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o — . ABSTRACT. . A . - g
‘ . J ‘, . \ v

Two grain"rdiations w1nter wheat bar]ey fa11ow and cont1nucus

wheat were stud1ed from 1983 to 1985 at two s1tes Lethbr1dge

(Chernozem1c loam) - and Vauxha]] (Chernozemwc clay. 1qam) in semi- ar1d

: southern Alberta. Three rates of broadcast 15NH NO3 were app11ed to

micnop1dt; (1 mz) which were superimposed on conventionaT (CT) and -
no-£111 (NT) treatmants“for each crop. | -
Greater yie1d§ for NT than CT grain crops were assdciaﬁéd wi th
greater gn;face sﬁ%& (0-75 mm) moisture levels in NTﬁthan.CT treatments.
' ~Crop Yie1d¥and crop N concéntration increases with greater
increments of fertilizer N were'most often observed in NT compared to CT
treatments for épning seeded-crops when condifions promoted N o
immij]ization. Fertilizer N immobi]fzation was pnonotad by incneased
soi]hmdistdie and high C/N crop residue.

A greater 1mba1ance between crop product1on and organic matter
decompos1t1on 12 NT than CT treatments resu1ted in greater so11 organic
matter content ?n NT than CT soil in the continuous wheat rotaF1on.

Greater amounts of soil water were conserved by NT compared to
cT p1ots on a Lethbridge loam soil but net on a Chin c1ay 1oam.’
Variation in soil mo1sture conservat1on between NT and CT for the  two
s0il types was attributed to dwfferences in mulch layer th1ckness and
textural layers. |

Larger~bioma§s in CT than NT treatments in the spring was

2

related to higher sotl témperatures in CT treatments for spring seeded
l ]
Liv)
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crops and to greater soil movsture in CT treatment for w1nter wheat

. . ~

Improved so11 mo1sture ‘and 1arg2r bJomass growth 1n NT than cT 5011

appeared to be caused by greater amonnts of surface crop res1due in the

-

Baseﬁ on’ erbavyields and 1ong tenm 5011 qua11ty,.NT wai a

B super1or t111age system then_CT for thls sem1 ar1d reg1on Seedbed

preparat1on t111age shdu]d be av01ded §f poss1ble and fert111zer

p]acemengs used that m}%ﬂmiée 5011 d1sturbance ta avo1d Toss of surface
§0i1 moﬁsture. Fert111zEr N pTaced be1ow the crop res1due layer would

beveffective in m1n1m1z1ng ﬁert11lzer N 1mmob111zat1on

/
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2" 1. INTRODUCTION

c

: E Q
Classification of soils according to their suitability for -

ctors relating to site,AweathE}, and soil properties are involved.
. &
Early research studies with reduced tillage systems were concerned with

f———ﬁg-ti11 farming has proven'to be difficult because many different
f.‘

obvious‘prob1ems such %P seedbeq prepération, soil moisture
conservétion, drainage, and soil coméaction. More recent1y{ properties
such as soil temperature,.soil drgan" Lgtté<, and processés 1ike
fertilizer N uptake and soi] N tranyformations have been studied under
various tillage systems. P

IB areas of abundant precipitation, problems often occﬁr with
residué management, weed control, seed placement, soil fertidity,
disease, and inséch (Papendick and Miller, 1977). Loss of soil
fertility was attributed to greatér N immobilization, léaching, and/or
denitrif?cation. Advantages of no-tillage (NT) have been better erosion
‘contro1, moisture conservation, and increased gufface organic matter
(Lindwall and Anderson, 1977; Unger et al., 1971).

In areas of low growing season precipitation such as the
semi-arid brairies of Canada and the U.S.A., the performance of both
no-till or conventional till (CT) has been unpredictable. Although
'betté?°yie1ds under‘no-til1>ari oféen attributed to greater soil water
storage_JLindwa11 and Anderson, 1977; Unger et al., 1971),'in southern

Alberta, on a sandy soil, less total <, ! water was conserved under

no-ti11 (Lindwall et al., 1984). Hammel et al. (1981) reported that



s

under certain conditions some tillage may be rfecessary for retention of

adequate seed-zone water for early fall establishment of winter wheat

<

Aggregate size d1str1but1ons in the surface soil can differ '

widely between tillage systems (A]lmaras et a1.,,1965) and has been

* reported that the aggregate size distribution of the top 5 cm of 5011

was duite different between ti]]ége systems prior to seeding ahd w;s
further affected by the planting operatibn. Hadas (1970) showed that
soi1~aggregatés should be less than oné-fifth the size ;f the sded to
ensure -good seed-soil water contact. Hakansson and Polgar (1984) found
that for small cgrea1 grains under dry weather conditions seed should be
covered by a 4-5 cm loose soil layer consiéting.of aggregates <4 mm.
Heinonen (1979) discussed the advantages of stratified soil 13yers and
crop residue qy1chiﬁg 1n:reducing evaporation from soil.

« Ina field study in southerﬁ Alberta, smaller yields on both
chéﬁical fallow and NT stubble, compared to conventional fallow and CT

stubble, respectively, were attributed to smaller amounts of NO,-N ¢

(Lindwall et al., 1984). Larger NT compared to CT yields were usually

found at low N fertilizer rates or without added N (Bandel et al., 1975;

Moschler et al., 1972).

“"Labelled fertilizer 15 studies have shown that fertilizer N

' - = i s, B .
recovery with NT was favored over CT treatments in years with little

growing season precipitation (Legg et al., 1979). Kitur et-al. {1984)

found less fertilizer N uptake by gra1n and smaller yields for NT

-

compared to CT and attributed less uptﬂke to increased 1mmob111zation of

~

_correlated with plant yield (Taylor and Johnson, 1956). Lindwall -{1983)"



X
added to the soil Fredrickson et al. (1982) reported that grain
fertilizer-N uptake wés greater for NT but no differeuces in yield
occurred between tillage systems. Decreased tota]lfirti1izer-N_recovery
for NT was attributed to soil surface iqmobi]ization. A study by Aulakh
et a].‘(1984) using large amounts of etraw found that fertilizer N
.1mmob1]1zat1on was much greater for CT. In a semi- arid region, Carter
-aud Rennie (1984b) found no difference in wheat y1e1ds between t111age
systemé and changes in t111age d1d not markedly affect the soil N ;yc]e.
jnder a semi-arid environment soil temperatures differences .

between t111age treatments affected early D1ant growth but did not
influence f1na1 grain yields (Carter and Rennie, 1985a) Corn y1e1ds

were reduced under NT and corre]ated with decreased sofl temperaturbs in
the subh nid region of southern Manitoba (Wall and Stobbe, 1983).

™~ ' H
A growth chamber study with a loam soil demonstrated that bulk

densities over 1.25 Mg m'3 with soil moisture near fteld capacity were
necessary to adversely affect plant growth “(Lindwall, 1983). In a'fie1d:
study in southern Alberta- encompas;;ug s1x 1ocat1ons the average bulk |
density (1.06.Mg m 3, 0-50 mm layer) was not affected by t111age
(Lindwall et al., 1984). Shrinking‘gnd swelling characteristics of

soils can prevent increased bulk densities and decreased porosities

~under NT (Cannell et al., 1978).

Only a few studies have measured the reSpouse of microbial
biomass to different tillage systems. Lynch and Panting (1980) found

that incFeased soil,biomass under NT was related to a greatercdensity of

plant roots than under CT. Soil microbial biomass p1axs'an'fhportant



fertilizer N and soil N and can also re]éase this Ngégter iﬁ the growing
seasph. ‘This can have a profound effect on 'crop respo%se to fggii]i:er
N and %hghfina1 yield. Carter and Rennie (1984a) found that %icrobia]
biomass N increased with the developﬁe;t of the rhizosphere du;iné the
growing season for both CT and NT but differences in biomass N between
ti11age‘systems Wa's positively cérre]ated to the amountigf surface crop
res%due. Afte} chémical fallow there were large amoun£§ of crop residue
in the surfacé 5011 compared to conventionz] fa1iow.

‘Lpng;te}m rotations have greater labile organic mattér”in thg* ‘
0-50 mm soil layer for NT but’ greater amounts in the 50-100 mm soiI
layer for CT {Carter and Rennie, 1982). However, variations in biomass.
N size and in immobilization of fertilizer N did not affect plant .ptake
of N or final grain N content or yie (Carter. and Rennig "SSb). A
study with crop rotations showed that biomass size was affeciod mainly
by soil moisture!and 5611 %oisture changes, and to a lesser’extent by
temperature, change in'temperature, crop growth index, and freeze-thaw
cycles (McGill et al., 1986). e Tillage and crop residue'additions_were
not closely related to biomass vafiabi]ity. Tillage pfobab]y affected
biomass C through its effect on soil moisture and soil moisture change.
Campbell and Biederbeck (1976) found that microbial change was directly
proportional to moisture change. Carte; and Rennie (1984a) pré;icted
that widely fluctuating moisture and temperature corditions at the soil
surface could produce,cohditions that would favor rapid N.mineralization
from microbial biomass. This process could be greatly affected by
tii1agé system. | "'T

In manu of the field recearch studies previously described




L3
transformation differences between tillage systems. Greater moisture %
can directly benefit crop growth or, conversely, it can be detrimental

through its effect on inorganic N leaching. Greater moisture can also

interact W]th greater amounts of surface crop residue in NT tb reduce

~ °

S

available 5011 N by causing greater immobilization and denitrification

losses of soil and fertilizer Nt¢ More 501 moisture combined wit? /

greater surface residues cad reduce soil temperature for the NT sygtem«

compared to the Cf’system, partiéu1ar1j early in the growing season.

‘ Comparison of tillage systems in the semi-arid region of the

_ Canadian prairies did not éhew major changes between tillage systfhs in o
moisture conservation, soi1’temperature, or in the soil N cycle (Ca' ze»
and Rennie, - 1984b, 1985a 1985b) As a'resuTt changes in crop yie1d
and crog N uptake and response’ to fertilizer N were not observedias they
were in more humid are;s Carter and Rennie (1985b) suggested that
major d1fferences between tillage systems in crop yield, fertilizer N
uptake, and 5011 N transformations would not occur un]ess reduced
tit]age was cgmbinpd with methods to conserve overw1nter preg1p1tation
3r unless the systemé were compared under greater amounts of‘crop

‘/residues.- This recent work in the Western Canadian Prairies indicates
that more information is required in semi-arid regions on the effect of
tillage system on crop yield, fertilizer N uptake, and soil N cycle
under crop rotat, " wh1ch produce diﬁferent amounts of crop residue.
The combinatioh of greater crop residue along with the conservation

practices of NT could modify the results found in previous studies for
\ ‘ . .

this sem{—arid area. The amount and timing of precipitation during the

NI o |



‘areas. Field studies under different cljmatic conditions would be

’

necessary to test this effect.

The generai-objective of this study was: 1) to determine the
3nf1uence“of ti1iage treatmentJon crop yield, crop N uptake, and soil N
‘transformat1ons under several soil, crop rotation, and weather ‘
conditions; 2) to measure s0i) parameters over several years under a
var1ety of cropping and 5011 conditions to 1dent1fy and character1ze
.those tillage induced soil changes- wh1ch determine the relative benef1ts
of two tillage systems 3) to detern1ne the effect of tillage treatment
on microbial growth and 1mmob1117atﬁgn of fert111zer M. The crop
rotations produced a,w1de range in amount of. crop nes1due and the gtudy
was'carried out over three growing seasons characterized by very
diﬁferent preeipitatign levels. The main hypotheses of this thesis

13

were: '

Ld

—

(1) Tillage induced éoi; moisture changes directly affect finatl crop

L

yield.
’ . T A

(2) Tillage induced changes in soil moisture, soil temperature, and

L
\

\

soil residue affect the soil N cycle and indirectly affect crop

‘N uptake and final erop yield.

(3) Tillage effects on crop yield and the soil N cycle alters the.
equilibrium level of spi] organic matter and affect Jong-term

soil quality.

The results from the three areas of study were reported in three

b e

Ti- $3i% ae and ahiartiunc fnr thece chanters are as fo]]od&
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Chapter 2. Yield and recovery of 15N-"abe11ed'ferti1izer N for barley
| | - and'wheat under two tillage systemé in}southérn Alberta.
- - Oquéfives: To determine the ipf1yence of tillage
- treatment on 501 N transformations and crop
‘ N uptake and crop yield resporses to
fertilizer N; under several soil, crop
¢ rotation, and climate conditions. |
Chapter 3.'3 Effects of tillage induced soi. changes on plant growth
and soil qu;Hity in a semi-arid region. y
Object%vesi' 13‘ To measure so+1_paramgters over several
’(years under a variety of cropping and
$0i1 conditions.

2) To identify and characterize those
tillage induced soil changes which
determine the relative benefits of the
two tillage systems.

Chapter 4. Biomass growth and microbiai N immobilization with
’ broadéast.lleémmonium nitrate in a grain crop rotation

9

under two tillage systems.

A

Objectives: 1) To determine the effect of tillage
treai%enf on biomass growth and
iﬁmobi]izatioﬁiof broadcast 15N ammonium
nitrate.

2) To determine the effect of any
ti11age—inducéd soil changes in

+amnnvwatiive maicture crnn_residue




' -p]ant(res1dues on den1tr1f1cat1on rates in conventional and zero- tille
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2. YIELD AND RECOVERY OF !°N-LABELLED FERTILIZER N FOR BARLEY AND

WHEAT UNDER TWO TILLAGE SYSTEMS IN SOUTHERN ALBERTAl )

2.1 . INTRODUCTION

Nitrogen (N) experiments carried out in weétern Canada and the
" United States have shown lower grain yields with no-till (NT) compared
‘to thqse wifh-eonventional tillage fCT) syétems-at jow N 1evejs.’ At
higu N app1iQ§ti0n~rdtes the grain yields the NT sygtemi were gimi]ar or
superior to CT systems (Stobbe, 1979; Blevins et al.,*1977; Moschler et

' \,
al., 1972). -In southern Saska;chewan, crop yield responses to broadcast

5,

" NH;NO3_were éimi?ar for CT and NT Carfer; 1982) .. 'In seasons of 1ow
growing season precipitation N ava11ab111ty for crops under NT was
reduced relative to CT because of lower m1nera1wzat1on and/or. 1ncreased
fertrl1zer immobilization (Kitur et al., 1984; Fredr1ckson et al.

‘198?)L. Under moist conditions, nitrate-]eaching and denitrification

rd

were greater on NT so0ils (Aulakh et al., 1984; Groffman, 1984; Linn and

-
o

Doran, 19845. More residues d‘th NT increased denitrifiéatidn by ’/S
1ncreas1ng surface soil moisture and prov1d1ng an energy source for
microbial actfu1ty (Aulakh et al., 1984); Plant uptake of fert111zer N
wés-higher with CT at low N rates but greater with NT at high N rates in

~a corn silage study (Legg et al.,«1979). In a -continuous crdpoing study
wjth spring wheat, fertilizer N~udtake yas,higher with NT. even at’1ou |
' rates (Fredr1ckson et al., 1982; Moschler et /@l 1972). Greater N

‘ u\take was favored by h1gher 5011 mo1sture conditions in NT. /

> - E
o 3 . N - . i

1. A versiohrof this chapter‘wi11 be submitted
for publication. Carefoot, J. M., Nyborg, M.
and Lindwall, C. W. 1987. Can. J. Soil Sci.

\

11
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In another study, fertilizer N v-take and éoncentration in grain was

higher for NT than for CT-.in'dry years { L 1979). - In wet o

seasons, N uptake of cofh was higher yfth CT than'with NT. Less
férti]izer N uptake by NT corn wa# attributed to denitrifjcation,
macro-pore leaching, and/or immobilization (Meisinéer et al., 1985).
Potential losses of ammon#a by volatilization from Qrea.ana
ammonium nitrate.was higher for NT soils (Touchton and Hargrove, 1982;
Cérter, 1982). With NH4NO broadcast on the surface, there was
increased 1mmobilization\of N at the.sufface of the NT soil compared to
TT (Kitur et al., 1984). Doran (1980) suggested that fertilizer
management ‘practices should fef]ec; the  increased potential for
‘immobilization of surface applied N for NT compared to (T.
Immobjlization of fertilizer N wés greater under CT than with NT
(Aulakh et al., 1984) in which broadcqst‘y“w€§’WasHed into the'éoi].

Denitrification was greater for NT s0i1s with broadcast-ammonium

, ¢
fere ‘zers (Meisinger et al., 1985; AuTakh et al., 1984). In many

» 1

studies the surface soil has a greater water content with NT thart

with
CT treatments (Gauer et al., 1982; Phillips et al., 1980). |
Adequate\spring‘sur%ace s0i1 moisture is especially criﬁicaT in
semi-arid climates for ad%quate germination and ear1x growth. Work at
Lethbridge has shown that the soil moistﬁre loss ésédciated with spring
tillage required for,banding fertilizer N prﬁor to seeding ca% reduce
érop yields (Carefoot, 1982). In semi-arid regions under conditions of

limiting moisture NT often conserves more surface soil moisture but the

potential effects of this additional moisture on crop yield are often



unpredictab]g\\ Is this additional soil moisture directly used by the
crop or does thisvmo}sture'faci1itate fertilizer or soil § uptake? 'Can
Qdditiona] s0il moisture also reduce crop growth by increasing
denitrification: immobilization, volatilization, or leaching of N? In
southefn Alberta wheﬁé moisiure is often 1imiting and potential
evapotranspiratidn rates are very high, identifying thé s0il and
cropping conditions under which NT produces additioral surface soil
moisture compared to CT is essentia].ﬂ How this additional moisture
affects crop yield and N losses for the highly varieble climatic
conditioné of southern A]berta is also very importart. |
| Crop rotation can affect the s0il N cycle ‘- several ways.
Residues from previoﬁs crops directly affect soil surfacé moisture
(Phillips et al., 12?0). The amount, C/N ratio, an< N content of
residue is . very important in processes such as denitrification (Aulakh
et al., 1984) and mineralizgtion/immobili ation (Wagger et d]., 1985). "
Undérstanding the effect of tillage on ssgé
will assist in ideﬁtifying superior fertilizer placement and crop
rotation oractices.’ ’

| This study‘was c;rried out with grain crops under CT_Epd NT in
rotations with different types and quantities of crop iresiaue on two
soithypes. The obje;tive of this study was 10 determine the influence
of tillage treatment on soil N transformatidns, crgg:N~uptake, and crop
‘yie1d responses to fertilizer N under several soi],wcrop rotation, and

¢l iatic conditions.

N transformation.processes

- 13
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2.2 Q MATERIALS AND METHODS

\Field experiments were initiated in 1976 at Lethbridge on a
,gi Lethbriaae loam and at Vauxhall (in 1980) on a Chin clay loam (Table
“ 2.1, Appendix 6.5) (Carefoot ;gd Lindwa{1, 1082).h Two crop rotations
~were used: 1) winter wheat-barley-fallow (WBF); 2) continuous spring

-
N

wheat (CW). Two tillage treatments, conventional till (CT) and no-til
(NT) were imposed on each c%ép treatmen;. A sp]it—p1ot~desiqn with five
‘replicates was used with the crop (or fallow) as main nlots and the two
tillage treatments as sub-plots (6x40 m). In 1983 and 1984 threc N
levels were superimposed as sub-sub-plots {1x1 m) on *the crop tiilage
sub-plots to create a split-split-plot design. In 1682 three N 1éve15
were superimposed on the tillage sub-plots (1x1 m) for*winter wheat and
barley. ‘The ¢Bntinuous wheat, winter wheat, and barley égg-sub-plots

that were fertilized in 1984 were continue?/as cont?gmms wheat barley,

and fallow sub-sut-plots, respectively, in 1985 and were referred to (E“\E;\

residual fertilizef N ~ib-sub-ploks. ( j

o



Table 2.1. Some characteristics of the soils {0-150 mm layer)

o 15

Lethbridge loam

Chin clay loam

Canadian

Classification Dark Brown Chernozemic

Ed

Brown Chernozemic

U.S.A. _ . '
Classification Typic Haploboroll Typic Haploboroll
Duration of v -
experiment (y) 10 5
pH R 7.1 6.6
~ Organic matterl(g kg ) 22.4 17.1
" Total N (g kg °) 1.5 1.2
Bulk density (Mg m ) 1.2% 1.29
Moisture R '
at 33 kPa (g kg °) °212 191
The same experimental design, was used

at the Vauxha11 s1te in 1984.

Initial seedbed preparat1on on the CT sub-plots and the CT

summerfdllow was done with a{ﬁga‘y-duty cultivator with rod weeder.

but with gf& replicates,

final seedbed preparation was done with a rod weeder and packer

combination. Winter wheat (Triticum aestivum L.

wheat (Triticum aestjvum L. cv. Chester),

cv. Galt) was seeded using a 3-rank hoe drill with 200-mm row spacing

and 20-mm wide furrow openers.

On the NT fallows, atrazine (0.7 kg/ha) was applied after

cv. Norstar),

spring

—

The

-~

and barley (Hordeum vulgare L.

harvest to provide weed control through part of the summerfallow season.

For the rema1nder of the summerfa11ow Season and just before seeding of

winter wheat, paraquat was applied (1:1-dimethyl-4 4-bipyridium) at.

0.56-0.84 kg/ha with 2,4-D (ester of (2,4-dich1oro phenoxy) acetic acid) .

N



at 0.56 kg/ha or with glyphosate (N-(phosphonomethyl)glycine) at

0.46 kg/ha. ‘ "

Ammon1um nitrate w1th a 15N content of 4.9895 (% atom abundance)

a
in 1983 and 1984, was dissolved in 500 ml of HZO and sprayed on 1- m2

-1

p1ots at N nates equivalent to 0, 25, and 50 kg ha to barley (WBF

rotation) and wheat (CW rotation) immediately after seedlng Lower N

, and 30 kg ha~} were used for winter wheat as

rates equivalent\to O

less N was required by a crop after fallow. -~

Each sub-sub-plot was sampled to a depth of 1200 mm in 75-mm

. - .
increments in the spring before seeding and fall after harvest (see

N

n

ppoendix 6.1). Soil samples were mixed, stored at 5%¢ and extracted
@ ’ v
“*\\\inthin 2 days. Plant counts were taken 3 week's after seeding for three

one-metre row segments. In 1983 and 1984, top growth and roots were
2

»

remoyed from&the whole portion of the 1 m~ plots in the fall. The roots
harvested came out of the soil when the grain was ©u ed out. Ln 1955,
”.the ceqtra] poftgon of the 1 ﬁz plots (0.7 m x 0.7 m)xgas harvested

v separately from the rest of the plot. Grain samples were threshed while

the straw ard.roots were combined in one samp]e; b]ant samples were

dried at 65 amd ground to pass through a l-mm sieve.

