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T\\\: - RBSTRACT '

T » )
- A study was conducted to evaluate . forms and methods of

application of nitrogen fertiliaers for no-till cropping.
\ ~

There were three sets of experiments conducted in Southern
Alberta , In the first set, the arecovery of N-15 enriched

urea and -ammgnium nitrate, broadcast under contimpous

»

‘no- till and tilled cropping, was measured at three sites.
In the second setl nitrogen fertilizers unenriched with N- 15

were applied. Thewcrop ylelds from banded ‘and broadcast

o

urea and ammonium nitrate, and “anhydrous “ammonia were

‘ determined for three site- years. -In the last set,zth@re was

. -

one experiment fn which the recovery of N-15 enriched
fertilizer in the crop and residual in the soil was measured
‘for fall and spring applications of" ‘broadcast, ' banded, and

Abroadcast—incorporated ammonium nitrate under no-till

cropping. )

. . o
» There were significant differences among the forms and

methods of application of nitrogen' fertilizer for no—till
cropping If a granular form of nitrogen\(urea or 'ammonium

nitrate) was broadcast ‘on the soll- plant residue surface and

not incorporated, ammonium nitrate resulted in greater

< DL
.fertilizer recovery than urea.

»

Anhydrous ammonia (which is . injected’ 1in banda) on

iv‘

i



7 - | oA
Ll . ‘

no-till was éne of th;%ﬁlghest_yleldlng tieatmqnts.‘»lf urea
or ammonjium nltrate;Qere'banded instead , of broadcast, the
yields qué similar to the_anhydrous ammonla\appllcatlon.

/ Spring appllcatiohs of nitrogen fértllizers tended to
result ln greater crop uptake of nltéogen than equivalent
Jféil éppllcaflons. Banded fertilizer Téd to g;eater -uptake
than did broadcast fertilizer for both fall and - spring

)

applications, and whether or not the’ broadcast . fertlllizer

]

- was incorporated inté the soil. 7
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’ INTRODUCTION

The type and. intensity~ of tillage used “in dryland

‘cropping systems in Southern leerta hgt changed over time

4

due  to developments in equipment, weed control procedures,.

the need to overcome soil erosion, and the need to better

conserve soil moisture. Initial cropping systems used whenﬁ
the area was first settled were generally intensive tillage
practices involving soll inversion with an implement such as
a plough. ﬁThese tillage systems resulted in excessive wind

@

erosion‘and poor soil moisture conservation Systems have

aQ

"developed that help retain crop residues on: tﬁb soil surface'

“tillage reduction is a no- tillage cropping system

nto- reduce erosion and conserve . soll moisture The

RS

development of appropriate herbicides has made it possible

to further reduce the need for tillage. The extreme 1In

.«

@

\
|
|

Research into reduced tillage systems has concentrated

" in thre main areas Initially, thereﬁwhs a great neep

: develop eeding equipment that could properly place crop

see‘q ‘ _o the soil in the presence ‘of -the plant‘ residue”

that« left _from the previous ”crop Another; important

. aspéft that has required, and ‘still requires development is

»effective weed.control u:

; ng herbicides The thlrd area of

research, and the one which concerns this study, is



)

&
- fertillizer management . | | \>

[

This study was inlitlated to evaluate various aspects of

&i%rggeA)ferfilizgr management in a no-till cropPing system.
»ThF madagementy alternatfv?s 1hvest1gated were nitrqgen
fe#tilizer. fotm' (urea,‘ ammonium nitrate, and anhydrous
ammdnié), fertiliierAplacement (br&adcast‘and baqding}, and

£

times of application (fall and spring).

b
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2. LITERATURE REVIEW /

B

This review is a summary df varlious aspeéts of pas% and
present reséarch regarding reduced or no-tillage. pA'summary‘

of the meaning of terms used to describe‘ various reduced

\

tillage systems ls presented. No—tiilage and ﬁillaqe are

terms which will be used extensively 1in this review and

‘thelr clear definitions are required €;r phe purpose of

discussioﬂ, The past history of no-tillage and present’

O

trends in tillage sysfems will be discussed. = There are

potential beneflits and problems associated with a :eductioﬂ‘

2 .

in tillage. A_Changg in tillage practices results in both
physical and bLoiogical effects upon the soil. 'Thése
effeéts will be reviewed. - Changes 1in tillége préct1ces have .

resulted in speqiéig research needs. Nit}dgeﬁ “fertilizer
managemeht for 'no;tgllage will be reviewed qoncerniné .

fertilizer -use, forms of 'nitrogen,\\and methods * of
v .
applications. = | M , \\\#.

2.1 Definition of Terms , . } \\\\\

~
NS

There are many terms used to idescribe reduced-tillage
cropplng systems. Similaf terms are used in different
_geograpﬁ?cal areas,but the understanding of these terms ’is_

e

sdmewhat'different.



]

‘ In most studies there 1is hsually a comparison between

‘'

‘what the authors ‘call no—tillage ahﬂ..conventional tillage.
Conventional tillage describes what comnon tillage practices
' are in use in the specific debdf?%ﬁécal region. In many’
areas this refers to ploughing with a moldboard plough
followed by a discing operation or two, and then harrowing

«

before seeding. In other a{eas, conventional tillage may
. ‘ 1

already be a form of reduced tillage in which tillage
operations are restrict;d and not as intense'as a ploughlng ..
systqm ‘

. A common definition of no—tillage or no-till 1is a
croppling system in which the crop 1s’ planted elther entirely
without tillage or with "Just enough tillage to allow
placement and coverage of.the seed with soll to allow it to
ge:minate and emerge .(Phillips and Young 1973 Phillips’ et
- al 1980). Another definition :is. that no- tillage or'
zero-tillage is a 'rocedure whereby‘ a crop |is planted
~directly 1nto a seedbed not tilled since the harvest. of the
previous crop (Sschneider et al {979 “Sumnerp angd Boswell
- 1981, Ramig and Ekin 1983) ~Yet another more descriptive
deflnition is that no- till is placing the crop seed into the°
soil by a device that opens a trench or. skot through tﬁt sod

ot previous crop resldue only sufficiently wide or .%eé% to

~receive the seed and prov1de seed coverage. pr other -so0ll

v

-~ ) . . i . ° ' ' = \

4



manipulation is done Weeds are controlled by herblcides,
crop rotation and plant competitlon (Crossdn 1982)
Conservatlpn tillage is a general term used to describe

w

any tillage system which retajns some or all crop residues’
: on the soill surface to reéduce water an wlndiaeroslon
(Crosson_1982); In the Great Plains region of North America

. : 5
1t also refers to conservation of soil ™ molsture.

Conservatlop tillage can 1ﬁcrude,_no—tlllage‘\and vafying
deQrees of minimum tillage. ,

For the context of thlsf review and’ subsequent ‘\ﬁ)
discussions, ho—fill wlll be used to describe a cropping

?

system in!whlch all;weed.control_is done using herbicides,

~and the ohly.soil disturbance 1is that_hhieh occurs when the

‘crop seeds are planted Tlllage is defined as the"common

‘"dryland cropplng system in Southern Alberta in which a. crop

is planted into a sepd b d.which wasgprepared by only_a few

tillage operations done w‘th a heavy .duty cultivator ‘or

d“s offset . disc followed by the smoothing of the seedbed with a

| rod weeder and harpdws. s s |
..+ 2.2 History and Trends in Tillage

Developments in croppiﬁg go baék as .far as when man

' changed from hunting ‘and gathering to an agricultural based

system -involving the plantlng and ha{vestlnq of crops.




»
A

| Barly ctopplnglsystemé were a form"of no-tillage Qr‘ minimum
tillage. The crop §eed was scattered in the cropp}ng area
with nofsdil manipulation, or at most,a‘ minlhﬁm -scratching
Qf the surface to pafklally cover fné ééed. Crop and weeds
plants were allowed to grow, and the desired crop plant
parts were=harv:sted when mature. .

o _As agriculsural 'croébinq became more.hintense, the
amognt of soll manipulation increased. w1th_:§dvances in

' )

technolegy, the power to do the tillage evolved from hand
. 3 ‘ . ,

1Bbodr to animal power, and then to machine power."

Intensive tillage ~became the Ccommonly accepted cropping

. - / .
system. Intensive tillage was not questioned until various

" _ \ .
experimental studies were done into soll cultivation during

. the eighteen and early ‘nineteen - hundreds. A controversy
] X . .

devsloped regarding the .actual need for tillage. One

-opinion was that the main role gor tiliage was weed control. .

3

'Ahothér opinion,was that tillage was necessa?y@ gg develop
soll ¥ilth or structure (Kulpers 1370). . SR

The advent of selective 'herbicides suéh as 2,4-D
increased the féasibility.of gfowing érops without fi}lage

as weeds could now be controlled without tillage (Philllps

et al 1980, Unger and McCalla 1980, Carter 1982). In the~

Unitedeinqdom, thé trend toward reduced, tillage grew due to

2
L

“'the scarcity and high cost of labour and the need for

Py

©



timellness of seeding winter crops. 1In the United states,

reduced tillage was attractlve due to Dbetter eroslon
_ », g
control, timeliness of double cropping, and water

"

conservation (Carter 1982).

No-till cropping systems 14 No}tﬁ Amgrica were started

. “ {
~initially in areas where corn was the maln crop. No-till

| |
cropping practices are relatively recent in the Northern

Great Plalns of North America (Schnelder et al 1978);
Estimates of ‘the eventuai amount of‘c;op.land that will
be farmed using conServation tillage gn the U.s. vafies from
90%,'with 50% of this no-tl;l‘ (Triplett and Vaan;en Jr.
1977), down to 50-60% conservation tillage with no-till
being a small proportioﬁ of thls (Crosson 1982).
The increased use 6f ‘no-tillage depends to a large

.extent on whether herbicide costs Yecline in proportion to

tlllage costs (Lindwail 1985), and 1if crop - ylelds using

- no-tillage are similar or greater than those using a tilled

croﬁbinq sYstem; In an economic study of soil conservation

practices in the Brown soll zone of Saskatchewan, the high
l .

