that
quantitative analyses can be made to éiffefentiaté actual
losses of applied N by leaching fram losses fram the soil due
to uptake or reduction. | K

Allison (1955) reviewed results of 156 lysimeter
experiments conducted in the United States. Averages of 25%
-to 60% of NO3-N lgsses were attributed to leaching.

Wetsellar (1962) documented. substantial movement .of NO3~



through coarse-textured soils. Rainfall sufficient to wet -
soil to a depth of 60 cm resulted in downward movement of
NO3=N of 65 cm. He concluded that the enhancement was due
to channels left by partly decomposed plant roots.
SumAérfallowing in thf Prairie Proviqces has .
resulted in deeper penetration of NO3=N than occufred prior
to cultivation. Studies in Manitoba by M1chalyna (1959) shoy
that subsoil NO3-N increased with summerfallow1ng
frequency. n a two year roéatian of wheat—fallbw'forty
years old, Rennie et al. (1976) found that th;§N03-N
content to a depth of 4 m averaged approximately 500 kg N/ha.
They suggested that 10% to 15% of the N mineralized in
Saskatchewan since the beginning of cultivation has been
leached beyond the root zone. In a single year however,
Malhi (1978) found only iﬁsignificant amounts of labelled N
below a depth of 60 cm when, applied on a summerfallowed

Orthic Black Chemozemic SiCL.

2.5 Effect of Method of "Placement on Nitrification

If nitrificatjon of urea and NH4-based

fertilizers can be slowed or delayed, recovery of fall-

applied N in spring may be increased due to reduced losses of

NO3~N. Spring application of nitrogenous fertilizers may ~
‘also be more efficient if nitrification were delayed until
crop demand for N increased.

Tpe maximum tolérable concentration of NH4+ for
nitrification to occur varies from approximately 400 ug N/g

soil (McIntosh and Frederick 1958; -Andersdn and Boswell 1964)

16.
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to 800 ug/g (Broadbent et al. 1957), depending on séil pPH
-whicg affecté the NH4*!$%NHB balance. Band-placement of
Ammoniacal fertilizers results in high concentrations of
NH4*, NH3 and soluble salts, Nitrification occurs in

the diffuse zone where the local CQHCEﬁtrat;EQ of the slcwly
moving HE4* decreases. The total amount of NO3=N

formed per unit area decreases beyond some point toward the
center of the band, as the concentration of NH,* 7
increases (Wetsellar 1972). .

Acccméanying nitrification is a characteristic
decrease in soil PH (Pang et al. 1975b). Consequent
reduction in nitrification has been‘abserved by Gasser
(1965), Leitch (1973) and Malhi (1978). Therefore both the
localized high salt concentration (Wetsellar 1972) and low pH
in the fertilizer band may contribute to an eng}ranment
unfavorable for continuing nitrification when N is banded at
high rates, Although Malhi (1978) found no differences in

yield of ‘barley fertilized by banding or incorporating urea
in sp:ingg'baﬁd—plaeemEﬁt in fall ;ncreaseg the crop yield by :
170 kg/ha over incorporated urea.

2.6 gitrificatiaqiinhibi;g:s

:fexgsNitrifieatian inhibitors may!increase the
efficiency of ammoniacal fertilizers by reducing N losses due
to leaching of NO3-N and denitrification (Wagner and Smith
1968). The reducﬁian @E these losses may permit fall -
applieatian of N fertilizers in regions where this practice

A
wauld not otherwise be econamically feasible because of



over-winter losses (Walsh 1977).

The capability of a wide variety of chemicals to
inhibit the function of nitrifying bacteria has been studied.
‘These include not only éamp@unds specifically formulated to
inhibit‘nitfificatién; but also herbicides, fungicides,
fumigants and campagﬁds-which simultaneaus;y supply some N té
‘the soil-crop system (Prasad et al. lQ?l).: Most current
research is involved with speéific chemicals which impede or
delay nitrification.
, Bundy and Bremner (1973) compared 24 compounds for
effectiveness in inhibiting nitrification on three different
soils at 15°C and 30°C. N-Serve, ATC, and sodium or
potassium azide were the mést effective at 30°C. variation
in soil characteristics, especially temperature, produced
variable results. Almost all inhibitors were more effective
at 15°C than at 30°C. Atlthe lower temperature, AT& was the
most effective, preventing more than 90% of the nitrification
which® occurred in a soil with no inhibiécr in 28 days. In
areas of northern Idaho Qhere yields of winter whéaé did not
respond to fall agplicaéicn of 84 kg N/ha as calcium nitrate,

.

Huber et al. (1969) increased yteld by 37% to 42% by using
ammonium sulphate with N-Serve in the fall. Ammonium *
sulphate applied in fall without NESE;;E produced
intermediate yields. Crop utilization of fall-applied N was
increased from 35% to 80% with the use of N-Serve.

Formulations such as N—Servei:ATC and thiourea are

expensive however, and not clearly economical for general use

18!
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in western Canédian agriculture at preseﬁél Less expensive

. volatile sulphur compounds are also recognized for their
inhibition of nitrification [Powlson and Jenkinson 197];
Bremner and Bﬁndy 1974). Carbon disulphide, dimethyl
disulphide, methyl mercaptan, dimethyl sulphide and hydrogen
sulphide have been'shown to inhibit nitrification in a closed
system (Bremner and Bundy 1574). They noted that carbon
dishlphide was less expensive and more effective than some
patentedgtarmulations including N-Serve.

2.7 Fall versus Spring Application of Nitrogen Fertiligzers

Fall appliéaticn of N ferfilizers has advantages
previously discussed for both the farmer and the fertilijzer
industry. Research using actual and simulated field
conditions to test the relative effectiveness of fall N
fertilization is increasing in response to the increcf?gg
demand for this information by both farmeré and the
fertilizer industry.

Widdowson et al. (1961) and Devine and Holmes
(1964) found inferior results from fall compared to spring
application of N at Rothamsted in England. Similar results
were reported By Olsen et al (1964) working in north-central
Georgia. A three year study in Illinois by Welch et al.
(196&) suggested thgt 1.5 kg of N applied in fall was needed
to produce the same yield of wheat as one kg‘of N applfed'in
spring. Spring application of ammonium nitrate, urea and
anhydrous ammonia on four(field pPlots in Ontario produced 18s%

greater yields of commn grain than equivalent fall application



20.
of these fertilizers (Stevenson and Baldwin 1969). Fall
application of N was also shown to be inferior to spring
application for the production of com grain in Kentucky
(Miller et al. 1975, Frye 1977). : .

| Some workers have found féll application to be as
effective as spring application. Tests by Larson and Kohnke
(1946) in Indiana, éh@ied that there was no significant
difference in yield and protein content of comrm whether
fertilized with N in spring er.falli; Similar results have
been a@served in Georgia (Boswell 1974; Boswell et al. 1974),
and in Wisconsin using anhydrous ammonia (Chalk et al. 1975).
Summarizing results af’zz field trials conducted in the
Prairie Provinces between 1950 and 1968, McAllister (1969)
reported that at 15 of the locations there were no f\'
differences in yield of cereal grain due to time of f
application, at 3 locations fall application was superior,
and at 4 locations spring application proved superior to fall
application. In 10 field trials located across the Prairie
Provinces in fall, 1976, there were no significant
differences in yield of wheat dug to time of application of .
anhydrous ammonia, urea or ammonium nitrate (Harapiak 197933;
Average data from seven trial siées in Alberta indicated that ™N

- in areas where s80il moisture was limited in_ spring, fall

/

applicatién of N by banding resulted in higher yields of
barley than banding in spring (Harapiak 1979b).
Under the climatic conditions of the Prairie

Pravinces where the soil remains frozen for most of the



winter, it was Previously believed that over winter losses of
mineral N would be small. Leitch and Nyborg (1972) have |
‘shown however, that N uptake from fall applied N was about
half that from spring applied N. Malhi and Nyborg (1974)
reported that spring application of urea, ammonium nitrate
and calcium nitrate increased the yield of barley grain an
average of 530 kg/ha over fall application of these
fertilizers. 1In 10 field experiments, an average of 38% of
fall applied urea N was lost from the mineral N pool over
winter (Malhi 1978). Spring application of urea resulted in
an additional 1,000 kg/ha grain.yields, and twice the N
uptake, compared to fall applicétion. Field experiments
conducted in Saskatchewan by Paul and Rennie (1977)
demonstrated superiority of spring over. fall N fertilization.
Paul and victoria (1978) used N-15 tagged fertilizer N.ts
show that 20% of féll—applied.N was taken up by the crop,
with an additional 10% to 30% immebilized by thebsoili
Spring application resu;ted in  uptake of 30% by the crop and
35% to 45\ by soil micro-organisms. )artr1dge and R1d1ey
(1974) reported an, average of 15% hlgher yield of barley from
spring rather than fall application of N on 13 well drained
soils, and 568 higher yields at sites b@‘xmperfectly drained
soils in Manltoba. ’

The use of nitrifi¢ation inhibitors has been shown

to decrease over winter losses of‘falllapplied‘n in BEngland

(Gasser 1965) and in the United States (Huber et al. 1969;



Huber and Watson 1972: Ecéwell 1974; Frye 1977). In Central
Alberta and Saskatchewéﬂ, band placement of urea or ammonium
Vsulphate reduced over winter losses. The aceampaﬁyingiusé of
nitrification inhibitors including ATC and thiourea reduced
losses further, but the highest yields of barley grain were
obtained by spring application of N!fertilizers (Malhi 1978).

2.8 Summary of Literature Review

» 50il organic matter and éhgmrcal Ee:%%lizers are
the sources of NH4=N in the séii, Nitrifying Egétéria
convert NH}*N to NO3-N, which is subject to losses by
-1eaching and denitrification. Losses of N are therefére
primarily a consequence of nitrification.

Several factors whieh influence thé rate of

nitrification have been reviewed. Maximum rates appear to

occur in the temperature range Qf 25 to 35?%? but it has beeﬁ
shown to occur at temperatures as low as ] to 2°C, Optimum
moisture for nitrification is near 0.3 bar moisture tension,
but it occurs at measurable rates at 15 bar moisture tension.

Nitrification rates can be suppressed by inhibition.
‘of the growth of nitrifying bacteria. This is aceamplisﬁed
by ccncentratigﬁ of NHg4-N by band placement, or by the use
of chemical inhibit@r;; or both. These methods have been
shown to increase N recovery and crop yields when N was
applied in the fall,

| Séveral Eécta:s which influerice the rate of

denitrification have also been reviewed. The soil bacteria

responsible for denitrification are heterotrophic. The rate
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of denitrification is therefore greatly lnfluenced by the
reaqxly avallable arganlc carbon supply. EEﬂitflflcat

are

Laa
i
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occurs under conditions of restricted aeraﬁ;an. Rate
therefore greatest under saturated conditions (O bar moisture
tensisn), but it has been measured in soils aé 15 bar
moisture tension. The optimum temperature for
denitrification is near 65°C. The limits of ten%eralure are
from 2 to 4°C, to app:éximat21§ 85°C.

Most soils have the potential to denitrify. This

-

has been shown by incubating soils under ccnaitiaﬁssuhich
favor denitrification. Consensus Qf‘ opinion is lacking
however, regarding the occurrence and extent of N loss due to
denitrification in soils of the Prairie Provinkes.

Measurement of crop yields and n uptake from fall versus

8pring applied N fertilizers has also resulted in variable

;)

. .. r -
conclusions. There is also some disagreement among workers
about the reasons for higher crop yields from spring than
from fall-appliegd N, in areas where these regsults have been

shown to occur.

L4
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- 3. MATERIALS AND METHODS

.1 E:eliminagg;FieldiExpgg;mggts; 1975-76

("]

In December, 1975 four field plots were establisheai
to observe changes in the soil mineral N status from December
to the following spring. Three of these plots were located on
Lethbridge SiCL at the Canada Agriculture Reseatch'Staticn.
Lethbridge, Alberta. %wo of these were on untilled.ﬁarleyr
stubble, and the other on summerfallow. Of the stubble plots,
one had Eezeived a single 10 cm irrigation the previous fall
to simélate a heavy fall rainfall,. ihis’pravideé two soil
moéisture levels on ;djaeent stubble plots (Appendix, Figure
Al and Table A4). . '

7 The fourth preliminary field plot was established
‘on an existing moisture x N rate exéeriment on s80il mapped as
Chin SL at the Vauxhall substation. This plot pfavidedvhigh
and low inorganic N levels, in combination with high and low
moisture contents. (For a more cgmpletéxdescripticn éf 80ils
at these sites, see Appendix, Tables Al to 4).

The four plots were sampled four times: December

28, 1975, February 24, Aé;il 2, and April 28, 1976. At each

sampling time three cores were taken per treatment with a 2 cm
diameteg?caring tube (king tube sampler). Théiﬁ cores were

separated into fiée subsamples from 0-15, 15-30, 30-60, 60-90

J 7 7 7 o o
,and 90-120 cm, and the subsamples of each set of three cores

J//UEEE combined. After sampling, the holes were filled with

topsoil, and mé%ked with small stakes to avoid coptamination

of subsequent samples. Soil samples were air-dfied at 25°C

¥

24,
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immediately, and ground to pass a 2 mm seive,

3.2 HMain Fiéldexperiments 1976-77

Field plot experiments were initiated in ﬁhe fall of

1976 on a Brown Chin SL at VvVauxhall, a Dpark Brown Lethbridge
SiCL at Lethbridge, and a Black Pincher C at two sites near
Glenwood, Alberta. Nitrogen treatments dpplied were urea,
ammonium nitrate, and calcium nitrate. The urea treatment;
were applied by braadcastiﬁg, and band placement with and
without the nitrification inhibitor 4-amino-1,2,4-triazole
hydrochloride (ATC) at Eight basis). The other N.
fertilizers were applied by brcaacast{ﬁg (spread on soil
surface), and incorporating to a depth. of 10 cm with a
rototiller. All fertilizers were applied at the rate of 60 kg
N/ha (nitrogen present in the nitrificatién»%ﬁhibitg: ATC was
taken into account). In the banded fértilizer treatments, the
urea was placed in bands 5 cm deep and 23 cm apart, through
double disc openers. To iﬁclade S80il moisture over winter as a
variable, a portion of each Plot was irrigated in late
SepiemﬁEf to early October, 1976. A tank truck was ysed to

. ap;ly 10 cm of water to simulate an autumn rainf§%1 ﬁf
irrigations A dyke 4;: built around the perimeter of the
~irrigated section of each plot and sufficient guard sﬁfipg

betw&€n thése and the non-irrigated treatments were left to ,
reduce the possibility of lateral movement of water to adjacent

“treatments., At all sites, the individual treatments were 1.8 m
wide and 6.8 m long. Each treatment was replicated four times

in a randomized block design, except the two irrigated
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treatments. These treatments were also replicated four
times, but thé irrigation necessitated their location in one
area of each plot (Appendix, Figure A3l).