The s0il moisture conten; was determ1ned gravimetrically.
Awwnonium-N and NO3 -N was determXﬁed by extract1on with 2M KC1 and steam
distillation into boric acid (Rremner 1955). Samples containing <0.5
mg of N were sp1ked with 1 mg of NH4 -N as analytical grade (NH4)2504 to
facilitate accurate measurement of 15N content. So11 samples were

i

analyzed for total M using a pre-digestion treatment of KMnO4 and

ferrous iron to convert NOZ'-N or NO3'-N to NH4+-N (Bremner, 1965). All

R

e

16



distillates were evaporated at 65°C and the'NlS/Nld contents were

determined on a VG Micromass SIRA12 mass spectrometer. Percent N

-

ferived from fertilizer (ZNDFF) in plant and soil was calculated

as follows:
- . N % excess (p]ant;\\\\
Plant NOFF = T excess (fertilizer NJ 100
Total Fertilizer N in plant (kg ha'l)y= ZWDFF . pfbnt yield (kg ha'l)
100 . :
! x'; N in plant
160
Soi1 % NDEF = — b excess (soil) x 100

N % excess (fertilizer N)

Total Fertilizer N in soil (kg'ha—l) _ BNDFF bulk density (Mg m'3)'
- T 100
/*\\\\ ~ x volume of s0i1 (moha™!)
R L 32N insoil » g
100

15N natural abundance values were obtained by analyzing soil. and

“

plant samples in two control replicates.
Analysis of variance was based on a split-split-plot design

(Little and Hills, 197€). ‘

2.3 RESULTS

2.3.1 Seasonal Precﬁpitation and Soil Moisture \

. N\ . )
The three years of this study were characterized by different

amounts of precipitation and soil moisture deficit during the growing
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Fig. 2.1 Daily precipitation at Lethbridge (L) and Vauxhal (V) from April 1
‘ a9,
to September 20 for the years 1983401985, and total gowgg -

season precipitation (GSP mm) from May 1 to July 3% . -
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season (Fig. 2.1). For the critical growing season months of May, June,
4and July the amount of precipitation for 1983, 1984, and 1985 at
Lethbridge were 121.9, 94.1, and 55.4 mm, respec£ive1y (1ong-tgrm
average }s 94.1 mm). The amount and timiﬁg of p(ecipifationlwag simi]ar'

at both sites. When soil.-conditions were drier in the spring and the
S~ h t’

fall, soil moisture tended to be higher with NT ;hanAwith the €T

o v {

treatmentsv(Tab1e 2.2). At mid—season; 50il moisture levels were

generally similar for tillage treatments.

4
< s .O‘ ‘)“’v,
N :
\ X

Table 2.2. Surface soil moisture during the growing season in NT
and CT for winter wheat; barley, and spring whéat

~~ May - July | Sept ' w?,.tth‘
AR RN~ SN 't S SENEVOR ' SRR
~ Lethbridge s0i1 water content (mm) (O-ZSme layer) o
Winter wheat 1983 18.2  19.6 7.7 3. 8.2
1984 13.3  14.2  *7.3  ube . C7i1
1985 17.6  18.7° 8.3 3.0 ©.13.9 °
Barley 1983 18.3 18.9 8.2 8.1 5,3
1984 14.7  16.6* 4.6 3.8 8.0 °
1985 18.3  18.9 9.3 8.5  14.8
Spring wheat 1984 12.6  16.6%  6.8% 4.0 8.6

Vauxhall soil water content (mm) {0-75 mm layer) .

Winter wheat 1984 10.5 12+.1* 3.5 2.7 4.4

*

Spring wheat 1984 8.6  10.6° 2.9 2.8 3.8

. %
*Tillage systems significantly different (P = 0.05) for a particular
month.
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'2.3.2 Grain and Straw Yields

A\

Winter wheat grain yields {Table 2.3) averaged 1710 kg ha'1 for
the two tillage treatﬁents on the clay loam soil-at Vauxhall in 1984, ’
In‘contrast to the grain yield, the straw yield was greater with QT. At
the Lethbridge site on the 16am soil, graih and gtfaw yields Were
- ;

greater with NT évery year. fertilizer nitrogen resulted in no yield

~increases with winter wheat at either site.

Table 2.3. Winter wheat: Grain and straw yields at three N levels
under CT and NT '

Grain . Straw

N rate kg ha™ ! N rate kg ha !

~

" Location Year T{ﬁ1 0 15 30 Mean 0 15 30 Mean

]

1

kg ha

" Lethbridge 1983 CT 2400° 2480° 2460° 2450° 3500° 3870 3730 3730
CNT 3050 2870 3070 3000 4590 4000 4430 4430

. * * *
Lethbridge 1986+ CT 15507 1719° 1620 16307 2830 3010° 2770° 2870
‘ NT 1800 2020 1950 1920 . 3500 3640 3550 3560

' ) . . * *
Lethoridge 1985 cT 970" 1060° 960" 990" 2070° 2350" 2210° 22107
NT 1250 1280 1310 1280 2880 - 2630 2740 2750

auxhall 1984 CT 1830 1760 1740 1780 3380° 3250 2980 3210°
NT 1730 1560 1620° 1640 3710 3310 3460 3500

* _ ’ ’
Tillage systems significantly different at P = 0.05.

Barley grainé¥{e1d was 440 kg ha ™}

for NT compared to 240 kg
1 for CT in 1084 (Table 2.4). Responses to N fertilizer application
were observed oﬁ]y in 1983 (grain) and 1985 (straw) in @§ie NT treatment. )

2 ‘
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L
There was no effecf of tillage or fertilizer on yield on the residual

fertilizer N plots.

[V

Table 2.4. Barley: Grain and ;traw yields at three N Tevels

& under CT and‘g

Grain Straw

N rate kg ha” | N rate kg ha” !

Location Year Til1 0 25 50 Mean 0 25 50 Mean

kg ha™l

+ ° ,
Lethbridge 1983 (T 1450a’ 1670a 1740a 1620  1050a 1190a 1200a 1140
NT" 1390a 1740ab 1940b 1690  1200a = 1270a 1370a 1280

N
.

§ * * *
Lethbridge 1986 CT 2702 2°@a 2008 240"  680a 630a° 4802 590 .
NT  440a S0Ca  390a 440  870a 1040as 890a 930

Lethbridge 1985 CT 1190a 1040a 1120a 1120 2120a 2940a 2290a 2150
NT 1010a 1130a 1040a 1060 2180a 2280a 2570b 2350

Lethbr‘idgeT 1985 CT 870a 860a 980a 900 2210a 2060a 2150a 2140
NT 760a 780a 790a 780 1930a 1980a 2030a 1980

+ ' o
Means followed by the same letter within a tillage treatment for grain or
straw are not <i1mnificantly different at P = 0.05. '

*
Tillage systems significantly different at p = 0.05.

*
Residual N plots; fertilized in 1984. '

Yields in the continuous wheat rotation were very low (<290 kg

_ha'l) in 1984 (Table 2.5). -At both sites grain and straw yields were
greater fo NT than for CT. There was no yield response to nitrogen at
» &

either site. 1In 1985, there was a straw yield response to the high

fertilizer rate on the residual fertilizer N\p1ots.
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Table 2.5. Spring wheat: Grain and straw yields at three N levels under\

CT and NT
b}
Grain : . Straw
N rate kg ha” I N raté,kg hafi
Locatioh Year Till O 25 50 Mean 0 25 50 Mean

\

N
3
J

[

kg ha"!

Letnbridge 1988 T 40a"" 302" 302" 40" 902" 802 80a" 80"
NT 280a 260a 230a 260  B40a B40a  680a 780

Vauxhall 1084 CT '.sa" 150a" 120a" 130" 310a° 300a" 290a’ 310"
. NT 250a  320a  290a 200 700a - 8102  730a 750

Lethbridge’ 1085 CT  930a 9102 870a 900 19902 2110a 2150a 2080

NT -780a 700a 780a 750 2050a 2200a 2620b 2290

S

* - N
s Tillage systems significantly different at P = 0.05.

+Means followed by the same letter within a tillage treatment for grain or
straw are not significantly different at P=0.05. ‘

tResidual N plots; fertilized in 1984.

2.3.3 Nitrogen Concentration in Grain and Straw

At the Lethbridge site in 1983, the year of largest crop yields,
there was a greater concentration of nitrogen in the winter wheat grain
and straw with CT‘except at the-highest N rate of 50 kg/ha (Table 2.6).
In 19%4 and 1985, khe Lethbridgé~site showed é'simi]ar uptake of
nitrogen. for tillage treatments. Nitrogen concentration in winter wheat
grainbaveraged'27.6 g kg'1 for CT and NT at Vauxhall in 1984 while the

_nifrogen concentration in the straw was 7.4 g kq'l for NT compared_tg‘v

6.5 g kl-l for CT~ In 1983; there was ak increase in nitrogen content: .

[ ~
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:i?
_ for barley graxa 1n re%fonse ;9 fert111zer app11eat on in both tillage

Atreatments (Table Egi Qg01984 N concentration tended to be greater
in CT tha?21n NT. ?The straw and grain in the NT both showed a response
to N application in 1984. There was a N response at the high fertilizer
rate for the ba;1ey'straw in 2985 for both the ferti1ized plots and {;é
residual N plots. . ~

Table 2.6. MWinter wheat: N concentration of grain and straw at three
N levels grown under CT and NT

—_—

. Grain o Straw

- N rate kg ha™t N rate kg ha”

Location Year Till -0 15 30 Mean =~ 0 15 . 30 Mean
-1
g kg

) i A **+~ “-’ * * * * ' *
Lethbridge 1983,+CT 23.1a"  23.3a 22.7a 22.0° 5.3a. 6.3a 6.5a 6.2
: _TUNT 20.1a 20.42. 21.9b 20.2 5..a 5.5a  6.6b 5.7
Lethbridge 1988 " CT 23.6a  24.4a 24.9a 26.3 6.1a' 6.92 6.3a 6.4
. NT 23.4a 23.32 24.7a 23.8 6.32 6.5 6.6a 6.4
Lethbridge 1985 CT 30.8a  31.4a 30.8a 31.0 5.8a 6.la 5.9 9
NT 30.0a - 30.la 28.6a 29.5 5.7a 5.6a 6.la 5.8
. Vauxhall 1088 CT 27.6a  26.9a 27.3a21.3° 6.5 6.4a 6.7a 6.5
ey NT 27.5a  28.0a . 27.9a 27.8 7.4a T:5a T.4a 7.4

’Qu »
l} ‘L

#?11age systems s1gh1f1cant1y different at P=0.05. ’ ¢

wMeans followed by éhe same letter within a t111age treatment for graln or -
straw are not significantly different at P = 0.05.
{

q

[\ | |
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Table 2.7: Barley: - N concentrat1on of grain and straw at three N levels

~

grown under CT and- NT

-Grain ' Straw

N rate kg ha™l L N rate kg ha™!
' " e~ . ,
- Location- Year Till O 25 - 50 Mean 0 25 50 Mean
-1
g kg

Lethbr1dge 1983 CT 19.9a  21.3b . 21.4b 20.8  8.6a 8.7a 9.0a
NT 19.0a 19.3a 20.4b 19.6 6.8 7.4ab 7.9b

* ’ * *

Lethbridge 1984-CT 32.7a" 33.4a° 32.5a 32.8" 17.1a 17.7a18.3a 17

NT 30.4a 31.0a 32.9b 31.4 13.4a 13.0a 16.7b 14
Lethbridge 1985 CT 25.6a 26.2a 25.9a 25.9  7,2a 8.0a 9.8p 8.
NT 27.2a 26.7a -26.0a 26.6 7.7a 7.7a 8.4 7.

3. o - | ‘
Lethbridge 1985 CT 29.8a 29.64 28.8a 29.4° 8.3a 9.3b 10.4c 9.
NT 28.9a 28.5a ©28.0a 28.4 8.3a B8..52 9.7b 8

~3
) ~J

.
GO W ~J

a0 )

Means fo1lowed by the same 1 tter w1th1n a tillage treatgent for grain
or straw are not s1gn+f1cant1y different at P = 0.05. e

TilJage systems significantly different at P = 0.05.

¥ .
Residual N plots; fertilized in 1984.

In the CT treatment at Lethbridge in 1984, the N concentration

of the spring wheat grawn was 31 1 versus 33.4 g kg -1 in the NT

treatment (Table 2.8). "By contrast, at Vauxha11 the N content in grain
was less for: NT than C7 eieep£ at the’fert1lrzer rate of 50 kg ha }. At
the 25 kg h'a—1 fertilizer rate, grain N content was 34.7 g kg'1 for CT':
compared to 32.5 g kg~ -1 for NT. The on1y response of spr1ng wheat grain
N concentration to Fert111zer N was in the NT grain treatment in 19840
when the N concentration of the grain increased from 30.4 to 32. 9 g kg

-1

with the addition of 50 kg ha * of fertilizer N. ‘ .

1



_ Table 2.8. Spring wheat: N concentration of grain and straw at
: three N'1eve1%%grown under CT and NT

Grain Straw

N rate kg ha l N rate kg ha !
Location VYear Till 0 25 50 Mean 0 25 50 Mean
N o . . ® ) .
i 5;., ? .‘ ' -1
\ & kg~

* * *

ethbridge 1986 CT 31.53° 30.8  31.0a° 31.1 11.32" 12.8a 12.5a 12.2
| NT 33.4a “33.6a  33.2a 33.4 14.3a 14.5a 14.0a 14.2

Jauxhall 1982 CT 34.5a° 3872 3¢ % 34,5 16.1a" 15.3a 14.8a 15.4
NT Joqaa 32.5a .50 32.8  14.8a 14.6a 15.43 15.0
# H . ‘ o 0 .
Lethbridge 1985 CT 31.7a - 33.4a 32.1a (2.4  6.da - 6.6adb 7.5b 6.7
- NT 34.2a . 34.4a. 32.9a :53.8 6.4a 6.3a 6.8a 6.5

*Ti11age systemS‘significant1y different at P =.0.05.

tMeans followed by. the same letter within a til¥age £reatment for grain
or straw are not significantly different at P = 0.05. '

Is

FREsidual plots; fertilized in 1984.

2.3.4  Labelled Fertilizer N Uptake in Grain

The INDFF valued for thergrainvﬁere usually greater with NT than
“ with CT (Fig. 2.2). For example, the #INDFF for barley étlﬁhe high
fertilizer N rate in 1983 was 19.7% for CT compared-to 30.3% for the NT
treatment. With winter wheaf there were no differences between tillage
treatments in.1984 at either si!%; and t%e»va]ﬁes were very small (<5.7%)
at the Vauxha]]lsite. In 1985 (Fig. 2.3), %NDFF was 7.8% for CT compéred
to 5.7% for the CT treatment ih.yintér wheat at fhe 50 ké ha'1 fertilizer
raté, Likewise, INDFF was 9.6% for CT compared to 15.4% for the NT

treatment in barley. For the residual fertilizer N plots in 1985, there

was no effect of t111a;Ztneatment.on INDFF values for either grain or
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High fertilizer

Low fertilizer

30

Lethbridge 1983

Vauxhall 1984

— B

1

w5

Fig. 2.2 Percent of grain N derived from fertilizer at two fertilizer

levels for winter wheat (WW), barley (B), and spring
. wheat (SW) under CT and NT in 1983 and 1984.

(* Tilage systems significantly different at P

0.05).
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Fig. 2.3 Percent of grain or straw N derived from fertiizer at two fertiizer N levels
for winter wheat (WW), barley (B), and spring wheat (SW) under CT and
NT in 1985 at Lethbridge. (* Tillage systems sngnuflcantly dlfferent at
P 0.05).

" Residual fertilizer plots fertilized in 1984.



soN

s

|

‘ » <
Table '2.9. Distribution of inorganic N in the upper:300 mm of
the soil for TT and NT under winter wheat and barley in 1984

a7
4

NH-,N + NO,-N (kg ha '1)

Sampli~~ date (month-day)

sl T 07415 08-20 -
s Nt ey, T T
“Crop (kg ha™") , (mm) LT NT cT NT (T NT
Barddy 8. 0- 75 20,2 12.8 8.1, 3.5 154, ' 12.9
a - 05 35150 10.2, . 121 8.6 3.2 9.5 43
150.300, 3.9 ¢ 9.6 5.0 . 1.5 &5 2.7
o . ) | .
50 0- 75 17.00 5.0 24,9, 13.6
75150 . 19.0" 2.4 136 5.4
.150-300 : 6.9 2.5 6.2 3.4
winfer . , : o +: .
wheat’ 0 0-75 18.4 . 13,3 3.6 2.9 .10.8, = 6.3
o 75-150 9.5 10.5 6.2 2.0 6.8 - 2.7
150-300 6.9 8.5 L0 13 L 6
. 30 0-75 1330 3.8 15.0, 107
d 75-150 ot 13 107 37
e 150-300 /’ 2.9 101 2. 6

2

N

* .
Titlage systems significantly different.at.P = 0.05.

- -
y -

f2:3.5“ Soil Profile Inorganic Nitrogen fSub-sub-ploté O-300~mmy

- (’. In the spring of 1984, total inorgan}c N in the soil prdfifeé ,
':_waC s1m11ar 1n the tillage treatments for both bar]ay and w1nter wheat
(Table 2.9). Inorganic N tended to be greater for CT in the 0-75 mm

{oiﬁ Jayer but greater for NT at the 1nwgr 5011 depths. By midfséésoﬁ
iHOrganic N was much less for NT than cT at‘bofﬁ fefti]izervr;tés for

barley. For winter wheat a difference was only evident at the high

fertilizer N level. By fall, inorganic N was higher for CT 3t both
. 3' N

i



fertilizer rates and for both crops. Inorganic N-in the soil profiles
was not affected by tillage treatment during the crop seasons of ] 983

and 1985 {data not shown).

2. 3.6 . Surface Inorganic Nitrogen (Sub-plots 0-75 mm)

Inorganic N in the top soil layer (0-75 mm) {Fig. 2.4) in 1983

\\3t Lethbridge was generally not affected by ti11age treatment except fo?

t N

spring wheat treatment at Lethbridge in 1983 where 1norgan1c N was
greater (Fig. 2.5) for the CT compared to the NT freatment for 3 out of

5 sampling dates.,

. In 1984, after precipitatign events at mid-season, greater BN

e fnnrganic N occurred in CT than NT treatments for all crops at

Lethbridge. At~Vauxha11, inorganic N differences occurred between
tillage treatments, but the pattern was inconsistent. ?

There was no difference in mineral N on fallow plots at either site.

2.3.7 Labelled Inorganic and Organic Soil N

In:1984, most of the recovered fert111zer N was concentrated in

the top 150 mm of 5011 w1th the CT treatment and in the top 75 mm of
14
soil with the NT treatment (Table 2.10). 1In 1985, the fert11lzer N was
€~“'ﬂ
concentrated in the top 75 mm of s0il for both t111age tred%ments In

| 1984, 12.67 kg ha'I of fertilizer N was. 1mmoh11wzed in the organic N

fraction (0-75 mm) with NT compared tor3.93 kg ha'1 with the CT -~

treatment for barley, whi]e for winter wheat in 1984 fertilizer N

1mmob111zat1on was 6.88 ka hg 1 the NT treatmenf compared to

3.33 kg ha -1 in the CT treatment In 1985, for winter wheat,

7.14 kg ha-! of fertilizer was immobilized in the CT treatment (0-75mm)

-1

but only 4.14 kg.ha = in the NT treatment.

29
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Table 2.10: Labelled fertilizer N recovery (kg ha™1)
fractions in the soil profiles for winter wheat and
CT and NT in 1984 and 1985 at mid-season

-

in different
Qprley under

32

N Inorganic N Organic N Total N -
rate Depth - * . _ .
Crop (kg ha ") (mm) CT NT CT NT T NT
1984
winte% . » - . [*
wheat 30 0-.75 2.41 0.13, 3.33  6.88, 5.74  7.01,
: 75-150  1.77 0.08 1.63 3.32 3.0 1.46
150-300  0.09 0.03 1.62 1.35 1.68  1.38
~ .
Barley 50 0- 75 4.41 Q.85, 3.93  12.67 8.34 13.52:
75-150  6.51 0.28 2.36 1.71 8.87 1.99
150-300 0.85 0.17 2.51 3.06 3.36 3.23
1985
Winter . f *
wheat 30 ft 0- 75 681 9.81 7.14 4.14 13.95 14.32
;0 75-150  1.59  1.08 1.06 1.10, 2.65 2.18
150-300 0.22 0.22 2.51 2.68 2.73  2.90
Barley 50 0- 75 11.51 9.01 0.74 12.00 22.25  21.01
75-150 1.10 1.03 0.73 1.20 1.83 + 2.23
150-300 0.26 0.2l 2.51 2.14 2.77  2.35

sampling dag;s: 1984-06-15 and 1985-06-03.

*T{11age systems significantly different at P = 0.05.



Table 2.11. Winter wheat at Lethbridge: Labelled fertilizer N
recovery’ in grain, straw, and soil with CT and NT

Fertilizer N recovery (%)

N rate

Year  Till (kg ha 1) Grain , Straw  Soil  Total

| | ( |
1983 cT 15 21.1 9.6  35.1 65.8
NT 15 25.2 a0 37.5 707
cT 30 18.2° 4.7 22.3 46.2
, NT 30 26.2 6.0  21.8 53.4
1084 eI 15 ' 22.1" 9.00  36.3 67.4
ST 15 5770 11.7  35.1 73.8
cT , 30 19.1" 6.8°  37.0 62.9
NT 30 2.9 " 10.2 3.1 2.2
1985 cT 30 7.7 3.9 66.0 77.6
NT 30 7.0 1. 72.8  83.9

Al

T oy .
Fertilizer N recovered (g)/N rate»(g)?x 100.

*Iillage systems significantly different at P = 0.05.
. . - A
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Table 2.12. Barley ét Lethbridge: Labelled fertilizer N
recovery' in grain, straw, and soil with CT and NT
N rate i Fertilizer N recovery (%)
Site TiN (kg ha™!) Grain Straw  Soil = Total ///<( )
. * * QQ | ,bf
1983 cT 25 : 17.8 4.7 27.2 49.7 )
s ' NT ~ 25 21.7 6.0 21.6° 49.3
CCT L. 50 13.3"
NT 50 - 23.9
1984 T 25 55 g
NT 25 © 10
cT 50 R
NT 50 7.0
1985 Cy 50 5.5 '
T 50 8.7 .
1985 " cT 30 (14.2)° 7.9 10.2 63.1  8l.2
. NT 30 £13.8) 9.0 7.5 87.1 103.6

WFerti]izer N (g)/N rate (g))100.
*Ii11age systems significantly different.at P = 0.05.

fResidua1 N plots.
’ 13
§Residua1 fertilizer N recovered (total soil N) in spring of 1985 from
sub-sub-plots fertilized in the spring of 1984.
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Table 2.13. Spring wheat at Lethb

23.

ridge: Labelled fertilizer N < ra

35

i
P

recovery = in grain, straw, and soil with CT and NT
15N : -
- N rate Fertilizer N recovery (%)
Site o TiN (kg ha'l) . Grain Straw Soil”  Total
1984 cT 25 0.5 0.6 60.0  61.1
NT 25 5.9 /\8.5 51.4  65.8
cT 50 0.4 2.5 29.1 590
NT 50 4.8 “6.0 45.3 , 56.1
$ . ge &
1985 _ “CT 50 (21.8)716.3 . T.b 62.9 86.8
| NT . 50 (21.7) 13.4 7.9 76.4 97.7
(Fertilizer N"(g)/N rate (g))100.
*T111age systems significantly different at P = 0.05. -

:}
‘ "Residual N plots.

Residual fertilizer N recovered (total soil N) in spring

sub-sub-plots.

2.3.8 Recovery of Labelled Fertilizer N

barley in CT in 1983 to a high of 83.9% for the NT winter wheat

treatment in the very dry year of 1985 (Tables 2.11,

Total recovery of fertilizer N range

of 1985 from

d from a low of 43.6% for

2.12, 2.13).

Generally, there were no differences in tota]tferti1izer N recovery

between tillage treatments. Greater recovery of fe(ti1izer N in the NT

" crop, usually due to a combination of higher yields and fertilizer N

concentration in the crop, was balanced by a lower soil recovery.

Recovery of residual fertilizer N, measured in the spring as totqé N,

was 100.7% with NT and 84.0% for CT.
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2.4 DISCUSSION

The results were discussed according to twg cropping sequences:

36

fall-seeded winter wheat, which comes after fallow, and spring wheat and

barley whigh followed a crop. Results for individual years were
discussed because of different effects of growing season precipitation

on crop yield, crop fertilizér'N uptake, and soil N transformations.