"cost of hefbicldengas mentioned as being a major obstacle

to wfdé—spread producer adoption -ofrlminimum° and no-till
cropplng practices (Zenfner and Campbell 1985). No-till or
direct drilling has been a commercial practice for some

crops in many parts;of the world for many years 'but the



practice ﬁas galned little acceptance ln',the‘ semi{-arld
regions of the prailries (Lindwall 1985).
%.3 The Beneflits and Problems. of No-till Cropping

When a prevlohsly tilled'so}l is converted to no-till

cropping there are potential benefits and problems.
Lo i )

2.3.1 Benefits No- thll Cropping

i

‘Thére'are' Vny potential benefits resulting "from a

no-ti1l croppl i\ system.  The major. pphefit‘ which has
b€option of‘ nb—tiliage ls- reduced soll
a#gésiiplett and vanDoren 1977; Phillips et\
ﬁf_ L}swell 1981; Engle et al 1982; Crosson
1982; warren 1983;J Bandell 1984; Rice and Smith 1984).
No-tillage, one of the forms of conservation tillage,~,not.
oﬁly dfaﬁtically reduces soilierosion but it is onen«of the
most effective and least expenslﬁé methods of controlling

2

erosion (Papendick 1984).

Some other 1mpor£ant benéths are reduced on-farm
enerqgy uséx(Riée and Smith 1984) and reduced labour costs.
There is also potgntial to expand .the arable 1land base
becauée iand which could not be farmed uslﬁg intensive

tillage due to excessive erosion can be farmed successfully

using a form of conservation tillage (Phillips et al 1980).

%



. By maintaining crop residues on the surface of  a

no-till soil there 1is more rapid molisture ‘lnfiltratlon,

.enhanced snowtrapping and lower. evaporatlion ‘losses, all . of
"which can result in overall increased moisture conservathn

" (Cannell 1981). An additional benefit regarding moisture

conservatlon }gy/that” the need- of fallowing 1in a crop
rotation can be eliminated Pr at ieast reduced (Engle et QI
1982i: By reducing the am&d%t of summer fallo@, #moisture
Qil} be used more efficientiy thchA helps reducé saline
seepage problems that have been aggravated or created due to
excess additions of soll moisture fo ground water systems
durihg'fallow,periods. - o

There 1s also the poteﬂt}al for higher §1elds under
no-till due to the 1pcreasedl moistufe conservec. (Warren
1983), and more efficlent use of nitrogen fertlilizers if

properly managéd (Bandel 1984). Higher : ylelds are also

>

expected over the long-term due to the reduction of soil

- losses. One study compared projected wheat 91e1ds over a 20

T

yéér'period with no-ti1ll losing 5.tonne of soll per Thectare
and,conventlgnal tillage losing 45 tonne on highly erodible
land ‘inbithe Palouse area of "Eastern Washington ’State
(Papendick 1984). The bredicted tot§1 yleld ’advantage- for

no-till over the 20 years was 6922 kg/ha.

Annual weeds have been shown to be less ' of a problem

—
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under no-tll]l because of less Incorporation Oof weed seeds
(stobbe 1979).

| The organic matter level of a prg;iougly Mtilied 5011l

has been observed to Increase wunder no-till cropplng

(Cannell et al 1980; Cannell 1981; Engle et al 1982).

¢

o

2.3.2 Problems of No-till Croppling

Changing from conventignal tlllage to no—tf&l cropping
.resulted in many inittal problems. Early attempts at
no-till were 11mit¢d because of the lack of appropriate
sgedlng equipment that could properly place crop seeds 1in
the soil when crop residues were left on the surface. Thus,
low plaq@ populations,véesulting from poor germination was a
problem (Bandel 1984, Papendick-1984). The development of
seed drills’that can operate efficiently under heavy crop
residue conditions has . largely: overcome low plant
populations. J - \

‘Adequate weed contfol has been chgllenging in no-till
crnging‘ systens. In-crop spraying usingr’ selective
herbicides is not much different from that in conventional
_ ' ‘ , .
tillage. The difference 1s the use of non-selective
pre-plant herbicides such ag paraquat or glybhosate. Annual

weeds seem to be less of a problem when tillage is reduced,

put in j?ny areas perennial weeds have become more ,0of a

AN
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ﬁfoblem. Many of thebevweeds were previously controlled by
tillage gﬁd—are difficult to control using herbicldes‘ only
(Stobbe 1979, Crosson 1982). |
‘ The crop residue thatch left on the surface of the soll
has resulted Iin a greater pgtentlal for probléms with”
insects, rodents, .Elgﬁt u diseases and gfoduction' of
phytotoxins durlng decomposition (Unger and McCalla 1980,
Phillips et al 1980). | |
Soll compaction and assoclated higher bulk densitles,
have been observed under no-tillage cropping. This |is
éépecially so on soils -with. medium to co?;se textures
(Cannell et al 1980, Cannell 1981). o

Losses of fertilizer nltrogen due  to leaching or

denltrification and/or volatilization have been shown to be

a'greater problem under no-till cohbafed to conventional
tillage (McMahon 1976, Tyler and Thomas 1977, Phillips et al

1980, Mueller et al 1981, Randall 1983). Losses as a result

‘of,these processes vary considerably among studies, probably

because of dlfferences in weather. ” . “
Slower decomposition of plant residues has been thought

to be a problem with no-till, especially when it limits the

amount of plant available nitrogen (Cannell 1980).

The increased use of agricultural chemical#, eéspecially

herbicides,,has been cited as a potential environmental

[T
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concern (Crossaon 1982). The greater amount of ‘compounds
L] .

being released into the environment might not be significant-

because, although more chemicals are wused under no-till
compared to conventional tillage, erosion 1losses ;t soil
particles whlch have adsorbed these chemicals are greatly
reduced and pollution of water bodiesqby chemicals may, 1in

4

fact, be less.
Cooler soil tempéiatutgs iestricting crop- emergence and
growth with no-till have been shown to be a problem on
poorly dralned soils and in moist and/or cold . climates
(Un;er and McCalla 1980, Crosson 1982).
Fertilizer practices tﬁat have'/ worked we11!° for

o
conventional tillage have been shogn to be 1less efficlent,

12

and under some conditions poorly adapted to no-till

production (Fredrickson et al 1982, BandeL‘ 1984, Papendick
1984). | 1 '

‘Aithough many of these problems are unique to no-till
cropping systems, pi6ber_ management . and technological

developments have often resulted iﬁ'“Successful no-till

farming.

2.4 The Effects of No-Tillage .
To evaluate the effects of a reduction in tillage, It
\ S -~ K

is iﬁbortant‘.to understand both the physical and

.
~
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‘blo- environmental changes that otcur . Both are a .result of

the lack of intensive soil manipuiation and .the collecting

v _ , .
throughout the cultlivated layer.

I

1‘2;5.1 Physical Effects

' g
The surface plant residue layexr that 1s present 1in

no-till systems greatly - affects the’ moisture collectlion,

infiltration and retenti%h, The stubble left from the crop
. o e

harvested in the fall 1is able to trap-and retaln more. snow
g N v o \ o

than i1f fall tillage is»done, incorporating a portion of

this stubble into the soil. Melting snqw and yearly

rainfall is able-to<infiltrate faster‘into the soll because

‘the soil surface is less prone to aggregate 6reakdown from

'raindrop impact or surface water flow (Gantzer and Blake

compared to tilled‘cropping conserves moisture. by -reducing

surface evaporation 1osses from the soil (Gantzer 1978) .. A
é

surface ihstead of incorporating them throughout the tilled

layer is that a plant residue layer will accumulate steadily

the 1onger no- tillage is practised It has been shown in a

study of nitrogen cycling in no-~ tillage ecosystems that the

'amount of°crop residues did not_ increase because sur face

13

. .of plant residues on the soll surface instead of béing mixed

- 1978). Jhe increased plant residue-layer under no-tillage

common misconception about leaving ‘the plant re51dues on the



decomposition, measured as welght loss in crop residue, was

neaily complete over an annual cycle (House et al 1984).

- The conservatlon of soil moisture due to .both the

surface piant residue and the lack'bf tillage has the effgct

of higher molstur'e content and can‘result in highexr leaching

-, losses of nitrate nifrogeh, (Thomas }1973) and lower

'

W“doncentrations~of oxygen in the soll atmosphere resulting in.

v;moge ¥§§perobic‘ conditions - (Doran J1%80). ~“1It has  been

Observedythat although overall ongen oncentrations can be

loHer in a no-till soill compared to conventional tlillage,

there can be more oxygen to a greater depth 1in more
. . i E r .

continuous pores that exist in a Bo;l wﬁen it is not trlled’

(Tyler and_Thomas 1977, Gautzer 1978, Dowdell et al 1979,

o

Douélas et al 1980). These pdies can be thetreSult of soll

fauna (e.g. earthworms) or from the natural swelling and

contraction of the solil dde to wetting4drying cycles.

/

more continuous
I

Although oxygen may be higher in ‘these
A o .
pores, the overall oxygen content of the sSo0il is 1lowér due

to a lower pore volume and more anaerobic conditions in the
micropores (Ellis 1979).

It has been observed that the pH of the sﬁrface layer
3 : ° .

" of soil " is lower for no-till ‘compared to conventional

tillagé. -.This® has usually been ' attributed to the

acidificafiqn' caused . by surface ‘broadcast nitrogen

A4
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fertllizers‘(Blevlns 1977, Fox andeoffmah 1981, Fee» 19@2,
Blevins lééB). . If surface: broadcastiné df | nLtrOgen
-fertillzers ls the regular Eertilizer practlce,lt has been
shown that lime appllcatioh; may be required to neutrallze
the 1ncreased acidity (Phillips et al 1980) |
é It has been generally shown that no- tillage as compared
‘to convehtlona1~t111age, is. more suoeessful on well drained

solls and in warm climates (Triplett and VanDoren 1978). In

areas of copl’ moist climates, lower ylelds have. often

resulted under ho—till cropping compared to tilled Eropping‘
" while ln a warmer dry climate, the yields have béen . greater'

for no-tillage (Mueller et al 1981) The significant

R

interaction of tlllage, soil drainage and climate . emphasize
the need for areafspeqifig research to assess the ~ potential
forzreducing tillage (Delbert 1978,‘Christensen 1983, Dorah
1983, kitur et al 1984) No-tillage usu;lly results in
C001er, more/moist soil than conventlonal tillage especially

~in the spring. 1In the fall and winter,, solil temperatures

may be higher under no-till. This results in dampened soil

‘ ‘ _ \ | v , _
temperature fluctuations. Lower soil temperatures in the

spriné slow crop"emergence and seedling growth. This ‘15

)

often compensated - later 1in the’ growing season by‘ more

g

available soil moisture (Unger'1978).