The 91cté were sampled four times from fall, 1976
to spring, 1977 (Ap§8ﬁdix; Table A5). The incorporated
fertilizer treatments were sampled by taking three cores 4.2
cm x 120 cm, with a coring truck. The cores were separated
into sections corresponding to depths of 0-15, 15-30, 30-60,
60-90, and 90-120 cm. The three samples from Eaéh depth were
combined.

Prior to the spring sampling, the fertilizer bands
were mixed to a depth of 10 cm with a rototiller. Samples of
all treatments were then taken by coring.

All soil saméles were stored at -10°C before they
were airzdried at 25°C.

? Immediately after the spring sampling, each plot
received a blanketiapplicatién of 20 kg eacﬁ of K and S/ha.
Fertilizers used were potassium sulphate and elemental
sulphur. Spring N treatments were applied, and the plots

were seeded to Galt barley (Hordeum vulgare L.) at a rate of

54 kg/ha (1 bu/ac.). Phosphorus was drilled-in approximately
2 em beside and 2 cm below the seed at 20 kg PEDS/hai
The fertilizer used was treble superphosphate.

Throughout the growing season, plots were kept

weed-free by spraying with 2,4-D, aﬁd by hoeing. Sprinkle
irrigation was carried out as ﬁecessary, and rates were not

recorded. In August, 1977, the plots were harvested after )
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treatment subplots were trimmed in length with a mower to
eliminate any border effects at the ends. Harvesting |
consisted of cutting approximately 5 m from_éach of the cen£;e
two rows of each treatment. The plant material was placed in
cloth sacks and air-dried. The samples were then weighed and
threshed with a stationary threshing machine. /Representative

samples of grain and straw were ground to pass a 2 mm seive.

3.3 Analytical Procedures

Ammon ium and NO3~N were extracted from soil
samples by shaking in a 1:5 ratio of soil: 2N';C1_solution for
one hour. Extracts were analyzed by the steém distillation
methoa described by Bremﬁer and Reeney (1966). In these
experiments, NO>— concentration was not considered
significént and therefore not analyzed separately.

Soil'reactioﬁ was measured with a pH meter using a
glass electrode in water saturated paste. The extracts were
used to detgrmine electrical conductivity.

Organic carbon was estimated using the modified
Walkley-Black method, outlined by Allison (1965).

e Particle size analysis of soil'sﬁmples was‘done by

the hydrometer method (Bouyoucos 1962).

Measurements of bulk density of all of the soils

and depths were not made. For the calculations of N/ha, bulk

densities were assumed 1.3 for all soils at 0-15 cm, l.4 at

15-30 cm, and.1.5 at 30-120 cm (Bole 1976)2,

: 2Bole, J.B. 1976. Personal communication. Soil
Scientist, Soils Section, Canada Agriculture Research
Station, Lethbridge, Alberta. .

L L
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All grain, straw and representative soil samples
were analyzed for total N by the Kjeldahl-Gunning méthad
(Bremner LQSD);i No modifications to include NO,-N and |
NO3;-N were usedi

Results were apalyzed by analysis of variance for
randomized block, and split plot designs. Differences

between means were tested by using Duncan's multiple range
=

test (Steel and Torrie 1960). Variability, when expre8sed as

standard deviation was calculated as follows:

where x = observation
¥ = mean of observations
n =

number of observations.

3.4 15y Incubation Study

3.4.1 Experimental design

Bulk samples of a Malmo CL, and samples fﬁgm each
of a dryland and irrigated Lethbridge SiCL were colletted

“ from the 0-15 and 45-EQ cm depths in January, 1977 (Appendix,
Tables Al and 2). These samples were kept frozén at -5°C
until ready for use. The sa;pies were thawed and paéseé
through a 5 mm screen after they had been dried only to the
point where this process was possible. Subsamples of each
soil and depth were taken at this point for determinations
of moisture retention when air-dried, at 1/3 bar moisture
tension, and of the initial sample (Apjendix, Table Al3).

2

o
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Fertilizer treatments applied were KNO3 and !
(NH4) , 504 solutions calculated to apply 100 ug N/g soil
(0.D. basis) at 10 atom % excess 15y, The fertilizer
sglutiéns were added to the soils in a volume of 200 mlﬁper 4
kg 0.D. soil which was spread thinly on a élastic Sﬁéét; _ .
After thorough mixing, the sailé were placed into square
plastic pots (10 x 10 x 13 cm deep) at 500 g 0.D. soil per
éét. The potted soils were then further moistened to field
capacity with purified water. Untreated samples were
similarly treated before potting. The pots were covered with
snap-on lids whicﬁ had 1 cm holes plugged with c@ttan. This
procedure was chosen to allow ventilation, but to slow
evaporation du?iﬁg incubation,.

Th% pots were randomized, and incubated at ' .

' temperatures of -1+.5°C, and +4+.5°C. After 24 hours of
incubation, one replicite of pots was removed from the -1°C
ﬁcubaéi chamber; and iMEaiately afr-dried. These samples
will be referred to as the zero-time samples. Two remaining
replicates of each soil, depth, fertilizer treatment and |
incubation temperature were incubated for 90 days. | .

After incubation, all of the s8oil in each pot was

thinly spread and air-dried. It was then graund.tc pass a 2

mm seive.

3.4.2 Analytical methods

Ammon ium and (HO,+NO3) -N were determined by
éeparate distillations of the same KCl extract (Bremner and

Kenney 1966). The ammonia was collected in 0.05N boric acid.

ki



Between each éistillatiaﬁi approximately 15 ml of
re-distilled ethanol was distilled to prevent cross-

contamination by any labelled ammonia. Immediately after

distillate was re-acidified with 1 ml 0.2N HCl. The ™

collected samples from two distillations of each soil extract

0.5 mg N were spiked by adding 1 mg N as NH4Cl solution.
The samples were then evaporated to dryness in 6 ml shell
vials.

All samples were also analyzed for. Kjeldahl N to
include NO3~ and NO,-N by treatment!with acid
permanganate and reduced iron. The distilled samples were
re-acidified and evaporated to dryness in a similar procedure
to that used for inorganic N, except that no spiking of these
samples was necessary.

Thé collected samples of ammonium chloride were
converted to N by lithium hypobromite oxidation uggﬁg the
épparatus described by Porter and O'Deen (1977). Rétié
aﬁalysis of theiui from NH4-N, (ND:*ND?)—H and total
N was éerfarméd on a Micromass 602C dual channel magnetic
ratio.mass spectrometer. o .

Current pedks generated by the mass ratios were
1

(¥

translated into atom %}abundance N by the procedyre

described by McGill and Hruday (1981).

T
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determined by steam éisgilling a diluted aliquatf The analyzed
concentrations of the solutions were 2020 ug é/ﬁl
for the (’ NH4)2584 Sclutlan, and 2035 ug N/ml for the
KlSNDB Solution.

Calculation of the enrichment of the fertilizer
solutions from étam % abuﬂdance lSN cf a sample Df

diluted enrlchment was carried out ysing the following

equation:

EF = (Q5 + QU) (ADS) - (QS) (ASS) .
~ e = — 1 - - =ASS
Qu
where EF = atom % excess 15y in fertilizer salutlén
Qs = quantlty of spiking N (uq)
QU = quantity of unspiked N (ug)
ADS = atom 8% abundance 1 °N 1n diluted sample
ASS = atom % abundance 12y in spiking solution

used ta dilute sample.

The atom % excess lSN of the Eertlllze:s (EF) were
9.5539% for the ( NH4) 504 Solution and 9.9389% for

the K15N93 Solution. -
15 '

,Naturai abundance of “’N in the soils was

assumed to be the same for NH,4-N, NO3-N and total N.
Therefore, the natural abundance for each soil and depth used
was that of the total N samples which were not labelled, and
not diluted with spiking solution (Appendix, Table Al6).

The atom & excess lsn of the N in the smoil

o
(ES) was calculated from the atom % abundance lSN of the

diluted samples using the following equation:

(™)
s
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where QS, QU, ADS and ASS are as previously defined,
and ANS = natural atom % abundance of lsn in soil.

m
o
1]

(0S_+ QU) (ADS) - (QU) (ASS) "
QU -

= ANS

For samples not diluted with spiking solution,

was calculated by:

ES = AUS - ANS
where AUS = atom % abundance lsn of unspiked sample
ANS = as defined above.

ES

(See Appendix, Tables Al4 and 15 for calculated values o

ES)

Calculation of fertilizer N recovered :n labelled

samples” was carried out using the following equation:

X = ES x SN

=F
where- X = fertilizer N in sample (ug/g O0.D, basis)
e, SN = sample N (ug/g 0.D. basis)
5 and EF = as previously defined

Percent recovery of applied fertilizer was

T

Expressed as fertilizer N in sample , 100%
-) fertilizer N added

2.



>4il E:eliminggyg?ie%d Experiments.

A fall-irrigated stubble pl@tg a dryland stubble
and a ﬂfyland fallow plot, all on a Lethbridge SiCL were

sampled four times throughout the winter-spring of 1976. A

r

"fourth preliminary study plot located on a Chin SL a
Vauxhall was the site of a moisture «x N rate experiment on
corn conducted the previous season. The treatments of this

\_ Plot which were sampleé were irrigation treatments (1) nil
and (2) 10 cm water when matrix potential reached -400 mb, .
and fertilizer treatments (1) nil and (2) 270 kg N/ha as
NH4NO, applied in the spring of 1975. (See Appendix,
Figgres Al and 2). ' é

4.1.1 Over-winter changes in the level of 801l mineral

N in a stubble soil at Lethbrldge. o

To a depth of 120 cm, there was a decrease in the
level of mineral N from January 1 to April 1, in both the .
fall-irrigated and non-irrigated stubble plots (Table 1).
This decrease was also observed iﬁ the 0-30 and 0-60 cm
depths, indicating that the reductions in the upper horizons
were not simply due to m@vemEﬁt of N into lower horizons. 1In
the fall-irrigateéd plot, the reduction was 60 kg N/ha, and
about 30 kg N/ha in the ngnéirrigatea plot. This reducticn
was not continuous throughout the winter and® early sprlng,
however. There was an increase iﬁ the level of mineral N of
20 kg/ha and 15 kg/ha J! the fall irrigated and non-irrigated

pPlots respectively, during April (Table 1).

33.
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The levels of ﬁH4-N to 60 cm declined throughout
the sampling period in the irrigated soil, buf_remained
relatively constant in the non-irrigated soil (Figure 1).
The decrease in the levels of mineral N recovered from
January 1 to'hpril 1, and subsequent increase during April
were primarily due to changes in the levels of NO3=N. In
both plots, the level of NO3-N increased from January to
April 1, but orfily in the non-irrigated ﬁlqt was there an
increase in the total mineral N levél.. (Standard deviation
(s) indicated on Figures 1,.2 and 3 was calculated as
indicated in thevprevioug chapter. The number of
observations (n) at the Lethbridge plots were 3, and 4 at the

Vauxhall plot.)
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Table 1. Hlneral (NH *HDB) -N (kg/ha) recovered over
: winter, 1976 in pféllmlnary Etubble plots at
Lethbridge.
' Non-irrigated stubble plot
-
depth (cm)

Approximate T T ) . _
sampling date 0-15 _____0-30 ____0-60 ___0-120
Jan. 1 15 ab* . 25 bec 44 b 94 a
Mar. 1 14 ab 32 ab 56 a 98 a
Apr. 1 12 b « 22 ¢ 34 b 59 b
May ) 20a . 35a  s2ab a4 ab

Fall-irrigated stubble plot

-— - e e — = 4—"*7 - ,"7‘ i = e —
T R ) :
Jan., 1 7 . 19 a _ 38 a 68 a 120 a
Mar. 1 17 a - 34 a 62 a 108 a
Apr., 1 l6 a 23 b 36 b 60 c
-May 1 17 a . 30 ab ___45b 80 b
* means in any column within each pPlot are significantly
different when not followed by the same letter (P = 0.05).
4.1.2 Over-winter changes in the level of soil mineral N 3/‘

in a fallawed so1l at Lethbrlage.

To a depth of 120 cm, 48 kg N/ha of the mineral N 7 ngﬁ

recoveréd January 1 was not recovered April 1 (Table 2).

Similar to the trends in the previously discussed stubble,
plctsi‘:educficns in mineral N recovered from the fallow/ soil

*3

occur in all depths indigating that downward or upward mdvement

of N was not a major effect. In contrast to the results from
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Figure 1. Over-winter changes in the level of
' 80il mineral N to a depth of 60 cm
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the stubble plots, there was no increase in the level of
NO3-N from January to March. The levels of both NH4-N

and NO3-N declined from January to March, followed by an
increase in NO3-N aﬂg§ng Apfilx(figufé 2). Ammonium-N
declined continually, from 50 kg in January, to 10 kg/ha by

the end of April.

Table 2. Mineral (NH +NO3)-N (kg/ha) recovered over

winter, 1976 in a pPreliminary summerfallow

Plot at Lethbridge

- _ - dgpgqi(cm)jl -
Approximate
sampling date 0-15 0-30 ___0-60 _0-120
Jan, 1 37.0 a¥ 80.8 a 126.4 a 185.4 a
Mar., 1 32.0 ab 54.9 b 92.2 a 145.4 ab
' ¢

May 1 _ _35.9 ab 66.6 ab 96.2 a 137.0 b

* means in any column are significantly different when not
followed by the same letter,(P;DiDS).