The years 1983, 1984; and 1985 were classified as wet {above average),

in all three years. Low precipitation in the fall combined with Chinogk

MY

t

dbjw(éﬁz age), and very dry (below average), respectively. These are
ré1af%7é terms and in comparison to a humid region, all three years

received low levels of growing season precipitation.

1

w

2.4.1 Winter Wheat After Fallow

-

Less anter wheat grain and straw yields for CT compared to NT
treatments were not re]aféd to a reduced mineral N supply. Comparable,
or greater amounts of inorganic‘N tgu:red in CT than NT treatménts
(Table 2.9). Greatéf crop yields with NT than with'CT were oftenv
associated with greater suiface soil water £0-75 mm) in the spring.

Y 4
Seedbed soil moisture was below average for September sown winter wheat

o . ©
winds and tillage resulted in a relatively dry seedbed_for the CT

treatments. In a previous study (Carefoot and Lindwall, 1982, greater

yields with NT than with CT crops were associated with_]ow precipitation
during the early part of the growing séason. The re}étive importance of
total soil water and suffaée s0il water to crop,yieﬁﬁ wi11_be‘repprted
elsewhere (Chapter 3). -~ S

Nitrogen concentrdtions in the wintér.gheat qrain were not

affected by tillage treatment in 1984 and 1985.  In 1983, smaller N

u‘k



concentrations in €he‘NT winter wheat grain at the 1ower‘fert11{zer N
rates can be attributed to the effect of tillage treatment on fertilizer
N immobilization. Fertilizer N immobi]izétion was affected biécrop,
t111age %ndkprec1p1tat1onvt1m1ng Conventional fallow (Lihdwa11 and
Andersén 1981) and crop res1due 1ncorporat1on (Chr1st§hsen 1986)
1ncreased the rate of straw decomposition with CT compared to the NT
treatment. Fertilizer N immobilization was favored by greater amounts
" of crop regfﬁue coinciding with the washing of broadcast fertilizer N
into the surface soil layer (6i75 mm); In 1983 and 1984, precipitation

occurred later in the growing season. Thus, greater crop residue with

NT than with CT treatments later in the growing season apparently caused

¥ .

. eq s .- sy : . s /
greater fertilizer N immobilization as indicated by crop N response,

crop N content, and s0i] N'measurements. For examﬁ1e, barley N

-1

concentration was 32.7 g kg'1 in CT and 30.4 g‘ka in the NT check

treatments. The NT treatment showed an. increase in grain N

-1

concentration from 30.4 to 32.9 g kg_1 with 50 kg ha = of fertilizer X

while there was no fertilizer response in the equfva]ent CT treatments.
Soil inorganic N (0-75mm) was 4]56 kg ha'1 in the NT compared to
25.1 kg ha™! in the CT treatments in 1984 at mid-season (Fig. 2.4).

The 1985 .growing season was characferized by good early meisture
but minimal pgéciggeation for the rest of the growing season. A better
stand of winter wheat with NT than with CT resulted in more rapid
de;1etion of the surface soil moisture and caused the surface crop
residue to dry quickly. Nith CT, greater soil water co;tent combined

with incorporation of crop residue by tillage, favored fertilizer N
-1

3

~immbilization in CT than NT treatments (7.14 vs. 4.14 kg ha
. »AJ .
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',respective1y) {Table 2.10). Vvariation in fertilizer N immobilizatio-

between tillage treatments did not result in different crop yields or

grain N contents.

L J

The INDFF in winter wheat between ti]]agé treatments varied each

year. In winFer wheat,'surface soil moisture was depleted quick1y by4
| thé crop aéd this masked any tillage effect on moisture content.
Usually, better early cropigrowth7undef NT depleted soil moisture more |
than with CT, especially in a dry year. 1In 1983, with June rains, ¥NDFF
values were greater wifh N% than with CT in spite of more fertilizér N
immobilization in the NT thén the CT tréatments. In 1984 there was no
tillage effect on "NDFF values at either site (Fig. 2.2). Thf§ was
plausible because the soil remained very dry‘unti1 Qu1y in both tillage
treatments. Greater %ﬁDFF fo? CT in 1985 féfiecfed better sqrface soil
moi'sture in the spring.‘ At.the high fertilizer rate INDFF was 7.83% for
CT compared to 5.66% for NT. 151Pce no significant precipitation
occurred during the summer,‘fhis‘difference favoring CT winter wheat
continued throUgh the growing season. INDFF in plants did'ndt'ref1ect
the INDFF of soi) miner$1 ﬁ‘reported é1§ewhere (Chapter 4, Fig. 4.2).A'
vThe occurrence of greater ZNOFF in p]aﬁ£s with greater surface soil
moisture éuggests that with pbor surface soi’ moi;ture p{ant roots used
a deepe% source of soil N with 1§ss‘15N activity.

This'stud} 1ndicateé that fertjlizer N immobilization was

greater for the NT ‘than for the CT treatments when significant
precibitation occurfed during thé grow: - season. In'a very dry growing‘
season, bandiyg fert{lizen ﬁ be1ow,£he residue layer could p}ove to be a .
superior féréi]izer placement @eéhniqde,bproviding steps are taken to °

minimize overwinter losses.(Mahli and Nyborg, 1985). 1



2.4;2 Sprlng Wheat and Barley, After a Crop ~

Comparable or greater amounts of inorganic N w1th CT than witl

NT treatments as well as a lack of response to’ fert111zer N in CT
spring-seeded crops, suggests that the defreased yields for FT
'encountered in this study were not caused by a -reduced N supply.
Greater yields for NT: than for CT spring-seeded crops in 1984, a. y@ar
with low surface soil moisture at seeding time, supports preuwéﬁi B
findings (Carefoot and Lindwall, 1982); | - | |
Fertilizer N immobilization affected N concentration of barley
crops and, to a les-er degree, spriné wheat. Spring wheat yields were
small and soil mineral N was abundant. Good soil moisture conditions at
seeding time in 1985 favored similar amounts of fertilizer N
immobilization in different tillage treatments QTab]é)Z.IO)'but sha11
yields and abundant mineral N prevented a response to férti]izer N.
Farly June rains in 1983 moved fertilizer N into the surface soil
(0-75 mm) where crop residue would be less decomposed in the NT
treatment than in the CT treatmermt. Barley grain N concentration was
'1ncreased by fert111zer N at a 1ower increment in the CT than the NT
treatment. In 1984, greatér crop residue in the NT treatment
) (Christensen, 1986) combined with good soil moisture in late July
/1L,u7resu1ted in fertilizer N immobilization of 12.67 kg ha~! in the NT
compared to 3.93 kg ha-! in the CT treatment (Table 2.10), and
subsequent1y; an increase in barley N concentrétion with the highest
rate of fergilizer N (Table 2.7). Mineral N was much less in NT barley
treatments by ﬁid-season in 1984 (Table 2.9). At the 50 kg ha—1

fertilizer rate inorganic N*(0-75 mm) was 17.0 kg ha'1 for CT compared

1



The %NDFF va1ues'(Figs. 2.2 and 2.3) in grain and straw were
greater with NT than with CT crops at both sites. The NDFF in barley
grain was 31. 6% for the NT compared to 27.5% in the CT treatment.

Similarly-in spring wheat, %NDFF was 30.1% for the NT compared to 20.6%

for the CT treatment. This could be a result of less minera]ized soi] N.

in the NT treatment. Mineralization of soil N is often greater with CT
than with NT during the growing season (Meisinger et al., 1985; Skinner .
et al.. 1963; Rice and Smith, 1982). More INDFF in the mineral N
fraction for CT than NT treatments (Chapter 4, Fig. 4.2) indicates that
di1dtion,by 5011 ihorganie'N is not the main reasondfor‘this crdp,upfake
difference. Greater INDFF va1ue§ for Nf appeared to have been pari]y
related to surface soii moisture. ‘For épring crops, greater soil
moisture with NT allowed faster nitrification f-fertj1izer N and more
movement into the soil (Riee and Smith, 1983). Greéter densitiee of
d1ant.roots near the soil sdrfaqe with direet dri]]iﬁg have been
.reporfed (Lynch and Panting, 1980) and if associated with greater
fertilizer 15N activities could result in higher %NDFF values than would
Jde the case with roots using a'deeper source of N. Dry soil surfaée
.cohditidﬁs in CT treatments would strand broadcast.fertiWizer N on the
soil surface and p1ant roots wou1d use a deeper source of soil N. '{

Greater yields with NT compared to CT Spr1ng seeded crops,; Bﬁowed
'the benefits of NT systems. Inereased immobilization of broadcast

. 2
£ .

fertilizer N in NT treatments iridicated that banding fertilizer N below

the residue layer could.often be beneficial. Previous studies indicated

\

that under(dFy conditions' the banding operat1on can reduce final ywe]ds

L

~ when the fertilizer p]acement was carried out prior to or during the

[y
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seeding operation (Carefoot, 1982). The best fertiljzer placement may
be a method such as point ihjection that minimiyes Qjsturbance of the

seedbed while at the same time reducing immgbiljzatipn by putting

fertilizer below the Crop residue layer.

2.4.3  Residual N Plots |

Barley and spring wheat yields and crop N Cbncentratﬁons were
not affected by tillage treatment on the residua1 N plots in 1985. ;
Similar $NDFF values for the tillage treatmedts for straw and-?rain of
barley and sbring wheaé indicates that there weré nosmajor differences
in residual fertilizer N availability.

2.4.4 Total Fertilizer N Recovéry . ,

-~

The 1argest percent fertilizer N racovary Of 83.9 in the crop
plus so11 occurred fqr w1nter wheat in 1985 the dnjest grow1ng season
(Tablec 2.11 ahd 2 LZ) Part of the reason fow gf&ater recoveries in
-1985 may have been that a centra1 port1on of the. ! m m1crop1ot from
which ther;jggg1d be m1n1ma1 loss of fert1]1zer N A \é outside p1ants was
harvested separately In 1983 and 1984, becauge oY poor plant stqnds,
the whole 1 m mwcroplot was harvested as one Sam91 . Bécéusé~$ome«\
fertilizer N wou1d have been Tnst to out51de p1an£§ thé tota1 N
recovery was, reduced but recpveryicompar130ns be* ayen tillage systems
shou1d still be. va11d Even when crOp stands were poor and apparéntTyj
little fertilizer N was lost to p]angs outgtde the mwcrop]ot, tota1 -
fertilizer N recoveries were far from comg]ete,- Low fertilizer N

recoveries have been attributed to denitrificagion (R1ce and Smith,

1982; Aulakh et al., 1984)‘and/0r lpaching'(Mgisiﬂger et al., 1985

41
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Thomas et al., 1973;”CarterbandrRennie, 1985);> During the three years
of the study there was no eviderce~ofnferti1izer N movement below
600 mﬁ. Short, intense rains occurree during the suwmérs.of.19é3 and -
1984 and with fertilizer N concentrafed'inrthe'surface soil, conditions
existed f;r denitrification. Cho et al. (1979fepredicted that maximum
‘denitrifiﬁiiion would occur i n ' d-summer whe  <oil temperatures were -
highest. ’
Sighifieént N Josse ma. have oeturred as NH, vo1at11ﬂzat{
Conditions of lTow initial mcise ure, 1ow hum1d1ty, h1gh w1qps broadcast

fertilizer, high temperatur:< lew so11 CEC,

Lethbr1dge site, would favor this. type of 1055 (Terman 1379)3" Fenn and

Kissel (1974) found vo]at111zatlon 1osses of up to 25“ rom suface
o . '

Broadcastva4NO3.

Bole -and Gould (1986) no ed a h1gh 15N recovery (average of Ré")r f

i

2 exberiments in southern.A1ber ' w1th spr#ng app11cat1on of urea Qn
bar]ey,,but'the\ferti]izer was incorporated91nto.the top 10 cm of 501}§A
Another pathway for N ]ossJeeuld be volatilization from p]ant.
material during the qrowing season. Lossesfare greaiest with higﬁ

‘ v
temperatures and plants with h1gh concentrat1ons of - n)trogen (Hetse1aar

and Farquhar, 1980). These conditions preva11ed dur1ng the dry growing

ey

season of this study, but 1osses as . repor%ed by Netseﬂaa# and Farquhar
(1980), when measured directly, have general]y been qu1te smal) compared

to the amount applied. 1In 1984 the spr1ng wheat crop at Lethbr1dge was°

very poor but fert1H1zer N recoverles of 15

7

still low. This suggests that the main loss mechan1sms were 5011

related. Total fertilizer N recoveries varied 1itt1eﬁwi§h'ti11age

d alkaline pH at the '

42
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treatment. Although th1sdf1eld study was not designed to quantitatively
assess losses via each pathway, 1t does suggest that the amount and
pathway of fertj]izer N.Josses were similar for tillage systems.

Banding fertilizer N rather thdn broadcasting would probably have ,
' LN .

?

reduced the N losses fncurred in this. study.

2.5 concwsxons Y
Greater xge]ds for NT’than CT grain crops were associated with
greater surface soil moisture levels in NT treatments part1cu1ar1y when

dry soil cond1t1ons were preva]ent in the ea 'y part of the growing

 season. Based gh crop y1e1ds NT compared to CT appeared to be a

superior t1l1age system “for this semi-arid region.

¢

The eﬁfect.of'residua1 fertilizer N from the previous crop

- season on crop yield and grain N conﬁentration was similar i; CT and NT

: tre%&ments.

e
BT

Increases in crop yield and crop N concentration with increasing

rates of fertitizer N were most often observed in NT spring seeded

2
oo
4

érOps,_when conditions promoted N immopi]ization. Fertilizer N

. i AN . . . .
immobilization was favored by greater soil moisture and crop residue in

'the NT than the Cwareatments. Greater fertilizer N immobilization for

NT compared ﬂg CT treatments suggested that fertilizer N should be

placed below the crop residue layer to minimize fertilizer N

S il e . . . . 15

immobilization. With spring application of ““N-labelled broadcast

NH4N03, the recoyery in the crop and soil at harvest was relatively low

(minimum of ﬁ4%) for a semi-arid reg1on
$ Tota1 fert111zer N recovery was 1nverse1y related to growing

Y

season precj 1tat10n” Nitrogea Yosses were similar for tillage

;
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treatments and\were attributed to volatilization and denjgrification.

The INDFF grain values were generally greater for NT than for CT crops,

{

apparently due to increaséd soil surface moisture. /

’
®
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3. EFFECTS OF TILLAGE INDUCED SOIL CHANGES ON PLANT GROWTH
AND SOIL QUALITY IN A SEMI-ARID REGION! - '

3.1 INFR&DUC&I ON

»Fie1d studies have shown that tillage inducéd soil changes often
have varied effects-on crop yield depending upon iactors»such as
climate, crop,.rqtatipn duratjon, anq soil characteristics,,

Lower soil temperatures in NT corn have been shown to delay
emergence and réduce grain yield (Wall and Stobbe, 1983). Carter and

Rennie (1985) found lower temperatures under NT spring whedt'in the
early part of the §rowing season but t%e final yield ;as not affected.
Temperature differences up to 5°C-between NT and CT did not affect the N
~cjc1e but were a factor in plant growth (Rennie and Heimo, 1984).
Removal of crop residue from the area immediately above the seed
| rfsggted in higher soil temperatures and improved early growth gf corn
" (Lindwall, 1983). ’ ’ |
| | Cereal grafn yields ‘obtained using NT ﬁéfths were higher than
"those obtained using conventional tillage on medium- and fine-gextured
soils but not on coarse-textured soils (Dryden and Bowren, 1969). On
cggrse-tektured s0ils, reduced root distribufion was related to greater
buTk'density oF’redhced pore‘size under NT (E11is et 51., 19’7; Finney
and Knight, 1973). On fine-texturedt§011 there waé greater root
coﬁcentration_at depth under NT compared to plowed conditions {Hodgson
et al., 1977).‘ The deeﬁer rooting of NT winter wheat.facilitatés |

1. A version of this chapter will be submitted

for publication. Carefoot, J. M., Nyborg, M.,
oo and Lindwall, C. W. 1987. Can. J. %gif Sci.
. . . "“.o:‘
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greater moisture gxt;éction from depfh.ahd may_resu]t in yield incréases

(Goss et al., 1978; Cannell et al., 1980). Shrinking and swelling

‘characteristics of fine-textured soils can prevent hﬁgh bulk densities

- and low porosities (Cannell et al. , 1978). Bulk densities exceeding

1.25 Mg m'3 at intermegiate and high initial 7011 moxsture contents ..

\

caused poor plant growth but had no effect at lTow soil moisture contents
)
(Lindwall, 1983). .

1

A s@iﬁace mulch can reduce evaporation early in the growing

"season and increase soil moisture (Phillips, 1980). More residue under

4

¢ NT spring seeded crops cause lower surface soil temperatures due to a,

s

~ greater coefficient of reflectance (Hanks et al., 1951) and therefore

less evaporation (Blevins et al., 1971). Carter (1982) re1ated 1mproved

soil moisture regimes (0-5 cm) under NT to differences in surface

residue Between the tillage systems a1thodgh theré?@ére no differences

in total sdﬁ]cyatér conserved. In the same study, water use from‘deéper

in the soil was enhanced at the 1ong-tenn NT sites but tﬁere waé no
difference in y1e1d between thnllage systems Long-term stucies at a
Lethbr1dge site showed that chemical fallow conserved more mo1stur; and
produced higher yields than conventional fallow (Lindwall and Anderson,
1981)1‘ In shorter term studies (5 yr), at six locations in southern
Alberta, NT did not incre;se goi] moisture conservation or bulk density
relative toMCT (Lindwall et a17, 1984). At one sand} site, méisturé

conservation-was better under CT. Other studies have shown thatvﬁetter

pore continuity to lower soil depths under NT can a.low for greater

~

.moisture losses {Phillips, -1980; Darwent and Bailey, 1981). On chemical

' ”
a »

fallaw some shallow tillage may be necessary for conservation of soil
]



55; _water (Hammel et al., 1981; Tanaka, 1985). Tillage may only be
i @ecegsary for sandy_soi15gor soils just introduced to NT where there is
ﬁ“y‘ '»1itt1e-re§idue or s¢il organic matter buildup in the soil surface

Y

hor1zon Sha11ow t111age reduces evaporat1ve losses by d1srupt1ng pdre

=N

]

cont1nu1ty and 1mped1ng upward movement of soil water (Tanaka, 1985).

t

‘quer‘yie1ds at some 1ocations in southern Alberta for chemicE]

Vfa]]ow relative to conventional fallow were attributed to lower NO; N

eleveis (Lindwall et al., 1984). Uptake of N by direct-drilled trops is

théh sibﬁer:ip ;he'earlie? stgges of growth (Cannell and Graham, 1979).

‘ S1q@ervﬁ{nera1ization'of'N from soi1(%§%anic matter occurred
un&er'no%ta1i;(bowde11 and Cannell, 1975). No—t%l] crops are often more
N defacieﬁt ahd this has been. related togﬁmWobi1ization of fertilizer N
Cat tﬁe_;s'"-oii surface (Rice and Smith, 19845 Kitur et al., 1984). Slower
residde.deeomposig?zn with_mihimum il QUe to less mixing and drying on

1011 surface can produce greater immobiTization of both soil and

’\

fert11tzer N 1ater in the growing season (Meisinger et al., 1985)
ib

webster et aJ (1985) attributed greater absorpt1on of f%5t111zer NO3

15

app11ed 1ater zn ‘the grow1ng season by NT than CT barley to less soil

NO3 “-N. when straw residue was mixed w1th the soil for CT,

i@gobi11za 15N fertilizer N was greater than for NT (Aulakh et

al., 1984; Tomar and Soper, 1985). -With greater soil moisture enhanced
o o 3
denitrification (Au1akh et al., 1984; Rice and Smith, 1982) and greater
leacting losses (Ty1er and Thomas 1977; Carter and Rennie, 1985)"

"nccurred in NT soils.

Different concentration gradients in the surface soil have been~

reported for several nutrients for NT compared to CT. Greater organic

¢
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N, P, and C concentrations occurred in the Ap soil horizon but less in

" the 150- to 300-mm depth for NT after 18 years (Dick, 1983). Drew and .

Saker (1980) reported greater extractable P and K in the surface sqj]

for NT. More nutrients in :he NT soil surface as well as greater root

© densities and greater soil moisture favored nutrient uptake for NT. corn

{ : '
crops (Singh et al., 1966). -argrove (1985) showed that the uptake of ‘a

tﬁaggr, Rb (which simulates K), was larger uhder‘NT due to greater ' ?,
density of roots and better soil moisture.
. )

Potential microbial biomass, as defined by Carter and Rennie
(1982) is the biomass after a one-week incubation at 80% of the
available soil water capacity and 25%C. Potential microbial 5iomass and
net mineralizable C and N were greater in the surface soil under NT but
were greater for CT from the 150-300 mm soil layer (Carter and Rehnie;

198?). There are few reports of differing nutrient concentration

gradients in NT and CT soil resulting in signffﬁcant differences in-crop

yield.

A recent study at several locations in Ebg/éemi—arid regioﬁ-of x
Western Canada did not show marked ti]]age'effegEE on crgp yield or 5011
N,tfansformations (Cartef and Rénnie, 1984b). Carter and Rennie'(1984b)
felt that field studies featuring a wide range of‘crobvresidue levels
and different soil water coqservatfon pr&ctices could modify prévfous

@
results.

—

The previous <tudies indicaﬁe that many tillage-induced changes

~in soil parameters can affect crop yield and cfop N concentration, but

it has not been clear which changes will become important for a given

set of conditions. Researchers and‘producers in southern Alberta

s f.-":\



require information on howﬂérop growth is affécted bv  "'lage system for
different crqp'rotations,gamounfs of crop residue, s .ypes, and
weather coﬁditions.,.This information would assist in making
recomméndations regarding tillage practices.

) It is hypothesized that, in t;e semi-arid region of s%utherﬁ
Alberta when growing season precipitation is well below average,
impf;ved soil moisture conéervgtion}under NT than CT will improve crep .
‘growth. The amount&of.anitiona1 soil moisturé éonserved with NT
compared to CT Qi11 be affected by crop rotation and soil type.

The above hypotheses were tested by measuring 5011 parameters
over several. years for different crop rotatipn§>and 5011 types to
de;erm{ﬁe under which crop, weather, and soil conditions NT compared to
CT wi¥l conserve more soil moisture and improve crop growth..

3.2 MATERIALS AND METHODS {

4 The main field experiments were located at Lethbridge (initiated

tf\in‘1976) on aglethbridge loam and at Vauxhall (initiated in 1980) on a

Chin clay loam. The two grain rotations used in this study were: 1)
winter wheat-barley-fallow (W-B-F); 2) continuﬁﬁs spring Qhéat (CH);
Characte:istics of the two soils a&g detailed precipitafion data were
-reported elsewhere (Chaper 2). Growing season precipitation was 121.9
mm in 1983 and 94.1 mm in 1984 at Lethbridge and 137.8 mm in 1983 and |
87.6 mm in 1984 at Vauxhall. The long-term average for growing season
precipitation at Lethbridge and Vauxhall is 94.1.mm ?nd 95.6 mm '

respectively. ‘ . ; g N
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The three crops and one'fa1iowator 1983 and 1984 each included
two tillage treatments: 1) cultivatedj 25 no%ti]1. A sp}it-p1ot~design
with five replicates was used, tne three crope and fallow as main plots
and the two t{11age treatments as subpjots (6 x40 m). -Tnie gave a
total of 5 % 4 x 2 = 40 subplots. A stmi1ar€%xperimentat,design was
‘used at the Vauxhall site in 1984 with six repTicates'and 6 x 4 x 2 =48
,subpictst, The initial seedbed preparation on tic t'1led subplots and:
tilled summe?f5110w was done with a heavy-duty cultivator. The final
seedbed preparat1on was. done 'with a rod weeder and packer combination.