’
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2}4.2 Bio—Envirbnmental Changés.

The ceaéing of 1nten81vg tlllagé in a croppling system
helps to create a soil écosyétem that 1is mofé similar to a
‘natural terfestgial ecosystem (Fleige and Baeﬁmer 1974,
Stinner et al 1983, House et al 1984).

‘”'The plantlresidUes tha£ are left on the soil surface
ahd not iﬁcorporated into the soll have been observed. Eo

4

. decombosé slower and as a fésult, the mineraiization of

[

- Fi - .
"nitrogen is slower (Thomas et al 1973, Moschler and Martens

‘1&75,rDe1bért 1978, Triplett et al 1979,- Doran 1980, Frye.et\
al 1980}”Ph1111ps-et al 1980, Powlson W19§0, lEngle ”%t al
1980, Randaxl 1983). W?en there is tillage, \decomposition
of ‘both soil orgagic @gtte; and recent piaﬁt- residues - is

enhanced kStiﬁnér et al 1§83). "This is a resuit of the
, e _
phys}cal disruptioh of soll ‘humué pa:ticles and plant
‘residues resultingvin a larger. surface are;' proséd for
‘miciobial decomposifion (Housé  et al 1984)., Al;o, ‘with
incieased aeratidn of the soil system there is,nincrqgsed
decompbsition of 6rgan1c matter because thebe éroceSses are
~largel'y oiidative' (Ca&te; 1982,"Gevers £984). Under
no-till, po;entially‘ mineralizable . nitrogeh fromﬁ organic

matter may be greater, but the actual émount'mineralﬁzed can
be léss because of more anaerobic conditions (Doran 1980).

1

s

i -

the short-term (a — few xears),‘- the amount of
LY, N ' ’

’



Vo) f .
minerallzatlon of. orgénic ggttery is 1less  for ndFtillﬁ
compared to tillaée.v Ih the médium—term (about ten yearé),
the amount of mtneralizaﬁlon iS'almost equal (Peterson et al
1981). It is"thought théﬁ in the 1ong—tgrm, the amount of
minera%Lzation, will be greater fof the no-till system
KQarte;' 1982, Grevers 1984). The halfilives  of plant
reslidues in a no—till and tiiled systéh were obse:ved to be
48 and 24 bmonths; respectively (Grevers 1984). ;f the
 til1age system uséd in an area is a reduced tiliage system,
onlykslfght differences wlll be bbserved bet¢een .1t and Ag
ho—till system ;egarding mﬁneiaiization and 1immobijlization
- (Carter 1982); ’ '
A soll that is cropped using no-tillage ‘practiéeq. has

been‘shown to geheraily have aflgiéer biomass than the same

5011 farmed using a tilled cropping systeﬁ (Zeiﬁus,'1979,
Lynch and bénting 1980) . There .areﬁ‘differences in the
vériety.of microbes, with no-till having the'greater'variety
" (Doran i983). Larger populafions'of' denitrifying .microbes
have been found and apparently the cause is a lesé oxidative
§oll“enviionment (Doran 1980, Linn and Doran 1981). Not all

wofkers agree that there is a larger *5iomass' for no-till

~ -

soIIS'cémparéd to soils which are tilled. | Some research

R 5.
studies in which the biomass was measured in both the 0 to 5

cm and 5 cm to 10 cm depths showed that although biomass

\

d
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cafbon énd nitrogen &ere slgnlfidantly‘hlgher in the 0 to 5

oom layér foi the‘no—tiil soi%, the opposite was true for %he\\
g cm to 10 cm layet;KPow1§on and Jenkins 1961, Carter 1982).
It was cohﬁluded that rather than énv lncreaseQ in blomass
within the Ap horlizon, a redistribution of biomass had

 occurred. Carter (1982) concluded that the nitrogen
immobilized in the bidmass wés an 1mpértant sourcé‘of labile
nitré@en during periods of net mineralization. -

The greater .biomass in the surface layer: of no-till
'solls 'has been attributed with siénificanﬁly immobi}izing
‘greater amounts of nitroden for no-till as compared to
conventional tiilage (Ddran 1980, Frye e al 1980, Randall
1983, Kitur et al 1984). This immobﬂ{ization is thou?ht to
play a major rgle in thé retenfion of nitrogen in‘ a soil.
The blémass can 1mmob111£e a significant amount‘of " npitrogen
.fertilizér that is broédcast on the  sur§abe4/éZd not
ihcorporated (House et ai‘1984)."

‘Some studies‘compaiing the orgahlic matter _le&els .of
'éoils under no-till ahd cqnventionai tillaée have shown that .

© organic mattgr content . has increasedvunder no-till <cropping
(Lal 1974, Fleige and Baeumer 1974, Bandel et al 1975,
ﬁoschler and Martens41975, Lél 1976, Blevens et al 1977, Lal
1979, Legg 1979, Stinner et a1‘1983).> A previously  tilled

soil, but no-till cropped for five {years, had 1increased

F

*
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levels of organic matter 1ln the 0 to 15 cm depth and similar

levels in the 15 to 30 cm depth (Fleige and -Baeumer 1974).

19

In the same experiment, a long term grassland soll was also

ho-t11ll cropped for the flve year perfod; In fhis case, the:

organic matter level decreased compared to the same 'soil

still 1in grassland; It was hypothesized that ’no-till-l

cropping would eventually results in a soll oréanic‘.matter

content that would be intermediate between those established

under con&entional‘tillage1and a*grassland écosystemQ‘vother

i

. researchers have alludéd to the eventhal establishment of a

.

new soil organic matter equilibrium content that will be
¢ . : - ‘

gr€ater than that under conventional tillage (Stinner et al
1983, Grevers 1984, ‘Papendick 1984). A more stable

pri?uctivify~capacity is probably established when this new

sofl equilibrium is achleved (Papendﬁck 19845. Even - though

tillage has beén shown to caude. definite declines 1in the

~levels of organic matter 1in soils (Tiessen et al 1982, Hagin.

and Tucfer 1982), not all studies have concluded tﬁat there
is an increase in totai organic matter wunder ﬁo—tillagel
Powlson and Jenkinson (1981) concluded from studies 1in
‘England whére cereals weré‘ grown lthat chahging from

- conventional tillage to no-till had little effect on the

amount of orgénic matter in the soil. The‘-location of

organic matter was shown to be concentrated near the soil

£y



surface, but the overall annual deposition and decomposition
rate of ‘plant resldues was very -similar even though
short-term rates vafied;~: Carter (1982) obserfved ian
accumulation of organic'matter in the 0 to 5 cm 1ayéi,,andma
reductigawéf organic matter in the 5 to 10 cm layer for
Brown agé Dark Brown soils growing wheat in western C;nada.
There was a 'fo;matlon ‘of‘ vertical gradients of plant
nutriehts. and organic matter due to the absence of sqil
;ﬁount of organic matter.

Nitrogen »isf*more sgsgeptible " to losses 'through
denitrification thér the lower oxidative environment for
no-till compared to ﬁénventional tillaqé- (Frye and Thomaé
1979; Cannell et aI“l9§l, Dorah' 1980,7 Engle et al 1980,
Phillips et al 1980; Powlson 1980, Dowdell and Crees 1980,
Broder 1981, Fee 1982, Rice and Smith 1982, Fredrickson et
al 1982, Crosson 1982, Carter 1982, Randall 1983, Kitur et
al 1384, Grevers 1984, Bandel 1984). Burford é{, al (1981)
measured a h{gher nitrougboxide flux from no—ﬁ;l& than ufrpm

a tilled soil from research done in England.

Nitrogen cycling is thought to be more efficient under

mixing by tillage/ but thére was not a‘change in the total’

20

no-tillage than for tillage (Grevers 1984).  House et al .

(1984) concluded from research-in Georgia that no-tillage

systems mimic natural ecosysteﬁs in the manner that plant



residues are decomgosed. Crop litter decomposes slower than

soll—incorporgfed residue. The slower " decomposition and-

v

lack of mixing results in a hligher concéntration of nitrogen

and organic matter in the top soil 1aYer.

2.5 Research Needs for Nitrogen FertiliZzation of No-Till

L)

Since a reduction 1in tlllage can greatly affect

nitrogen transformations in the so0ll ecosystem, research

" into the methods of nitrogen fertilizer application has been

suggested. Diebert (1978) suggested that there 1is a need

for research Into the immediate "and 1long-term effects of

reduced tillage on fertilizer practices. Research related

to the source and rate of nitrogen, time of application and
placement of nitrogen, was emphasized by Schneider et al
(1958). Unger and McCalla (19805 discussed the need . of

coordinated research . Into the physical, chemical, and

biological componehts ‘of the‘ plaht—soil environment in
no-till systems. Because of the increasing costs of

nitrogen fertilizers, research 1s needed to develop

fertilizer management that is_mo;e efficieht (Fredrickson et
al 1982). Moncrief (1984) . stressed that - fertilize;
management in many instances can "make or break" an atﬁempt
at a; alternativeftillage system. Papendick (1984) stressgd

the need of research into the interaction of weed

21
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competition and fertilizer management. ‘