/

The level of so0il moisture (Appendix, Table A4) in
the fallowed séil was near field capacity in the 15-60 cm
depth. The field capacity was not determined, but an
estimation can be made based on the pProximity of the site

from which the bulk samples for the incubat ic experiment

were taken (Appendix, Table A13). 1In any case,\the moisture
level of the preliminary study plots at Lethbridgk were not

significantly greater than field capacity throughout the
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sampling period, and had completely thawed by April 1, 1976.

4.1.3 Over winter changes in the levg; of mlneral
N in a stubble 8p1l at _Vauxhall

Analysis of soil samples taken from the corn

stubble site at vauxhall revealed large accumulations of

NO3~-N, beginning at depths of 30 to 90 cm (Appendix, Table ;é

A3). Soil moisture and mineral N levels were vefy variable,
probably partly due to changes in soil texture within the
pPlot and even replicates. iﬁe descriptive data pfesentgd in
the Appendix, Tables. Al to 3 are average data from 4
replicatesg The wide variations in the levels of recovered N
between repllcates, even to a depth of only 30 cm, place
seérious limitations on the usefulness of the data gathered at
this site. The large differences between thg levels of
recovered N throughout the sampling pe:iaﬁ are not
statistically.significant (Table 3). The iarge standard

deviations shown in Figure 3 are the result of the extremely

‘variable nature of the soil at this site,

In éﬁite of the variation noted, higher levels of

mineral N were recovered from the subplots which had been
fertilized with 270 kg N/ha in the spring of 1975 than from
non-fertilized subplots (Figure 3). Also, of the fertilized

subplots, h#gher levels of N were recovered from ngnairrigateg

than from the i:figatéd subplots. These differences are not

unexgected, and are most likely due to greater uptake of N

from the fertilized irrigation treatment than from the fertil-

ized, non-irrigated treatment by the previous com crop.

39‘



Table 3. Hiﬁeral (NH +NO3)-N (kg/ha) recovered over
winter, 1976 in a preliminary stubble plot at
Vauxhall** ’
i 7 o .ﬂepthglgm) - _
Approxxma@&
sampliqgﬁdg;g 0-15 0-30 ___0-60 _0-120
l. non=-irrigated, non>fertilized
Jan. 1, 1976 18 a* 31 a 90 a 220 a
Mar. 1 21 a 40 a 110 a 230 a
Apr., 1° 20 a 33 a 87 a 180 a
May 1 17 a 34 a _ 87 a 180 a
2. non-irrigated, 270 kg N/ha
Jan. 1 120 a 170 a 260 a 420 a
Mar. 1 ‘ 74 ab lzé a 24@ a .370 'a
Apr. 1 60 b 140 a 220 a 340 a
May 1 __52b_ 130 a 250 a 380 a
3. lirrigated, non-fertilized
Jan. 1 24 a 39 a;; 110 a 280 a
Mar. 1 14 a 28 a 68 a 190 a
Apr. 1 16 a 24 a 59 a 180 a
May 1 15 a ' 25a 52 a_ 140 a
4. irrigated, 270 kg N/ha
Jan .4 1 28 a .59 a l60 a . 360 a
Mar. 1 39 a 69 a 160 a 280 a
Apr. 1 32 a 66 a J a 340 a
May 1 27 a 46 a //ffggféj::i> 240 a

* means in any column within an
different when not followed b

** fertilizer treatments had be

n applied in spring, 1975.

y/ treatment are significantly
the same letter (P=0.05).
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4.2 Main Field Experiments

<

In October 1976, field experiments were initiated
at three locétions to compare fall to spring application of
different forms of fertilizer N in terms of yield of barley
and N uptake, to assess the effectiveness of)band Placement
of urea with and without the use of a nitrification
inhibitor, to investigate the effect of soil moisture on the
fate of fall apblied calcium n;trate, and to ébmpare the |
effects of these treatments on dryland and irrigated soils,
Locations chosen were Vauxhall, Lethbridge and Glsgggodf/fa.r
include the Brown, Dark Brown and Thin Black soil zones of
southern Alberta. At each 1ocation, sets of two plots were
established, one on dryland and the other on a site which had
begn irrigated for a number of Years. A portion of each of
the six plots was irrigated in fall, 1976. An application of
10 cm of water was made to provide a higher soil moisture
content before the onset of winter.

All feftilizers were applied at the rate of 60 kg
N/ha. In late October, treatments applied by broadcasting
and incorporation were urea, ammonium nitféte and calcium
nitrate. Calcitim nitrate was also applied in this manner on
the fall-irrigated section of each plot. Urea was also
applied in fall by band placement with and without the use éf
the nitrification inhibitor ATC. The inhibitor was included
in the formulation at the rate of 2%, weight basis.

At the end of April, 1977, all of the plots were

tilled with a roto-tiller, soil samples were taken, and the

42.
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spr,ing fertilizer treatments were applied. Urea, ammonium
nitrate and calcium nitrate were applied by broadcasting and
incorporating. The ent1re plot was then seeded to Galt

"barley (Hordeum vulgare L.) at the rate of 54 kg/ha. Plots

r

at the irrigated sites were irrigated as required throughout

the growing season.

4241 \Effect of fall vs sprlng broadcast-applied N
- ‘on yield of barley-and N uptake.

Spring broadcast application of urea, ammonium
nltrate or calcium nitrate did not result in s;gnlf;cantlg
higher yields of barley grain than did fall-application
(Tabie 4). The avera&e yields of barley from fall and spring
broadcas;.application of the three N sources at the dryland
sites were 1.01 and 1.20 t/ha at Vauxhall, .83éand .80 t/ha
at Lethbridge, and 1.80 and 1.66 t/ha at Gienwaaﬂ. At the
dryland sites at vauxhall and Lethbridge, severely limited

. 8o moisture and growing season rainfall prevented responses
:to N fertilizer treatments (Appendix, Tables A8 and 11).
Soil moisture af the dryland site at Gienwood was only
slightly less limiting.
' The interaction of time of application and N
source was not significant at any site (complete data
presented in Appendix, Table A7.). To exam{ne\thé effect of
time of application, the N sources were combined (Tables 4, 5

and' 6). -

(3

At the irrigated sites, the’ average yields from

fall and sprlng broadcast-appl1ed N were 6.49 and 6.67 t/ha
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Table 4, Yield of barley grain (t/ha) with fall and
" spring broadcast-applied urea, NH4NO3 and
CE(NDB)Z )

Dryland Sites

Time of

application Vauxhall Lethbridge _Glenwood

Fall 1.01+.17* .83+.16 1.80+.04
Spring . 1.20+.27 +80+.06 1.66+.20

Control .91 .64 1.39

C b
Irrigated Sites ’ -

Vauxhall Lethbridge - __Glenwood

Fall 6.49+.18 5.374.11 . 2.45+.39

Spring 6.67+.60 5.18+.08 2.75+.17

Control : 5.59 ' 5.02 . 1.02

* number of observations (n) for each mean = 12
at ~vauxhall, 5.37 and 5.18 ;/ha at Lethbridge, and 2.45 an&
2.75 t/ha at Glenwood. None of these differences was
significant. g

At the ifgﬁgated sites at Vauxhall and Lethbridge,
large subsurface accu%platicns of NO3=N beginning at GOsgsi
em greatly reduced responses to fertilizer N treatments
(Appendix, Table A6). The unfertilized yields at the Véuxhall

and Lethbridge irrigated sites were very high: 5.59 and 5.02




t/ha, respectively (Table 4). The shallow Ch;n profile at
Vauxhall also varied greatly in texture. Although soil
_ moisture was not a growth-limiting factor at the irrigated
sites, these accumulations of NO3~N presented difficulties
in observations of crap response to fertilizer N treatments.
Responses to N by both yield (Table 4) and N uptake
(Tables 5 and 6) are relatively larger at the irrigated site
ét Glenwood, than at the irrigated sites at Vauxhal]‘émd
Lethbridge because of lower levels of soil N (Appendix, Table
A6). The growth of barley at Glenwood may have been
restricted somewhat by competition from weeds and volunteer
grain during the early growing season. (The volunteer grain
was.reméved from between the rows in early July.)

Nitrogen cantent of barley grain showed a slightly

\I—]‘

greater response to fertilizer N than did yield (Table 5).
However, there were no significant differences between
increases due to fé}l andgépring application of N
fertilizers, even ;hcugh fertilizer N resulted in greater N
uptake at all sites (Tables 5 aﬁé 6). The smallest, or
almost no response to N was exhibited by the irrigated site
at Lethb:iﬂge,»wh%:e the'subscil accumulation of NO3;~-N was
the gfeatéstr The standard dev1at1gn gf the means of both
grain yleld (Table 4) and N content af grain (Table 5) are
relatively lower than ﬁﬁe means of total N ugtake (Table 6).
The'reasaniis nct'cléaf, but it appears that yield and N
content of grain may not be clcsely-cafrelated to N content

o



Table 5. Nitrogen content of béfiey géain (kg/ha) from
fall and spring broadcast-applied urea, NH,4NO4
and Ca(NO;3), S

Dryland Sites

Time of

application  vauxhall Lethbridge - Glenwood

8.2+44.1 38.4+1.4

[ .gad

Fall 22.9+44, 1%

9.

[
[ %]

Spring ©30.1+6.1 +1.9 | 35.3+4.5

Control 17.9 13.5 26.4

Irrigated Sites

Vauxhall . Lethbridge Glenwood
e — = e =  — ;i,f,,

Fall | 139.9+1.9 121.1+4.9 34.3+4.9
Spring 141.8+12.5 119.8+3.1 38.2+1.6

Control ) 114.7 116.8 16.0

* number of okt vations (n) for each mean = ]2

of the total above-ground crop. At the Vvauxhall dryland
siﬁé, it would appear that the difference between fall and
spring application may be significant as measured by N

content of grain. The large standard deviation of the

however, if compared in terms of total N uptake (Table §).
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Table 6.
fall and spring
and CS(N03)2

Nitrogen uptake (kg/ha) by grain plus straw from
broadcast-applied urea, NH4NO4

Dryland Sites

Time of

application __Vauxhall

_Lethbridge Glenwood

Fall 32.9+17.3

Spring 37.0+17.8

Control 24.9

32.4+12.6

49.2+15.5
33.9+13.3 44.6+10.8

32.4

Irrigated Sites

:gaqghall

187.9+422.3
191.0+24.8

155.3

_Lethbridge

159.1+13.1 43.2
155.0+15.2

151.0 20.5

* number of observations {(n)

4.2.2

1 mineral

Effect of N-source on
z N _recovered

in_spring.

The yields of barley
5ignifieaﬂt1y‘éifferent due to
spring or fall (Table 7). The
- resulted in the requirement of
at the

~significance. However,

yield was lower from urea than

when applied in the fall or spring.

e

at the dryland sites were not
N-source broadcast-applied in
variable nature of the soil
large differences for

Vauxhall énd Lethbridge sites,
from NH4NO5 or Ca(N®3)2

At the vauxhall irrigqated
e



fall or spring. At both the Lethbridge and Glenwood irrigated

sites, NHyNO; tended to be better when applied in fall.
At the irrigated site at Vaéxhall; urea resulted in

the highest yield, and the lowest yield was fertilized with

NH,4NO3 (Table 7). -There were no corfsistent significant

differences in yield of barley or-Mluptake by grain due to N
source at the irrigated sites, an interaction of time of

icant.

=t
L]

application and N source was not siyri
At the d;yland sites, the N content of the barley
;grain was not significantly different due to N source (Table
8). At 'all three sites however, urea resulted in the l@wesE
N content of the_n sources when applied in fall or spring.
This trend was not clear at the irrigated sites, but éié occur

somewhat at Glenwood. Urea applied in—the spring resulted iﬁ

the highest N content in the gr§ t the vauxhall irrigated

site, and

is was significantly g,eéter thaﬂ from

JN34HDB or CH(NO;), agplied in spring.

itrogen uptake by the above-ground crop (Table 9)
was significantly lower from urea only at the Vauxhall dryland
site. Urea resulted in slightly lower uptake at t é Glenwood

.
dryland site, but only when applied in spring.

e

,A—,X“;f‘v



Table 7.

N sources

The effect of fall and s

pring broadcast-applied
an yield of barley grain {t/ha) at
dryland and irriqgated sites.

Dryland

Sites

Time of N o 7
application source ___Vauxhall _Lethbridge Glenwood
fall urea .84 av .62 a 1.80 a
f ) NH,4NO, 1.02 a .93 a 1.77 a
Ca(NO3), 1.17 a .83 a 1.85 a
éﬁring urea .89 a .74 a 1;4é a
| NH,NO, 1.35 a .84 a 1.86 a
. Ca(NO3), 1.37 a .84 a 1.66 a
écﬁtral .91 .64 1.39
Irrigated Sites
o Vauxhall Lethbridge Glenwood
fall urea 6.52 ab 5.30 a 2.2§ a
NH4NO 6.30 b 5.50 a . 2.90 a
Ca(NOy), 6.65 ab 5.31 a .2.22 a
épring urea 7.36 a 5.04 a 2.60 a
* NHgNog 6.26 b 5.34 a 2:80 a
ég(NDB)E 6.41 b 5.17 a 2.89 a
!
ctontrol 5.59 5.02 1.02

* means in any column within ea
different when not followed b

ch site are significantly
y the same letter (P=0.05).

49.



Table 8. The effect of fall and spring broadcast-applied
N sourtes on N content of barley-grain (kg/ha)
at dryland and irrigated sites.

Dryland Sites

Time of. N
u

application spurce  Vauxhall Lethbridge =~ Glenwood .

fall urea 19 a* 15 a 37 a
NH4NO 3 23 a 23 a- 39 a
Ca(N03)2 27 a 17 a 40 a

spring urea 19 a 17 a 30 a

control 18 - 13 26

Irrigated Sites
. e Vauxhall Lethbridge  Glenwood

fall urea 139 ab . 122 a 31 a
éi AN’H‘NQB -139 ab 125 a 40 a
2

ab 116 a 32,

]

Ca(NO3), 14

spring urea 155 33 116 a 36 a
NH4NO, 131 b 122 39 a

CE(NDB)E 138 ab 120 a * ’ 39 a

control 115 117 " 16

* means in any column within each site are significantly
different when not followed by the same. letter (P=0.05).

. | A



Table 9. The effect of fall and spring broadcast-applied
" N sources on N uptake by barley grain plus straw
(kg/ha) at dryland and irrigated sites.