In 198§, barley and spring v.eat were seeded on May 12 at Letrbr1dge and
May 25 at Vauxhall. In 1984, barley and spring wheat were seeded on

May 8 at Lethbridge and May 15 at Vauxhall. Chemicals used in this
5 study were previously described in detail (Carefoot and Lindwall, 1982).
Crops were seeded with a 3—nank hoe drt11 with 200-mm row spacing and |
20 mm wtde furrow openers. | g

Ammonium nitrate was broadcast on both ti1¢age treatments before
sBeding, at a N rate of.50 kg ha™ -1 for barley in the 3-yr rotat10n and

for continuous wheat. Similarly, N at 30 kg ha” -1 was broadcast in the

.spring for winter'wheat in the é-yr rotation.

3.2.1 Sampling

| Q Subplots were samp1ed to a depth gf 1200 mm in 75—mm 1ncnements
in the spring and the fall of 1983 and, 1934 (Appendix- 6 l) Every{Z to
3 weeks the subplots were sampled to 1300 mm in 75-mm 1ncrements Soil
samples were mixed and stored at 50 c, and NH4 N and NO3 N was extracted

“with KC1 (2 mol L 1)w1th1n 2 days. P]ant emergence rounts were taken



[

3 weegs after seeding. Plant samples {3 x 1 m) were taken from each
subulot at the first Visib1e-n6de stage P1ant samp1es were dried d%
65 C and ground to pass through a 1 mm sieve. Final yie1ds were based
on a combine- harvested mass from a samp1e area of 3 x 40 m.

: gSo11 temperature °¢) was~measured bi-weekly at soil depths of

20, 100, 350, 400, 600, snc 900 mm. Biweekly temperature readings were

\ takenfUSing copper-constantan tﬂérmocoup]es at- 830 and 1600 hr.
. e At

3.2.2 Sample Analysis

Bulk densities were calculated from the mass of soil in each

core inCrement (25 mm (d) x 75)mm (])). Spil moistu-e wes determined ,T

gravimetrically. Inorgan1c n1trogen NH4 -N and NO3 , waS determ1ned

by extract1on with 2M KC1 and distillation into boric ccid (Bremner,

- 1965). P1ant -and soilt samp1es were ana1yzed for total N using mod1f1ed,

macro-Kjeldahl procedures ana soil samples from the Spr1ng sampling:
were ana]yzed for organ1c C by dichromate oxidation (Bremner, . 1965)

Ra1nfa11 and evaporat1on data were obta1ned from agrometeoro]ogy

15
[

sites at each location. ...
3.2.3 Statistics
Ana1ysns of var1ance\§as based on a split-plot des1gn (Reps‘
»Crops/T111age)h Standard errors for testing effects of the factors
applied to main plots -and subplots and their interact1ons were
ca]culated as described: by Little and Hills (1978). Lihear'corrélation

A:aha1yses were used to examine the relationship between grain yield and

the soil and plant properties.
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Fa 33 RE§ULTS 5_t o C &
3.3. 1 3011 Temperature W T
B ,:‘ , N

Spr1ng soi] temperature for the bar1ey treatment Tah\e 3 1)

;‘lf aavera@ed 13 9° C in the ‘NT compared to 14.7°C in the CT treatment, but

1?37‘;, the~d1fferehce between tillage treatments was not evident later in the

° g-‘\r"

o

s season For wheat sé\T\te\perature differences between tillage

treatments genera11y océurveﬂ after harvest At this time, soil
. Y J . R .
temperatures were ]ower 1n “the NT treatments Tillage effects on soil -
temperature were,sma11 0.5 to 2.0° C compared to between-year effects.
" ‘Table 3.1. Average mohth]y 5011 temperatures in CT and NT
'y s in 1983 and 1984 at the Lethbridge site
; ( g
Continuous 3-yr rot. ~ 3-yr rot.
. : _wheat  * winter wheat barley
© Month:  Year  CT ° NT *. cT NT cT NT
- . ot .

N - :
¥ g
ITRRLY v .
e N $ C
e . .

Wl May 1983 15.5 15.0 ~  13.3- 14.8, 16.0  15.0,
1984 13.0  13.0 13.3 12.7 13.3  12.7
June 1983 . 17.6  16.6 16.4  15.8 7.2 17.4
| 1984 19.3  19.7 19.3  17.3 19.0.  18.3
July 1983 . 19.0 195, 18.0  19.0 18.0  18.5
1984 ' 25.0  22.6 25.0  24.2 23.4  23.8
August 1983 22.0  21.0, 23,0 21.0, 22.1  22.0
| 1984 23.0 210, 22.0 210 2.0 22.2
T
‘ "OC at the 10-cm’soil depth at 830 hr.
* ) :
Tillage systems significantly different (P = 0.05).
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3.3.2 Soil Bulk Density

N
, S
S0il bulk densities taken after harvest did,not differ between

tillage treatments across crep rotations.9’8u1k densities for the - - %
Lethbridge and Vauxhall soils were 1.25 and 1.29 Mg m'3, reSpectiyeTy;'
for the 0-150 mm soil layer (average values for bothvcrop rotatidnS‘in

1983 and 1984) (Appendix 6.3). , | r

3.3.3  Soil Water {0-75 mm) : @ ¥ RN

- In the NT wheat crops there was more sowl.water in the ‘top 3011
layer from Ju;; umt1l October 1983 at Lethbr1dge (Fig. 3. 1. Invthe
fall of f983, there was more soil water in the NT treatments for all
crops. There were no soil water differences betweem t%]}age‘treatments
during the fallow seasoh In 1984, vwhich had a very dry springtlsoi1
water conditions were genera]]y better uﬁaé} the NT treatment There
were no soil water d1fferences ‘between t111age treatments in the fall of
1984 except for fallow which was sown to winter wheat. %kﬁ%

At Vauxhall in 1983 (Fig. 3.2) 5011 watatggontent was not
affected by tillage treatment except for barley in the spring where the
5011 water‘content was less with NT than CT (5.3 vs 6.5 mm,
respectively) because of excessive volunteer weed growth thatlwas not
adeqaate1y contro]]ed.i In the dry year of.1984, soil water was 12.1 mm
for the NT compared to 10.5 mm for the CT wheat treatment in the spring
but there was no ti}ﬁage effect for the barley plots which were nOt‘yet

planted. The same éituation occurred in the fall. Throughout the 1984
"season the soil water was ]ess in the NT fallow treatment Total soil

" water (to 1200 mm) at Lethbridge (Table 3.2) Was greater for all NT

treatments in the spring. Usually the 5011 water differences between
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for crops and fallow under CT and NT at Vauxhall in 1983 and
1984. (*Tillage systems significantly different ‘at P = 0.05).
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tillage treatments was in the top 30 cm, but for winter wheat the soil water
differences were apparent at gréatbrvdepths.

-~

- Table 3.2. Total soil water in the spring and fall
for CT and NT at the Lethbridge site in:1984

‘Continuous 3-yr o 3-yr
Soil -, wheat wheat - barley Fallow
depth ; - . , ,
Season  (mm) CT NT CT NT - (T NT cT NT //

Total wafer {(mm)

Spring  0- 300 38.3 - 60.97 ‘52.0 56.2, 46.9 60.8° 36.5 55.1,
300.1200 101.7 107.8 139.6 155.4, 98.7 97.7, 87.5 102.1,

0-1200 138.0 160.4 183.5 213.9° 140.4 157.0 134.0 157.2

211 0- 300 . 40.0 33.5  29.9 2.4 367 31.6  48.2 52.8,

© 95,2 91.8 -105.0, 117.1
129.9 123.4 153.2 169.9

5
- 300-1200 100.9 99.6 94.7  89.
0-1200 140.8 133.1 134.6 121.

O N P~

*Tillage systems significantly different (® =10.05). X

f : .
Relative soil moisture changes (Ta51e 3.3) between tillage
treatments for the various seasons revea1ed'tQét tHe majdf différence_in )
soil water change o;cufred during the Qinter period. Sbil moisture was
also lost in the fall period of the 3-yr CT winter wheat where seedbed
preparat1on was necessary for seed1ng the winter wheat crop In the

fall period for 3-yr winter wheat 34,9 mn of water was ga1ned in the NT

treatment compared to only 11.7 mm for the CT treatment.

S
Sk
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Tabie 3.3. -Total soil water change (0-1200 mm) during different

seasons for CT and NT at the Lethbridge site in 1983 and 1984

3-yr 3-yr 3-yr .

Continuous

| - wheat , winter wheat barley fallow ¢
Season CT NT “CT NT CT AT T NT
/ . .

’ , Total soil water change (mﬁ)

Spring- SE% - o /

early fall  -65.3 -60.3 -63.6 -79.4
Farly-fall-

. late fall +46.9 +45.9

Late fall- .
spring . -5.9  +9.1

Spring-
early fall

+11.7  +34.9° +46.6 +50.3  +50.9 +59.9
* * x

[10:0 -23.0°  -6.6 +14.2° -10.5 +17.8
/ | ‘ o

-101.0 -124.8 | ¥10.7  +7.4

N .
Tillage systems significantly different (P = 0.05).

Total soil water in cropped plots at Vauxhall (Table 3.4) in

@

- crops was not affected by tillage-treatment except for the continueus

wheat treatment where soil water was 134.6 mm for NT Zompared to

150.1 mm for CT in the 300-1200 mm soil layer.



Table 3.4. Total soil water in the spring and fall

for CT Bnd NT at the Vauxhall site in 1984
¢

‘Spring  0- 300 41.8  46.

Continuous 3-yr 3-yr ' 3-yr
Soil wheat winter wheat barley fallow
depth )

Season - (mm) cT NT cT NT ~ CT NT cT NT

Total soil water (mm)

50.0 39.0 40.0

8, 46.8 58.0  47.3
300-1200 - 146.2 119.8 193.3 189.9 136.0 127.5 120.5 112.4
0-1200 188.0 166.7 250.1 248.0 183.3 177.5 159.7 152.3
Fall = 0- 300 25.4 28,7, 25.9 27.1 23.2 22.0 45.7. 44.2
300-1200 150.1 134.6 141.5 142.6 119.5 111.7 ~167.4 158.5
8 142.7 133.8 “213.0 202.7

0-1200 175.6 159.4 167.4 169.

* ) ‘ .
Tillage systems significantly different (P = 0.05).

'3.3.4 Soil Organic Matter and Soil Total Nitrogen

In the cohtinuous wheat rotation {(Table 3.5) organic matter was
26.0 g kg'1 in the NT Cdmpared to 24.3°g kg“1 in the CT treatment for
the tbp 75 mm of soil. There wasé?d\ﬁifference in total N between

tillage treatments for any crop.

/ﬁ .
N
N
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d Table 3.5. Soi] organic matter and soil nitrogen content
- at-the Lethbridge site for 1984 ~
, - .
Inorganic N
Soil OFganic matter Total N Spring Fall
depth - N - :
Crop (+nm) CCT NT T NT CT  NT T NT
. * gkgt wg gt
Continuous . N .
wheat 0- 75 24.3 26.0 1.76 71.81 25,9 19.6, 43.8 ?27.9,
75- 150 18.2 20.0 1.40 1.51 9.7 18.0, 34.7 23.7
150- 300  15.1 16.0 ~1.13 1.26 3.0 8.5 16.1 17.7
300- 600  11.5. 11.8 '0.97 0.93 2.4 4.0 2.9 3.9
600- 900 7.1 6.7 0.65 0.54 3.6 2.9 3.2 2.3
900-1200 5.2 4,7 0.52 0.46 4.7 2.7 6.8 5.5
3-yr winter ‘ : Y N .
wheat 0- 75  23.7 23.8 “ﬂ&59 1.71  18.4 13.3 20.4 12.9,
- ©75- 150 - 18.9 19.6 . Iy# 1.51 9.5 10.5 11.0 5.2
150- 300  16.7 15.6 1.3 1.29 6.9 8.5 4.0 1.7
300- 600, 11.8 -13.6 0.8§§,o.88 5.5 8.6 2.2 1.5
600- 900  06.2 06.3 0.54.0.47 3.2 4.7 - 1.7 1.6
900-1200  04.7 04.5 0.4240.44 2.6 3.5 2.8 2.4
- "-.‘.\s“-hﬂ';‘." .
3-yr G e * *
barley .  O0- 75  26.1 20.3 1.68/473 20.2 12.8° 30.0 20.6,
'75- 150 18.4 19.5 1.39% 4g5 10.2 12.1, 22.1 8.3,
150- 300  16.3 15.2 1.23 4%k 3.9 9.6 8.2 5.5
300- 600  13.5 11.6 0.84% 0384~ 4.9 2.6 1.9 2.1
600- 900 5.6 7.0 0,48 0.89>. 1.9 1.8¢ 1.6 1.3
900-1200 4.8 4.9 0.45 0.44:% 4.5 2.1 3.7 3.8
‘ . .
0.05

"Tillage systems signifigaht1Y_diffefe”t Qp -



Profiles of - ganic N differed between tillage treatments. In
tne spring  inorgar N in the NTAtreatment relative to those in the CT
ﬁrfatment weo ss‘jn the top 75 mm soil layer but greater in the
deeper layers so the total iqorgahic N was similar for ti11agq*
treatments; In the fall, greater_amdﬁnts of inorganing inféhelo— to
150-mm soi} layer for the CT t}eatment resulted in more inor;aﬁic N in
~ the soil profile. For example, the inorganic N (0-75 mm) was

1 in theANT treatment for

43.8 1g g'1 for CT compared to 27.9 g g
contigaous wheat. .

At the Vauxhall site (Table 3.53; total N was not affected by
;i]iage treatmenﬁ. As ét the previous site, inorganic N in the top
300 mm was similar for thefti]1age treatments in the spring bﬁt greater
for the CT treatment in tﬁe fall. Below 300 mm, there was abundant
(>20 ug 9'1) inorganic N in both tillage systéms. Inorganﬁc N;iﬁ the
soil'profi1e of the fa]]o&\treatment (Table 3.7) in the 3-yr rotation
was 22.0 ug g'1 for the CT compared to.16.3 ug g—1 for the NT treétmeht

at the Lethbridge site in the fall. At Vauxhall, there was no inorganic

N difference between fallow tillage treatments in the surface soil

63
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layers, but inorganic N was greater for CT in the 300-900 mm soil ‘layer

in both spring and fall.
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'Table 3.6. Sojl nitrogen content at the Vauxhall site for 1984
A
. o Inorganic N
2 ;1 “ . .
ai" Soil Total N Spring Fall
. & depth _ E
Crop {mm) CT NT CT NT CT NT
— g kg™ wg g7
Continupus ) : .
wheat 0- 75 1.24 1.28 28.2 © 24.7 32.5 - 26.8,
-~ 75- 150 1.0l 1.03 28.27 27.3 .29.4 18.9,
150- 300 0.82 0.79 - 37.8° 32.0 41.1 16.4
g 300- 600 0.62  0.72 40.8 52.6 41.6 45.7
@ 600- 900 0.50 0.43 . 33.5 37.4 26.6 24.7
900-1200 0.36 0.29 23.2  28.5 12.9 © 32.0
3-yr winter ‘ 3 .
4. wheat - 0- 75 1.32 1.28 37.9  33.6 34.7° 16.5,
% i 75- 150 0.94 1.04 . 35.3 28.8 42.6 29.0
150- 300 0.89 0.76 23.5 23.9 16.5 15.9
300- 600 0.62 0.65 32.1  29.3 24.4 32.7
600- 900 0.40 0.41 43.4 40.9 26.7 34.4
900-1200 0.34 0.24-  25.5 31.1 23.6 25.9
3-yr . :
barley ‘ 0- 75 1.28 1.22 . 15.6- 16.9 26.7 33.1,
- 75- 150 0.97 0.94 17.5 -18.8 21.9 14.8,
150- 300 0.79 0.83 25.0 24:2 26.1 9.0
300- 600 0.57 0.64 41.1 27.7 28.% 33.2
600- 900 0.38 0.41- 38.0 24.1 23., 30.2
900-1200 0.27 0.37 29.2 31.2 14.0 17.5°

* s .
" Tillage systems significantly different (P = 0.05).
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i Tabfé“3,7; Soil. irorganic N in the spring and fall
at Lethbridge and Yauxhall for fallow in 1984- -
Inorganic N (ug g °) <
Lethbridgg - ji: vauxhall .
Soil . Spring °  Fall _ Spring Fall -
© .depth - L i : o U
(mm) LT NT S CT NT CT 'NI .o CT NT
. . .) ') N ol

C0- 75 12,5 9.6 22,07 16.3. 147 143 1778 19.1
75- 150, 12.1. 9.8 18,2 13.6 15.8 15.2 -, .46 15.8
150- 30 4.8 4.5 108 9.7 . 22.7 2.2 20.2 147

-

300- 600 /2.3 2.9 2.5 3.5 442’ 265 47.37 237

* ' ' *

600- 900 2.8 2.9 2.6 2.8  50.6° 3.5  41.6° 32.5

I .
\ Co o \

900-1200 4.2 4.1 5.4 4.0 29.5 296 19.4 237

* v . - L N
" "Tillage system sjgnificantly different (P '= 0.05).

3.3.5 Seed Moisture and Plant Emergence

With abundant seedbed moisture at -Lethbridge in 1983 good seed

moisture was (Table 3.8) present 48 hr after seeding (>820 g kg'1

) and
- good éhergence (>30 m-l) occurred in both tf11age treatments. In 1984,ﬁ
seed moisture at this-site was much less (<500 g k§°1) for both winter
wheat -and thé spring cf0ps. In this situation qf little seed moistﬁre

and dry seedbed, emergence and seed moisture weié generally greater in

-y

the NT treatments. — .
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Table 3.8. Seed moisture and plant stand -at Lethbridge and Vauxhall
_ for CT and NT in 1983 and 1984

1

v J-yr ~3-yr ' Continuous.
aater wheat - barley . wheat

Site Measurement  CT  NT ©CTONT CT  NT
Lethbridge
1983 Seed 6 ' _
moisture ND ND 946 911 822 876
Stand ND  ND 31.4 29.4 30.4 - 32.3
Lethbridge ~ * - .
1984 " Seed N , . o,
: moisture 427 476 453 485 436 466
. Stand 14.3 21.4°  18.6 21.0 11.6 24.5"
Vauxhall
. 1983 Seed : .
: ‘ moisture ND ND 545 395 - .ND ND
s . : ?
Stand N OND ¢ 116 7.4 ND  ND
Véuxha11 :
1984 Seed | " .
moisture 427 451 540 449 - 538 455 -
v o - 161 241
* * o x
Stand - 13.5 31.2 8.7 15.8 12.1 20.7

Tseed moisture 48 hr after seeding g HéO k@‘l based on dry weight
of seed.. . ‘ A ~ _

$P1ant number n"! taken 2 wks after seeding.

§No't'determined.

* o ‘ - '
Tillage systems significantly different (P = 0.05).

| , . ,
'Continuous winter wheat, reseeded to spring wheat.

b s 'ML
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' At‘Vauxha11,'dry soil qonditionS'in the spring of 1983 and for
“the fall and spring of 1984 produced meager seed moisture at 48 hr

" (<550 g kg1,

In 1983 vo]unteer wheat in the NT barley treatment

reduced soil mo1sture and restrt\ted emergence to 7.4 m 1.‘ For the

sprfng cr0ps in 1984 even w1th less seed mo1sture in NT cnmpared to CT

emergence was sti11 grea}gr for the NT treatment, 8.7 vs. 15,8 m -l and

12.1 vs. 20.7 m’1 for barley and‘continuous spring wheat, respectively. ¢

For continuous}winter wheat in 1984 the seed moisture was very meager

for both tillage treatments, 161 and 241 for the CT and T,

respectively. Since p1ant emergence and w1nter surv1va1 were poor for

the GT treatment, both til]age treatments were re-seeded'to spring

wheat. | - o
|

3.3.6- P1ant Yield and Chemwca1 Compos1t1on

Plant yields taken at the f1rst visible node stage (Tab1es 3.9
and 3.10), genera11y ref]ected the same d1fferences between t111age
_treatments as the f1na1 harvest y1e1d at both swtes At Lethbr1dge, the
NT. treatments were superior in yxe]d to. CT treatments for all three
crops in 1984 w1th no’ ywe]d d1fferences 1n 1983 At Vauxha11_ harvest
yield was 2869 kg ha, -1 in the NT compAred to 2360 kg ha -1 in the LT
treatment for w1nter wheat in 1983. The NT -treatment y1e1d.was
1700 kg hau1 for bar1ey in 1083 and ref]ected the poor eMErgence and .l ;;r

~soil mo1sture.at seeding for the crop. W1nter wheat5(3-yr rotat1on) and

barley yields were not affected by tillage treatment in 1984.
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Table 3.9. Yield and chemical composition of pﬁant éamp]es

for CT and NT at the Lethbridge site; in 1983 and 1984

68

. Mid-season plant sampling

@ . Grain
: , . N, . : harvest.
Crop TinN Year gP,. K N yield  Yield yield
.'-'-f- K
——— g kg : kg ha 1
3—_YY‘ 7 *
wWwinter wheat CT 1983 2.53 . 29.0 21.2 36.5 1722 2282
NT : 2.70  29.2 21.2 44.2 2083 2655
T 1984 1.52 19.2 18.7 36.5 1952 1601
NT - 1.56 18.7 18.3° 49.0 2676 2438
3-yr - : |
barley CcT 1983 2.78, 30.4, 23.8, 23.7 997 1320
NT ‘ 3.3 32,4 26.6 22.1 830 1512 -
CT ~ -1984 . 2.90 29.4 25.2 5.1 204" 138" 7
NT + 2.90 28.2 22.9 6.4 253 293
Continuous N T . . .
spring wheat CT 1983 ; 2.46 21.8 18.4 19.6 1063 734
NT © 0 2.83 23.9 216 16.7 771 530
. , ; X
CT 1984, ND 115
NT ‘ND 341
oo,
Dry -weight.
* ‘ ) .. :
Tillage systems significantly different (P = 0.05).

Not determined.



Table 3.10. Yield and chemical composition of plant samples

sr% for CT and NT at the Vauxhall site in°®1983 and 1984

69

-

Bl g
Mid-season plant sampling
- , Gratn
‘ ' _ N - harvest
Crop Till  Year P K N yield Yield yield
, | // .
— g kg'lJr kg/ha'l-——_____
3-yr winter’ ' - "
wheat cT 1983 3.11  41.8 41.7 42.4. 1017 2360
' = NT> 3.17 41.8 42.7 52.5 1230 2869
Ch 1984 1.84 31.6 '26.9 38.9 1446 1578
NT~ 1.90 34.6° 30.1 44.2. 1463 1728
3-yr | ) e e
barley CT 1983 2.73 34,5 30.1 98.2 - 3264 2863
NT ‘ 3.26 40.6. 34.9 32.6° 935 1700
CT 1984 2.31 22.8 24.6 24.1 981 434
NT 2.29 21.0 22.7 28.6 1258 574
Continuous - N
wheat. CCT . 1983 2.97 39.9 38.7 34.9 902 1258
NT 3.10  39.7 40.9 32.9 804 1631
2T 1984 Cw 18"
NT F s - D 363

. v
Dry weight.