2.6 Nitrogen Fertilizer Management for No-Till

Nitrogen fertilizer management for no-till cropping was
not studied in detail for many of the eariy reduced tillage
studies. In many cases it was thought that "common methods
of application were suffiéient. Moschler et alo (1972)
cdﬁpar¢a surface broadcast applications of ammonium nitrate-
for no-till and conventional tillage corn production in
Vifglnia. The broadcast fertillzer was lncorporated bf
discing. for the conventionally-tilled treatments..  Higher
ylelds were observed under no-till. It was concludéd that
surface ;pplications 6£ ammonium nitrate were sufficient to
supply the nitrogen fertilizer requlirements of crops grown
using no-tillage. Lal (1979) reported that the appropriate
mgzhod of fe%tilizer application for no—tll}age systems 1s é‘
cohtroversial issuevandvthat the respopse of no-till crops
‘was variable ané soil and site speclific. He reported that
there were two oppoSlng schools.of thought. The first was
o that there wés more effiélent fertiiizer use by crop. plants
under no-tillage because of greéter nut;ient availabiiity in
the-surféce iayer of the untilled soil.. This Qreater

availability was. thought to be due to gfeater accumulations

of nutrients in the surface layer of an untilled soil, The



second oplnion was that tﬁgge was less fertllizer used by
crop planﬁs due to .more weed competition, 1lower soll
temperatures, more immobilization by the blomass and higher
losses of nitrate through deqltrlflcation and leachlng. The
greater potential for denitrificatlon was due to higher
molsture contents in the untilled soil. The higher leaching

losses were attributed to Increased water 1Inflltration and

movement through the soil profile. - Legg (1979) repo;ted’

“that when there was relatlively low rainfail, no-till corn

used nitrogen.fértilize; more efficiently due to greater
leQels of available molsture. However, some researchers
have  thought that as a result of slowei mineralization of
nitrogen from crop residues rénd a.)greater potential for

leaching and denitrification 1losses, no-till crops will

require mére nitrogen fertilizer than conventional tillage

(Thomas 1973, Phillips and Young 1973, Crosson 1982).. Other

. ) . {
studlies have shown that at low rates of nitrogen fertilizer,

conventional tillage will out-yield no-till. At medium

>rates, the yields are similar, and at high rates, the

no-till ylelds were the greatest (Moschler and Martens 1975,
Heinenen 1978, Triplett et al 1979, Stobbe 1979, Bleviné

1983, Phillips et al 1984, Bandel 1984, Kitur et al 1984).

in the first few years after changing to a no-till

cropping system, higher rates of nitrogen ferﬁilizef may be

Q\{rz 3

23



required (Deibert 1978, Doran 1983). After a few years, the

organlic matter will equilibrlate at a higher 1levél 1in the

soll and nitrogen fertilizer requirements may be lower for

24

no-till cropping (Lal 1979). Grevers (1984) postulated that“

during the initial three to five years of no-till, <crops

require more\fertiilzer nitrogen than conventional tillage.

After ten years, the nlitrogen requlrement was similar, and

beyond ten years, less fertilizer nitrogen may be ;equlred.

2.6.1 Forms of Nitrogen Fertilizef
It iIs necessary to evaluate how crop use of Varlous
1 s
forms of nitrogen fertillizer interact with a reduction in

tillage. Some of the nitrogen forms ‘that have been

\\fvaluated are ammonium nitrage, urea-ammonium nitrate

solution, anhydrous ammonia, and urea.

"

ammonium nitrate generally resulted in a greater yileld

than wurea when surface broadcast "~ for no-till” cropping

~

(Schneider et al 1979, Fox and Hoffman 1981). This was
especlally so when preclpitation was not recelved soon after

application. Dowdell and Crees (1980) . measured more

residual nitrogen in the soil from ammonium nitrate and

-ammonium sulphate than from calcium nitrate. when winter

wheat was grown in a clay textured soil 1in England. They

attributed. this to differences in ammonium adsorxrption onto



clay colloids for the ammon lum nitrogen - forms and hlghez

7
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leaching losses of nltrates from the calcium nltrate.

Although ammonium nitrate is superior to urea when surface

broadcast with no 1ncorporaglon, it 1is usually more
e#pensl&e and becoming less aé%ilable‘(Fee 1982).
Urea-ammonium nitrate solution has beph tested for
no~t1112 Fox and Hoffmay (1981) found loéér corn ylelds 1in
éennsylvania for this form than for ammonium' sulphate orx
ammonium nitrate |{f nb rain was received. soon' after

application. Urea-ammonlium nitrate solution 1is ogonvenient

to mix with herbicides but 1is subject to volatillzation

losses when surface broadcast (Fee 1982). The yield with

this fertillizer was intermediate between the higher yield

for ammonium nitrate and the lower yield for urea when all
three fbrms were broadcast and not 1ncorp6:ated for no-till
corn in Geéorgla (Touchton and Hargrove 1982).

-
9

. o
- Anhydrous ammonia use for no-till cropping‘?has been
£ «

‘limited. Phillips and Young (1973) suggested that this form

of nitrogen can be used in a pfeplant, seeding,- or

side-dress operation. It has been thotht» that anhydrous

I :
ammonia is less adaptable for use in no-till cropping due to

the problem of residue <clearance and the extra soil

disturbance caused by injection into the soil (Deibert
. , \ ,

1978). It was suggesﬁed that anhydrous ammonia will be used

4{,\
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more ln reduced tillage in the future (Fee 1962). Such use

wqdld requlre equipment that can clear the greater 3pounts

of crop residues present under no-tillage compared to a

"tllled cropping system. K

26

‘ Research studies evaluating the effectiveness of urea

-

{
have shown that there can be considexatle losses due to

volatilization when the fertilizer |Is ‘broadcast on the

surface and not incbrporated (Power 1973, Terman 1979).

Lower yields for broadcast uiea, compared to nit¥ate and/or,

ammonlum forms of nitrogen have been observéd for no-till
cropping (Deibert 1978, Schnelder 1979, Engle et al 1982,

Warren 1983, Randall 1983). Bandel (1984) reported ammonia

-~

volétllization losses of 30 to 50% for surface broadcast‘

ureaaqndér no-t11l corn production in Maryland. .

Various factors affect the 1losses by ammonia
volat}lization. _If'adequéte rqihfall Is received within a
day oxr so .0of application, the urea is diésolved and moved
into thé soil (Bandél, 1980, Tomar and Soper 1981, Faqx and
Hoffman 1981, Fe;n and ﬁiyamoto 1981, Fee 1982). Urea s
soon hydrolyied‘into ammohia and éarbon dioxide byv the
biomass énd soil humus %re?se activity. General}y, the
ammonia is dissolved in the solil solution forming ammonium
ions unless the soil reaction is quité alkaline. As long as
the so0lil ;s; supplied,.with okygen; nltrlfication ?by

11
.D . ‘

-~

g ¥
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nitrifying organisms proceeds. Touchton and Hargrove (1982)

suggested that there is ég large poteotial for ammonia ﬁf

volatilization 1osse§ from unincorpozated broadcast uxeé‘
v ) » =

vappllcations under no -t111 cropplmg “due ﬂto the‘ ureasg“ﬁg
activity of-thenbiomaS§ present in the organic  res1dues at:
the soil surface‘v Cartei (1982) reported a’ gieafor“
potantial for volatilization of ammonia from both ureaq:and
ammonium nitrogen fertllizers for untilled soils compared to
tilled 50115. Ammonia lossesvfrom uréa can occur woen the
soll iéaction'is acidlc; neutral or alkéline, as it is
largoly conttolléd by the dmount of urease activity. Losses
'from ammoniuminitrogen fertilizeis Qill genexrally only occur
when the soil reaction is alkallne because the equilibriom
between ammonium ‘and ammonia tendé towards the ammonia ion.
Some’ studies have shown that 1t is not always valld to
aPtribute 1ower yﬁeld responses from urea compared to other
_nltrogen forms due to hlgher ammonia volatilizatlon; losses
.only. Some of these losses may, ih fact; be préferqntial

immobil;zation of ureadby the soil oiOmass (Hargrove and

Kiése1i1979, Hargrove and Kissel 1980). ' ‘ -

v L

_2.6.2 Methods of Applicat on'
Early studles regarding no-till cropping assumed that

surface‘bfoadCASt feftilizers were the most practical method



of appllcation; This assumption was d&ue to the  lack of

research into band'p}acement for no-tillage and the lack .of

appropriate equipment that could band%or inject fertilizers
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while clearing the plant residues. at the soil surface -

(Bandel 1980). Triplett ethal (1972) showed from research
in Ohionthat placement of low rates of fertilizer in the
seed row resulted . in greater yields tﬁan egdlvalent rates‘of
surface broadcast nitrogén for corn in an ﬁntilled soil.
Philllqs and Ybuné (l973)l reco;nized that 'it _wés an
over—simplificatiqn,to suggest that there wés .no need fof
ﬁng ‘from tillage to nt;—ti"llacje.

.VP1acemen£ stgdies unde

.fertilizerlchanges when cha

11led conditions have "shown

that varlous sources of nitrogen are equally effectlye when -

' placed in bands in ‘the soil (Harapiak 1980). - Research-

studies to eCaluaté band placémené.of nitrogen under no-till

cropping have shown yield increases in favour of 'banding

(Koehler et al 1977, Schneider et al 1978, Heinemann -lSLBQK

Schulte 1979, Tomar and Soper’1981, Mengel et al 1982; Ramigu

and Eklin 1983: Bandel 1984). There may”be more fértilizer’

nitrogen immobilization and ammonia volatilizatioh under

no-till compared to tilled cropping, and if ‘so, ‘fertilizer

vplaCement could result iﬁ 'greater benefits “under -no-till
(Fee 1982, Warren 1983). Placing nitrogen fértilizers in a

band decreases the amount of immobilization by the biomass
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near the soll surface in no-ti{ll solils (Tomar and Soper

1981, Fee 1982, Rasmdssén;1983, Doran 1983, Rice and Smith

1984). nge other advantages to band plaqement - are

: sepaﬁaéion of ferti}izer- from the 'seed 4and ‘bettér weed
confrol (Engle et al 1982). The better weed control is a
result .of weeds being  less competitivé, for fertilizer
nitrogen with crqg'plants 1f the fertilizér is in bands.
Band placemepf\gan result in greaﬁér use of ferflllzer
nitrogen by the crops grown using" no-tillage- ﬁhén if the
ferfllizers‘were broadcast oh the soil gﬁrface (Fredrickson
et al 1982, Carter 1982). Doraqr(1983) repdited up to 20%
yleld increases due to band plaéement compared to suiface
brOadcastihg for.éo~till corn in Maryiand.
hThere 1s¢ question of‘ the optimum 1ocatiop of . the
nitregen fertilize; band in relatioh to the .aeed ‘ro;.
Heiéonen énd Huhtapals (fé&é) reported researép results from
Sweden that showgd’that banding resulted in gfeatef, yiéids
when the bands were -about 3 to 6 cm to the side and 3 - to :4

cm deeper than the seed row under ;illed, cropping. In

addition, alternate placement of bands every two. seed Tows

4

was’AS éifective as a band placed between every two Trows.
papendick (1984) reported promising results from a placement
of nitrogen in a band between a "paired row" of wheat grown

in Washington State. The seeds were planted in pairs of
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rows spaced 10 to 18 cm apart with a space of 33 to 40 cm

between the next palr. The fertilizer was deeply banded
between the two closely Spaceg'ron at abproximately 10 to
13 cm dgptﬁ below the soll surface.