Dryland Sites

Time of N ,
application | source Vauxhall Lethbridge Glenwood
fall urea’ 27 b 30 a 50 é =
T NH4NO4 33 ab 37 a 48 a
Ca(NO3), 39 ab | 31 a 54 a
spring Vurea 28 b 35 a ‘ 42 a
NH,4NO4 42 a 34 a 49 a
) Ca(NO3), 41 a 33 a ‘ 44 a
control 25 | 22 32
. .. «
[
Irrigated Sites
Vauxhall Lethbridgé N Glenwood
fall urea 187 a 160 a 38 a
. NHgNO, 186 a " 161 a 51 a
Ca(NOy), 191‘? 156 a 40 a
spring - urea 205 a 152 a 43 a
NH4NO4 179 a 157 a 48 a
Ca(NO3), 188 .a 155 a 49 a
control - 156 : 151 ' 20

* means in any column within each site are significantly
different when not followed by the same letter (P=0.05).



52.

When total N uptake data for spring and fall-

-

applied N séurges are combined, an overall comparison of the
sources at each site can be made (Table 10). Less urea-l was
-taken up than from NH4NOj or Ca(MO3), 3t the Vauxhall dryland
was the best™ There were no other significant differences
between N sources at tﬁe dryland or irrigated sites.

The increases in N uptake due to fertilizer were 9,
14, and 14 kg N/ha for the urea, NH4NO; and Ca(NO3), N
sources, resggttivély, which is equivalentAta 15, 23 and 23%
of the N applied. At the irrigated sites, the increases in N
upt;ke were 18, 21 anéiil kg N/ha from the three N sources,
equivalent to 30, 3§‘and 35% of the N applied.

The levels of mineral N recovered in»spring after
fall broadcast-application of N sources are given in Tables
1la and 1lb. Adalysis of variance of, the data including the
control was made to indicate that the levels of N in the
treated plots were not signifi§antl§_greater than those in
the control in every case, ;ffﬁw , | ’

At the vauxhall and

tjbfidge sites, the presence
of high levels of subsoil ND%ﬁﬁgﬁizéés some question on . the
validity of the use of the -subtraction method to determine
recovery of fertilizer N. This is evident in Tables lla and {
11b, where levels of mineral N and feétilisgf N to 60 em
depth are quité variable. Therefore, the levels of recovery
should perhaps be viewed with caution.

- .
3



D
a
™

Table 10. Average effect of fall and spring applied N-
source on N uptake by grain plus straw (kg/ha).

v Dryland Sites

N-Source _Vauxhall Lethbridge ____Glenwood

Urea 28 b 32 a 46 a
'HH4ND3 : 38 a 36 a 48 a
Ca(NDB)z 40 a 32 a 49 a

Control 25 - .22 ' 32

Irgiggt%d Sites
_ Vauxhall  Lethbridge Glenwood

Urea ; 196 a 156 a 40 b
NH4NG3 182 a 159 a 49 a
Ca(NO3), 190 a 156 a 44 ab A

0

[ %]

Control 156 ° 151

* means in each column are significantl?gQéfferen; when not °
followed by the same letter (P=0.05).

iAt the dryland sites (Table ila), less urea-N was
recovered in spring. than fertilizer N from the é;her
sources. The exceptions were at Lethbridge, in the 0-15 ¢nm
depth, and in the 0-60 cm depth, where error resulting from
50il variability was involved.. The surface soil at
Vauxhall and Leéhbriage is slightly alkaline (PH 7.4 and

7.6; respectively). One might therefore suspect some loss
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Qf‘uféa!N by volatilization, ‘fhe surface soil at the
dryland site at Glenwood was slightly acidic however (pH
6.1), and the same trend occurred there. Therefore,
volatile losses of urea-N stimulated by an alkaline soil
reaction are not a probable egplanaticni Although ~
investigations into the reason for lower urea—N recovery
were beyond the scope of the present study, possible
explanation may be the retention of NH4-N by the clay
fraction of these soils and/a: differentiation in favor of
NH4-N during immobilization by soll bacteria.

At the dryland §ité% (Table 1la), if the variable
- data from the Lethbridgef;ite are excluded, the fecéveries
of applied N to a depth of 60 cm were 625 92 and 85 for
urea, NH4NO3 and Ca(NO3)2.‘réspectively. Fg:rall N
sources, about 75% of recovered fertilizer N was in the
0-15 cm depth, and only. an average of 4% of applied N was
recovered in the 30-60 cm depth. . /

The r%favery of fertilizer N in spring at the
irrigated sites (Table 1lb) to a dep;h of 60 cm was quite
variable, but to a depth of 30 cm, less hrea—ﬂ was
recovered at all of the sites. (The éifference at
Lethbridge was not significant, however.) The PH of the
gurface soil at the irrigated sites at Vauxhall, Lethbridge
and Glenwood .was 7.0, 7.8 and 7.7, respectively. Because
the broadcast-applied fertilizer was immediately well-mixed
into the so0il to 10 cm with a roto-tiller, it is not likely

that volatile losses of urea-N occurred. The lower levels



uptake at the Vauxhall dryland site, but not at the.vauxhall .

]
and Glenwood irrigated sites. Nitrogen uptake there was .also

not lower from fall-applied urea than from the other sources.
This may be a further inaicagiah that urea-N iay have been
retained by the soil but later released for crop uptake,
father than lost by volatilization,

At all the dryland and irrigécéd sites, the
recovery of Ca(NDB)zan in spring and N uptake by the crop
were not lower than from the other sources. This is an
indication that higher losses of NO3=N from Ca(NOj3),

did not occur over winter, than from ﬁH4NQ3 Oor urea.
4.2.3 Effect of band-placement of fall-applied urea,

with and without the nitrification inhibitor
ATC. - - ' - o

A comparison of methods used to inhibit
nitrification was conducted to study their effects on yield
and N uptake of barley. Urea was applied in fall by
broadcasting, and by banééplacement with and without the
aitgificatiaﬁ inhibitor ATC (2%, weight basis). Soil samples
were taken in fall (before appiicaticn)‘ané in spring (before

seeding). Ammonium and NO3-N were analyzed to compare the

effects of these methods on over winter nit:ificatian of

fertilizer N.

S YThe method of application and the use éf ATC did
not have a significant|/effect on the yield of barley (Table
12), the N content of jthe grain (Table 13), or the crop

uptake of N (Table 14] at the dryland sites at vauxhall and



Lethbridge. Because yields did not respond to N at these

sites due to extremely limited soil moisture and high soil N,

e
i, ]

yield differences resulting from placement over winter and
nitrification inhibition would not be ex@ectéé. At the
dryland site at Glenwood the yield of grain responded
signifieéntly only when urea was applied by bf@éﬂcasting

(Table 12). The yields and N content of grain were similar

whether or not ATC was included with band-applied urea (Table

13), but the total N uptake théfe (Table 14), was decreased
by banding, and decreased.samewhat further by the use of ATC
(Table 14). f

At the irrigatéé site at Lethbridge the yield was
apparently repressed by the use of ATC with banded urea
(Table 12). The reason for the lower yield from that
treatment is not clear since Enly a low rate of ATC was used,
and because the fall-applied bands were Qell mixed into the
soil before seeding. The field and N uptake results at the
irrigated plot at Lethériage were similar to those at the
drglané site there, in £hat there were no significant
responses to N at all. Therefore conclusions about methods
of application cannot be made.

At the Vauxhall and Glenwood irrigated sites there
were no significant differences due to method of application
of urea (Tables 12, 13 and 14).

Band placement and the use of ATC did have a
significant effect on the extent ernitfificatian, however

{Tables 15a and 15b),.




Table 12. Yield of barley grain (t/ha) with fall
application of urea by broadcasting and band--:
placement with and without the nitrification

inhibitor ATC.

Dryland Sites
é

Treatment vauxhall Lethbridge Glenwood
urea broadcast .84 a* .62 a 1.80 a
urea banded 1.09 a .44 a l1.48 b
urea + 2% ATC .95 a : .56 a l1.46 b
banded .

control .91 a .64 a 1.39 b

Irrigated Sites

Vauxhall Lethbridge ) Glenwood
‘urea broadcast 6.52 a 5.30 a 2.24 a
urea banded 6.60 a 5.34 a 2.40.a
urea + 2% ATC '6.23 a 4.48 b 2.56 a

banded

control /_,4£59 b 5.02 ab 1.02 b

!

* means are signifikantly diffetent when not followed by the
same letter (P=0.05). S—
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Table 13. Nitrogen uptake by grain (kg/ha) with fall
application of urea by broadcasting and band-
placement with and without the nitrification
inhibitor ATC.

Treatment,

Dryland Sites
[ _

__Lethbridge \‘47 G%gnwaad

Vauxhall

urea broadcast

urea banded

urea + 2% ATC
banded
control

_— = — =

19 a* ' 15 a 37 a
23 a 11l a 29 ab
21 a 13 a 30 ab

18 a 14 a

Glenwood

urea broadcast
urea banded

urea + 2% ATC
banded

«control

_Vauxhall

139 ab 31 a
145 a 125 a 33 a
138 ab
115 b

_* means in each column are §§3ﬂificantly different when not

followed by the same lette

“(P=0,05).

i

N



'

¢

S e e am——— - e e - P

6l.

Table 14. Nitrogen uptake by grain plus straw (kg/ha)
with fall application of urea by broadcasting -~
and band-placement with and and without the
nitrification inhibitor .ATC.

Y| - _ — - I
; —
? Dryland Sites
) _ - ~ — _
Treatment Vauxhall ____Lethbridge ~ Glenwood
. ) e o - —

urea broadcast 27 a* 30 a 50 a

urea banded 34 a . 29 a 42 ab

urea + 2% ATC 30 a 24 a 37 b

banded

control 25 a 23 a 32 b

Irrigated Sites
— —_— — — ,
Vauxhall Lethbridge ___Glenwood

urea broadcast 187 a 160 a 38 a

urea banded 201 a 162 a X 41 a

urea + 2% ATC 190 a 151 a 44 a

banded .

control 155 b 151 a 20 b

- * means in each column are significantly different when

followed by the same letter (P=0.05).

not



Table 15a.

Recovery of NH4-N,

NO3-N and (NH4+NO3)-N (kg/ha)

at dryland sites in spring, from urea fall-
applied by broadcasting, and banding with and

without the nitrification inhibitor ATC.

| kg N/ba
0-15 cm’ __0-60 cm
Site Treatment NO;=N__ Total  (NH,4NO;)-N
Vauxhall nil 17 b 22 b 42 b
dryland broadcast 38 a 47 a 75 a
band 32 ab 50 a 76 a
band + ATC 20 b 48 a 69 ab
Lethbridge nil 8 b 14 b 79 a
dryland broadcast 25 a 31 a 109 a
band 18 a 29 a 72 a
band + ATC 9-b 31 a 63 .a
Glenwood nil. a 13 ¢ 27 b 65 b
dryland broadcast a 35 a 58 a 106 a
band a 30 ab 62 a 101 a
band + ATC a 20 bc 50 a 90 ab

* means in any column within each site are significantly
different when not followed by the same letter (P=0.05).

{
.



Table 15b.

63.

Recovery of NH =N, NO3-N and (NH4*NDB)QH (kg/ha)
at irrigated sites in spring, from urea fall-
applied by broadcasting, and banding'with and
without the nitrification inhibitor ATC.

=

Site

kg N/ha

0-15 cm

0-60 cm

(NH4NO3)-N

Treatment _NH,=N

irrigated

Lethbridge
itrigated

Glenwood
irrigated

142 b
170 ab
196 a

nil 4 b* 30 b 34 b
broadcast 10 b 62 a =

band 9 b 61

]
N
fo]
P}

170 ab

o
™
o
o

band + ATC 30 a _ 38 |

186 a
200 a
225 a

nil 8 b ,
broadcast 10 b 41 a , §l ab
band 10 b 45 a 55 ab

[
o
0y
(]

band + ATC 30 a 35

nil 9 b 7 l16 b 42 b
broadcast 9b 19 a 28 ab 68 a
band 7

o

12 b 22 a 34 a . 71 a

band + ATC 25 a 10 b 35 a 68 a

* means in any column for any site are significantly
different when not followed by the same letter (P=0.05). =



- (Because of the irregular accumulations of soil

NO3-N at the vauxhall and Lethbridge sites, and also

because leaching was not éxpeéted to be*extensivep'a!
omparison of the levels of NH, =N anﬁ?%zi=n in the 0-15

cm depth are shown.) At the dryland sites, nitrification

" between the time of a@pglieatian‘ana spring was reduced by
banding the urea, and further reduced by banding with ATC
(Table 15a). The average recovery of fertilizer (N54+ND3)§N‘
in the surface depth was 24, 26 and 22 kg/ha at the dryland

sites, from the broadcast, banded and banded with ATC

treatments, :espectively. The recovery of fertili N in
%
spring was not significantly different due to inhibition of
=%
A

nitrification at the\dryland sites.

; At the ifrigated gites (Table 15b) cnlf the use of
"ATC with banded urea had a signifi:ant effect on
nitrification. Nitrification was élcwed somewhat by banding
.at the Glenwood site, but not significantly. At the
irrigateg Sites the average recovery of fertilizer H to a
depth of 15 cm was 26, 27 and 28 kg/ha from the bfgadcast,
‘banded and banded with ATC treatments, respectively. -

The soil at both the irrigated and dryland sites

was dry throughout the sample period, although the surface
soil at the irrigated sites was slightly more moist
(Appendix, Table AB8). Perhaps the reason for the differencé
in effectiveness of banding urea in “the inhibitien of nitrif- -
ication was due to this slight difference in soil moisture.

|
It is conceivable that nitrification could be restricted more

5

64.
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by banding urea in-a dry soil than in a more moist sci1§
If it is assumed that urea applied in the fall by

: bfcaégastiﬁg was completely hydrolyzed by springi then the
data indicate that the urea in the fall bénded/éreatmEﬁts was
also completely hydrolyzed. This is shown by the similar
levels of mineral N recovered by analysis, regardless of
method of application.