*
Tillage systems significantly

Not determined.

different {P = 0.05).
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Table 3.11. Linear corre1ati$n coefficients (r) for soil-and plant
properties with crop’ grain yield in 1983 and 1984

; Seed | Total'. surface’ 1n-f  soin?
; mois- Plant soil soil organic tem-
Location: Year' Crop ture count water water N perature
* B .
-
Lethbridge 1983  WW .33 .44 .52 36,
B .01 -.12 .40 -.04 -.24 -.87
SW  -.27  -.11  -.66 .49 .16 .20
N * *k
1984 WW .65, .47 .73 .23 .35 -.06,,
B .70 .32, 37 =120 -.34,, -.80.
SW .49 .56 .13 .46 .62 -.60
Vauxhall 1983 WW -, T ISt B & W
- B .65 .64 .10 .09 .
SW =20 -.29 .20
1984 WW .29 .40,, -.09 .06, .08
» B -.15, 1, --48 .55 -.07
SW -.84F . .68 -.17 22 0 -.13

TWinter wheat (WW), barley (Bf, spring wheat (SW).

Measured prior to seeding.

§ .
Mean May temperature at 20-mm depth at 830 hr. '
N .
Indicates significance at P = 0.10. :
* , \ ) : ) N
= 0.01. '

* . e
Indicates significance a%>;

P

/
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. Nitrogen content of wwnter wheat p1ants d1d not differ betweii

tillage treatment at Lethbr1dge for e1ther 1983 or 1984 However, at
d 1>

Vauxhq]i, nitrogen coptent of the NT wiqter wheat crop was 40.9 g kg'ﬁ/*
compared to 38.7 g kg'1 for CT. ‘NT barley and NT continuous wheat had a
greater N concentratioh than respective CT treatments at both sites in
1983 but in 1984 there was no tillage tqgéﬁment.éffect. _Concentrations
of P and'K generally .followed the same trend‘ag.N in all crops.

Nutrient concentrations foﬁwéébps we;:gggqeraily~1arger at the

JLethbridgeﬁfhan the Vauxhall site.

. 3.3.7 Correlation Data

; 'At the Lethbridgé site in 1984, g;ainvjield was positively
corre1ated with spring seed mo1sture or plant count (Table 3.11). For
baﬂﬁey, so11(%55perature was 1nverse1y correlated with grain yield in
hoth years (r > -.80). "The corre]at1ons of grain yield with total 5011

water varied from a 1arge positive correlation (r = .73) for winter .

wheat in 1984 to a large negative correlation (r = -.66) for spring

‘wheat in 1983. The negative correlation {r = -.66) with total soil

water and spring wheat ng1d in 1983 at Lethbridge could have been
caused by a phyfotoxic effect from crop residue combined wifh high
levels of soil moisture at seeding. The positive’coﬁre1ations with
inorganic N and sp}ing wheat yield (r = .62) at Lethbridge in 1984 and
barley yﬁe]d (r = .68) at Géuxha]] in 1983 does not‘mean that inorgéhic
N was deficient, for there wés no yield response to ferti]ize} N for
either tillage system‘(Chapter 2;‘Tab1es 2.4, 2.5).

At Vauxha11 there was a strong re1ationship (r ?“70) between

plant counts and gra1n y1e1d for both spring crops in 1984 fh&ke was a

',\x .‘ :‘,-

v

]
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: top‘soi1 layer (O 75 i

. _ i : _
‘negitive or very poor correlation of seed moisture wwth grain-yield 1n

1984. In 1983, grain yield was correlated with seed moisture {r = .65)
and p]ant counts (r = .64) for barley. At Vauxhall, total soil water
genera11y gave negative values when correlated with grain yields.

3.4, DISCUSSION - -

Lower soil temperatures | (Table 3. 1) of 13 9 C for NT compared to

14.7°C for CT barley early in the growing season were attr1buted to

larger amounts of crop res{due (Appendix 6.9). Conversely, greater 5011 ]

temperatures for NTIcomﬁared to CT winfer wheat were caused by less soil

moisture due to a better NT wheat crop. Less soil moisture decreases
the heat capacity of the soil and increases the rate at which it will
warm (Hay et al., 1978). Soil temperature does not appear to affect

final crop yield. Tillage effects on soil temperature in thAspring

'were quite small (<1.5°C). The negative correlation of soil temperature

and final crop yield (Table 3 11) could be related to the correspording
greater so11 moisture content with the decreased so11 temperatures.
In the spring, 1norgan1c N (Tab]es 3.5 and 3.6) was less in the

){tor.NT crdpS'at'Lethbridge.but not at Vauxhall.

Some in situ m1nera11zat1on may a]so have S@gurred w1th 1mpro§y f””

g e
“moisture and temperature reg1mes (Parton et al., 19833 Immob¥Y
of N in the RT topso11 1ayer at Lethbr1dge cou1d be due to a bu11dup of

: ‘M‘-
Lo

R - ﬂé?



a muich layer as the Lethbridge rotation was established much earlier .
“than the Yauxhall rotation. Later in the crop season an even greater
spring indicated a faster rate of soil N mineralization. Poor
correlation between spring soil inorganic ﬁ31evels and final yields

s
4

suggest that decreased crop yields under CT compared to NT were not

caused'by a reduced‘N supp]yi This 15 cons1stent with abUndant m1nera1

N observed throughout the study at both s1tes T111age effects on
fert1]1zer N 1mmob111zat1on influenced gra1n N concentration even when
adequate miferal N was ava11ab1e (Chapter 2).

Total soil water (0-1200 mm) (Table 3.2) was greater (20 30 mm)

for NT than CT* treatneits at Lethbr1dge it the spring. The re]at1ve vﬁ

ga1n in soil water by the NT over the CT treatments occurred from fa11

to spring (Table 3.3) where better insu1ation by the NT surface residue

layer probably orevented‘desiccation by dry, strong_chtnook winds which

are prevalent during the winter months. SR
Similar amounts of total soil water were conserved in tillage

_ o v . ,
treatments at Vauxhall .Table 3.4). Crop residue differences for

tillage treatments at Vauxhall were smaller than at Lethbridge (Appendix .

6.9) so the effect of crOp residue on soil water conSErvation would have

A been less at the Vauxhall site. The' soil at Vauxhall consisted of 5011

hon1zons of clay loam texture which may have'allowed rapid cap111ary

'vf'

m01sture flow to the soil surface If an"Ap horizon has an inadequate
surface mulch and has good capi]lary’continuity with Tower horizons,

moisture losses can be more severe than in Ap horizons with a Tloose
! . - " . A ' .
tilled layer which restricts evaporation (Hammel et al., 1981; Benoit

e
o

- amount of inorganic N in the CT than the NT treatments compared to the _

.73
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and K1rkham 1963) The Lethbr1dge so11 conswsts/of a surfbce loam (49%
sand) overlying a deeper clay loam (33% sand - ﬂppend1x 6. 5) This
- degree of soil layering may have been suff1c1ent to restrict cap111ary
water movement to the soil surface S1nce t111age effects on water
"conservat1on for a soil can depend upon 1ts textural layering
characteristics and a]so the amount of surface.crop residue, more
information is required onuhow these charactertstics affect soi1‘
moisture conservation in different soils and cropping svstems. The most '
efficient soi1 water conservation practice for some soils may require |
tillage at certain t1mes to prevent soil water loss.
~ Total soil water was genera11y pot corre]ated with final cr0p
yield (Table. 3.11). In 1983, a growing season with above average
rainfall, total so11 water for Sprwng ‘wheat was negat1ve1y correlated
(r = -.66) with f1na1 crop yield. ~There may have been some degree of
phytotox1c1ty assoc1ated w1th the NT treatment because of the abundant
early spring m01sture In 1984, total 3041 water for winter wheat was
positively corre]ated (r = .73)'w1th final erop yield. fﬁE greater so11’
water conserved in the NT than the CT treatments was probably well
ut111zed later in the growing season as -the grow1ng season in 1984
received 11m1ted ra1nfa11 and a good w1nterfwheat crop created a large,
demand for water. In very dry yearSHWith limited crop. growth the
additional soil water'conserved in tRe NT compared to the CT treatment
may not be utilized by the current crop but wod]d be available for crop
use in the subsequent year | | '
5011 water (0- 75 mm)_(Figs} 3;1 and 3.2) was as great or greater
#for NT crogs in the spring and fall. Soil water measured orior.to
.

LA
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seeding (0-75 mm) was not correlated with grain yield at either site.
Seed moisture content and plant emergence me?surements‘(Tab1e 3.8) were
considered better indirect indicators of the seedbed moisture status
dur1ng the cr1t1ca1 early growth per1od than direct soil water
measurements taken before seedbed preparation. Genera11y greater seed
moisture under NT than cT yas expressed by improved plant emergence at
Lethbridge.. At‘Vauxha]], less seed moisture for NT spring crops
produced better plant stands.A Less seed moistnre could be due to slower
l inbibition becauSe Qf depresSed spring sgiT temperatures in NT |
treatnents, This phenomena did not occur in NT theatments for winter -
wheat'in the fall. i o |

" Another explanation for the decreased seed moisture and better
p1ant stands fpr the NT compared to CTatreatments is re1ated te soit
disturbance‘in the tillage operation. This disturbance may have allowed
~initial  seed water.uptake but prevented the placement of theféeed on
Afirm soil. Lnose,soi1 could have prevented moisture from mdving easi]y.
to the seed from uhderlying mnist soil, by disrupting capillary |
continuity. Moisture movement from deepen soi\vdanfbe critical for good
plant emergence under dry -conditions (Papendick et al., 1973). Reeent
work by Lindwall (1983) indicated that tillage can affect aggregage size
d1str1but1on of the surface soil. Research stud1es in Europe Hak§gfson
and von Polgdr, 1984) have shown that aggregate size distribution afi
seedbed soil affects uptake of soil water by seeds. ' : ¢

‘When seed moisture was low, the greater seed moisture and plant

emergence in the NT treatment was reflected in larger yields. Good

early growth appeared to have a direct effect on final yield.. This good




A

. early growth was especially critica1 for wfnter wheat because it ensured
winter survival. Prev1ous work showed that early drought stress did not
affect f1na1 yield if the stress per1od was followed. by adequate
moisturé (Denmead and Shaw, 1960). The cond1t10ns in this study
differed in that the stress period was generally followed by more
moisture stress so there was less opportunity for the stressed CT crop
: to reach the same yield as the NT treatment. Long-term winter wheat
rotat1ons 1nd1cated that NT crops were often superior to CT crops when
prec1p1tat1on was 1ack1ng during the early part of the growlng season
(Carefoot and L1ndwa11 1982) Noori et al. (1985} reported better
stands and 1arge yield increases by injecting small amounts of water at
p]antlng for winter wheat. The amount of water injection needed for a
yield response was very critical, depending upon the dryness of the
soil. Since this yield advantage for NT occurred at hdth sites,
Vauxha11 and Lethbridge, it appeared to be‘re1atedvmore to tne greater
moisture in the top soil layer (0-75 mm) of the hT treatment rather than
to total soil moisture conserved inythe‘soil profile. This study shows
that tillage effects on seed moisture uptake can be a critical fadtor,f
'fon this semi-arid regton. ’
Grain yield was correlated with plant cth; Qr‘§eed moisture
XTab]e 3 11) when small amounts of seed moisture and small plant counts

' 1nd1cated poor 5011 mo1sture cond1t1ons during seeding and the early

76

crop growth period. The negat1ve correlation between seed moisture and °.

grain yield for the spring seeded crops at Yauxhall in 1984 was probahﬁy
related to initial slower moisture uptake by the seeds in the NT

treatment. A subsquent higher rate of p1antvemergence in the NT

4L
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treatments resulted in a strong correlation between plant counts and

grain yield. "

Mid-season yield samples'(Tables 3.9 and 3.12) generally

reflected the same differences between tillage treatments as the harvest

-

yields, which indicates that final yields were related to crop growth

/

differences that occurred early in the growing season. The importance
of seedbed moisture on final yield was demonstrated by the 1983 bariey
crop at Vauxhall. Unchecked volunteer wheat depleted spring soil

’moiéture in the NT barley treatment which was reflected in less seed

moisture {395 g kg'l) and decreased plant stands (7.2 mfl) for the NT

compared to the CT treatment. The NT barley yield of 1700 kg h’a'1

versus’2863 kggha'1 for CT was the only situation whare CT crop yield

was superior to the NT treatment.

r

This study indicates: that in semi-arid areas both producefs qnd

researchers should be more concerned about the effect of tillage on ;

.

“seedbed moisture early in the growing season. Conser~ving soil moisture
at seeding should be a major goal for growers. If.possible, tillage

should be avoided and fertilizer placements such-as droadcast, fall

banding, or pqint injection should be used to' minimize soil disturbance

~

at seeding time.

A]though;the crop rotations i; this study were relatively
short-term (<11 yr), there weré already indications of changes in total
N and oféaﬁfc matter. |

' An increase in total N-occurred in the top soil layer (0-75 mm)
h

~ (Table 3.5) of the continuous wheat rotation (1.79 ¢ kq~") compared to

the 3-year rotation (1.70 g kg_l) at Lethbridge. Rctations which
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include fallow generally have less organic matter and total N than
continuous ¢ropping rotations (Pittman, 1977). Organic matter contehtb

in the soil has been related to the long-term amount of crop residue

s

addition (McGill et’al., 1986; Biederbeck'et’al., 1984).‘ Organic matter

content (0-75 mm) was greater in the NT than the CT soil (26.0-g kg’1

—1) . . : v ’

vs. 24.3 g kg in the tontinuous wheat rotation. Long-term average

yie]ds and thus total crop residue inout were 13.4 and 8.5% higher for

Al

the NT than the CT treatment in the continuous and 3-year rotation,
respectively. This indicates that tillage treatment in the continuous
9 - '

rotation could have some impact on soil organic matter levels due to

variationlin crop residue addition. It is also conceivable that fallow

in the ) Qa frotat1on with accelerated biomass turnover, would mask

‘the effeef of sma11 differences in crop residue addition on soil organic
matter ié;ew;» Consequent]y, the 3-year rotation wou]d take longer to
deyeloo soil organ}c matter differences between ti11age systems.

“Under cond1t1ons of low growing season prec1p1tat1on the
tendency‘of greater .inorganic N under CT than NT (Tables 3.5 and 3.6)
creates the potentia1ntqr larger N losses through subsequent leaching.
House et al. (1984) reported that NT systems recycle N more slowly but
a]so more eff1c1ent1y Mineral N leaching could diminish organic N
content 1n the CT treatment but due to consecutive dry years 1n th1s

J
study, m1nera1 N was conserved untl. the next crop season’ to be utilized

- I

by microorganisms or ‘taken up_ by‘the crop.

Long=term soil quality ag’measured by total soil organ1c matter

i

and N appears to be favored more by the NT than the CT treatment in th1s

study due to greater annual crop res1due add1t10ns and the potent1a1 “for :

: SRR
~more efficient N cycling. , & e s



- 3.5 CONCLUSIONS
Soi1~temperature and inorganic N did nbt appegf to affect final
crop yie]d.
Long-term soil quaiity was favored by greater annuaT crop
residue additi§n§ and EOre efficienth cyc]ihg‘in NT compargg;ggdgl4%//
| Greater amounts of soil water were conserved by NT compared to
cT b1ots on a Lethbridge loam soi1-but not on a Chin clay loam. The
difference in soil moisture conéé?@ation betweénvsniT‘typés indicates
that knowledge of soi]“charaéteristicsgguch-éshiexiura1 Tayering and
mulch layer thickness ére necessary to,;ssess ?he suitability of a soil
type for NT farming. . | | |
| Better seedbed moisfure for NT compared to‘CT.treatments at both
sites was reflected by increased seed moisture content and/or better
plant emergence. The correlation of g@@d:Spring seedbed moisture with
final crop yield in this Esz—arid area ;ﬁggééts that conserving soi)
moisture at seeding should be a main . objective for growers. These
findings suggest that seedbed preparation fi]]age should'be avoided if

possible and fertilizer placements used that minimize soil disturbance.

T
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/ . 4. BIOMASS GROWTH AND MICROBIAL N Imben.mnon WITH
BROADCAST 1°N AMMONTUM, NITRATE IN A GRAIN CROP ROTA[;ny
UNDER THO TILLAGE svswsns |

.
1

o .
o . ¢
i

4.1 Imooucnou . g

So11 bwomass size is related to. spec1f1c soi] factors Camg5e11'

L
=

and B1ederbeck (1976) showed that m1crobra] biomass was d1rect1y

proport1ona1 to soil moisture content and d1m1n1shed with decreas1ng

# A
temperatures except where 1ower temperatures co1nc1d with h1gher

¥

mo1sture.. Large increases in bacterial numbers

ve been observed in
thé fall after precipitation”and the addition of fresh croptre;idues
- '(Campbell_and Biederbeck, 1982). After SO'xears of crepping in two
rotatiens, soil moisture, 5511 moisture change,yand'temperature played
the major roles in shergeterm bid;ass groﬁth Whj1e.ti11age and residue
additton played only a minor role (McGill et al., 1986). Bottner (1985)‘
found that soil drying killed-one-quarter to one-third of thetbiomass
but the bieﬁass retlrﬁed to its former size.qfter re-moistehing. Doran
(1980) reported that crop residue_;dditiens ?;creésed soil water content
which gubeequent1y‘caused increases ' n micrpbia] populations.
Biomase:size-and activity is high1y correlated witﬁ soij organic -
matter. Soil organic matter level was increased with N fertilizer,
straw incorporation, and manure addgf1on {Schnurer et al., 1985). -Soil
,ﬁ—q\\\g;?:%mass 1ncreased during the growth of a wheat crop and was greater ‘
under NT due to a greater density of roots (Lypch and Panting, 1980).

Lynch and ‘Panting (1982) found that application of N fertilizer

® .

-



increased the soiﬁ biomass in a direct-dridl but not-a plow treatment.
Ross:et al. (1984), in a New ZeaTandAstudy, showed that“soi1 biomass
swze was related”to the decompos1t1on of roots rather than the

production of roots "The greater micrdbial b1omass in the surface sail

.

_ for NT relative to CT in long-term studies has been attrifRed to

- ' ‘ \ k3 . . b ) K b
increased amounts of labile carbon and nitrogen (Carter and Rennie,

1982). - T

— - —

Blomass 1mmob111zat1on of fett111zer N into the more stable
'.organwc N fonms by the 5011 biomass can be rap1d,under favorable
aconditions (AuTakh andeRennie,‘IQQ4;-Féiéenbaum et al., 1084; 0Tson,
1982). In contrast, if dry conditions limit crop uptake,
im@obitization, anq denitrification‘of fertilizer N, the residual
irorganic N.can be well utilized by, the eUbseeﬁent crop (dlson and

Swallow, 1984). ' »

Tillage can affect fertilizer N 1mﬁ0b111z%t1on but the resu]ts
are variable (Kitur et a14, 1984; R1ce and Smsth, 1984; Camter and

Rennie, 1984b). Immobilization of added 5y fertiligkr was higher under

CT than NT when extra straw was incorporated (Aulakh et al., 1984) . | s
Recent studies have'shown that immobiltzed ferti1izer;N can be
rem1nera11zed in the same grow1ng séason. Bwardwaj and Novak (1978);
from an incubation study, pre icted that if res1éres are allowed to
decompose under’opt1mum temperature and moisture conditions for two
months before seedlng, appreciable amounts of previously 1mmob11ized N )
| ‘would be m1nera11zed to the growing crop. .
Moxsture and temperature fluctuations at the soil surFace produce
‘COnd1t1ons that favor rapid mineralization of 1mmob111zed fertilizer N
7

e
PET LRt



@.(Cartenbandeennie, lséda).. Thé Niddntentlof'thg NHA-N.fTush‘associated
‘ withnrhizosphere‘devéfdpmentvdnd de;redserof;fentiTizer N'in biomass N

had a short half-life Qf;hﬁéut 20 days BQ Feekes Stage 5 of spring/
dwnéat on a Lethbridge loam, about 37% of the added fePtilizer N was ‘“‘&\
‘1mmob111zed and most of this remlnera11zed by . harvest 1n CT and NT.

R

:Carter andeennye (1984b) found that fertilizer N.uotake,by bjomass and -
';ubseqdent.mineraIization was‘not affécted_by tillage treatment. B
Houﬁe-ef al. (1984) reported tha£ NT systémsrecyc1é¥Nihoré
stowly but a1so more eff1c1ent1y than CT. |
The n]ush of CO2 from soil after chloroform fum1gat1on (Fc)
proyides an.estimation of%%&omass C in soil (Jenkinson and Powlson,
1976). :Like;ise, the f]ushvof N after fumigation (Fn) provides an
estinate df biomass N. Elliot et al, (1984) found‘that a décreaseuof
“the. Fc/Fn from 5.6 to 3.1 in response to 1ncreas1ng s0il mo1sture was
due to a sh1ft from funga1 to bacterial m1crof1ora B1ederbeck et al.
(1984) reported that the Fc/Fn ratio was highest in, rotat1ons with
'greater cropping 1ntens1ty ‘and ggithout N fert111zer Th1s was -
| attributed to a shift tgward a more fungi-dominated system or a biomass
with a larger dormant fraction having a h16h C/N ratio. No-till
management increased the impdrtance of fungi relative to bacteria a3
primary decompoéers. 4%ungi-dominated systems were most prondunced under
arid or semi-arid conditions and wére associated with slower
decomposition of organic matte;'dnd less nutrient mobility (Hendrix et
. al., 1986). |

Long-term qerea]_rotations at the Lethbridge Research Station

have shown that grain yield$ on NT were often superior fo CT,
/ ’ . ,,
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“ . ' ' ~

“ R N . .

part1cu1ar1y when 5011 moisture was 11m1t1ng at cr¢t1ca1 ear1y growth

Kl

| stages (Carefoot and L1ndwa11 1982) Carter and Renn1e (1982) found
- v .- ) :
greater potent1a1 mzcr0b1a1 b1omass and mxnera11zab1e € an& N potentxals

n the NT surface 5011 compared to the ET surfaCe 5011 O 20 ~_) ‘but, the
~reverse s1tuat1on occurred 1n‘the 20. QQdmm'501] 1ayer The"micrdiﬁal ‘

. biomass N and the amount\of tert1f1zer N 1mmob11lzed in the biomass were

re]ated to the amount of crop res1due and t1me of 1ncorporat1on (Carter

and Rennle, 1984b) - By harvest no d1fterences in N transformat1ons

between t111age treatments remalned (Carter and Rennwe 1984b).. Low

Vh growwng season prec1p1tat1on and greater crop res1due levels could

¥

=V“ conce1vab1y accentuate these. dafferences between t111age pract1ces

Crop‘yie]d-and crop N concentrat1on increases w1th added »

fert111zer N occurred most often in NT spring seeded crops, and appeared -

k

to be caused by substantial fert1QHzer N 1mmob111zat1on (Chapter 2).

s,

Fertilizer N immobilization was affected by~crops weather, and tillage.

3

The amount of fert111zer N 1mmob11tzat1on appeared to depend on the

amount of high C/N substrate ava11ab1£.when 50i ) cond1t1ons mo*ed

m1crob1a1 growth . ‘j ,~*C5r*ﬂ

Based on the: resufts from Chapter 2 and the literature to date,
it is hypothes1zed that tx11age 1nduced changes in microbial growth

affect the so11 N cycle and subsequent1y-crop growth It is also
;'.’.a 4« :
hypothes1zed that cr1t1ca1 edaph1c factors that affect fertilizer N

t

1mmob111zat1on in. the b1omass are 5011 m015ture and amount of high C/N

)‘,‘.

f\,-.“ g

r I I "",' ) ;;
substrate. al e LT e

. The above hypotheses were testedhby measurwng biomass, soil

mineral N, 1abe]1ed fert1112er N 1n the 5011 organ1c fract1on and in the

V!
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~ fertilizer N contained 4.98%

*

biomass, and several edaphic parameters over two growing seasons for two

crop rotations.