Iﬁ a urea—ammoniuﬁ nitrate solhtibn fertilizer is used
for no-till cropping,‘bgnding results in g;eater yields than
~does a surface broadcast - spray application (Touchton and
Hargrave 1982). "Bande11(1984) . reported that‘ another

alternate method of applying this- fertilizer solution ls to

dribble it in bands on the soil -surface. Results from ~

no-till corn in Maryland showed ' that lowest to highest

yields were obtained from broadcast'Surface'sprayed, surface

banded, and then subsur face bandgd, respeétively.,,‘w :
Frye et al (1980) ‘reported results from Kentucky

‘30

~

R

~showing that greater yields were obtained from use of urea

and ammohium;nitrate fertilizers that weie treated with a
nit%ificatiph'lnhibito: (NESefQé 24) compared to the -same
' feitilizéx it treated with the inhibitor}, The 1inhibition
/‘,’_“of‘ hifrlgtloh can V,decre,ase‘ losses 'by reducing
enitrification and leaching of nitrates.

| The optimum timing of nitrdgen-fértilizer applicatioﬁs
- varies with the géographié.location and the type of tillage

system; No-till sYstems can change the placemen§ and time

of application options " for fertilizers (Deibert 1978).

w
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- Helnemann (1978) condgcted studies which shéwed ~that delay

and side- dressing of nitrogen fertilizer for no- till corn

was more efficient than surface broadcasting as a preplant

operation. A delay or split of fertilizer applications
maintained ylelds for no-till corn compared to yieli

“tilled corn that recelved nitrogen fertilizer early in \the
" spring (Thomas et al 1980). kspring applications can resdlt

in greater crop yields and : greater plant uptake of

31

fertilizer nitfogen than fall applications (Olson and

Swallow 1954)f Band placement of fertilizer has. the effect

of making the time "of application 1less critical (Bandel

1984). _
In sumTary, no- tillage is a: cropping systen7 in which
all weed control'is done using herblicides and the only solil

dlsturbance is that whlch occurs when the crop’ seeds are

planted.v The. increased use of no-tillage depends to a large’

extent on‘whether.herbicide costs decline in proportion to.

tillage costs; The benefits that can result.fr0m converting
to no-tillage cropping from{tilled cropping are reduced soil
‘erosion;'reduced on-farm energy use, reduced labour costs,
increased moisture conservation, higher yields, i less
‘problems with annual weeds, and increased organic' matter

contents of' soils. Problems that occur using no-tillage are

residue clearance difficulties when seeding, inadequate weed

A
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control, a greater potentlal for'lnsects, roéenté and' plant
"diseasés, s§11 compactlion, increased IQSSes of fertilizer
nitrogen, and poor ¢rop emergence dde_ to  cooler ‘sollv
_ temberatures.ﬂ The surface plant residue layer present in
no-till systems 1ncre3$esn$oisture collectlon, infiltration
and'reteﬁggbn, Plant residues that are left on .the soil
surface and not 1nq§rborated, decompose slower ~ and
-mineralization of nitrogéﬁ?ﬁs slower. Nitrogen 1is thought "’
to be more éff}ciently conservea undér” no-tillage compared
to tilled cropping. {Ammbnium_nltrate,generally Jresults in -
greater ylelds than urea when édrface‘b;oédcast for rno—till
cropping. Research ?%udiéé-to.e;éiuéte' bénd" placement - bf‘
nittogen under no-till c;ppping h%ve shown yield ;ncreases

in favour of bandiny compared to surface broadcastingfv



3. MATERIALS AND METHODS

Three experiments were c&nducted compariﬁg methods of
nitrogen fertillzatfon for a no—ﬁfllage cropplnq ’systém.
Two'of the exﬁeriments contained “tillage treétments. The
first experiment compared brdadéast urea ‘and'l ammdnium
n;trafe‘ﬁndefr no-till and utllled ‘cropping. The second
'experimént compared broadcast and‘bandéd urea and. ammon i um
nitratg; and ‘anhydrous ammonia, again for ﬁb—till and tilled
c;opplng. The third experiment Qas ‘a comparison of the

, A .
interaction between fall and- spring applications by

broadcasting, with or without incorporation, and banding.
Oniy'ammonium nitrate was used in the last experiment. In

the first and th;:d experiments, N-15 enriched 'feftilizeté

were utilized, while the second experiment wused standard

e

commerclal fertilizers.
\
. 3.1 Comparison of Broadcast Urea and Ammonium Nitrate

An expefimenf was conducted at three sites in Southern

-

L]

Alberta during 1980 to cbmpare the amount of fertilizer
nitrogen thake by grain witﬁ'broadcaét urea  and ammonium
nitrate fertilizers under both no;till and tilled crgpping.
The experimént was'blacéd on existing research fields which

compared conventionél*tillage and no—tildagé.

L,

-~

33



- .

_,between,tﬁe ammonlum and nltrate lons. ’ a oL

»

: - . L
The ' first slite was about 12 kﬁ\nqgth of Foremost Iin the

Brown soll zone. The second site was- 11 km nortﬁwest ‘of
Raqund aﬁd the third sité was. at the Lethb;idge Research
Station. The last two siﬁgs wefe Tﬁcated ih the Dark“ Brown
soll zone (See Appendix A for a siée'dbscrip;ion).

A randomized block design with ?oui i“repl{qations

contﬁining'five fertillzer treatments and a zero-nitrogen

4 i

treatment was. placed on bot‘a tilled field and a no—till

field at each site. The two fields were adjacent to each

-

other. The fertillizer treatments were ammonium nitf;te (AN)

40, AN 80, Urea '(U) 40, and U 80 kg/ha of nitrogen. . The

of the ammonlum nitrate, the N-15 was equally divided

°
+

The fertilizers were broadcast on the soil surface the

first week 1in May, approximately one ‘week before SEedlné]

The plots were one square metre plots that were adjacent. to

each other. The urea and ammonium nitrate were _ surface

-~

ibrdadcast on the plots by hand. T%e urea was in a granular

form with the granules about 1.5 mm 1in giameter. . The

ammonium nitrate was in a powder form -with the individual

particles about 0.1-0.2 mm in diameter.
In the tilled field, the fertilizersq;ere incorporated

to a 10 cm depth, using a garden rake, while in the no-till
. ‘ c"

34

" fertilizers had a 2% atom percentage of N—lS. In the case .



fleld the‘fettillzers were left on the soll-plant residue

surface. The tilled plots had been cultivated twice using a

g . ' . . .
field cultivator before the fertilizers were applied. The

only 1ncorporat10n that occurred under no-till was that
" which resulted}ftom the seeding operation. |

The seeding operation  was done using a hoe drill with
narrow seed openers (1.6 c; width) at a 20.3 cm spacing.
The ‘crop seeds were placed at a -4 cm depth. An in-row
application‘of 10 kg/ha of P was used on all plots,,

At the Foremost and Raymond sites, spring wheat
(varlety Chester), and at Lethbridge, barley (variety Galt)
was seeded. The plants were grown to maturity and harvested
ln.the first week of September. Harvest of the plants was
done by hand. A 0.7 m by 0?7 m area was sampled inagthe

center of the 1 m Sy 1 m plot. This area was sampled ito

35

avoid any border effects from adjacent plots. - The samples’

were threshed and the grain was retained from each plot.
The grain was weighed for yleld determination and tnen.
grqund to pass ad 2 mm sSieve. The ground samples were
analyzed for total nitfogen cont%nt by a‘ macro-Kjeldahl
technique (Kirk 1950). An>aliquot"tontaininq: approximateiy
1 mg of nitrogen ﬁrom the Kjeldahlyanalys{s was acidified to
a pH of 4 and was dried at 70 degrees C 1in van oven. The

dried.sample was used to determine the atom percentage ’



N-15 using a Micromass 602D mass gpectrometér.

The results from the analyses were used to determine

the nitrogen derived from the fertillizer (NDFF), nitrogen

36

derlvea from the soll (NDFS) and the fertlillzer use-

éfficiency (see plant material calculatlon; in Appendix C).
.The fe;tilizer use. efficiency .data were énalyzed
statlstlcally using analyslis of varlance. anch- experiment
and tillage type was analyzed as a éeparate experiment for
each‘site. The results from the three sites were grouped

together for a three site average. The data from the thgee

Vsites were analyzéd using analysis of varlance with the .

sites belng the replicates and the pooled error. being used

for determination of the least signlficant’différence.

3.2 “Comparison of Banded and Broadcast Urea and Ammonium
. Nitrate, and Anyhydrous Ammonia
Experiments were conducted for two years (1981 1982) at

one site 22 km southeast of Carmangay and for one year at

another site, 8 km north of Glenwood. The sites were in the

Dark Brown and Black soil zones, reépectivelya(See ~Appendix:

s

B for site descriptloné). There were two separate

experiments for each tlllage type at the sltes in each yéar.\

Each exberlment included banded and broadcast wurea, and

ammonium nitrate, along with lhjected anhydrous ammonia, all

S~
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at two rates (N at 30 and 60 kg/ha). The two different

tillage experiments were continuous tilied and .continuous

'‘no-till. The plots were organized 1in a randomized block

design with 4 replicates of 11 fertillzér treatments for
each separate tillage experiment. The individual plots were
1.8 m wide -.and 6 m long. An fh?ividual ‘experiment covered
an area 20 mﬁby 54 m which allowed 6 m pathways between
;epllcate blocks. The broadcast urea and ammonium nitrate,

and -banded anhydious ammonia ‘were applied one day before

seeding at each site. Banding of‘ureaoand ammonium nitrate

was done in'the same pass as the seeding operation. The hoe

drill previously described was used. The seed drill was

-y

adapted to band urea or ammonium nitrate. A Dblanket
ap&lication of P at 10 kg/ha w§s applied in the seed.row.