4;2;4 Effegt of fall irrigation and fall applied

Ca(NO3), on yield of barley, N uptake and
recovery of fertilizer N in spring. -

To study the effect of soil moisture in fall on
over-winter transformations or losses of fall applied
Ca(NO3),, a portion DE each of E%e dryland and irrigated
pPlots was irrigated in fall. A depth of 10 cm water was
applied to simulate irrigation or fall rainfall. Calcium
nitrate was applied at 60 kg N/BF' by broadcasting §nd
incorporating afé%z the irrigated treatments had dried
sufficiently to allow incorporation with a roto-tiller (4-6 -
days) .

At the dryland sites the yield response to fall
irrigation was greater than to the fall-applied fertilizer
(Table 16)., As was discussed earlier, limited soil moisture
prevented a significant response to N. Even on the fall-
irrigated treatments of the dryland sites, soil mciatur§
éuring the growing season restricted the yield response to
fertilizer N. Gjly at the Glenwood site was the fall

irrigated and fertilized yield significantly higher than the
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irrigated, non-fertilized yield.

As expected, there was no significant yield
respdnse to fall irrigation at any of the irrigated sites
(Table 16). Accumulations of NO3~N and replicate variation
at Vauxhall and Lethbridge, which were previously discussed,
made differences im yield requiredg for significance large.

At the irrigated site at Glenwood, the yield response to
fertilizer N on the fall irrigated treatment was similar in
size to that on the treatments not irrigated in fall. In
other words,'No3-N adéed to moist soil in fall was as
'effective as NO3-N applied on drier soil.

This N content of grain .and crop uptake (Tables 17
and 18) indicate the s;me trends. At the dryland sites the N
content of graiﬁ was increased by irrigation, but not by N.
The N uptake by the'above-ground crop at Vauxhall was also
higher due to N with no fall irrigation. At the dryland site
at Glenwooé, N uptake was increased by fertilizer N to a
greater extemt when fall irrigated than when not irrigated in
fall.

S—\ At the irrigated sites there was no increase in N
content of grain or N uptake due to fall irrigation. Therg
was also no reduction in N content or uptake due to fall
irrigation (Tables 17 and 18). The %pcrease in N content and

—

uptake due to fertilizer N was .significant only at the -
. _ \ .
Glenwood site. «

/\"/{\ )



Table 16. Effect éf fall irrigation and fall broadcast-
applied,,‘:a(ﬂég)zaﬂ yield of barley (t/ha) at
dryland gnd irrigated sites.

Dryland Sites

Fall

treatment . Vauxhall ___Lethbridge Glenwood

control ‘ +91 b* .64 :b ’ ,1-39 c
Ca(NO3), 1.18 b .83 ab 1.85 be

fall-irrigated 2.36 a 1.28 ab 2.44 b
control . )
fall-irrigated 2.69 a x 1.49 a 3.40 a
+ Ca(NOj),** -

Irrigated Sites
) ~ _____Vauxhall Lethbridge ___6lenwood

control o 5.59 ab 5.02 b 1.02 b

Ca(NGB)g 6.65 a 5.31 ab - 2.22

1]

fall-irrigated 5.10-b 5.64 ab - 1.12 b
control . )

fall-irrigated 5.85 ab 5.72 a . 2.39 a
+Ca(NG3)2 ’ ‘

L 7 - i‘ B Y ) 7
* means are gignificantly different when not followed by the *

same letter (P=0.0%). 1

** Ca(NO3), was broadcast and inéarparated after fall
irrigation. — .

# -

.t
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Table 17. Effect of fall irrigation and fall broadcast-
applied Ca(NO3), on N content of barley grain
(kg/ha) at dryland and irrigated sites,

Dryland Sites

Fall

treatment Vauxhall Lethbridge _____Glenwood
control 18 b* 13 ¢ 26 ¢
Ca(NO3), 27 b 17 bc 40 bc
fall-irrigated 49 a 26 ab ‘ 46 b
control :
fall-irrigated 54 a 32 a 65 a

+ Ca(NO3)2’*

Irrigated Sites

vauxhall Lethbridge =~ Glenwood
control , 115 ab - 117 a ~16 b
Ca(%)z 142 a 116 a 32 a
fa;@;irrigated 96 b 131 a 17 b
control .
fall-irrigated 122 ab 131 a 33 a
+Ca(NO3),

* means are significantly dlfferent when not followed by the
same letter (P=(Q. 05) .

*a Ca(NO;3), was broadcast and 1ndorpotated after fall
irtigat on. /
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Table 18. Effect of fall irrigation and fall broadcast-
applied Ca(NO3), on N uptake by grain plus
straw® (kg/ha) at dryland and irrigated sites.

¢ :

Fall

Dryland Sites

“» ']

)
treatment Vauxhall Lethbridge ‘Glenwood
‘control 25 ¢ * 22 b 32 ¢
Ca(NO3), 39 b 31 ab 54 b
fall-irrigated 61 a 34 ab 57 b
control r
fall-irrigated 71 a 45 a 82 a
+ Ca(NO3)2'*

Irrigated Sites
Vauxhall ﬁethbridge Glenwood

control 156 ab 151 a 20 b
~ca(no3), 191 a 156 a 40 a
fall-irrigated 121 b . 171 a - 22 b
control ' '
fall-irrigated 167 ab 174 a 4] a
+Ca(NOjy), -

* means in any column are significantly different when not
followed by the same letter (P=0.05)

* > Ca(NO3)2 was broadcast and incorporated after fall

irrigation.

’
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The level of soil mineral N recovered from the

unfertilized fall treatments at the dryland sites were not
affected by fall irrigati;n (Table 19a). This indicates that
the net effects of mineraliéaticn. immobilization and
denitrification, if it occurred, were not affected by*highér
goil maisturé. The recovery of fertilizer N was decreased at
Vauxhall, increased at Lethbridge, and increased due to fall
irrigation at Glenwood, although only the differernce at
Lethbridge was significant.

At the irrigated sites, the levels of miéé:al N
extracted from the soil in spring from the fall treatiments
not fertilized were not different due to fall irrigation.
Furthermore, the levels of fertilizer N recovered from fall
treatments were not affected by fall irrigation. These
results indicate that the levels of soil mineral N over
winter were not affected by the levels of soil moisture, and
secondly, that the recovery of fall-applied N was not reduced

due to soil moisture. Supportive evidence of this are the

previously discussed similar levels of yield and N uptake

responses at the irrigated sites, regardless of fall
irrigation (Tables 16, 17 and ;3),

The levels of total and fertilizer mineral N are
reported only for the 0-30 cm depth’tc avaid*inte:ference
from the high levels of NO;3;-N at the Vauxhall and
Lethbridge sites. Leaching of much of the fertilizer N was

not anticipated. Because the fall irrigation treatments were
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carried out before Ca(NO3), was applied, downward
movement of NO3=N in the fall irrigated treatments were
expected to be much less than had irrigation followed
fertilization, It is quité conceivable that some of the
NO3=N would have moved below 30 cm. Therefore, levels of
fertilizer NO3-N recovered from the 0-15, 15-30 and 30-60
cm depths are presented in Table 20.

These data were derived fraom mean levels (4
replicates) of NO3-N in the 0-15, 0-30 and 0-60 cm depths.
For example, NO3=N in the 30-60 cm depth was ;al:ulated by
subtracting NO3=N (0-30 cm) from NO3=N (0-60cm). Because
these subtractions wére made using the mean valves of 4
replicates, statistical verificaéicn by testing the
differences was not valid. These data should therefore be
viewed with care, and as trends only.

The data presented are a further indication that a
decréase in the recolery of fertilizer NO3=N due to fall
irrigation did not occur. At the dryland sites, the
fertilizer NO3-N rec®ered in the 15-30 cm depth was
similar, whether or not the soil had been irrigated prior to
application. Perhaps the extent of leaching should be
examined by comparing the levels of NO3-N in the 0-15
éeéﬁhs across the treatments, and the total in the 0-60 cm

epth. At both the:dfyland and irrigated sites, apparently

"

more fertilizer NO3~-N was leached out of the 0-15 cm depth
in the non-irrigated treatment than in the fall irrigated

‘- treatment. The total fertilizer N recoverdd to 60 cm
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Table 20. Average recovery of fertilizer NO3-N* (kg/hé) in

spring, from fall-applied Ca(NOj )2
irrigated and non- irrigated treatménts at drylangd

and irrigated sites.

on fall

— - — R _— -

Dryland Sites Irrigated Sites _

not fall fall ‘not fall fall

Depth (em)  irrigated irrigated _irrigated irrigated
0-15 27 36 27 40
15-30 15 12 20- 10
30-60 8 2 12 19
Total 50 50 59 - 68

* fertilizer NO3-N = treatment NO3~N - respective control

NDB—H

however, was not reduced due to fall irrigation.*

agreement with the results presented in Tables 19a and 19b.

4.3 Recovery and Transformation of N-15-Labelled Fertili

This is in

in a Soil Iﬁcgbatlaﬁ Experiment,

Solutions of (15nﬁ4)2534 and

to moist samples of soil from the 0-15 cm and 45-60 cm depths

of an irrigated and dryland Lethbridge SicCL,

3

Were added

and of a Malmo

BRSO

74-

i

CL (Appendix, Tables Al, A2 and Al3). Fertilizer N was added

at the rate of 100 ug/g (0.D. basis), and at the enrichment

rate of approximately 10% excess of 15y.

incubated at the moisture level of field capacity in

The s0ils were

pots which were closed, but not sealed. e Eeplicate of

plastic
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samples was air-dried after 24 hours of incubation at -l°cC.
These will be referred to as zero-time samples. Two
additional replicates were incubated for 90 days, at

temperatures of -1 and +4°C. Because evaporation was not

..expected, no additional water was added during, the incubation

eriod. Although moisture was not measured after incubation,

\IU‘
(2]
[T

nificant moisture loss did not occur. Samples were then

1]
[
O

air-dried, and N was analyzed by KCl extraction and steam
distillation, as well as by the Kjeldahl procedure, modified
to incluie NO,; and NO3-N. Collected samples of N were

quantifi@® by titration, and re-acidified samples were dried,

and 154:14yN ratio analyses were made with a mass

1
spectrometer, . .

4.3.1 Percent recovery of applied N by Kjeldah
analysis, and by KCJ extraction and B
distillation using direct measurement and

%ﬁd;géét'gSgbégaéﬁ%Qﬂ) techniques.

1

Recovery of applied NH4-N by the Kjeldahl
procedure was greater than by steam distillation of KC1
extracts, but not complete (Table 21). Approximately 28% of
agpliea NH4-N was not recovered by the modified Kjeldahl
procedure, and approximately 39%-was not recovered by KCl
extraction. These results are similar tq?thase reported by
Tomar and Soper (1981), who suggested thagra portion of
applied NH4-N was rapidly retained by immobilization and/or
fixation, and slowly released thereafter. After 90 days of
incubation in the present study however, the extent of
recovery by the Kjeldahl procedure was not greater than at

:ergfgiﬁe_



The level of recovery of NH4~N by KCl extraction
waé relatively constant for all the surface soils, but was
somewhét lower from the Lethbridge irrigated subsurface soil,
and markedly lower from thé subsurface Malmo soil. Only
45-50% of applied NH4-N was recovered by KCl extraction,
while 80% was recovered by the Kjeldahl method.

Since the unrecovered proportion of NO3-N was
similar in size to the unrecovered portion'of NH4-N (by the
modified Kjedahl procedure) it does not seem likely that the
reason was NHy-N retention by soil clay or‘organic matter.
Rathgr, the accuracy of the Kjeldahl procedure in reéovering
a small amount of mineral N included in a relatively much
larger améunt of organic N should be in question. It is
possible that the acid reduced iron and acid permanganate did
not reduce.all of the NO3 and NO,-N in the Kjedahl
digestion. A . ) , )

The reason why approximately 30% of the applied
NH4-N was not recovered by KCl extractioﬁ, steam
distillation and direct measurement using 15y téchniques
is not clear. Volatile losses of ammonia from NH4=N do not
seem likely. The surface soils at Lethbridge were .somewhat
alkaline in reaction (Appendix, Table A{)} but the Malmo C1
was not. As pointed out in Chapter §:—the fertilizer was
added to the'soil before it was potted and then wateYr was
added to raise the moisture level. The fertilizer was

therefore well mixed throughout the soil in the pot, and not

concentrated near the surface.

76.
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Table 21.

]
~J

Percent of applied N recovered by Kjeldahl digestion,

by steam distillation and 15y technique, and by
steam distillation and the subtraction method.?*

- =

" Depth

(cm) Treatment

% applied N recovered **

Kjelaahl
Total

158

Distill-

ation, 15y

mgthad

Distillation,
subtraction

* &k

Hean

lif )y _
( 5NH4)25D4
45-60 "

0-15 "
45-60 "

Mean "

i

o0

714
9+11

~d
[

86+4
82+2

78+6

7%5+5
}7 3;8

80+8
70+1

74+16
47+4

70412

10445
108+4

103+6
100+4

107+3
106+3

105+3

72+6
69+1

82+9
-69+5

7349
48+7
¥

69+11

100+3
99+3

97+3

* values are means includin

those

incubated at both

-

=

g the zero-time samples, and
=1® and +4°C,

** :ecgveréd N inéluées NH?QEnd NDB-H for each method.

*** ug N/g (treated sampl#)

1

Vv

>

ug N/g adde

;fgg N/g (nil) x 100%
'r,\;i T
(
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A cémparison of levels of recovery of applied NH4-N
and NO3-N for the 15y technique and the ‘subtraction
technique was made. The subtration technique is a
siibtraction of the nil from the treatment level. Results do
not indicate that priming, or enhancement of mineralization
occurred due to the addition of either~NH,-N or NO3-N
(Table 21). As reviewed by Broadbent (1965), the addition of
NH4~N can result in an increased rate of mineralization of
soil N. If this had occurred, fertilizer N recovered by
subtraction of the nil! treatment from the respective treated
samples would be higher than “shown by direct measurement
using 15y methodblogy. To a limited extent, the reverse
was true when NO3-N was added (Table 21). iskovery of
applied N as determined by the subtraction method was similar‘
to that measured directly using 15§ methods.

Recovery of added NO3-N by KCl exyraction and
154 measurement was conisistently slightly-higher than
100%. It is likely that.the source of this error was the
determination of moisture content and moisture holding
capacity at 1/3 bar tension during the pre-treatment of the
soils. Because this trend in consistent, recovery is
interpreted by the author to be ldO% (Tab{ss 21 and 22).