4.2 MATERTALS AND METHODS

The main field experiménts were estab1fshed in 1976 on a
Lethbrgdge Toam at Lethbridge, A1berta. The complete experimental
design amd pertinent 2011 and preéipitation data were pronded 1sewhere
(Chapter'Z). Two grain rotations Qere selected for use in this study:
1) winfér wheat-barley-fallow (W-B-F) and 25 éontinuous wheat (CW). fhe

three crops and one fallow per year each included two tillage

 treatments: 1) heavy-duty ~1ltivator; 2) no-till. A Sp1it-p1ot‘design

s

with five blocks was used, the three crops and.fallow weﬁé main plots
P . - '
and the two tillage treatments were as subplots (6x40 m). 1In 1984 (for

'3 crops) and 1985 (for 2 crops), three N rates (1xl m)‘as SUb¥Spr10tS

were supérimposed on the tillage subplots to create a sp11t15p1it;p1ot

designg This4gave a total of 5x4x2=40 éub-éubp]ots per crop. Ti]]aje

- practices, herbicide"app1ications,'andAseeding practices were described

e1sewhere‘(Carefoop and Lindwall, 1982).

'Feftiliier was applied by dissolving ammdnium nitrate in 500 ml
‘ - ‘ .

of H20 and spfaying the solution dn l—m2 plots at N rates equivalent to

25 and 50 kg hal for barley and spring wheat. Similarly, N rates

equivalent to 15 and 30 kg ha'1 were used for winter.wheat. The

15 15N

N and 5.48% .atom %) in 1984 and '

1985, respectively.
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- 4.2.1  Sampiin

In Ji iy of 974, and o June,~an;bAugust of 1985, the
sub—subp]Ets fo  t-= check a-. the high=st N rate were sampled at _depth
increments of 0-75, /o 150 .4 1°1-30 * mm (Appendix 6.1). Field moist
soil samples were m et £ se. thro.gh a 2-mm sieve, and stored at 5°C.

In 1985, the fertilizer residua) & plots: from 1984 were also sampled in

April, June, and August!

- 4.2.2 Soil Analysis » .. : T

Soil microbial biomass was deténnined by chloroform fymigation
within 24 hours of sampling-(Jenkinson and Powlson, 1976). Twé 50-¢
subsamples Were weighed out from each main soil sample, (control and
fumigated)}r Each subsample was placed in a quart jar with a beaker -
containing 20 ml of .3 M NaOH. After incubation, theiNaOH solution was
removed, 2.m1 of saturated B§C12’was addea; and CO2 was determined by
titration with .1 M HC1. The ﬂpsh of C0,-C (Fc) was' calculated as the
amount of COZ—C evolved in the 10 days after fumigatjon minus that
produced by theé unfumigated s0il1 between 10 and 20 days. Biomass Q.was
calculated by dividing the flush of C0,-C by a Ke factor of.0.411
(Anderson and Doﬁsch7~121§). Potential microbial ar*ivity was
calculated as the ug of C02-C pe]eased from 1 mg of .iomass C in the

- -

first 10-day period of the control soil incubation (Bottner, 1985).
~ LY
The_flush of N was calculated as the amount of inorganic N°

released in the 10 days after fumigation minus the inorganic N released

" in the control for the same period. NH,-N and NO,-N were measured in 2.

4 3
N KC1 extracts by steam distillation (Bremner, 1965). Samples

containing <0.5 mg of N were spiked with 1 mg oftﬁH4+-Nﬁgs analytical

89
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N~

90
" grade (NH4)2504. Soil samples were analyzed for fota1 N using a
predigestion treatment of KMnG, and reduced iron té@convert N027 or NO3'
to NH'4+ (Bremner, 1965). Al disti11ates were evaporated at 65°C and
. the NIS/N14 contents were determined on a VG Micromass SIRA?? mass . -

spectrometer.

4.2.3 Statistics L

Analysis of variance was carried out based on a s;1it-sp{it-p1ot
design (Reps Crops/Tillage/N). Standard errors foritesting gffects of
fhe_factorshapp1ied_fo main p]ots,'subp1ots, and sub-subp]ots aS\wé11 as

]
their interactions wqge determined as described by»LittWe and Hills

(1978). | e

"4.2.4 Calculations o

Percent N derived from fertilizer (ZNDFF) was calculated as

, ‘ -
follows for the total 59;1 N (Middleboe ét al., 1976):

. N % atom excess (soil) . g
N % atom excess (fer*i.izer N)

INDFF =

, L
Fertilizer N kg ha'l - ENDFF  bulk density Mg m = x area of soil

-8 . "2 total N in s0i]
x soil depth cm X : T00




. | S :
‘ - 5 : N : N
I
. : . ‘\w . i - j . 3
&  Fertilizer N in the flush of N after fumigation asd in the
. | J | S S '
inorganif soil fraction was caldulated in imitar manner: L0

O N -

2 1,. . INDFF " -3
Fent111§er N’kg ha¥" {inorganic N) = 100" x,bq1{ dens1;y Mg m ~ x area of

Y

s0i1 tn? ha™t x 1078 x soil depth ¢m
I . ’ + % inorganic N h soil 1k
B : » . ) e ') )
~ . — J ‘ E .
4.3 RESUTS \/Q | o
' 4.3.1 . Biomass C % ’
- -—T——— j 0‘ \ . . .
Spring soil biomass in the surfa?{m(0475 mmi was 664 kg ha’¥ in -

1

N ) /‘t’ ~ . 1 . N - _ 1 .
plots (ﬁhb1g‘432) s0i1 biomass C (0-75 mm)-in spring was 759 kg ha = in
. g .

s NT comﬁared_io 4%5 kg.ha; in CT for wint,/ W at 747 kg ha_'l in NT
. - . , [ . ,
/cbmpared to 635 kg ha’l‘in‘CT“for barley (Table . In the residual N *

CT spring wheat compared to 611 kg ha'1 in NT spring Qheit but there was

nq tillage effect on plbts seeded to barley. o -
At mid-s._eqson in 1984 (Table 4.3WM0i1 biomass (0-75 mm)
1n€reased'wifh,ferti1izer N for barley (528 to 725’kg_ha'1) and CT
rwjﬁfer wheat (436 to 513 kg hdfl). Soil biomass C (0-75 mm) was 404 kg‘

1

ha ! for NT compared to 513 kg ha” for CT winter wheat at the high N

ievel} T@is effect may be attributable to less soil ﬁbisture (Chapteg
2) in the NT compared t6 CT treatments as a result of greater moisture

. 5 : -
utilization by the greater-yie]dlpg NT crop.
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.a lied T 06-03 08-21
PP 1 Depth .
—- Crop (kg ha ")  (mm) . T NT cT NT jE] NT .
1 4 . o ; ‘%{«(0
Winter . . o el
wheat 30 . 0- 75 664, .. 484  48% 533 547 647
| & 75-150 370 294 36 319 302 338
* . . B
Barley 50 0- 75 747~ €35 555 ssg(’— 630 737
: ) 75-150 321 302 341 45 285 326
gﬁle%ﬁggssjstems signifiéant1y d;;ferenf at P ='0.05. ;
‘ Table 4.2. Soil biomas%)c.(kg ha_l) of residual N p1bts
under C¥ and NT in 1985 ' '
t— -
- Sl Date (month-day)
N ! .
spliedy o 04-18 06-13 _08-21
. .14 -Dept
crp (kg ha ") (mm) cT NT . CT T CT, N
Barley 30 ™~ 0- 75 54~ 560 482 - 487 550 555
. Y 75-150 294 72 384 321 331 290
Fallow 50 o- 75 616 57. a3 selt 485 552
75-150 333 37C 290 319 363 345
Spri ng. S * R ; *
wheat 50 0- 75 /54 611 567 608 599 640
‘ 75-150 404 438 - 304 321 321 338

Table 4.1. Soil

htomas

-~

1

A

92

a

s C (kg ha'l) of<wintér_wheat andibarley plots

under CT and NT in 1985

L

N

N

Date (month-day) )

2
13

~

Tertilizer N added in 1984.

<

* . N
“"Tillage systems significantly differept at P = 0.05.

S

N
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Table 4.3. <Soil microbial biomass parametérs'of winter wheat and barley
plots at .two N levels under CT and NT on 1984-07-15 o
— - T ' R "
N " Biomass C  NH,-N Flush Biomass
applied Depth (kg Ha'}) (kg ha™l) Fo/Fr’ activity
trop (kg ha'l) (am) CT L NT €T N CT¥ NT  FCT W
. : e . (- ?/ o
Winter . b>\ ' ’V: : A
wheat - O 0- 75. 436 399 . 42.9 40.9 4.2 4* 113, 98
75-150 229 287 ,25.0 25.9 4.0 4.8 160 84
, ~ . )
S 0- 75 513" ¥a08 451 36.3. 4.7° 4.6, _ 52 B8
. 75-150 238 333 ,24.2 27.2 4.0 5.0 86 76
Barley 0 - 0-75 499 545 46.6 42.1 4.4 5.3 150 ~ 160
T 75-150 $4.20.6 29.3 3.3 3.9 68 65
50 0- 75 798" 1.3 55.1 4.4 6.0, 155 187
75-1 261 ~ gzﬁ 29.9 28.6. 3.3 4 5 128 66

"Flush of COZ-C/f1 sh of Nﬁa—N after samp1e‘fumiga£ion.
¥ug of C02~C released by i'mg'of biomass C gurihg a 10-day incubation.

*Tillage systems significantly difi:rentAat‘P =‘0.05}
in‘June of 1985,:a dry yeaxq theré was:no difference in soil
biomass C between tillage tréatmenfg for bar1ey‘and winter wheat @t
" (Table 4.1). 1In the residual N fertilizerpiots (Table 4.2) at
’ mid-season, there was no diffgreﬁ?s in soil bioqfss C content bé{ween
. ti]]age treatments for bar]eyx;né only small infééaseg.for NT ?a110w‘g§d
spring wheat (Table 4.2). - . ‘i | B e
After harJest, there was a reverse treﬁd from that obc ~ved in -
spring. Biomass C (0-75 mm) inééeased é§f>NT compéred to CT from'542 to
647 kg ha™L iﬁ winter wheat and 630 to 737 kg ha”l in barley (Table

4.1). 0On the residual N spring wheat and fallow plots fn the fall NT
N
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biomass was larger than CT biomass, 599 vs. 640 kg ha'.1 and 455 vs:
552 kg ha"l, respectively (Table 4.2). Biomagé‘t-at thel1owe} sdi1
depths was not affected by tillage and fertilizer N.

In all crops and depths, biomass C declined from spring to

summer, then increased again in fall.

‘ 4?3.2 NHq-N Flush

In the spring, Fn (0-75 mm) was greater for CT in both crops

1 for NT. 1In the

(Table-414) averaginga46.2 for CT and 37.2 kg ha
spring wheat residual N plots, Fn (0-75 mm) was 43.5 for CT and 33.5 kg
ha"l for NT (Table 4.5).

Table 4.4. Flush of N (kg ha—l) after fumigation of scil samples from
: winter wheat and barley under CT and NT in 1985

Date (month-day) »
\ _
S . 04-23 06-03 08-
applied Depth - 21
Crop (kg ha'l) (mm) ~ — CT NT CT NT cT NT
Winter g . '
wheatvl A0 “0-.75 42.6  35.5 37.5 40.5 33.4 ° 36.9
75-150 21.9 21.1 22.9 22.5 13.9 17.6
garley 50 0- 75 19.8% 38.8 38,2 37.9  38.0 37.1

75-150 20.6. - 18.8 20.6 22.0 13.6 16.2

* ' i . -
Tillage siipems\ijgnificant1y different at P = 0.05. :
' &;}5j¥m+-for CT winter

At mid-season in 1984 (Table 4.3) the Fn {

1 1

wheat was 45.1 kg_ha'1 compared to 36.3 kg ha”* for NT when 30 kg ha "~

of N was added. In the fall of 1985, the only chéhge in Fn related to

Id

o]



" tillage was in the fallow residual N plots (Table 4.5) where Fn in NT

was 37.0 kg ha ! vs. 28.5 kg ha ' in CT. The similar Fn values for

tillage treatments for soil at harvest contrasted with the Fc values

.since Fc for NT was usua}ly larger than CT.

u

Table 4.5. Flush of N (kg ha 1) after fumigation of soil samples
from residual N plots under CT and NT in-1985

" Date (monﬁﬁudayﬁ

04-18 06-13 - - 08-21

af"]?? Depth
Crop (kg ha ~) (mm) CT NT CT NT  ~ (T NT
, - — .

Barley 30 0- 75 31.6 33.0 35.0  32.5 3.0 3%.4
. 75-150 17.4  18.1 ZQ:8 19.9 - 14.7 14.1
Fallow  50°  0-75 34.4 3.8 7.8 3.8, 28.5 37.0°
75-150 17.2 21.0 19.2.  23.3 4.2 22.2

Spring o * o e .
wheat 50 0- 75 43.5 33.5 45.4  42.9 32.0 33.6

- 75-150 20.7  20.5 22.2  22.0 12.

P
fo—
~J
o

frertilizer added in 1984.

* . :
Tiliage systems significantly different at P = 0.05.

Fn at the lower soil layer (75-150 mm) was not affected by
fertilizer N or tillage. Small Fn values <17.6 kg ha"!) for both

tillage treatments occurred in the fall for barley and spring wheat.

4.2.3 Fc/Fn Ratios
¢

Fc/Fn ratios (ratio of C flusn ‘o N flush) were generally larger

in the spring, decreased in mid-season, and increased again in the fall

(Tab1és 4.6,4.7). Fc/Fn ratios usually increased with depth. There was

[4



very little effect ar cer N on Fc/Fﬁ‘(Tab1e 4.3) bﬁt at certain
times ofﬁthe”year <~ > were .illage effects. 1In the spring (0-75 mm),
Fc/Fn for winter wheat piuts was 5.6 for NT compared to 6.4 for Cf, but -
"~ -in barley plots ratios were 6.1 for CT and 6.8 for‘NI (Table ?.6). In

the fall (0-75 mm), Fc/Fn w&s greater for NT than €T crbhs.

\Table 4.6. Flush of C/flush of N after sample fumigation of soi
under winter wheat and barley in CT and NT in 1985

A I

" =t
»\‘

\ Date (month-day)
)i . 04423 06-03 08-21
T e ——
Crop (kg ha ) (mm) T NT CT NT . cT NT
Winter . *
"wheat 30 0- 75 6.4, 5.5 £.3 5.3 6.7, 7.2
75-150 6.9 5.8 b.6 5.9 8.9 7.9
“Barley 50 0-95 6.1 6.8 6.2 6.1 6.8 8.2
75-150 6.5 6.6 6.9 6.6 8.6 8.3
* .
Tillage systems significantly different at,f = 0.05.
Fc/Fn varied s with tillage in the fertilizer residual N

plots than in the plots fertilized iw1985 (Table 4.7). Fc/Fn ratios
were less in 1984 at midaseason than in 1985 at m?d-seaspn (Tdbles

4.3,4.6) for winter wheat and barley treatments.



" Table 4.7. Flush of C/flush of N affgr fumigation of soil samples
from residual N plots under CT and NT in 1985

Date (month-day)
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N
applied 04-18 ) 06-13 08-21
. 1 Depth " ,
\Crop (kg ha ) (mm) CT NT CT NT cT NT
Barley 30 0- 75 7.1, 7.0 5.6, 6.1 6.6, 6.5
75-150 9.5 8.3 7.6 6.6 9.3 8.4
Fallow . 50 0--75 7.4 7.2 6.3 5.8 6.6 6.1 .
75-150 - 8.1 7.2 6.2 5.6 6.2 . 6.4
Spring . -
wheat 50 0- 75 7.2 7.5 5.1 5.8 6.8, 1.1
75-150 8.0 8.8 5.6 6.0 10.6 7.9
t s .
Fertilized in 1984,
x i
Tillage systems significantly different at P = 0.05.
¢

4.3.4 Fertilizer N in the Flush of N .

At mid-season, the amount of fertilizer N in the Fn {(0-75 mm)
was similar for tillage treatments for'thevbar1ey soil but was larger
for NT than for CT under winter wheat (.72 vs. .28 kg ha'l) tFig. 4.1).
From mid-season to fall (1985), fertilizer N content in the Fn (0-75 mmf
increased for winter wheat soil but decr%ased fo; bar1ey-soi1 in both
‘tillage systems. For the fertilizer residual N plots, the fertilizer N
in the Fn decreased slightly from the mid-season 1984 winter wheat soil
(Table 4.8) (0-75 mm) to the spring 1985 barley sof] (Fig. i?l) (.43 to
.36 kg ha! for CT and .53 to .49 kg ha’l for NT). ‘

The fertilizer N in tbe Fn'decreaéed substantially from the

barley soil (Table 4.8, 84-07-15) to the fallow soil (Fig. 4.1,
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[

85-04-18). The éecrease;was from 1.87 to 0.48 kg hé'l fﬁ CT and from:

" 1.68 to 0.57 kg ha~l in NT. As the season progressed, fértilizerN in
the Fn for-barley and fa11oQ (Fig: 4.1) degreased at mid-season but
increased again in‘fhe fai], For spring wheat, the trend was different )

as the fertilizer N in the Fn decreased over the growing season in both

$$‘§:f
T

tillage systems.

Table 4.8. Distribution of fertilizer N' (kg ha”
N fractions of winter®wheat and barley under CT and NT i

L
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various soil
1984 and 1985

Total ~

Inorganic ~ Orgagmic
Depth . N ‘
Crhop'. . (mm) CT  NT NT cT NT NT
7
Winter :
wheat % * :
84-07-15 . 0- 75 .41 0.13, .35, 5.74 7.01 (.43 0.53
" 75-150 1.77 0.08 .16 3.40 3.46 0.10 0.16
150-300 .09 0.03 .29 1.68 1.38 0.06 0.06
Barley x x *
84-07-15 0- 75 .41 0.85, 99, 8.34 .52 - 1.63
75-150  6.51 0.28 .42 8.87 1.99 0.29
150-300 .85 0.17 .79 3.36 3.23 0.27
Winter
wheat x *
85-06-03 0- 75 .81 9.81 .42+ 13.95 .32 0. 0.72
75-150 1.59 1.08 .03 2.65 .18 0. 0.07
150-300 .22 0.22 .68 2.73- 2.90
Barley ' -~
85-06-03 . 0- 75 11.51 9.0l .04 22.25 21.01 L. 0.96
- 75-150 1.10 1.03 . .07 1.83 2.23 0. 0.13
150-300 0.20 0.21 .14 2.717 .35 ‘
‘o 1
"%

t -
Winter wheat fertilizer N = 30 kg ha

of N as NH4N03;

Barley fertilizer N = 50 kg ha™~ of N as Nv,NCs.

*Organic fraction minus NH4;N flush.

*Ti11age systems significantly different at P = 0.05.
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4.3.5 Fertilizer N iU the Soil

The distribution of fertilizer N between the diffe?ént soil
nit}o fractioné at mid-season varied between years (Table 4.8). In
1984, a year with several heavy June showers, a greater port1on of the
fertilizer N in the 5011 was immobilized 1nto organic forms compared to
inorganic N (average of 8.67 vs. 0.49 kg La ) in the NT treatments for
both crops. In the CT treatment, ; larger portion of the soil
fertilizer N remained as 1norgan1c N (average of 2.58 v : 3. 41 kg ha'l).

Transformations of soil N were different in 1985 a very dry
crop season. A large part (21 to 37%) of the ferti]izer N/;gmained as t-
inorganic N in both t111age systems For wiﬁter wheat, a greater amount
of fert11ﬁzer N was converted into the organ1c fraction in the CT than
. -

This result was in

in the NT treatment (6.36 v:. 3.42 kg ha Ji

contrast wiﬂw\pe results cf 1984,
™~ The percent N derived from fertilizer (INDFF) of the inorganic |
N fraction was much less in NT than CT for both crops (Figf 4§2)1 The
INDFE in the inorganic N frqction'was much greater in 1985 than 1984'for-.°
both tillage treatments. The %NDFF.ih the Fn did not appear to be
related to the %ﬁDFF qf the inotganic N fraction. In both years, the

w

*NDFF fje Fn was s1m11ar for the tillage systems for barley (0-75 mm)
but lar

r, for NT than CT winter wheat. None of these differences was ‘

evident in the lower soil layers.
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different at P=0.05. lFertilizer residue plots were fertilized in 1984).



4.3.6 Soil Inorganic N

Lgés inorganic N in the soil in NT than CT treatments for crops

by mid-season in 1984 (Fig. 4.3) was attributed to greater

immobilization of fertilizer N. The sitqation was quite diffé‘%nt for
the dry growing season in Y985 (Fig. 4.4) when inorganic N was simiTat
for the tillage treatments for both crops. In the fall, with better |
- moisture conditions @’norganwc N was re]eased in both crop rotatTons

| The 1norgan1c N levels 1n\the fert1?1zer res1dué N p]ots were similar
for the tillage treatments foribar1ey and fallow plots (Fig. 4.&). As
the season progressed, greater fértitizer N immobj]igation in the NT
than the CT spring wheat treatment/*esulted in less inorganic N in NT
then.the'CT treetment. ,n_’/) : ’

4.3.7 Potential Microbial Activity

Soils were_incubated under ideal moisture and temperature
conditions so the limiting factors were substrate and the ability of the
existing microbial population to respond to the incubation.conditions.
Thus, potential m1crob1a1 activity served as an indirect measure of
potential available substrate: Potent121 microbial act1v1ty(was
strongly 1nf1uenced by crop, tillage, and season. In the sering,
potential m1crob1a1 activa ty (0 75 mm) (pr1e 4.9) was 219 wg of C0,-C
for the NT treatment compared to 114 ug of CO2 -C for the the CT .
treatment for winter wheat. A greater amount of potential microbial
.activity for NT relative to CT treatments continued through the season.
for winter wheat but the potential microbial activity of NT-for barley

remained at about the same level as in %he CT treatment until harvest.

a . M I 1 a® 2 A 2 AL
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was greater for the CT than the NT treatmeht'in the bar]ey and winter

- wheat plots. Potent1a1 m1crob1a1 act1v1t1es were generally greater in
B

x@#ops on residual. N plots (Tab1e 4.10).
Aﬁl ;

¥ mid-season of 1984 tTable 4.3) were

the NT than the CT treatmentgﬁ@

Potentia’ m1crob1aT act1vﬁtgg*? ;
- o

Jower than those in-corresponding treatments at mid- season in 1985

3

{Table 4.9).

Table‘4 9. Potential m1crob1a1 act1v1ty of soil samples from )
~ winter wheat and barley plots under CT and NT in 1985

§

LS

. *‘ Date (month-day)
- N 04-23 . 06-03 - 08-21
applied 0 _
1 epth »

Crop (kg-ha*") (mm) cT NT ° CT NT CT ~ NT
Winter S - *
wheat 30 0- 75 ° 114, , 219 69 . 119 144 259

: 75-150 154 102 76 94 . 94 94
Barley 50 0-75 264, 216 239 199 205 202

75-150 131 79 115 97 113 128 (e

fug of COZ-C released by 1 mg of biomass C during 10-day incubation.