' The broadcast fertllizerktreatments were incorporated
to a 1Q cm depth under tillage and Werey left on the
soil—p}a;t residue surfaée under no-tillage. The bandgd
treatments consisted of alternate inter-row bands at a 41 cm

spacing and a 10 cm depth. The /anhydrous ammonia was

applied using a small 1.8 m wide applicator. The bands of

ammonia were 15 cm deep and-spaced 30 cm apart (see Figure

1).
>
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Yield samples were taken at plant mapurlty with a small

.plot combine which took a sample 1.2 m wide and 6 m long
down the centerx o£ the plots. . The yleld data from gach
. W
sepératg experiment were analyzed statistically using
analysis of wvarlance. The data from each of the six
experiments (three on tillage and three on no-till) were
ana%ygéd statistically for differences between the forms of
nitrggen, placement, timing bf'applicatlon, and some of the
interaétions between’the main factors. Each‘eiberiment was
analyzed separately. Portions of the data from each
" experiment were analyzed as separate fgctorial experiments
to determine 1if certain' factors or interactions were
statistically svgnificanti The comparisons made were:
overall redponse to nitrogen fertilizer, urea compared «to"
ammonium nitrate (combined broadcast and banded, ané

broadcast only), all three forms when they were banded, the

application methods for ammonium nitrate, and the

-

3.3 Comparison of Broadcast Versus Banded, and Fall Versus

applicatibn methods for. urea.

Spring Applications of Ammonium Nitrate Fertilizer
The expgriment was conducted at the Carmangay site used
in the previous rexperiment. ~The fertilizer plots were

placed on a field that had been continuously cropped using

.
W,
SN
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no-tillage for four years.” The eiberlmental design Qgé

*

randomized block with 4 replicates and 8 treatments. fhe
ammonium nitrate fertilizer was applied to plots 1 m by 1 m

in dimenslon which were located 2.1 m apart (center to

e e,

center). Thus, there was a 1.1 m border separation between
,  the plots. Seeding of the plots was done with the same seed

drill used In the previous experlmenhs. Because of the

»

o

u }ﬁ T Q).qs»
T g

8 separation of the plots, there was ng contamination of one

itet3

R

plot from adjacent plots.

P S

P
R T 3% {;‘9:;;

o

The fertllizer treatments were no-till fall bfoadcésﬁﬂ;;‘ T
. .Q ‘vx “ ~, 20 .
noftill spring broadcast, no-till fall bqnded, no-t1ill

spiing banded, fall broadcast and incorporated, and spring
broadcast and.lncorpo:ated. Nitrogen was applied ‘at 40
kg/ha. Ammonium nitrate contalning 2% N-15 was usedifor all

‘the fertilized treatments. The nitrogeny fertillizer was

applied by hand. The broadcast treatments were spread .

evenlyﬁover the square metre area. \\For the 1Aco;porated¢ ';ﬁ*‘
treatments, the fértilizer was mixed into the, top 10cm - di‘& i *
solil \;slng a hoe and a garden rake. /Ther&e wa? no additional S
tiilage in the incorporated trea;menﬁs. One of tﬁe two |
zero-nitrogen tie;tmenté in each replicate was tilled in the

same manner as the ilncorporated fertilizer treatments. The

other was inot tilled and corresponded to the no-till

°treatments.
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The,banded fertilizer was applied In two bands .on each

square metre’ plot. The two bands were 33 and 66 cm from the

edge of each plot. The bénds were positioned |in thé same

d}rectibh as seeding. Plant residues were cleared from two

. § t . \V,
6 cm wide strips. A small trench was excavated that was 10

cm deep and 2 cm wide. The fertilizer was split equally

‘ [v] ) . .
. between the two bands and spread evenly aloﬁg the bottom of

9

each trench. The: excavated soil. was replaced 1in thé

»

trenches, smoothed and the plant residues were spread back

over the band area.

The fall applied fertilizer treétments weie~applied in

mid-October 1981. The spring applied fertilizer treatments
were applied’'the first week in May 1982, one day before

_seéding.

In addition to the main portion of the experimént,
there were othervplqts included to determine the amount of
recovéry in the sgil in the spring of the fall-applied
fertillzer nitrégen. The plots were 0.7'm bf 0.7 m in size,
éhd thefe were tﬁ;ee réplicates of fall ,broadcast, fall
breadmast Ahd incorporated, and fall banded‘»placementsx
Ammonium nitrate‘ fertilizer was aépliéﬁ afiﬁ;‘;o kg of nii:io'é‘éh\
per hecfare, The fertili;ér\h;trogen'c%ntained '5.3%: ﬁ—lS.
The sub}plots soils were sampled the first week in Mif 1982;
The bandt§:t5§atmeﬁt~consisted of a O:i m 10ng€ single band;

_ : , ?

w?

.8



10 cm deep don the cehter of the 7plot§c The broadcast
treatments were as explained above.

The main plots were seeded to barley (variety Galt) the
first week in May, and were grown to maturity with harvest

the first week 1in September. Phosphate fertillzer  was

placed in the seed row at a rate of 10 kg/ha of ‘phospho;us.

All the above ground plant parts were nlncluded In the

sample. V The weights of grain and straw (plus chaff) Ewere

taken. The grain and straw were ground to pass a 2 mm sieve
and were analyzed for total N and for the atom percentage
N- 15 as previously described The soil 1in the plots . was

sampled three days after the harvesting of the barley.

> Soil sampling depths of both the 1 m by 1 m plots and'

0.7 m by 0.7 m plots were: 0-15, 15-30, 30—60, 60-90,  and

42

90—120(cm. The top two depths were taken as 15 cm wide.

slices across the plot. The'remaining depths were sampled -

with a hydraulic core sampler Wthh removed a gingle 5 cm-

o

s |
vdiameter core. The soll samples were analyzed for total N

(Bremner 1965) with a pre—t;eatmen% so that nitrate and

nitrite were inelhded. The yields ,and lahoratory results

were used to determine the nitrogen derived from fertilizer,

hitrogenvderived from the soil, fertilizer use efficiency,

the amount of fertilizer nitfogen recovered in the above

ground plant parts and soll, and the total amount of
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fertilizer nitrogen recovered (See Appendix C for soll ‘and

plaﬁt calculations‘and baseline data).
-The data from the sprlng soil samples were anagyzéd

using the sStudents-t test.

The results from the 1 m by 1 m plots wereA analyzed

using analysis of varliance. The various parameters studied

were percent fertillzer nitrogen in the above ground portion

of the plant, percent fertilizgz nitrogen in_ the soil within

the depth sampled, total pércent fertilizer recovered (plant

plus soil'fertilizér nltroéen), yield. of grain, yleld of

£

sttaw,\total plaht yield. (grain plus straw), and the assumed

;oss of fertilizer nitrogen (100 miﬁus the .total percent

[

recovered) .



4. RESULTS AND DISCUSSION

§.l’ Broadcast Urea aﬁd Ammon&ﬁm Nitrate . E

The 'general trend  0£ fertilizer |use {ﬁficiehcies‘
related tb fertilizer form'was similér for each of éhe»three
sitgs,p reQardiﬁq ?the’ no-till experiments, ' but  varied
somewhat 1n ﬁﬁe tilled‘experiments.. K

At thé Foremost site fhe iowest fertilizét use
efficiencies were observed _for broadéast urea % fertilizers
ﬁnder_ho—tillage (Tébie 4.1).-.Thev”highest’ fertilizer wuse

s

efficiencies wére_ammqnium'nitrate under noftillége. This
’waé the only site where Ithé gregtest fertilizer  use
jefficiencies~§ere obsgr&ed f6r no-tilltrathér than tilled.
The urea'fertilizéilﬁés not used as .efficiently as the
ammonium-hitréﬁé'under no-tillage. Undef tilled conditionéi

when"both‘forhs of nitrogeﬁyw:xe incorporated, the'two forms

of nitrogen were not signifi’c ntly different (Table 4.1).

s e

" At the Lethbridge site, the ‘lowest fertilizer use

efficiencies were again the wurea fertilizer that ‘was

2

R 5

broadcast on a no-till soil‘ and “not incorpgrated (Table
4.2). The highest efficiencies observed were with ammonium
’ A

nitrate, but- in this instance were under tilled rather than

"no-till cropping. The differences between the fertilizer

44 .
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. Table 4.1 Fertilizer use efficiencies, Foremost site 1980

. =='1========;=========-".'====================================ﬁ

%XPERIMENT ' | FERTiL;ZER USE EFFICIENCY
Treatment | |
Form- N Rate A ) %
{kg/ha) (grain §n1y)
} v
No-till U 40 ,"’ 31
U 80 23

AN Y I 52 ‘

AN, - 80 - : 47
L U S
Tilled U - 40 | | 39 R
' sy 80 N 35

AN 40 . o 44

AN 80 | : o 33 |

U = Urea, ‘AN = Ammonium Nitrate - | \

L.s.D~ at 95% confidence, No-till = 10, Tilled = 14

h
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use eff}ciencies of urea énd ammonium nitrate were not as
marked as at the Foremost slte for the no-t1ll experinent.
At the nltrogen zate of 40 kg/ha, the urea was legs
efficlently hséd than the ammoﬁlum nitrate. At the nitrogen
rate of 80 kg/ha,'evén though the urea?had a tendency to be
less efficiently usgd,,there was no significant differeqce.
The interaction of fertlilizer form and tillage was also
éomewhét different at the Lethbridge site. As at the
Foremost site, there was no"difference between urea ’ahd
ﬂammonium nitrafe‘at the 40 kg of nitrogen per hectare rate.
‘H0wever}‘at the 80 kg of nitrogen pér hectare- rate: there
was a significant difference with the ammonium nitrate being
used more efficiently than urea (Tablé 4.2).