Recovery of applied NO3-N by KCl extraction and
\steam distillation using 15N methodology was complete
(Tablé 22). 'Recovery was equal regardless of soil, depth,
incubation, or incubation temperature. In every soil and

depth, less than 1%, or virtually none of the applied NO3-N



Table 22. Percent recovery of applied NO;~N at zero-time,
-and aftgr incubation for 90 days at -1° and +4°C
at field capacity.

% recovery of appliéd N

, N incubated incubated

Soil depth(cm) zero-time at -1°C _at +4°C_
Lethbridge 0-15 102 108 ~100
dryland 45-60 110 108 106
Lethbridge 0-15 109 104 99
irrigated 45-60 95 103 101
Malmo - 0-15 - 110 105 108

) 45-60 103 108 106

Mean?* 105+6 lDSié - 103+5

* in calculation of standard deviations,
zero-time n = ¢
-1°C n = 12 \L
+4°C n = 12

Wy
was recovered as NHy-N. The total recovery of applied
NO3-N indicates that no measured denitrification or
immobilization occurred.
The levels of (NHg+NO3)-N in the zero-time and
incubated unfertilized Boils are given in the Appendix (Table
Al2). The éhanges during incubation were somewhat larger in

1
)
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surface soils than subsurface scils\hgé slightly larger at
+4°C incubation than -1°C.

4.3.2 Effect of incubation temperature, soil and depth

f ing
on nitrific

‘U
t1

Incubation temperature, soil and deééh of sample
influenced the extent of nitrification during the incubation
period (Table 23). In the surface samples of the Lethbridge
irrigated and the Malmo soil, nitrification was virtually -

wlete after incubation at +4°C for 90 days. Only 87% and
&

f the fertilizer NH4-N was recovered in total from
these soils ((NH4+NO3)-N), indicating that virtually all of
the recovered N was in NO;~ form. The size of the
unrecovered portion of applied NH,-N is consistent with the
size of that fraction not recovered by the Kjeldahl procedure
(Table 21). This suggests that approximately 15-25% of /
applied NH4-N was not readily available to nitrifi ion, nor
to recovery by Kjeldahl analysis, or was lost dué(i:i> *
The initial size of the nitrifying population is

likely the prime factor governing nitrification in soils.
Lower levels of organic maéteé is the probable reason for
slower nitrification in the subsﬁfface samples, than in the
surface samples (Table 23).

' Nitrification at ~1°C was much reduced, compared
to the hig;er incubation temperature, in all soils, but
almost 308 of applied NH4-N was recovered as NO3-N in the

irrigated surface soil. The reason for this is not clear,



but perhaps the nitrifying population was higher there due to
a history of higher fertilizer application rates than the
- dryland soil.

The data presented (Table 23) are cnnslsten; with
those presenteﬂ by other ugzirs who have observed
a

nitrification at low temper res. They are a reminder of

the potential levels of soil and fall-applied N which can be
nitrified even in mid-winter months in—the- chinook-affected -

R F
=

areas of southern Alberta.

ﬁzpble 23. Pgr ent recovery of applied lsnﬂg—ﬂ as
. l:h 3~N, measured by KCl extracted l5n

- - — = = = - - - =

\ of applied NH,-N recovered as NO;-N

7 - 7 7 incubated incubated
5@%11? . ﬂgpthggm)irze{p—ti@e ___at -1°C __at +4°C
25 ¥ Lethbridgé © 0-15B Toxl 8 39
: | dryland IPTHTS <1 5 7 . 10
Lethbridge 0-15 4 6. . 86
irrigated ?5250 <1 5 i e 27' N
Malmo 0-15 3 37 -
45-60 ‘ <1 5. 12 %
. f)r f —— —



. 5. DISCUSSION OF RESULTS
e

. ~ The primary objective of this study was to-

determine _if over-winter losses of soil and fertilizer N
. [ 4

occur in the Bréwn, Dark Brown, and Black soil zones of
southern Alberta. ;;;s question was investigaéed by
over-winter samplinfg and analyseis 95"oil§, by measurément of
barley yield and N uptake from fal] anhd spring'ferﬁilizeis,
and by comparison of\méthods to slow nitrification of fall
applied N. ‘Soil moistu}e_was raiged by {frigation in f;ll,
to’see if fall-applied NO3-N§would be reduced by
deﬂ@trificétion. Soils fertililod with 15n-enriched
NH4-ﬁ and NO3-N were incubated undér‘sgpditions
" simulating Winﬁer or early spring in so;thern Alberta.

This stﬁdy was initiated by'fze establishment - 8f
fourlfield plots in fall, 1975. These plots were soil
sampled four times between fall and sprin;. They included
two moisture levels on adjacént stubble plotsL a
summerfallowed soil, and a stubble plot with both two levels

-7 . . ’ \
of soil moisture and two levels of residual fertilizer N

(Appendix, Tdbles Al to 4).

The résult of this preliminary study showed that
levels oiﬁmineral N over winter ere pot static. Reductions
of 10 kg\h/ha in the non-irrigated stubble, and 24 ké N/ha in
the stubble which was fall-irff&ated occurred between Jahuary
1 and April 1. This was followed by an increase in the
levels of mineral N, resulting in a net over-winter gain of 6

. ’ .
.

‘ "

82.



kg/ha and a loss GE 17 kg/ha from the dfy and maisﬁ stubble
sites respectively, from the 0-60 cm depths (Figure 1, Table

1l). Losses from -the 0-120 cm depth were greater, indicating .
that Dséﬁ cm N was not merely lgached into the subsutface> -
depthsﬁ, At the fgf!ifrigated stubbie site, the NH;E'N -
declined c$htinually, but it remained félatively constant in
the non- irrigated plot. The decline in the level of NH4-N
was'the primary factor in the decline in mineral N. These
fesu;ts are ggnsisteﬁﬁ with those repgfted by Read and Cameron
(1979), who zcmpa,éd fa?l to spring N levels from 121 stubble -
site years.

Cha;gés in the level of so0il mineral N iﬁ the fallow

plétgat Lethbridge (Table 2, Figure 2) are also consistent with

level of NO3-I and a larger decrease in the level of NH4-N,
pfgbably due to nitfificaﬁi@n; cggr winter resdlted in a net
dég}ease in the: level of mineral N over winter. The most.
important variable influeacing ‘the decregse was the level of N
present in the fall. _ !
ReifIZQ from the preliminary stubble plot at Vauxhall
suggest that soil moisture may have been a more impartant
factor than the criginal level afsmineral;y (Table 3:-and Figure

-~ b

3). Mineral N to 60 cm-decreased in irrigated treatments,

fertilized or not. The changes in the levels of mineral N -

a

between fall and spring were smaller in the slightly drier
‘treatments than in the more moist treatments, regardless of

original levels of N, Neither moisture level exceeded field




P

capacity, however (Appendix, Table A4). There were

reductions of mineral N over winter, but analyses of the
¥ . N At

soils to include fixed, immobilized, and organic N were
| , o 7 \u )
beyond the scope of this study. Therefore, while

»

mineralization, immobilization and nitrification, the results

'presented do not pPermit resolution of this question,  The

3

reductions mgentioned can only be called apparent losses.

In the major fi;}ﬂ experiment of this study, fall

Cl

arld spring application of N fertilizers were compared.
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Glenwood, Albexrta, to include the Brown, Dark Brown and Black
soil zones, respectively. At each location, one plot site
was established on dryland, and the Déhéﬁ on sailiwﬁiﬁh had’
been irrigated for a number of years.

Results fr?* comparisons of fall to séring
brcaﬂgast—aépligatian of N fertilizers indicate that time of
apglicaﬁi;;ﬁwas not & significant factor at any cfrthe sites
(Tables 4, S and 6). At the dryland sites the respénse to N
was severely restricted by maistéfe‘st:ess. Therefore,
significant differences for fall versus spring in yield or N
uptake respﬂﬁse-wculd not be expected. At irrigated sites at
Lethbridge and Vauxhall, 'subsurface accumulations of NO3-N
and irrigation combined FD produce high yields of barley.

The 80il NO3-N undoubtedly reduced respaﬁses to N; but

'yield and_N uptake responses were positive at most sites, and

[ . . - ’ . | ; -
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not different at those sites, due to time of application.

& . - - B == - ’ - i
As measured by-yield"and N uptake, N source was-not

significant at the dryland sites (Tables 7, 8 and 9). THe
A i s

responses to urea-N were slightly lower however, than to
NH4NO3 or Ca(NO3), at the dryland site at Vauxhall. -
This.may have been felatedxté recovery of lower levels of

mineral N from fall¥a§plied urea treatments than from

: ﬁﬁgycg or E&(NDB)E at that site (Table-1la), To a

depth of 30 cm at the irrigated sites at vauxhall and

fall-applied urea treatment also occurred (Table 1l1b). Haﬁy

_ workers have reported the variable ability of soils to

rapidly fix added NH4-N (Kowalenko 1978; S;Hdéﬁ et al.

1578; Rowalenko and Ross 1980; Tomar and Soper 1981l). I€ ig -
likeiy that ufea;applied gy broadcasting in fall ?ésrrapidly@
hydrolyzed (Gould 1970), éﬁéxthét some af’af Nﬁgin was -

fiked. The fact that low recovery of mineral N from fall

applied urea was not aﬁéampanied in. all cases by 1bwer yiedd

- xE

responses may Indicate that most of the fixed NH,=N had

sbeen released to the soil and crop during the gfawing season .

Kowalenko (iQ?a)'fepc;teé=that 59% of 152 kg N/ha was
Emmeéiately fixed by an Gttawatafea clay loam, and that 66%
of the fixed Hﬂg—ﬂ>was released in 86 days.

Since only NO,- and. NO3=N aré'biglagically

~denitrified by soil bacteria, effects of methods to inhibit

'nitrificaﬁian of fall-applied urea were compared. At the

: A
dryland slite at Glenwood, yield and N uptake were lower when
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urea was banded with or Hithcut the n;tr;flcatlan 1nh1b1tar
ATC thaﬁ when it was applied in the fall by braadcastlﬁg
This was vetified by slightly lower leve;s of .mineral N
recovered from the urea and ATC banded tfeatmeng. although
this differencerwas ﬁDt.SiéﬁifiCaﬂt- At theé dryland sites;
fall application gf_urea.by banding¥r&duced the extent of
nitrification (Table 1la). The inefﬁsicnraf the ATC-in the

band reduced it further. ihérefar&. as also reported by

Malhi (1978), ATC does reduce nitrification of NH4=N. The

1
fact that the levels of (NH4+NO3)-N did not differ due to
v T .
these treatments is an indication 'that NO3-N formed from

urea was not measurably lost from the soil. '
At iffigated sites, anly the use. of ATC with banded
urea had a signifieant effect on nitrification (Table 11b).

It

eems likely that a reduction in nitrification due to high
local concentration of NH 4+ salts (Pang et al. 1975) would
be more E?tEﬂSIVE and lgnger lastlng in a very dry sail than

in sc;l where soil moisture has .the effect of diluting the

- concentrated zone- T v

1

Denitrification of 5@;1 and fertll;zer N can be
made to happen in most soils (Khan a;d Moore 1968; Bailey
1976). Malhi (1978) has shown denitrification to occur
extensively in field experiments during spring thaw
conditions. To a portion of each of the dryland and

irrigated field plots, fall irrigation, followed by broadcast

‘and incorporated Ca(NO3), was applied, to increase‘thé

possibility of the occurence denitrifﬁeatian. As measured by
- . V ‘ " )
\ .

86.
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crop yield, N uptake and fall applied NO3-N recovered in
Séting, there was no evidence thaﬁ the higher soil maiétufe»
contents in fall ré§§l£ed in denitrificatian_@f NO3-=N. It . t
should be noted that §ﬁq;tly after the irrigation treatments '
were aéplieé,gtﬁE»levelSQf SGil-MGiSthérﬁas below field
capacdity, and therefore denitfificgtign was not E{PEEtédf
Description of soil conditions at gpéiﬁg thaw by étﬁe%-
workers (Kowalenko 1978; Malhi 1978); do net;matchithe usual
conditions in southern Alberta. ;wa impértant‘factéfs
governing denitrification are restricted aeration as brought
about by high soil moisture, and available carbon suppiy
(Bremner and Shaw 1958; Alexander 1577). Both of these afé
characteristics by which Brown and ﬁark Brown soils differ
*rom more northerm or eastern Canadian soils. Lower levels
of pfecigitaticn in southern Alberta and the influence of
warm, drying winds (Appendix, Tables-AlO and 11) significant-
ly reduce the length of time that farm soils lie in a

gsaturated state. =

L

A comparison Of methods)of extraction of Eertiwizer’k

incubated soils. Extraction of NO3-N by.tge Kjeldahl
préEEdure Ec include NO, and NO3-N was incomplete, while
recaveryipy KCl extraction was complete (Table 21). This |,
indicated that the reduction of .NO3-N and NO,=N by‘éfid

- permanganate and reduced iron may héve:been incomplete, or
that some of the HH4§N was retained. Without a comparison
of the two methods, incomplete Kjeldahl recovery may have



been mistakenly interpreted as losses -of NO3-N.

| Recovery of NH4-N was ndt cohpieté by either KCl

| extraction or the Kjeldahl procgduzb (Table 21). The
Kjeldahl procedure generally extracted a little more of
applied NH4~N than did KC} extraction. This may bevan
indication that at }east.a small portion of the rapidly fixed
portion of added NH4-ﬁ is éxtractable by:the more severe
metwod of acid digestion: than is recoverable by KC1
extr\ac\tio‘n. Kowalen)' (1978) reported that over half of the
rapidly fixed NH,-N was released over 86 days, and that the

1]
remainder of the flixed portion was strongly retained over a

© sampling period of 17 monghs. Tomar and Soper (1981)
suggested that retedtion of minexral N by soil was probably by
_organic immobilization after an 1n1t1al, short perlod of
1norgan1c flxatlon. ‘The subsequent release during incubation
is pProbably due to inorganic release followed\hy orgadice
immobilization, nltrlfrcatlon and cation - exchange reactions,
Recovery of applled NO3-N was complege,
-regardless of soil,, depth, incubation period or 1ncdbatigﬁ
temperature (Table 22). It is concluded ﬁ@at under the -
condltlons of thls experlment, no measé¥/;le denitrification
-or immobilization occurred. Gould and Mcé;eadx (1981)
obtained similar results. At field capacity, very little
denitrification occurred. -At 2 to 4 times field capac1ty,
only limited den1tr1f1cat10n occured in. Brown and Dark Brown
soils, unless available carbon was added. Mahli (1978) )

reported measurable denitrification in one of the soils used

in the present study (Malmo SiCL). Denitrificatibn was .~

88,
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measured at -4°C and flooded moisture condition, ané!aé -15
bar moisture tension 4nd 20°C. His work inaic§tes'§he )
inte:depena;ncé of at least two faéta:s which are necessary
for aenit;ifigatian to occur. Either feStriEtiGﬁZ@f aeration
or suitable tempe;atgré requirements must be ﬂéﬁ:

Apparently, the cémbinatians of these two factéfs which were
used ;n the present study did not favor dendtrification.