*
Tillage 'systems significantly different at P = 0.05.

v
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Table_47i0.. Potenti&j\q*tqpbia1 activity of soil samples from
residual N plots " under CT and NT in 1985

o .
(o AN

app]‘ied L = 04-18 06"13 08-21
RERRIR I Depth. - .
Crop (kg ha™*)" (mm) ¢¥:.  NT cT NT cT NT
‘ sl |
Barley 30 0- 75 88, 133 118 141 179 232
75-150 127 63 93 113 88 98
"Fallow 50 0--75 82 o 102 - 132" 90 134"
75-150 87 . 87 67 81 147 1165
,/ . . . "
Spring : - N
wheat 50 0- 75 79 - 105 87 132 141 157
75-150 82 - 108 66 62 95 118
T S
— ' _

Trertilized in 1984,

.
¥ug offCOZ-C released by 1 mg of bidmas§gg§during a 10-day'incubation.
*Tillage systems significantly different at P = 0.05,

.

Table 4.11. Corre’ation coefficients (r) of soil
properties wit” biomass in 1985 at Lethbridge

K Pctertial '
microbial Inorganic < Soil
Crop Date aetivizy N temperature
Winter )
wheat 04-23 .494 -.120 -.637
: 06-03 _ 919, .552, .582
’ 08-21 .890 .957 - -.410
o ' ' *
Barley 04-23 -.348, .092 795
. 06-03 ) .937 -.208 -.168 .
08-21 .550 . -.329 -.486

*
Indicates siygnificanieg
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4.3.8 Correlation of Biomass and Soil Properties
=
There was generally a good correlation between potential "
‘microbial activity.and soil biomass at mid-;;ason and_in the fall (Table .

: . ) : » - v
4.11). Soil temperature was positively correlated (r = .795) with soil

8

biomass in the spring for barley. There was a_very poor correlation

begween infprganic N and biomass except For the winter wheat treatment in

the fall (r

4.4  DISCUSSION : < | : ®
| Growing §easdn?precipitatioh—+or 1984 and 1985 was 94.1 and 58.9
mm, respectively, compared to the 16ng-term avérage ofv94;1 mmj“The ;¥
amount and t}ming of growing seasoﬁ precipitatfon—(hhapter 2};Fig.mé:1)’
had a major effect on biomass growth abﬁ;ghe soil nitrogen cycle.
In 1985, biomags differencgs.between ti]]ébisystems varied over
~—the season. The majof_contﬁol on biomass growth‘fo both tillage
systéms was s0il moisture (co;re1ation coefficient = 0.86, p < 0.01).%
Biomass was larger in the spring and fall when soil moisture was
aéequate. At certain times of the growing season, tillage induced
Jiffe%ences in soil parameters affected biomass size. Greater biomass C
for CT than NT barley (747 vs. 635 kg ha~ 1) prior to tillage in the
spring wasvassociated with higher soil temperatures. Sbi} tempefatures
6chapter 3, TaS]e 3.1) measured in this study and those observed by
;thgrs (Carter and Rgnnie, 1985) were often less under NT early in the-
growing season becau;é of more crop residue and/or greater soil

moisture. Greater amounts of biomass C-for cT winfer wheat compared to

~ the RT treatmént (664 vs. _,Wg ha'l) probably reflects the crop
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residhe incorporated the previous fall. Tillage would incorporate the
*crop residue in the soil ‘in a more favorable moisture environment.
Moisture- (0-75 mm) was depleted more in the NT than the CT soil in the

. L ‘
spring due to a much more advanced crop. Desiccation of surface crop

. residue in the NT treatment by strong chinook winds would hinder biomac .

. growth.

Biological activity can be affected by.crou growth. Crop roots
can 1ncreése biomess by supp]ying ;hizosphere orgapisms with - C
substrate, but they. can also affecf biomass through thqir effect on soil
properties such és ﬁgmpérature and moisture (Alexander, 1977). Ti11age
effecfs on bﬁomasé were related to root density dffferences (Lynch and -
Panting, 1980). In théﬁcurrent study, cﬂap growth was more advanced~for

(@}
the NT than the CT treatment for winter wheat in the spring. Greater

. biomass in the CT than the NT treatment suggests that increased moi sture

removal by‘the more advanced NT crop had a-deleterious effect‘on biomass
rather than an enhancement due to areater root growth. Later in the
summer, 1a¢k of moisture caused by Scant précipitation and crop removal
of soil moisture, was the dpmigt
aftes harves%: the m;jn effect on biomass appeared fo'be gfeaterlsoil
moisture in NT than CT‘treatments. L | )

La&k of difference in amounts of biomass between ti11a§e'

treatments for barley p]ots‘on.tﬁe'residual N plots (Table 4.2) could

¢

‘have been caused bv small crop residue.amounts due to removal a3t the

fan hafyest. Greater biomass C in the NT than]CT fallow treatment (552

vs. 485 kg‘hafl)vwas likely a result of more soil moisture in the NT

than the CT treatﬁent. Surface soil.in the CT treatment would tend to

108.

4 . . .

ntnt effect on biomass. In the fall, ”S
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dry out with repeated tillage ope ations. The con:.derable amount of

organic C (Chapter 3, Table 3.5) {n the surface soil layer (0-75 mm) of

.the continuous NT wheat rotatior and its

N

on spring soil -

temperature and seasonal soil moisture
-

for the same tillage*effects on biomass for the residual N plots as the

likely responsible

current 1985 crops where the prevfous crop residue was retained on the
-_p1pts. . “'
Variations in growth patterns of biomass between ti11age systems
in this study have important implicatfons for crop "growth and crop
- response to ferti]izeruN.’ Farly season biomass in the CT treatments
with an accompanying greater Fn suggests that biomass demand for N will
occur before the'period of maximum uptake of N byvthe crop. - In
addition, Nlthat'Was immobilized early in the season may be released
later in the growing season to be‘uti1ized by the growing crop. In
contrast,uthe growth of biomass 1ater in the growing season in the.NT

tr atuents will probably compete wfth'th¢ g&ﬁgtng crop for N wﬁich wilT
nét be re1eased in time for crop ut111zat1on Competitdon for N at av
cri. .al time could produce decreased crop yields and/or reduced gra1n N
- content for the NT system. ’
Linear corre1atjons;between bfomaSS and various soil parameters
were carried out for specific datesA(Tab1e 4.11) so-the'main-data
comparison‘was across tillage systems rather than with time.
‘Correlation between biomass C and potent1al m1crob1a1 act1v1ty at
mid-season indicated a link between crop reswdue substrate and biomass

size. The correlation late into the season suggested that the fresh

crop residue substrate was not being used up, so the greater biomass

4
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size was nrobably the result of soil parameters sueh as éoi; temperature
or soil hoisture re]ated to crop residue cover. McGill et al. (1986)
showed that biomass wae correlated more with soil moisture and
temperature than wit% tillage and cropyresidue addition. .Biomass C and
potential micropia] activity was not correlated in the spring. In the
spring, b}om§§§ size was greater in the CT than the NT treatments.
Early in the s;ason potential micrebia1 activity was not affected by

tillage in barley plots and was: greate~ in the NT than the CT treatment

&

for winter wheat. !

o A positive correldtion between biomass and soil temperature for
the bar]ey plot (r = .795) indicated that higher temperatures for the cT
than the NT treatment in the spring encouraged better m1crob1a1 growth.
The negat1ve correlations between b1omass and soil temne-ature for the
winter wheat treatment in the <pring and fall (r = -.637 and r = -.410,
respectively), and for thebbar1ey treatment in the fall (r = -.486), was
lprobab1y eaused by soil moisture differences. Greater soil moisture
(Chapter 2, Tab1e 2.2) and lower soi]'tempera&g&e (Chapter 3, Tabae 3.13
were reported for the CT winter wheat treatm 1t in the spring and in the

o
NT crop treatments in the fall.

A Y

. Tillage-induced differences in soil moisture, soil temperature,
» »

and"Crop re- Jue incorporation appeared to be re5p0£51b1e for.the

difference in biomass between tillage systems obsera\dqlnﬁph1s study.
¥

 ldentification of soil parameters gove ning biomass growth may

facilitate adoption of management techniques, such as timing of crop

P

residue incorporation, whict minimize biomass N immobilization when
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o
biomass i competing with croﬁé for N and to maximize biomass N uptake
outside of this cqﬁpetitiye period to conserve soil N,

k The amount of incorporation of fertilizer N into the soil
oﬁ@anic pRase (Table 4.8) by mid—seasqn'ﬁas affected by crop, tillage,
and year. In 1984, fertilizer N iminobilization was much greater for NT

‘than CT in both crops. In 1985, fertilizer N immobijlization was
\Lﬁ.égakg ha'1 for CT compared tb 3.42 kg ha'1 for NT winter wheat-p]ots:
 and there was no difference betweén’bér]e; ti]]age treatments.
Generally, only a small fraction of this fertilizer N was presontﬁin the
" biomass M. éased on the fertf]izer N present ig’the Fn (Table 4.8) and
using a conservative Kn value of .68 (Shen et al., 1984), biqmasst'
acgpunted for 22.4% of the immobilized fertilizer N in the NT A;:lgyfl\
treatment. In 1985, the biomass N only accounted for abeut 12.8% of the
immobi1izéd fert}lizer_N in the NT 6}r1ey treatment.

The smat] amounts of immobilized fertilizer in th%h5§omass was
much less andvnot propo~tional to the large amounts of fertilizer N in
the §9i1 oréanic fraction. tertilizer y imﬁobi}ization accumulation in_
the Aon-b omass organic N fraction could have occurred through: biomass
assimilation of fertilizer N.and conversion to the.more resistant
organic N fraction, or direct reaction of fertilizer NH4*-N or NH3 with
soi]yconstituents.

Consideri-q the first exp1$nation, sbring incorporation of

barley straw residue in CT plots would have resulted. in substantial

immobilization of soil mineral N very early in the growing season. In

.

111

1984, a dry spring, broadcast fertilizer would have remained on the soil
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surface. Later in the growing season precipitation would have washed .
~ fertilizer N deeper in;o the soil surface layer.(0-75 mm). Thus, good
mpisture condiﬁions and abundant crop residue availgb1e in the NT plots
for winter wheat and barley, woL]d have resulted in substantial
fertilizer N 1m60bi]ization (6.35 and 10.99 kg ha,‘*espéct19e1y5. ¥

The calculated potential for fertilizer N immobilization based
soley on the crop residue from the previous crop,:irdicates that the
immobilized fertilizer N could have occurred by biomass assimilation.
For example, winter whéat straw yield in 1983 for trz NT treatment was
approximately 4430 kg ha'l. "Assuming 45% C by weigrt, a C utilization
efficiency of 50% {McGill et al., L98¥), and a solucle C concentration

of 14% (Reinertsen et al., 1984), the readily availahble C would be 140-

1

kg ha"'. Using a biomass C/N ratio of 6.7 (Shen et al., 1984) the total

1

N immobilization would be 20.9 kg ha ~. Soluble N n the straw was

3
estimated at 10 kg ha'1 (Reinertsen et al., 1984)." 3iomass production

N
would still require 10.9 kg ha ! of inorganic N. I~ 1984 and 1985,

fertilizer N immobilization in théJpﬁr]ey treatments rangéd from 3.93 to
12.67 kg na L. v
By midseason, as soil conditions‘became much drier and less
substrate available, mineralization conditions dominated and biom;ss
fertilizer N was eithe} converted to resistapt organic N or mineral N.
| At midseason‘the amount énd INDFF of mfnera] N was greater in the CT°
than the NT plots (Fig. 4.2 and Fig. 4.3). The ferti]izer N in the Fn
had decreased to low amounts in both tillage systems (Table 4.8).
Rapid loss of fertilizer N from biomagss caq occur under some
field conditions. Cartér and:Rennie (1984b) gound a decrease from 31.2%

.



" biomass C of 664 kg ha”

of fertilizer N {108 kg ha ') in the biomass to only 4.8% later in the

growing season at a Lethbridge site. Widely fluctuating moisture Jed

h

temperature at the soil surface was suggested as a reason for the short

haif—1ife for the mierobia1 biomass N. .
. ¢ ‘ :

) The %NDFF in the Fn was similar for ti11age treatments' for

. barley (2. 92") _but for winter wheat;, *NDFF ws 1.44% for NT plots and

.93% for CT p]ots. The tillage effect for winter wheat plots could be

~s.sed by very smail>apoupts of available C in the CT plots compared to

NT plots since CT summerfallow promotes fast crop residue decomposition.’

In 1985, precipitation at seeding resulted in fert§1izer N

Y

immobilization of 9.71 kg ha ! in CT and 11.08 kg ha™l in NT since

substantial substrate was avai1ag%e for biomass in both tillage systems.
1

M\{Ezlwinter wheat a fertilizer N immobilization of 6.86 kg ha "~ for CT

and 3.42 kg ha—1 for NT was quite large, considerating the small level

of crop residue remaining after CT summerfallow. Some of the N

-1mmob111zat1on could have been assoc1ated with blomas i the

rhizosphere of the rap1d1y grow1ng winter wheat crops. The greatef so0i1l

L for 1 compared to only 484 kg ha™l for NT

plots at seediny time reflected more favorable conditions for biomass in

CT than NT. As in Y984, with subsequent dry conditions the biomass
decreased and b1owass fertilizer N wa% m1nera11zed or converted to
resistant material. At midseason the §1ze and %NDFF of the inorganic N
fraction showed on]y a slight 1nverse relatwonsh1p with fertilizer N
immobilization in each t111age system (F1g 4.2 and F1g 4.3). The
INDFF in the Fn for winter whe@ﬁ was .79% for CT and 1.87% for NT but

there was .no effect of tillage on barley plots.

113
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{ Considering the second explanatiqn, bart‘pf the immobilized
fertilizer N in the nonfbigmass organic N may have occurred NH4+
‘fixation by clay minerals or NH3 fixation by'oréan?c matter. Ammonium
fixation was probably not a significanf procéss as clay fractions of
southern Alberta soils gré comprised maihﬁy (54%) of smectite (Dudas and
Pawluk, 1981) and‘surfaée soii layers containing moﬁtmori?]onite‘clayv
have a low capacity %or NH4+ fixation (SteveﬁéZﬁ, 1986). Ammonia
fixation is favored by organic matter, alkalire fertilizers (eg. ufea),
and a high soil pH (Stevenson, 1986). In the "Q%reﬁf study, a close to
neutral pH (7.1) and a NH4N03 fertilizer source‘suggested tHgt NH3.
fixation by organic matter was not the major féftijizer‘N fixatioh’
process.

vt

The’brigina1 hypothesis was supported since the amount of

v

fertilizer N immobilization was related to the amount of.trOp resﬁdue ¢ .
and surface 5011 moisturd. The most plausible fertilizer N fixation'
‘pathway appeared to be bigmass assimilation, but NH3 f1xat1on cannot be

" ruled out entirely unt11~i:;5arch work is carried out to quant1fy th1< :
process under the conditfbns o} this study.

Mineral N production was much greater far the CT than the NT
treatment for the continuous spring wheat fertilizer residual N plots.
The reason for this deviation frbm other crops‘in 1985 coQ\d relate to a
greater surface buildup of resistant organic material. This soil mulch
Jayer would favor greater biomass growth and increased immobilization ?f
fertilizer N in the NT ‘than the CT treatment; This efficient N cycling

in the NT treatment sustains a greater amount of soil organic matter as

more organic matter promotes better cFop growth which subsequently



D
produces'more organic matter. This seif—perpetuating cycle do not/
seem as eviqent in the 3-year rotation which includes fallow. Thw
study suggests that fallow tends to remove differences in crop resfhdue
between tillage treatments so that a buildup 6f organic matter in the NT
compared to the CTatFeatment does not octhir. -

Fertilizer N immobilization differences between tiliage
treatments and its effect on goil mineral N were large enough to affect
crop N concentration even though sdil m;hera1 N remained relatively .
high. Fert111zer N 1mmob111zat10n at a critical early t1me of the
growing S-aion comb1ned with some fert111zer N being stranded on théﬂdry
s0i1 sur¥ace gou1d explain the previous‘contradiction, Greater
fertilizer N immobilization for the NT than the CT barley treatment in
1984 (Chapter 2, Table 2.}) Eauséd less grain and straw protein at the
25 kg ha-1 fertilizer N rate for NT than the CT treatment but not at the
higher N rate. 1In 1983, fertilizer N immobilization was not measu}ed
but, again, decreased grain and *straw N contents yere found in NT than
LT at thg lower N rates for barjey,straw {Chapter .2, Table 2.7) and for
Qinter wheat grain and straw (Chapter 2, %ab]e 2.6). \

Fert111zer N 1mmob111zat1on was controlled by the effect of the
amount and t1m1ng of grow1ng season precipitation and tillage system
architecture. Banding ferti]izer N below the surface soil residue layer

could reduce fertilizer N immoBi]ization but would leave the fertilizer

N more susceptible to leaching.

115
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4.5 CONCLUS}ONS

Greater early season biomass growth in NT treatments compéred to
CT treatments and accompipying increases in biomass N suggested that CT
biomass was less competitive with the grow1ng crop for s0il N than NT
biomass. In CT treatments, biomass demand for N occurred before thgs
period of maximum uptake of N by the crop and subsequent m1ner;%1zed N

could be utilized by the crop. In'contrast, the biomass increase in NT'

v !

compared to CT treatments later in the growing season was ﬁore
competitive with the growing crop for N and would not release N in time

for crop utilization. Competition for N at a crucial time could pfodudg"f‘tf%ﬁ@
(-“‘ ) - - e b“),c‘ s i N
lower crop yields and/or lower grain N contents for the NT than the GT -
\ S
system. s

o

Greater biomass growth in CT than NT)treatments for spring}7 -
Ny
seeded crops was apparently caused by higher 5011 temperatures

e,

Increased b1omass growth in CT than NT treatments for winter wheat ine j'fa'
the spring was dependent upon greater soil moisture and_crop residye ;37;;;§~
’” ) s : v

incorporation. Greater surface soil moisture (C-,. m' promoted better

biomass growth in NT than CT treatments for crops later in the'gnouing§§1 ‘
: ) DN ER-Y ot
season. Identification of the soil parameters that govern biomass . - %ﬁlat"

growth will permit development of tillage practices that minimize
biomass N immobilization when biomass is competing wwth crops for N but n;

maximize biomass N uptake after this period to conserve soil N.

The incorporation of fertilizer N into the soil organic'phagéin.
was attributed to biomass assimilation and reaction of NH, with the soil
’ I

organic matter. Fertilizer N incorporation into the active fraction of

. biomass appeared to be the main process and was related to the relative



amount of high'C/N crop residue material present in the soil when

fertilizer N was moved into the soi1isurface>(0-75 mm) by p#gcipitation.

-

The effect of amount of crop residue and weather on fertilizer N
immobilization complicated prediction of crop N requirements. The
persistence of greater net,immobilization .conditions in NT than CT
treatments through the growing season generally reduced fertilrzer N
efficiency but favored soil N conservation. The reaction of NH, with _

3
soil organic matter may have also accounted for part of the fertilizer N

immobilization.

-

{
{
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5. CONCLUSIONS

5.1 GENERAL DISCUSSION
This study invgstigatéd the impact of conventional tillage and
no-tillage on crop producgioh and long-term soil qua1ityff0r two Crop

— ,
rotations, a 3-year rotation - winter wheat-barley-fallow, and

. continuous ;heat. Field experiments were carried out at Lethbridge and
Vauxhall dn a 16am énd c]a; 1pam soil, respective]y, in the semi-arid
region of‘southerﬁ Alberta (long-term growing season rainfall - 94.1 mm
at Lethbr{dge a;;795.6 mm at Vauxhall). Thré; ferti1fzer treatments‘of
broadcast 15N ‘abe11éd’NHhN03 were superimposed on the’ main tillage
plots of the two grain rotations in a\Split-5p1it-p1ot'désign;‘

The so0i1 parametérs measGFed ;ere temperature, moisture, bulk
dénsity, ﬁinerai N, total N, and Orgaﬁic C. The soil biomass parameters
meqéured-ﬁere biomags C, flush of N, and pqtentia1 microb191 activity;
Potential mitrobia1 activity prcvided an estimate of available crop
residue substrate. “Crop parameters were grain and straw y1e1dt grain

Qand straw N concentfation. fhe INDFF was measured in each soil,
biomass,-and-plant fraction, and the amount of fertilizer N in each
fraction was calcu1atéd. Crop residue brior to seeding (Appendix 6.9)
was estimaged'frdﬁ grain ?nd ;traw yieldé‘anq previous measurements of
crop residue decomposition.

The effecés of tillage induced changes in soil patameters on

crop yield, crop N concentration, biomass C and N, and fertilizer N .

immobilization were assessed. From this information, it is now. possible . .
’ ‘(Q o

o
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, .
to 1ook at the total p1cture and determ1ne the 1mportant

1nterre1at1onsh1ps between crop growth biomass growth and the soil N

" cycle. Crop growth ano biomass are linked through crop residue input
and the minera1 N pool as contr011ed by the soil N cycle.

B1omass growth responded differently from crop growth to
t§11age-induced changes in soil parameters. B1omass was greater for CT
than NT treatments 1n the spring (Chapter 4, Tables 4.1, 4.2 ,9and 4. 3)
as a resu]t of h1gher s? 1 temperature§,1n CT than NT treatments for
spr1ng seeded crops. So11 temperature nad no effect on crop growth
(Chapter 3, Table 3:11). Greater surface soil mo1sture (0- 75 mm)
(Chapter 3, Figs 3 1 ‘and 3.2) in tne spr1ng favored early crop growth
and better harvest y1e1ds in NT than CT treatments q Bibmass was greater
for NT than CT treatments (Tables 4. and ..2) as the season progressed
since greater surface crop residue (Tab1es'4.9 and 4.10) resulted in
‘greater soil mo1sture in NT than CT treatmends. Tifﬁage 1nduced changes
in 5011 parameters as a result of crop residue 1ncorporat1on affected
fertilizer N 1mmob111zat1on and the so11 N cyo]e with the magn1tude of
the effeot dictated b{ the weather and system architectyre. In years
with little precipitation; croprreSidue incorporation in CT treatments
- increased crop residue decomposition relative to NT treatments (Tables
4.9 and 4.10) and as the season progressed; net mineralization
conditions predominated in CT treatments while NT treatments tended
: toward‘net‘immobi1iaation (T.ble,ZtIO) due to the persistence of high
-{QZN crop residue on‘the soil surface in both spring‘seeded crops and

winter wheat.



Fertilizer N immobilization was affected by crop,'ti11a§e, ana
precipitation timing. Fertilizer N immobilization was f&QQrEd by
greatér Fmounts of crop residue ;oinciding with precipitation events
which produce good surface (0-75 mm) soil moisture conditions. When
éar}y groying season soil conditionslwere dry and preﬁipitation occurred
later in the gering season (i.e. 1985 and 1984), a greater amount of
high Céﬂ crop residue occurred in the NT than in the CT plots, and

fertilizer N-immobilization was much greater for NT than CT \Tab1e

. 2.10). Qonsequent1y, decreased crop N concenirations occurred in NT

treatments compared to CT treatments at the 1owef ferti1tier N rate
(Table 2.75f?bhf there was no difference in crop N concentration between
tillage -treatments at the highest fertilizer N-rate. LSma11 amounts of
fertilizer N in the Fn (Table 4.8) durihg the gréwing séason even .when

substantial amoUnts of fertilizer N were immobilized suggested that only

a small fraction of the total biomass was.active. This active fraction™

of the biomass turned over rapidly, probably accelerated by wetting and

drying conditions, and incorporated fertilizer N was rapidly converted

“to more resistant organic material. Reaction of NH3"gth organic matter
: .4

could also have contributed to_ fertilizer N immobilization in the

organic N fraction.