‘Resdlts at tﬂe Raymond Site were similar to the results

0 ]

found at the Lethbridge site. The lowest fertilizer use
r o . ‘
efficilencies were again observed ' for urea under no-till

[

condltlons vand the hlghest efficiencies were ammonium
nitrat? under tillage. At this site, hbwever,'there-‘was a
significaﬁt difference between urea and’ammonium nitrate for
both the tilled and no-till experiments (Table 4.3j. The,

\

urea wassless efficiently used than the ammonium nitrate.
l\
When the data from the three 51tes were combined, the

urea fertilizet was not as efficiently used as the ammonium °



oy

Table 4.2 Fertlllizer use efficiencies} Lethbridge

site 1980 :
EXPERIMENT FERTILIZER USE EFFICIENCY
“Treatment
N’ Rate ’ %

Form (kg/ha)

(grain only)
—~—————";;—_.f'—“——“-“_f“ ————————— cTTTTTTTT j"'—-—‘——“-,. —————— Tt

No-till . U 40 ) 11
.U 80 9
AN 40 23
AN. 80’ | 15
T
Tilled U 40 . 22
U <80 A 17
AN " 40 29
AN 80 33
U = Urea, AN = Ammonium Nitrate
= 10, Tilled = 10

L.S;D.‘%g 95% confidence, No-till

a7



nitrate (Table 4.4). Under no-tlllage, the urea had
. £ * .
fertilizer use effliclencles of 17 and 14% for the nitrogen

levels .of 40 ahd 80 kg/ha respectively compared to

efficliencies of 32 and 26% for ammonium nitrate.‘ .Twe same '

~ comparlisons for tlllage were 25 and 23% compared to 34 and

31%. lAveraging'the\results for the two levels of nitrogen
fertlllzer (40 and 80 kg/ha) the ammonium nitrate csmpared
to urea resulted In an increase in fertilizer use efficiency
of 20 and 13% for no—tillaée and tillage respectively.

There are two explanatloné for the lowei efficlency of

—_—

urea compared to ammonium mitrate. They are - greater .

-

volatilization losses of ammonia as wurea 1is hydrolyzed
. [ ] : i .

(Schﬁiiderfet al 1979, Touchton and Hargrove 1982), “and
greatdr immobilization of urea by the soil blomass (Hargrove

and Kissel 1979).

3

The resﬁlts from these expérlments agree well with the
results that Schneider et al (1979) ob£ained at two sites 1@
North Dakota with wheat fertilized by broadcast urea and
ammonium nitrate under no-till.  Ylelds were lower with urea
gompared to ammonium nitrétg. Bandel (1984) mentioged that
volati}i:ation losses may be as high as between 30 to '50%

from spring broadcast urea under no-till corn productioﬁ.

Fox and Hoffman(1981) reported greater ylelds from broadcast

ammonium nitrate than. from broadcast urea in no-till corn
o T g : ’

o
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cropp hng. ' <

This initial 1980 study with broadcast nitrogen

fertilizers on no-till or broadcast-incorporation on tillage
sugqéstgd that other methods of application should be

investigated. ‘Bandel et al (1980) stressed the need for

L

research gpmparing the efficlencies of broadcast and banded -

urea fertllizer under no-till cropping.

4.2 Comparlison of Banded and Broadcast Urea and Ammonium

experiments, the top yielding treatments were nitrogen
Teitilizers that had been placed In bands in the soll, while
generally the 1lower yielding fertilizerQ treatments were
surfacé broadcast (Tables 4.5 and 4.6). 1In all except one
of the experimenté, there was a hlighly éﬁgniflcan; response
to added fertilizef (Tabies”4.7 ahd 4.8). The exception was
the tllled éxperlment at the Glenwood site in 1982 (Tables
‘456'and 4.8). The zero-nitrogen plots had a four ~rep1icate
-average yield 6f_1629 kg/ha. This was not significantly
- different from,ali except one of the fertilized treatments.
The only fertilized tteqtment signiflcanfly different frbm
nthe check treatment was”the anhydrous ammonia at the 60

kg/ha rate of nitrogen that‘had a yield of 2076 kg/ha. This

three no-till —and the—three — tilled
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Table 4.3 Fertlillizer use efficlencles, Raymond siﬁe 1980

EXéERIMENT | ‘ FERTILIZER USE EFFICIENCY
Treatment |
N Rate ' %
Form 1 (kg/ha) (grain only)
No-till U 40 _ 8
U 80 11
AN 40 22
. ‘ + .
AN 80 17
Tilled 0] 40 k 14
U 50 ' 17
AN 40 30. .
AN 80 | 25

U = Urea, AN = Ammonium Nitrate

(o1
1f
(o]

LL.S.D. at 95% confidence, No-till = 5, Tille

!
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Table 4.4 Fertlllizer use efficlencles, three site average

-~ E R R R X

EXPERIMENTS
Treatment
N Rate

Form (kg/ha)

No-till U 40

U . 80
AN 40
‘AN 80
‘Tilled U 40
U 80
AN _ 40
AN 80

E— B~ i o i~ i R

FERTILIZER USE EFFICIENCY

%

(grain only)

14
32 .

26

25
23

34

U = Urea, AN = Ammonium Nitrate

L’S.D. at 95% confidence, No-till = 8, Tilled = 8
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1s difficult to explaln becausé the.tilled fleld ‘héd lower

plant avallable nitrogen than‘the no-till fleld according to
the previous fall soll test results (Table B.2 1n Appendix
B). Uﬁder no-tillage, thexé was a signlficant response to
added fertlllzer nltrogen. Also, the hlghests ylelding
treatment for both the tillage and no-tillage experimehts at
the Glenwood slte ln‘1982 had slmiiyt ylelds (Tables 4.5 and
4.6). The ylelds were 2040 fbr banded urea at a nltrogen
rate of 60 kg/ha under{{ﬁo—tlllage and 2076 for banded
anhydrous ammonia at a nitrogen rate of 60 kg/ha under
tillage. !

When the average ylelds from urea and ammonium nftrate
are compared without separating 'banded or broadcast
treatments, there was no Statistically signifiéant
difference between the two forms (Tables 4.7 and 4.8). If
only the broudfgst treatments are compared for the two forms
in question, there was no stati§t}cal difference observed in

-the tilled experiments (T;v: .8). Underx no-tillage

however, one of the experiments,” Carmangay site 1n 1981,

showed a significantly greater yleld with amﬁonium nitrate

compared to urea (Table 4.7). The average yields for
broadcast ammonium nitrate and urea were 1973 and 1721
kg/ha réspectively at the Carmangay site 1in 1981). The

Y
other two no-till experiments in 1982 showed no difference

52
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between the two granular forms of nitrogen ‘when they were

broadcast. Fox and Hoffman (1981) reported lower ylields and
“ .

lower nitrogen uptake with urea compared to ammonium nitrate

in two of four years for no-till corn in Pennsylvan{a. They

attributed the variability of response to unincorporated'

urea fertili;er to the timing of ra}nfall after nitrogen
applicatlion. :ﬁgrom their observations, they nqge the
followlng = general conclﬁslons regarding ammonla
volatilization from the urea fertilizer under no-till: (1)
éﬁoss was ‘insligniflcant L£ there was 10 mm raln within 48

hours of application of urea; (2) If thé 10 mm rain was 3

days after application,\1dsses~could be moderate (<10%); (3)"

if 3 to 5 mm of rain fell within 5 days, or 7 to 9 mm within
9 days, losses could be’moderate (10 to 30%¥} and (4) if no
rain fell &ifhin 6“days, the 1loss could be substantial

(>30%). Although no accurate ralnfall data are avallable

53

I

from the Carmangay and Glenwood sites, it was noted that the

- Carmangay site in.1981 necelved no significant precipitatioa

for about two weeks q;ter §eed1ng Ig 1982 at both the

bR

Carmangay ‘and Glenwo%d skﬁgﬁ* therga was sgﬁé rain observed
e e Ly & Y

¥

within two® weeks of the fextyaiz@r wéppLicabio *The

rain

.N o



~ Table 4.5 Yleids of treatments comparing three forms

t

of nitrogen, placement, and rate of N
. :

for no-tillage

s====spssssssssssszssssssssssscssssssgessssssssszssszasas
| ' EXPERIMENT
il Form Placement N Rate » Carmangay Glenwoed
(kg/ha) 1981 1982 1982
o - - kg g;aln/ha
Check  none 0 1029 810 1134
AN Broadcast 30 1744 989 1548
AN, Broadcast . 60 2203 1716 1842
+ AN Banded 30 . 1973 1278 1593
AN Banded 60 2183 1900 . 1761
U Broadcast 30 1640 1167 1660
U Broadcast 60 1802 1433 1786 °
U Banded 30 - 2253 1334 1694
U Banded 60 2690 2040
AR Banded 30 2264 1898
¢ EAA Banded ° 60~ 2883 1572 1976
L.S.D. at 95% cpnfidence = 524 526 474

AN = Ammonium Nitrate, AA = Anhydrous Ammonia, U = Urea
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TaQii 4.6 Ylelds of treatments comparing three, forms of

'nitrogeﬁQ'placement and rate of N for tillébe

Al it
EXPERIMENT
Form Placement N Rate >{Carmangay GlenQood tﬁ
. (ka/ha) 1981 1982 1982
;‘ kgvgraln/ha |
____________________________ S S
Check nahg' 0 ;101*.. 884 - 1629 B
AN - Broadcast 30 . . 1109 1457 1817
AN | Broadcast 60 ; 1620 1744 1666
AN .Banded ';, 30 ‘1229 1481 1398 “
AN Banded - Te0 2012 ;1808“ 1986 B ;yf
u Broadcast - 30 1120 , 1386 1624
u Broadcast = 60 1479 1696 1597
U Banded 30 1384 1517 1788
U Banded 60 . 1665  2024° 1971
AA Banded . 30 1698 1953 - 1723 EY
A’ Banded = 60 1944~ 1814 2076
N S I S . N ,____;____-_;_F
L.S.D. at 95% confidence = 336 453 . 409 ¥

AN = Ammonium Nitratej AA = Anhydrous Ammonia, U = Urea
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speculates-that‘the relatively greater‘ yleld response tof

urea. in relation to ammonlium nitrate for the no-till
expefiments in 1982 compareé to 1981 may have been due to
rainfali soon aftér the'fertilizez appligation. |

| There wexe‘no~significant differences 1in y}elds from

Fetea and .ammonium nig%ate on the:tilled experiments,

Ewo of the.\three‘ no-ti11l éxperiments, the  urea
y{eided more than the ammoniﬁm nitrate (Table 4.7). These’
;wo eXpex¢ments(we;e at Carmangay 1981 and at Gienwood 1982.
The average differences of yield in favouroof'uiea wefe 393
and 190 kg/ha,rr;spect;vely kTable 4.5). These results 'do
hot agree yiéh.the results of che:} researchers.. Harapiak
(1980) mentioned' that ali forms of nitrogen fertilizer
shoﬁid be equally effective for no—tlllagé when placed .in
bands. Thelresults from this Etudy teng to show vthat' the
urea was ﬁorevegficiently useé than ammonium nitrate ‘when
'jthelfwo forms Qere banded q5der no-tillage. | It_ is the
author's opinion thag/\thig tehdency should be furthér
investigated. One péséiﬁleﬂéxplanatiod”fox the. diffe:ence
is 1ower’.deh"1trific‘ation lo?ses from the'urea than ammonium
nitrate under more moisf\sq;face soils for nOetilli conmpared

to tillage. | f‘

If broadcast ammonium“/nit}ate wgs compared to bandedr.