\The recovery-bf applied 15yH,-N as 15y0;-N .

i +]

rves as a direct measurement of the extent of
nitrification. Results of the present study indicate that

nitrification occurred at -1°C, and to a much greater extent

at +4°C. These results support those of other workers who

-
[y

have reported rapid nitrification, e%én at low temperatufés.
They are also an indication of the abilit’y of soils in
-

southern Alberta to nitrify both mineralized soil N and
fsll—appliea Eertil%zer N under conditions ®hich are quite
representative of Q?éf—ﬁiﬂtéf ggnditigns in sautherﬂ
Alberta. |

In conclusion, although nitrification was shown to
be extensive in both fie;é and incubation EXPEriments,bnc
evidence specifically pointing to eiéhef denitrifiéaiicn or
immobilization was discovered. This is the primary
difference between results of the present study, and results
of similarly performed experiments in more northerm regions
(Mahli 1978). This difference is attributed by the author,
to soil factors which are different ing@outhern Alberta from

those in more northern regions. They are soil organic matter:



Fa
(at least in the Chernozemic soils), and scil moisture (as it
affects aeration). The pfimary factors stated above also

have a bearing on microbial populations and substrate

'supply. Other factors involved are temperature, and cost

impartantly, the length of time all of the above factors

-

combine in such a way that significant losses of N are likely

to occur. As with any other biological reaction in soil, one
B N . H R

cannot say that denitrification does not occur, but results

ovided little evidence that it does,

E

P~

of the present stud

k]

P
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. CONCLUSIONS ~ . , .

= - K.

In this study, several aggraachgg égve been used to
investidate over-winter changes in the levels of s0il mineral,

‘N, the efficacy of fall application of N, and the gccuféeﬁce
L 3 i : o —

and extent of losses of N from the soil. Using measurements

including yields, N uptake by the crop, spring measurements
of fall-applied N and recovery of labellgd fertilizers from
" incubated soils, the f@ii@wing conclusions were reached: °
1. Mfparent net decreases in the level of soil mineral
N occurred over winter. Mineralization and nitrification
occurred, but!éhe‘éeéréaées in the level of soil mineral N in
the field could not be attributed to either denitrification
or immobilization.

2. - . Some evidence was-pgesented that soils fix a
-portion of added NH,-N quithy, and*thét fixing capacity

varies wié%adepth. E _ |
3. . RESulté from six field expeéiments and an N-15-
labelled soil incubation experiment showed no evidence of
denitrification @f immcbilizaticng Althéugh>recgvery of
fall-applied N was not cgmplete, higher 80il moisture £fcm a
10 ¢m fall irrigation was hot sufficient to affect the ’
recovery of fall applied NO3-N in spring. Crap!uptSke of N

. was not reduced by fall-rather than spring application.
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Figure A1,

Field plan and dates of sampling of preliminary stubble
and summerfallow plots at Lethbridge, 1976.

Dates of Sampling

December 28, 1975
February 24, 1976
April 2, 1976

April 28, 1976
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9m 3 — 10— F—10- ~1-2—
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—om —f ,
F=9m Rep 4 | Rep 3 |

Trg;tmggt;ﬁsampled

1.0 - no irrigation throughout 197% gpbwing meason
1.3 irrigated throughout 197% growing- seagon
0 - no N applied in the sp ng of 1975
270 - 270 kg N/ha anplied NHgNO3 in the spring

) of 1975
Py
% é,ﬁ,;

Bampling égte;

December 28, 1975

February 24, 1976

April 2, 1976

April 28, 1976 .

Figure A2. Field plan, list of previocusly applied treatments which
were sampled, and sampling dates of preliminary stubble
plot at Vauxhall, 1975=76.
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BORDER
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BORDER
] 2 | N
i 9 2
4 3 10 i
N 6 10 - 3 4
_BORDER
treatment size: 1.8 x 1.6 m
List of treatments
1. Control
2. Urea broadcast* - fall .
. Ammonium nitrate broadcast -~ fall
4. Calcium nitrate broadcast - fall
S. Urea banded - Ffall
6. Urea + 2% ATC banded - fall
7. Fall irrigated control A
8. Fall irrigated plus calcium nitrate broadcast - fall
9. Urea broadcast - gpring i .
10. Ammonium nitrate broadcast - spring

11.

Figure A3. Field plan and list of treatments used in the main field

Calcium nitrate broadcast - spring

*fertilizers applied by broadcasting were ,immediately
incorporated to a 10 cm depth with a roto-tiller.

experiment.
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Table A1. . Description of soils used in field and incubation studies.

Depth Textural
Site __(em) = class

2
g
[ X]

v%n
N

.2 2.03 .16
2 1.36 .10
3 .19 .06,
7 3 .48 g
2.13 .5 .43 .04

Preliminary 0-15
Lethbridge 15-30
non-irrigated 30-60
stubble 60-90

90-120

L]
oo
LV ]

22

W@~~~
L]
L ST IR ]

.89 .2 2.17 .17
.55 .2 1.45 .07
.44 .3 .83 .07
.48 .3 .53 .04
4.27 . .4 .55 .03

~N
' »
N D

Lethbridge 15=-30

fall=irrigated 30-60 C

stubble 60-90 CL=¢
20-120

-~ 00

.74 .2 1.84 - 14
+65 .2 1.84 -14
44 3 -09
+45 «3 .59 -04
+51 5 . .34 .03

Preliminary 0=-15

Lethbridge 15-=30

fallow 30-60

60-90 L~CL
CL

W0~ N~
.
[PV = RN B
L]
L1
[
b
L]
-
™

CL
CL
CL
8CL
CL
Preliminary 0-15 CL
CL
CL
CL
L
CL
cL

90-120
.98 1.2 1.36 .09
2.18 3.8 .93 .07
5.42 6.6 .79 .05
0.6
4.7

R I TN T
-
L=J00 . T 8

Preliminary 0=15 5L
Vauxhall 15=30 SL-L
corn 30-60 L
stubble 60-90 SCL

90-120 SCL

1.59 10 -47 -04
9.7 14 - 34 .04

Main field experiment sites
Vauxhall 0-15 sL
dryland 15-30 L
30-60 CL
60=90 L=CIL,
90~120 SCL

1.10 1.6 2.10 <14
2.35 5.2 1.05 .09
7.33 9.6. -81 .08
2.49 13.4 - 45 .05
11.29 16.5 -57 .04

O~~~
.
- N

.77 2.0 1.57 «12
1.30 3.6 .88 .08
5€ 3. : .06
3.37 6.5 41 04
5.80 7.6 -53 <04

Vauxhall 0=15 L-SL
irrigated 15-30 L
30=60 I s #
~ 60-90 CL
90=120 - CL

N N g
»
DO ~Ny o
[
-
o
o
o
L3
o
.
W

1 «15
4 -1
90- -09
7

4

b
4
o

Lethbridge b-15
dryland 15=30
: 30-60
60-90

90-120

w~w
[ "

‘55 -3 -
3.37 1.6 .

ioé
ias

~J
L T i
- I
.
'™
qwm'mnwm

ol
-

.65 .6 2.60 .18
.58 T 176 .12
1.27 9 1.12 .10
3.48 1. .76 .08
3.37 1. .74 .05

Lethbridge 0-15
irrigated 15-30
) 30-60
60-90

90-120

e B B
. w
W~

2,088 gagQ

~dl
L



Table A1

(continued).

Site

Depth
. (cm)

Glenwood
dryland

G lanwood
irrigated

0-15
15=30
30-60
60-90

90-120

0-15
15-30
30-60
60-90

90-120

Lethbridge
irrigated

6.1
7.1
7.6
8.1
35,3

~N o~
. o
[ %]

17‘

.52
igE
4.31

iss
ig?

97

iéo
“.42

»2
iz

i3§

-8
2.4

1.4

.15
13

.08.

.05

=15
=11
- 07
«04

037

- 13
- 11

-18
- 11

!48
=25

®




Table A2.

studies.

Hschgqie;i analysis of

so0ils used in field and incubation

v silt

8 Clay

Textural
Class

Soil

Lethbridge
non=irrigated
stubble

&

Lethbridge
fallow

Vauxhall
stubble

Vauxhall
dryland

_Vauxhall

irrigated

Lethbridge
dryland

T0-18

* 15-30

30-60
60-90
90=-¥%20

0-15
15<=30
30-60
60-90

90-120

0-15
15-30
30-60

60-90 -

90-120

0-15
15=30

.30=-60 .

€0-90
20-120

0-15
15-30
30-60
60-90

90-120

0-15
15-30
38-60
60-90

90-120

0=15
15-30
30-60
60-90
90-120

__. depth(cm) .'s Sand

53
44
36
46
53
43
38

a8

41
40
36
37
43 .

29
28
29
-25
29

25
30
11
26

24

30
-n
34
29
24

29

a1
31

32

32
28
27
29
25

32
a5
33
28

17
18
25
22

25

17
25
30

26
30

1B
27
n
i
N

27
32.
37
34

i3

~

"
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Table A2 (continued). _ -
: Textural
Soil depth(cm) 8 Sand Silt s Clay Class
Lethbridge 0=15 32 30 k}:] CL
ixrigated 15-30 34 30 36 CL
30-60 22 40 38 CL
60-90 27 33 40 c
90-120 33 29 k1:} CL
Glenwood 0<154 19 26 55 c
dryland 15-30 12 25 63 HC
30-60 15 23 62 HC
60-90 13 22 65 HC
90-120 1t 22 67 HC
Glenwood 0-15 24 34 42 c
irrigated 15=-30 21 34 45 c
30-60 21 40 s CL
60-90 18 19 43 c
90=120 18 39 43 ¢
,‘SN incubated
soils —
Lethbridge 0-15 T 43 29 28 L-CL
dryland 45-60 36 34 30 CL
Lethbridge 0-15 -~ 36 io 34 CL
irrigated 45-60 a8 28 34 CL
Malmo 0-15 21 38 41 c
45-60 22 38 40 CL=C




l10.

Table A3. Levels of NH,~N and NO;~N'in soils used in preliminary
field experiments at Lethbridge and Vauxhall in December, 1975.

. Depth kg N/ha

Plot (cm) NH,~-N NO3=-N Total .
Lethbridge 0-15 4 11 15
non-irrigated 15-30 4 v 6 10
stubble 30-60 9 9 18
60-90 10 6 16
90-120 2 13 - 3s
Total 49 45 94
Lethbridge 0-15 6 . 13 19
fall-irrigated 15-30 9 10 19
stubble 30-60 12 12 N S 24
60-90 15 18 .33
90-120 17 a2 _24
Total 59 60 119
Lethbridge 0-15 12 25 37
fallow 15-30 16 28 44.
30-60 21 . 24 45
60-90 20 9 . 29
90-120 22 . 8 _30
_ Total 91 ) . 94 "~ 185
‘Vauxhall - 0-15 6 . 11 17
stubble - 15-30 : 6 ' 7 . 13
a. non-irrigated 30-60 ) 12 48 60
N-O 60-90 13 61 74
90-120 16 39 _S5
Total o« 83 166 219
b. irrigated ‘ . 0-15 16 . 8 24
N-O 15-30 8 7 15
30-60 18 55 73
60-~90 21 50 71
90-120 23 _70 _93
Total 86 190 276
.C. non-irrigated 0-15 (ﬁ 93 117
N-270 4 15=30 X 48 58
30-60 ' 16 67 83
60-90 13 90 103
90-120 16 46 _62
Total 79 344 423
d. irrigated 0-15 10 18 ‘ 28
N-270 15-30 9 21 30
30-60 15 89 104
60-90 21 84 105
90-120 29 65 94

Total 84 277 361




Table A4. Soil moisture (%, O.D. basis) of preliminary stubble and

summerfallow plots at Lethbridge and Vauxhall,

1975-1976.

__Sampling Date

5;é3ﬁheri

Plot i} Dgpﬁl (em)  28/75

February

_24/76

April
02/76

“April
28/76

Lethbridge 0=15 20.8
non=irrigated © 15-30 22.4
stubble 30-60 10.5
60-90 9.4
90~-120 : C16. 1™

Lethbridge . 0-15 28.9
fall-irrigated 15-30 25.1
stubble 30-60 16.3
60-90 * 13.7
890-120 15.6

Lethbridge 0-15 17.8
summerfallow 15-30 *25.3
30-60 18.5

60=90 . 15.3

90~-120 12.8

‘ Vauxhall 0=15 14.3

non-irrigated 15=30 10.3
treatments 30-60 13.1
60-90 12.9

90-120 ' 14.0

Vauxhall ) 0-15 13.0
irrigated 15-30 18.8
trsatmants 10=-60 ‘25.4
60-90 12.9

90-120 17.1

17.6
27.2
13.1

8.4
15.6

16.5
17.0
12.3

9.0
14.4

21.9
21.0
16.2
11.4
17.1

17.9
18.8
*18.9
13.5
12.2

10.8
10.1
11.4
12.8
12.8

19.9
17.9




Table AS. Level of (NH *NO3)-N (kg/ha) to a depth of 60 cm in
unfertilized treatments over winter-spring and &fter harvest
in September, 1977. . ’

i o ) . Increase
Fall Sept. Jan. Mar. May Sept. from Sept.