In 1985, some precipitation occurred at thestime of seeding but
_ L ,

the rest of the growing season was yery dry. For spring seeded.bar1ey,
. Ve
h

-

fertilizer N immobidization was substantial (average = 10.4 kg ha ") in

‘both tillage treatments (Table 4.8) and caused a straw N concentration

response (Table 2.7) to fertilizer N. In the continuous wheat rotafion,

-~

as in previous years higher organic C in the NT treatment resulted in
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© 6.81 kg ha~

4

much lower soi’ mineral N in fhe;NT.than the CT treatment by mid-season

in the 0-75 mm soil layer (5.57 vs. 16.45 kg ha_l, respectively) (Fig.

4.4). Fertilizer N immobilization was 6.86 kg ha !

in the CT compared
t673.42 k& ha'l in the NT treatment for winter wheat as a result of less
moisture in the NT than the CT treatment. Greater fertilizer N
immobilization in the NT treatment was accdmpanﬁed by slightly higher
soil mineral N.values by mid-season in the 0-75 mm soil layer (9.81 vs.
L for NT and CT, respectively) (Fig. 4.4).

The %NDFF values (Figs. 2.2 and 2.3) were greater for NT than CT

treatmenté”for spring seeded crops. Greater soil moisture (0-75 mm) ir |

NT than Cf treatments probably led to gfeater root proliferatinn in this
%one where fertilizer N was concentrated. In CT treatménts. rcots may
have grown deeper in soil wheqe-there was less fertiTizé} N.

The INDFF va]uésl(Figs. 2.2 and 2.3) for winter whe:* followed a

different pattern. The %""7 values were greater for NT treatments when

the_growfng season was wet but the values were greater for CT treatments’

when the growing season was drier. Soil conditions that favored
fertilizer N immobilization also favored fertilizer N uptake.

The effect of tillage induced soil parameter changes on

124

short-term primary production and organic matter decomposiE1on over time

W

determines the equilibrium level of organi~ matter in the soil which

affects long-term soil quality and ultimately controls ltong-term crop
productivity. Previous studies under more humid C]imates (Rice et al.,

1986; Lamb et al., 1985) reported the lower availability of soil N in NT

dompared to CT was only a transient effect and eventually N a&aﬁ]abi]ity'

-

f
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was similar for tillage systems. This study, conductedﬁin a semi-arid

-

1

area, revealed different results. ‘\' ° :
In the continudus wheetyrotation in years with low growing

season precipitation, crop yields (Chapter 2) were generally greater

with NT than CT. Conuerse1y, trop. residue decomposition and minera] N

product1on were greater in CT than NT treaxmen ; Under dry cond1t1ons

"cr@p res1due decompos1t10n was delayed by dr/ fb of the § 11 surface.

Py

This d1ffere@ce.¢e%ween product1on and decompos1t1on in tillage.

) 'r*-‘,u

‘treatmenks resuTted in greater organ1c matter content in NT  soil than cT
N’
5011. As the organic matter accumu]ated,vthe assoéiated organ1c‘C

“helped promote greater net immobilization conditipns in the NT than the
CT soil.. Less crop N uptake and greater mineral N production mnder CT
than NT can lead to greater mineral N losés through leaching.-and a less

eff1c1ent 5011 N cycling. Organic matter accumu]ation in the NT

a
i

treatm@nt produced a pos1t1ve feedback on 1tse1f as. increased organig

matterufavors greater crop yields which, in turn, produced more &rganic
matter.’“f } | - g

L,IQ the 3-year rotation, a1thoughicrop yieid and net N
1mmob111zat1on was genera11y greater (Chapter 2) in NT thah cT, an
1ncreas%(1n organic matter was not ev1dent It 15 poss1b1e that w1th

fa]]ow 1n the rotat1on the buildup of organ1c C was prevented s1nce :

organic matter decomposition would proceed through the fa]]ow season

under favorab]e temperature and moisture conditions with minimal residue’

7 > ' ’
input. - s : . , ,

The‘resu1ts from this study support the original hypdtheses by

demon;trating that: ":*“
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(1) Improved soil moisture in NT than CT treatments préduced .

(2)

5.2 .

- greater crop yields when growing season precipitation was

limited. p

Tillage-induced changes in soil moisture, soil temperature and

crop residue affected the soil N cycle and *nd1rect1y, crop N
3

concentration.

In the continuous wheat rotation there was more efficient soil
{

N cycling and improved long-term soil quality in the NT than

the CT system.’

GENERAL CONCLUSION )

“"Based on crop yields, NT was superior to CT for this semi-arid

. ¢
region. Greater yields for NT than CT grain crops were

éssocfated Qith greater surface s0il moisture levels in NT than
CT treatmenis, particularly when drj s0il conditions were
prevalent in the early part of t;e growing season. Conserving
s0il moisturevat seeding should be a main ojjective for grOwers.
Seedbed preparat1on t111age should be avoided if possible and

f ( .

fert111zer p1acements used that minimize s6°1 d1sturbance.

X B
Crop yield and crop N conéentratidn)ﬁécreases w?iﬁﬂg}e%teh'

increments of fertilizer N were more often obgerved.in°NT than
in CT treatments for spring seeded Crops, wnen conditions
promoted N immobilization. Fertilizer N immobilization was

favoréd‘by ample soil moisture and crop residue in proximity
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c)

L/minimize fertilizer N immobilization,
3

~
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wWith the broadcast fertilizer N. GEneral1yk greater fertilizer
N immobilization for NT than for CT treatments suggested that

fertilizer N should be placed below the crop residue layer to

[ N

\ -
/
\ . >
- -

Greater amounts of soil water were conserved by NT compared to

*

CT plots on a Lethbridge loam soil but not on a Chin clay loam.

Variation in soil moisture Qonservation between NT and CT for

different soil fypes was attributed to textural layering and
mulch layer thickness. Know1edge of the effect of soil texture,
soil organic matter, and textura1 1ayers on 3011 mo1sture
Vi 4

conservat1on are necessary to predwct which t111age<e§%xem will &

be more favorab1e for a g1ven,501]utype.
b} . .

In yearc with low growing seasén precipitation, greater crop
yields énd reduced crop residue’decomposition and mineral N
product1on occurred for NT compared to CT treatments This
imbalance between pr1mary productwon and orqan1c matter

2,

decomposition, d1fferﬁng between ty]iage treatments, resulted in
. " ) ’ 'U‘ v | '

greater organ#éfmatter content in NT than CT soil in'the

cont1nuous wheat rotat1on Organic matter accumulation was not

yet evident in NT treatments in the three- yeéq"?btat1on

probably because of the masking effect of the fallow treatment.

~Based on long-term soil quality, NT compared to (T was a-

superior tillage system for. this éemi-aridAregion, oarticular1y

for continuous cropping rotations.



" Greater biomass growth in CT than NT treatments for spfing
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€,

séeded crops was apparently caused by higher soil temperatures.
Increased biomass growth in CT than NT treatments for winter

wheat in the spring was attributed to greater soil moisture and
crop residue iqcorporation. Later in the growing season,

greater crop, résidue 1€ye1s caused greater improvemeﬁt in soii \\

moisture in NT than CT treatments which encouraged better

\.‘b— -

bjomass growth. In CT treatmgnts, biomass Hemand fqr N occufred e
before tﬁe maximum uptake of N by thz crop and. subsequent
mineralized N could be used by the'crop. In contrast, the
greater biomass increase in NT later in the growing season was
more competitive with the growing crop for N and would not-
release N in timé for crop uti]izatjon. In certain years,
biomass competition for N at a crucial time could produce

smaller crop yields and/or decreased grain N contents for- the NT

than the CT system.

The inco%poration of fertilizer N into the soil organic phase o
was attributed mainly fo biomass assimilation and subsequent
transformation into more resistant—organic matfer.\ Fertilizer N
immoBi]ization was faVored by amp1i,soi1 moisture and high C/N
crop residue matefié] in proximity t§ the fertilizer N.

Fertilizer N immobilization was greater in NT than CT treatments
for spring segped crops. in years when growing season

precipita}ion Qas below average and-occurred later in the

seasqn. The interactive effect of crop residue and weather on

f



?

fertilizer N immobilization makes the forecasting of crop N

requirements Hfoihu1t. Identifying the s0i1 factors that

influence fertilizer N immobilization will assist researchers in

making fertilizer placement and tillage recommendations that

will maximize fertilizer N efficiency and soil N conservation.

\
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6. APPENDIX

6.1  MICRO-PLOTS, FERTILIZATION, PLANTS, AND SOIL SAMPLING

\ The mqin purpose of this studyrwas to test the effect of several

5011 variab]es on crop ferti]izer N uptake and on N cycling in the soil.
o .

This type of study required repetitive soil sampling qver two yeafs.

Plots of 1 m2 were used for broadcaSt'lsN NH4N03 without any unnatural -

meter. This type of plot is probably not the

<

boundary around the peri

- ¥y
" best choice for achieving high recovery of fertilizer N but'has the.
_ . o

advantage of not disturbing the soil and does r°* T n

temperature and soil moisture gradients. Private':of
Keith W. Steele (1983) revealed that microplots with Qa1fed?566n@h;ﬁéé
affected results in fteld experiments {n New Zealand compared toﬂ
micrep1ots without.boundaries. , |
Fertilizer N was Sprayed with a Broadcast application. This

uniform application allowed several subsequent probe samp]ings to)obtain_

a representative soil sample without removing much soil. A major

disadvantage was that obtaining an accurate depth sample from the top
p 1
few cm of soil was difficult with soil probes. )

At harvest, the complete.l m2 was harvested. Plans to harvest

0.49 m2 in the plot center was not carried out in 1983 and 1984 due to

uneven growth as a result of poor germination and drought. In 1985,
0.49 m

1 m2 sample and analyzed for 15N/MN content. This inner square would

-

not be affected as much by losses of fertilizer N to p1ahﬁs outside the

’
t4
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in the plot center was harvested separately from the rest of the
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i 'm2 sampling area. The total dry matter yield was represented by the _g?'

— P

sum of yields from the complete 1 m2 area. In the spring and fall soi]z

1°8
samples were tg}en within an 0.7 m x 0.7 m area centered on the 1 m2

area, from the following depths: 0-75 mm, 75-150 mm, 150-300 mm,

AR

3g§apg500 mm, 600-900 mm, and 900-1200 mm. In the fall, soil samples were

taken from within the microphot area with the~game increments.. At

]

mid-season, dep;hé were: 0-75 mm, 75-150 mm, and 150-300 mm. "1In the

spring, and at mid-season, soil samples consisting of four cores, 20 mm

&g

in diameter, were taken from each mitrohWot‘ In;théifa11 there were s{x

] - : ’ ¥ ¥ +

cores, 40 mm Jn diameter.
Seil sampTes were mixed in the field and transported in

inéulated coolers to 5°C ‘storage rooms. Soi1_samp1es were extracted
with 2N KC1 within two days. The remaining soil sample was air-dried
and kept for total N anal;sis.

| fop growfh and main roots were harvestedffrom each mjcrop1Qt in
the fall. Grdin samples were threshed, dried at 650C, and ground
through a 1-mm sieve. Chaff, straw, and roots were dried at 65°C and
ground together through a 1-mm sieve. The main roots were pulled put

with the grain straw from the 0-150 mm soil layer. - The roats were dried

and the soil brushed off. Plant roots were ground through a 1-mm sieve.

6.2 STATISTICAL ANALYSES

Analysis of variance was generally carried out on a split-plot
design: reps t111age/ferti1ity:‘ reps = 5, tiilage = main plots = 2;
, . 0

fertility = subplots = 3. For comparison of some soil parameters

~ between rotations,'a split-split-plot desfgn was used: reps



MY

133

crops/tillage/fertility: reps = 5, crops = 3, tillage = 2, fertility =
3. Standard errors for testing effects of the factors applied to the
main plots and subplots and their interactions were as described by
Little and yﬂ]s .(1978). Comparison of soil parameters were carried out.
separately for each dépth. Pearson\corré1ation coefficiénts between

grain yield and various soil paramaferg,were calculated using the SAS

pro‘cedure CORR (SAS .Institu__te Inc., 1985). '/ h
X ’f : \ _3 ) .
6.3 }gggULK DENSITY (Mg m ~) AT LETHBRIDGE AND' YAUXHALL FOR THE
- 3 OTATIOﬂ AND CONTINUOUS WHEAT AFTER FALL HARYEST IN 1984
Soil : Lethbridge . Vauxhall
depth , B
Rotation (mm) CT NT cT NT
] .1 =3 N

3-yr rotation : 0- 75 1.26 1.28 1.27 1.26
75- 150 1.29 1.28 1.31 1.28

150- 300 127 1.31 1.36 1.41

300- 600 RS W) 1.42  1.43

600- 900 B SR 1.51 1.54 1.52

900-1200  1.50 "~ 1.46 1.60 1.59

Continuous wheat 0- 75 1,26 1.28 1.25 1.2
‘ ‘ 75- 150, 1.27 1.2} 1.29  '1.31
1501>300 1.28 1.29 1.36 1.37

300- 600 1.30 © 1.23 1.45 . 1.41

600- 900 1.32 1.42 1.57 1.59

900-1200 1.41 1.36 1.61 1.60




x*
6.4-a SOIL TEMPERATURES (°C) FOR CT AND NT IN 1983 AT THE LETHBRIDGE .
SITE ' v
Weeks Winter wheat Barley Spring wheat
after ' 3
planting cT NT cT NT CT NT
. - g ® -
T ~ v
2 21 23 22 21 22 21
3 24 28 26 25 26 25
4 22 24 24 22 24 23
5 24 24 23 23 23 ~ 24
6 29 30 30, 30 31 31
7 s 27 28 28 29 28 28
8 - 24 25 25 25 25 25
9 27 27 28 29 29 29
10 32 32 34 34 39 36

*0C at the 2-cm soil depth at 1530 hr,

?

6.4-b

AND NT (0-900-mm LAYER)

134

SOIL TEMPERATURES (°C) FOR CT
ON 83-06-24 AT THE LETHBRIDGE SITE .
Soil Winter wheat Barley Spring wheat °.
depth 4 _ h
(mm) CT NT cT NT cT NT
20 23.5 24.0 23.0 23.5 23. 23.0
100 ) 20.5 20.5 20.5 —-- 20. 20.0 21.0
350 18.0 17.0 18.0 18.0 16.0 18.0
400 16.5 15.0 17.0 18.0 16.0 18.
600 15.0 14.0 15.0 16. 15.0 16.
900 13.0 12.0 13.5 14.0 13.5 14.




6.5 SOIL MOISTURE CONTENTS AT VARIOUS éOIL WATER POTENTIALS AND
PARTICLE SIZE ANALYSES FOR THE 0-600 mm SOIL LAYER AT LETHBRIDGE

AND - YAUXHALL
£ Soil Tension (MPa) Parfic1e size Téiture
depth
(mm) 0.02° 0.5 1.5 Sand Silt Clay - «class

AR

moisture g kg'1

Lethbridge 0-150 206 111 109

49.5 31.5 19.0 L
150-300 J232 144 141 40.2 31.0 28.7 CL
300-600 248 146 143 44.5 25.5 30.0 CL
Vauxhall 0-150 253 155 154 -39.8 29.7 30.5 CL
150-300 249 159 155 37.6 28.7 33.7

N
w
o
.
(@ ]

6
300-600 249 159 157 33.0 3l1.

. 6.6 ° NATURAL ABUNDANCE OF !°N (%) IN THE LETHBRIDGE LOAM SOM_
. . a . : ' \ )

Soi , . Total N | S Inorganic N

depth . .

(mm) _ cT - ¢ Al NT

0- 75 .37014 36927 L L36746 ".36689

75- 150 .36947 : .36921 _' .36725 .36642
150- 300 .36999 36022 36410 | .36626
300- 600 37037 | 36888 5643 36632 -
600- 900 - .36956  .36923 36967 36638
900-1200 036951 ,{.36948 . .36859 .36638

NH4NO Fertilizer .36653.

* ,k’
A NO3 1984 - 4.9895.

*
NQ3

‘ *
Labelled NH

" Labelled ~NH 1985 - 5.4765.

4

CL
o

135
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6'75? gNDFF FOR GRAIN AND STRAW FOR YAUXHALL (1984) AND LETHBRIDGE
(1985) g ' , .

Grain Straw

o

~ 3 . Fertilizer - ’ Ferfilizer

oy

-
~0

N ,
Crop TN Low High . . Low ~ High
< [ '

Vauxhall, 1984

W

€T 2.0 5.1 2.0
NT 3.3 57 2.5
B CT 11.3 20.2 11.5
NT 10.0 2.2 10.1
W cT 9.1 15.8 9.9 16.8
' NT 1050 20.2 11.9 21.7
— |  Lethbridge, 1985
W - T 730 ~  9.97 7.82  10.82
o NT 675 8.53 o 7.33 9.64
B cT 8.0  11.14 '8.76 11.91
NT 10.45 . 15.00 41.33  16.78
g7 cT 6.7 1.47 6.29 9.04
| NT 6.17 .~ 8.15 6.10 8.35
“out S ¢T . 8.60 13.21 g.21  11.52
NT 7.80 12.12 - 7.38 10.77
* , , . - -1
W = winter-wheat - 15 kg,N ha™t, 30 kg,N ha™".
B = barley - 25 kg N ha , 50;&9 N ha ~. 1
S =

spring wheat -*75 kg N.ha ~, 50 kg N ha ~.

tpesidual N plots; fertilized in 1984.
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6.7-b  INDFF FOR GRAIN AND STRAW FOR LETHBRIDGE (1984) AND VAUXHALL

(1983)
~ Grain ‘ v Straw
Fertilizer ‘ : Fertilizer
* ,
Crop TiN Low High Low . High
Vauxhall, 1982
W cT . 5.4 9.7 5.9 10.6
NT 6.4 11.7 5.5 10.5
B _— CT 12.9 19.6 12.0 18.8 |
NT 16.5 30.2 16.3 29.2
SW CT - 10.9 19.7 10.2 17.7
. CNT 13.8 28.4 3.7 2.1
Lethbridge, 1984 ’
WW T 8.1 14,5 6.6. 11.8
CNT 8.9 15.7 7.6 13.0
B cT o 15.4 . 21.5 15.2 28.1
NT C 17.7 .- 31.6 19.1 - .32.2
SW cT 12.4 20.6 12.4 20.7
, NT 16.5 30.1 17.1 31.1
* - 3 ']. -1 1v
WW = winter wheat - 15 kglN ha =, 30 kglN ha ~.
B = barley - 25 Kg N ha =, 50 &g N ha ~.
W = s - !

pring wheat - 25 kg N ha ~, 50 kg N ha .

N



6.8-a  LABELLED FERTILIZER N RECOVERY (kg ha_l) IN THE TOTAL N SOIL
FRACTION FOR FERTILIZER RESIDUE CROPS FROM FOUR SOIL LAYERS

AT LETHBRIDGE IN 1985

Total ~8:§3 S 1198 . 18.06 18.15

Koil Barley - Fallow Spring wheat
~ depth co 4

(mm) . cT o ONT cT NT cT NT
85-04-18 ,

. 0- 75 6.49 6.93 9.56  9.98 10.84  10.42

75-150 .76 .83 2.24 2.21 < 1.86 2.18
1150-300 4.18 2.06 4.61 3.86 6.51 5.68
300-600 2.81 3,94 2.23 3,14 2.45 - 3.41
Total 14026 1376 18.68 19.19 21.66  21.69

| N
85-06-13 - F. 5
— .o N\ _
0- 75" 2.59 4.12 8.34  8.60 4.89 4.26

75-150 1.54 ~ 1.25 1.49 1.89 .99 1.67
150-300 2.06 1.31 2.88 2.82 3.70  2.77
300-600 3,51 3.49 4.68  4.79 5.40 6.24
Total _ 9,70 10,17 17.39  18.10 14.98 .14.94
85-08-21 - .

0. 75 75 614 o+ 456 7.010 3.3 3.97

75-150 1.48 - 1.387 -2 6:71 4.08 1.73  1.41
150-300 1.06 L9470 RS2 2.83 3.03 3.01
300-600 - 3:£0 3.5 o C.UB.260 0 4.23 5,53 8.19

13.62

16.58

138
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6.8-b LABELLED FERTILIZER N RECOVERY (kg hal) IN THE TOTAL N SOIL
FRACTION FOR FOUR SOIL LAYERS AT LETHBRIDGE IN 1985 |

© Soil Winter wheat P Barley = =
depth | ) . 4 S -
(mm) cT NT o - T NT
85-06-03 - 8 e
0- 75 13.57 14.20 VAP 21.01 )
75-150 2.65 2 18 K 02,23 ¢
150-300 (\\\ 2.73 2.0 A T2l
300-600 3.10 e ©ooo a8 823
Total ' 22.05 AT T B o 29.82
§5-08-21 ‘ o :
. . N ’. Vt ’ . ' ) ‘
T 0- 75 7.76 . ' . - 12.50 \
75-150 6.99 + 8.02
.~ 150-300 1.75 "1.78
300-600 3.29 5.81
Total | 19.79 28.06
» . )




,?b‘ .- s

«,

K\
3, | o - 10

y )

6.8-c' LABELLEDSFERTILIZER N RECOVERY (kg ha™l) IN THE TOTAL N SOIt
FRACTION AT LETHBRIDGE IN 1983 AND 1984

Soil Winter wheat , Barley ' | Spring wheat
~depth : . ' _
(mm) cT NT cT NT cT NT
‘ : LA )
83-08-18 i | '
. . G .
0- 75 2,40 2.93 7.82 8.0l 7.89 7.00
,  75-150 118 ¢ .88 1.31 1.04 2.18  2.10
! 150-300 .26 1.16 § 1.21 1.54 1.31 1.28
300-600 1.84  1.56 . 2.05 1.82 1.92 2.52
. ' o N s v
2 Total . 6.68\ 6.53 12.39  12.41 13.30  12.90
. , : > :
84-07-15 s .
0- 75 5.7 7.01 'L 8.3%  13.52
©75-150  3.40  _1.46°% 8.87 1.99
© 150-300 1.68 41338 3.36 3,23
Tota) 1181 10.85 . 20.57  18.74
84-08-20 e :
7 T8-7s 5.5  6.62 8.96 - 10.47 11.49  11.60
'75-150 . 3.49 1.83° 4.98  2.95 6.35 5403
150-300 < 1.197%., 1.40% 3.13  1.98 3.02 2.78
1300600 .83 . 1.28 2.82  2.00 1.46 1.44
Total - 1110 11.13 19.89  17.40 22.32  20.85
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6.9 ESTIMATED AMOUNTS OF CROP RESIDUE (kg ha~l) PRIOR TO' SEEDING
- CEREAL CROPS UNDER CT AND NT FROM 1983 TO 1985 AT LETHBRIDGE

AND VAUXHALL
P _

3-year « : Continuous

- winter wheat b Barley wheat //
Site Year T NI cTNT T NT
Lethbridge 1983 1556 3247 6460 6663 1585 1737
u 1984 1980 2789 3478 4282 1184 855
1985 820 1887, 2892. 3932 186 550

Vauxhall. 1983 619 " 1297 1730 2537 911 1227
1984 1186 2905 1982 2410 1067 1370

1985 1002 1105 1326 1452 99 305

~

Crop residue after harvest (straw; chaff, and mdfn roots) x crop
residue. R

Crop residue remaining for each crop (Lindwall, 1986):

Crop ] Period : , cr NT
Barley 2 winters + 1 sunmerfallow  35% 65%
Winter wheat 1 winter ‘ 85% _ 85%
Spring wheat 1 winter : : - 83% 83%

]
« &

-
T
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