Plot irrigated 1/76 /77 /77 /77 1/77 - '76 to May

Vauxhall no 28 29 42 28 14

dryland yes 34 46 53 22 13

Vauxhall no 64 96 125 142 37 78

irrigated yes 83 63 a2 99 36 16

p

Lethbridge ~ mo 25 50 69 79 78 54

dryland .yes 21 34 51 50 a5 29

Lethbridge. no ., 135 130 204 186 107 = 5

irrigated yes 83- 80 152 114 51 LR

Glenwood no k k] 49 65 65 44 - 32

dryland yes 42 58 61 72 36’ 30

% .
Glenwood no 22 - 29 a0 42 28 20
irrigated yes 21 23 31 34 29 13




i

Table A6. Levels of soil NH,~N and NO3;~N (kg/ha) recovered in fall,
1976 and in spring, 1977 from unfertilized treatments at the

- six sites of the main fig;§ egpgrigeatli, _ B
Depth Fall __September, 1976 May 1, 1977
Site (cm) irrigated NH,~N NO,-N Total NH, =N NO3-N Total
Vauxhall 0~-15 no 4 8 12 5 17 22
dryland 15-30 3 2 5 4 12 16
30-60 9 2 11 8 1 9
60-90 8 5 13 1 2 .13
' 90-120 9 6 s 13 _6 19
) Total 33 23 56 41 38 79
' . 0-15 yes 4 9 13 4 25 29
15-30 3 2 5 2 9 1
30-60 7 8 15 5 9 14
60-90 9 6 15 6 9 15
90-120 2 n 20 ° 7 12 1s
Total 32 36 68 24 64 88
Vauxhall 0-15 no 3 12 15 4 36 0 34
irrigated 15-30 2 14 16 3 42 45
30-60 5 28 33 7 55 62
. 60-90 12 25 37 11 63 74
90-120 2 4 48 16 54 70
Total 29 120 149 41 244 ‘285
0-15  yes 3 17 20 5 27 32
15-30 6 21- 27 3 25 28
30-60 - 7 32 19 8 30 s
60-90 6 30 36 13 16 29
90-120 2 37 42 s n 26
. Total 27 137 164 44 109 153
Lethbridge 0-15 no 3 1 4 "6 8 14
dryland 15-30 : 3 3 6 6 9 15
. 30-60 8 8 16 14 k1] 49
60~90 8 44 52 14 78 92
90-120 8 66 72 15 24 _39
Total 30 122 ° 152 45 154 199
0-1S yes 3 1 4 5 " 16
15-30 3 2 5 5 9 14
30-60 6 5 1 10 9 19
60-90 9 10 19 12 18 30
90-120 4 38 42 14 33 47
Total 25 56 81 46 80 26



Table A6 (continued). _ _ - R _ o

Depth Fall ' _ September, 1976 _May 1, 1977

Site (cm) drrigated NH,~N NO3=N Total NH,=N NO;=N Total
Lethbridge 0-15 no 5 7 12 8 24 32
irrigaged 15-30 5 5 10 7 25 32
30-60 8 104 112 5 108 123
60-90 9 221 230 15 246 261
90-120 10 _86 96 20 _16 926
Total 3 423 460 65 479 544
0-15 yes 6 4 10 9 9 18
15-30 : 3 9 12 8 20 28
30-60 7 51 58 14 48 62
60-90 12 183 195 13 200 213
90-120 n 85 98 10 152 162
Total . 41 3132 373 54 429 . 483
Glenwood 0-15 no 5. 7 12 14 13 27
dryland 15-30 4 2 6 11 7 18
30-60 8 6 14 - 14 6 20
60-90 . 9 6 15 1 3 14
90-120 9 - 14 n 2 K]
Total 35 26 61 ' 61 N 92
0-15 _ yes 7 9 16 15 17 32
15-30 5 3 8 11 7 18
30-60 5 3 8 11 7 18
60-90 10 1 11 13 3 16
90-120 ) 3 12 n 3 6
Total 40 24 64 68 37 105
Glenwood 0-15 no 4 3 7 9 7 16
irrigated 15-30 4 2 6 8 2. 10

: " 30-60 7 2 9 14 2 16 .
, 60=90 - 8 0 8 15 1 16
'90-120 13 9 13 19 - 20
-~ Total 36 7 43 65 13 78 ,
‘. . &

0-18 yes 5 4 9 7 7 14
15-30 4 3 7 7 2- 9
30-60 5 1 6 8 2 10
60-90 8 2 10 9 1 10
90-120 13 2 15 10 0 10
Total ™ I 2 a0 7 5

* each value is the mean of 4 replicates.
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Table AB. Percent moisture (0.D. basis) over winter 1975-76, of soils
’ in the fall-irrigated and non-irrigated portions of each of
the sites used in the main field experiment.

Depth Fall _ Agpfé;{!ate:ggtg ' _
(cm) Irrigated _January 1 March 1 may 1/77

Site

Vauxhall 0=15 T yes 13.2%+ 14.13 12.9

dryland 15-30. 12.5 15.2 16.0
30-60 15.0 18.4 ~18.7

60-90 18.5 17.3 18.5

90-120 18.8 18.0 16.9

0-15 no 12.1 13.0 12.4
15-30 11.1 10.9 12.4
30-60 16.3 12.4 13.3
60-90 19.4 16.1 16.1

90-120 18.4 " a7.8 16.5

Vauxhall 0-15 14.0 11.8 10.6
irrigated 15-30 . 15.6 C 13,2 15.0
30-60 15.2 13.0 14.7

60-90 11.9 13.7 13.2

90-120 13.2 14.9 13.1

3

0-15% : no 8.1

15=30 8.7

30-60 8.0 11.1 10.4
60=90 . 12.0
90-120 15.5

Lethbridge 0-15 yes T 15,4 17.0 16. 1
dryland 15-30 18.0 19.3 R
3060 13.9 © 15,2 15.5
60-90 10.3 ‘
90-120 - :

L i

0~15 no. 10.5 13.1 15.0

: , 15-30 : 1.1 11.8 16.8

? 30-60 ’ 9.8 1.7 - 12.5
60-90 1.1 v 9.9 10.6 .

90-120 1.1 11.9 10.5

Lethbridge 0-15 ve 23.4 21.0 i, 19.3
irrigated 15-30 . " 19.6 19.3 ‘- 18,5 .
) 30-60 - 19.0 18.3 19.6



Table AB (continued).

Depth Fall - Approximate date <+
Site (cm) Irrigated January 1 March 1 - May 1/77
Lethbridge- 0-15 no 17.8 19.4 18.8
irrigated 15-30 15.4 14.9 19.4
30-60 13.4 13.7 16.8
60-90 16.0 13.7 17.1
90-120 17.5 15.0 16.1
Glenwood 0-15 Yes 28.2 33.2 28.9
dryland 15-30 28.9 28.6 29.3
30-60 27.3 . 25.3 . 27.5
. 60-90" 26.4 22.7 25.7
Y 90-120 22.8 21.4 23.7
0-15 no 22.4 20.9 20.9 -
15-30 21.0 21.7 20.3
30-60 19.9 21.1 19.6
60-90 18.2 19.3 , 14.2
. 90-120 19.9 210 19.4
" Glenwood 0-15 yes 19.7 21.9 19.1
irrigated 15-30 20.6 32.5 22.5
30-60 30.5 30.9 21.7
60-90 18.5 - 15.9 8.5
90~-120 20.9 18.0 20.7
0~15 no 20.8 . 22.4 9.5
15-30 24.8 28.1 gjg1.4
30-60 20.9 22.6 19.2
60-90 16.5 16.8 18.0
90~-120 18.8 " 18.4 - 18.7

* Sample for moisture determinations were taken on the following dates:

Vauxhall dryland
Vauxhall irrigated
Lethbridge dryland
Lethbridge irrigated
Glenwood dAryland
Glenwood irrigated

~

Janvary 3,
January 3,
January 4,
December 30,
December 30,
January 11,

** Bach value is the mean of 4 valubds.

replicate of the fall irrigated and

each plot.

March 8, April 29, 1977
March 11, April 29
March 9, April 28
March 9, April 28
March 10, May 1

March 10, April 30

One core was taken from each
non-irrigated portions of

119.
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Table A9. Soil temperature (°C) over @inter 197677 in fall-irrigated
and nﬁn—iffigatedspartians of ‘dryland plots.

1 r Approximate date *
Dépth Fall
Site _ {cm) Irrigated January 1  March 1 May 1/77
Vauxhall 15 yes = 4.0 + 0.5 +14.0
dryland 30 - 2.0 0 +10.0
60 = 1.0 + 0.5 + 9.0
. S0 + 1.0 + 1.0 + 8.5
15 no = 7.0 + 2.0 +15.0
30 - 50 + 1.5 +11.0
60 ., = 5.0 + 2.5 + 9.0
a0 + 1.0 + 3.5 + 8.5
-Lethbridge 15, yis ] + 1.0 +71.0
dryland 30 0 0 +10.5
&0 - * 0.5 + 0.5 +10.0
a0 ’ 1.5 + 1.5 + 9,0
15 no - + 0.5 + 5.5 +12.5
30 + 1.0 + 4.0 +11.5
60 + 1.0 + 3.5 +14.0
90 + 1.5 + 3.0 + 9.0
Glenwood 15 yes - 3.5 + 0.5 + 8.5
dryland a0 - 1.5 + 0.5 + 8.0
60 - = 0.5 -+ 0.5 + B.0
90 + 2.0 + 1.0 + 7.0
4
15 no - 5.0 + 1.0 +10.0
T30 - 0.5 + 2.0 + 9.5
60 . + 0.5 + 2.5 + 9.0
. 20 + 1.0 + 2.5 + 8.5

* temperature readings using thermocouples at depth, insulated leads,
and an electrical resistance meter were made on the following dates:

Vauxhall - December 28, 1976, March 6, and April 29, 1977
Lethbridge ~ December 30, 1976, March 7, and April 28, 1977

Glenwood - January 4, March 3, and May 1, 1977 .



*Table A10.

121.

Mean monthly soil tempsrature {*C) at a depth of 10 em
under sod at Lethbridge CDA station, and difference from
11-year average (1967-1977).

Difference Difference
. Temp. from average Temp. from average
Month/year  °C __(c*) _____Month/year *c__ (ce)
September/75 12.5 =0.1 September/76 14.4 +1.8
October " 5.9 -0.5 ° _ October 1.2 +0.8
November 0.6 -0.5 November 1.8 +0.7
ember =0.9 +1.1 December =0.7 +1.4
January/76 =1.6 +1.9 January/77 ~2.5 +1.0
March - 0.3 -0.2 March ‘x> 1.4 +0.9
April 7.1 +2.3 April 7.4 +2.6
May 13.0 ¢ #+2.0 May 12.3 +1.3 .
June 14.7 -1.2 June 18.3 +2.4 '
July 18.9 0 July 18.9 0
August 17.5 =0.6 August - 16.6 =1.5
- readings taken at 8:00 a.m., daily

source - Environment Canada Meteorological data .
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Table A1]. Monthly precipitation (mm) and mean daily temperature
(°C) at Vauxhall and Lethbridge.
Vauxhall Lethbridge L4
: Difference Difference
Month Precip. Temp . Precip. from mean*® Temp. from mean
January/76 7.6 -16.5 - 4.6 + 5.2
February 9.7 ~14.0 - 2.7 + 1.4
March 14.7 - 9.6 - 1.4 + 1.2
April 20.1 7.2 18.8 -15.1 7.2 + 0.9
May 21.8 13.3 7 42.4 ~11.6 13.1 + 2.5
June 53.3 13.6 63.0 -12.7 13.2 + 1.5
July 34.0 18.2 41.7 0 18. 1 0
August 43.7 18.3 75.4 +36.8 17.6 + 0.7
September 10.2 14.2 14.5 - 14.8 + 2.9
October 9.9 4.5 11.7 -10.9 5.4 - 1.5
November 12.7 + 6.1 0.7 o
December 7.9 -11.5 - 2.2 + 3.6
January/77 - 32.5 +12.7 - 9.0 + 0.1
February 0.5 -18.0 3.3 +10.0
* March 27.8 + 4.4 0-1 + 2.3
April 1.3 8.5 8.4 -23.6 8.7 + 3.4
May 46.2 11.8 27.2 -26.8 11.5 + 0.9
- June 26.9 17.3 29.2 -46.5 17.0 + 2.3
July 8.1 17.6 1.7 -29.9 17.3 - 0,7
August 38.1 14.9 , 60.2 +21.6 14.9 2.0

= Eavironment Canada Meteorological data.
above ground, recorded daily at 8:00 a.m.

Temperature of air at 120 cm

* Difference from 76 year mean for temperature and precipitation.
Winter data is are not recorded at Vauxhal4l.

«~



Table A12. Levels of (NH4+N03)-N in unfertilized soils at-
zero-time, and after incubation at -1° or +4°C.
ug N/g soil
Depth
Soil (cm) zero-{ime =-1%C +4°C
Lethbridge 0-15 19.6 9.0 11.8
dryland 45-60 5.5 7.7 .
, /
Lethbridge 0-15 22.2 25.4 31.5
irrigated 45-60 7.2 8.3 6.3
Malmo 0-15 22.6 24.5 27.1
45-60 8.9 8.0 8.9
Table A13. Peréent moisture (O.D. basis) of soils used in 15N
incubation experiment when collected from field, and at
tensions of 31, 15, 1/3 and 0 bars.

. Depth Field -15 -1/3 (]
Soil (cm) moist* Air-dry bars bar bar
Le;hbridge 0-15 11.0 1.82 10. 1 21.4 42.5
dryland 45-60 7.6 1.82 9. 22 43.8
Lethbridge 0-15 .8 2.40 13. 26.6 51.2
irrigated 45-60 11.8 2.30 12.2 23.8 47
Malmo © 0-15 27.2 3.56 21.5 39.8 65.0

45~-60 21.8 2.94 18.7 32.4 58.7

* moisture of the soil when the samples were collected in January,

1977.

123.
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Table A16. Natural atom % abundance 'Sy of soils used in N-15

incubation experiment.*

Soil Depth (cm) _ ___Natural abundance (ANS)
Lethbridge 0~15 .3728
dryland 45-60 .3718
Lethbridge 0-15 E .3710
irrigated i 45-60 3709
Malmo 0-15 *.370%

45-60 . .3708

¢ abundance calculated from samples prepared from unlabelled, total N
distillations.

4