%

- ammonium nitrate, no'différence was observed for any .o the

«
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]

ol : .
Table 4.7 Summary of comparisons from the experiments

i-g P

under no—tillage

R e T - R B e i i

COMPARISON i NO-TILL \

2 Carmangay © Glenwood
1981 1982 1982
___________ O
ResponSe to N ' * % kx * % 'm;
Forms (U and AN) | ns " ns .+ ns
-Forms (br?adqast), . . AN>U* s _nﬁﬁ&§' MR
'Forms-(ba;ded) , ' AA;U>AN* ' ns AA=Q5AN;
Methods (AN) | | . ns 'vy ns ns
Meth9d3~(U). - ’ Ba>Br* Ba>Br* “Ba>Br* .
P
ns = not slgnificqpt, N = nitrogen, U =~Uteé, - u*;“
‘AN = Ammonium Nitféte, Ap = Anhgdrous Ammoﬁia,‘ R .

~

-

‘Ba =vBanded; Br = Broadcast
. : - ) 1
#aplgnificant difference at 95% confidence,.

significant difference at 99% confidence .



Table 4.8 Summary of comparisons from the expéfi@ents

- N} .

LR LS
. . "

-,

.
I

under tillage

Response to N

“1 Forms (U and AN) -

Forms  (broadcast)
Formsv(banded)
Metfhods (AN)

: Methods (U)

o}
n
[}

,

Ba

Bandéd, Br

TILﬁFQ
Carmaﬁgay ’ Glenwood’
, ,. ‘
1981 1982 1982
_____________________________________ 4
* % * % “ns
"
ns ns B ns
ns. ns ns
AAS>U=AN* ns4 ns
Ba>Br* . ns ; Ba>Br*
Ba>Br; . Ba>Br* . Ba>Br*

not,gignlfiéﬁnt, N = Nitrogen, U = Urea,

: Ammonlium Nitrate, AA = Arfhydrous Ammonia,

= Broadcast

*,éﬂsignificance at 95% cdnfidence,

P

: oo . . ~ .
** =.gignificance at 99% confidence



three no-tilll experliments (Table 4.7). However, for the
tilled experiments, banding resdlte@ in 388 and 120 kg/ha
greater yields thén broaacasting for the Carmangay 1981 and

Glenwood 1982 sites respectively. These results indicate

59

that broadcasting and banding ammonium nitrate are equal

under no-till. ‘These results are not in agreement with many

reports favouring band placement under no-till cropping

i

regardless of the nitrogen fertllizer,fqrm (urea or ammonium

\ .-
nitrate), (Shulte 1979, Doran 1983). Engle et ﬁgd (1980)

indicated that banding will result in greater yields than
bbroaacasting because of less immobilization by the soil
biomass and becéuse of less weéa competition. Al;o, resulés
reported in the;following section (4.3) using Nf15’ enriched
ammonium nitrate showrboth yield increases and higher plant
uptake of fertilizer nitrogen when banding is compa;ééy to
bioadcastlng. |

The anhydrous ammonia treatments tended to’ be high

yielding in all six of the experiments (Tables 4.5 and 4.6). -

In the two experiments in lgéi- at Carmangay, there were
greater average yields of %g%?and 248.kg/ha for the no-till
and tilled exberiments, reépéctively, whén anhydrous ammonia
- was compared to banded urea and ammonium n¥trate (Tables 4.7

and 4.8). The other four experiments in 1982 showed that

anhydtous ammonia was not significantly different from



‘banded urea and ammonium nitrate, but anhydrous ‘ammonia was

always one of the high ylelding ;reatments. Yields ‘from

anhydrous ammonia under nofﬁillage have not been reported in

" the literature. It has been suggested that using anhydrdﬁg

ammonia would glve satisfactory. rééults. For example,

Phillips and ioung'(197§9 mentioned that 'Qnﬁyggbus ammonia

- could be used as a pfe—plant or side—dressfﬁqf application.

Delber et ai (1978) suggested that 'thgé,i;jection gﬁ
anhydrousiaTmonia would cause unwanted"soilmq éurbance’ aké
that. the crob_residues wouid caﬁse clearanc;':difficulties.
However, Fee v(;982) suggested that any problems with
anhydrou; ammonia on no-till could"be over;ome. The results
reported in‘tﬁis section indicate anhfdrous ammohia is a
suitable nitrogen fertilizer for np—t111 cropping.ﬂi

A final important result from'«each of .the six
experiments was that baﬁdedvhrea yielded significantly more
than broadcast urea (Tables 4.7 and 4.8)«. The average yield
increase due to banding‘urea rather than broadcasting under
no-tillage was 419-kg/ha.. The co:respgnding avérage yield
-1ncreaSé for urea under tillaqge was 240 kg/ha. Banding urea
was superior for both tillage " and no-tillage <cropping
althgdgh the e}fect ‘was greateét with no-tillage. The

probable reason for this result is that surface broadcastinq

of urea can result in lower crop yields thdh\banding because

60



of higher ammonlia &olatill.atlon " losses after hrea
hydrolysis (Touchton and Hargrove 1982). Warren (1983)

mentioned the difficulty to design a urea fertilizer program

61

for no-till unless the urea could be lncorporated into the .

soil. Bandell et al (1980), and Bandel - (1984) also

#

&

‘emphasized the importance of banding wurea for no-tillage
cropping.

4.3 Broadcast versus banded and £all  versus spring
applications of ammonium nitrate fertilize;ll

The data from spring. soil sampling from the N-15

e
//"

experiment ag Carmangay showed nO\)Significant difference
between the fall treatments reéarding the total fertilizer

nitrogeh recovery to'a 120 cm depth (Table 4.9). However,

with. sampling to oniy the 30 cm depth,  there were

significant differences (Table 4.9). The method of sampiing

may have been a factor in the high degree of variability.

The top two layers were each sampled by taking a 15 cm wide

and 15 cm deep slice across the plot. Sampling below this. .

depth was done using a single 5 cm diahgﬁer core from the
center of the’plot. The 30-120 cm_dépth was more ‘variable
in nitrogen recovery among the three replicates, compared to

" the 0-30 cm depth sampled by slicing.

1



The perceht recovery to a 120 cm  depth for the fall

treatments were 95% for the broadcast .apd  incorporated

t;eatment, 96% for the bapded "treatment aﬁd' 77% for the
broadcast treatment (Table 4.9). There was a tendency for
more fertilizer loss in the treatment that was surface

broadcast and not incorporated as compared to the treétments

with Incorporation or banding. Consldering only the 0-30 cm’

depth, the fall broadcést’|treatment had markedly less
fertilizer nitrogen'recovery thén the incorporated treatment
(Table 4.9). 'The probablé reason why ghere was a
significant difference for results from samples down to the
30 cm depth and not for the total depﬁh sampled was due to
differences 16 sémpling techniques{ The 0-15 and 15-30 cm
depths were sampled by taking a slice 'of soll across the
plof; mixing the wh&le volume of soil from‘ which a
sub;sample was removed and analyzed for the total nitrogen
content. The sub-samples from depths below 30 cm were taken
from a single core from the centre of the plot. The core
sampling technique gave more variable results than the soil
slice technique: One possible' way _to deéreasg the
variability among the samples taken from the soil cores
would be_to take ConSiderably moré cores (perhaps six), bulk
thém together and remove a sublgamplé aftei mixing to Dbe

analyzed for total nitrogen.
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Malhl and Nyborg (1983) recovered only 71% of N-15
enr iched ufea fertilizer in the spring that was‘incorporated

Into a Black soll at Ellerslle, Alberta, on October 24th.

Recoveries of Incorporated KNO3 and banded (NH4)2S04 were,

60% and B84%, respectively. Aulakh and Rennle - (1984)
obtalned spring soil sampling recoveries of 73% . and 89%,

respectively, from N-15 enriched potassium nitrate and urea

that was lncorporated in September in a Black Soil at Blaine

Lake, Saskatchewan. The average of recoveries for thé three

methods of application in the spring at Carmangay using.

'ammonium nitrate were in general agreement with the results
reported in the Malhi and Nyborg (1983) and Aulgﬁh and
Rennié (1984) studles. '
Yield resdlts oBtained from the main plots in the fall
showed that soilt.distuxbanCes on the one zero-nitrogen
treatment resulted In a yleld increase over the undist@rbgd
treatment (Table D.2). The  average yield 6f tﬁe
lincorporated zero-nitrogen treatment was 1050 kg/ha compared
to’680 kg/ha for the hndisturbed zero-nitrogen treatment.
Apparently, more nitrogen was mineralized - from plant
residues and soil organic matter as a result of the soia
disturbance. However, thiﬁ‘increase in available nitrogen
from the soil cultiyation é?zﬁhoérsignificantly atfect the

AN

amount of fertilizér nitrogen vthat was taken up by the
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barley (Table 4.10). The fall broadcast-incorporated and

fall broadcast treatments had fertilizer use efficlencles of
10 and 14% respectively. There appears to have, been a
tendency to reduce plant uptake of fertilizer nltrogén by

disturbing the soll 1in the fall. House et al (1984)

L)
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_<reportéd that tillage increases the rate of crop residue

mineralization: Other researchers mentioned that nitrogen
mlne:alized at a slower rate under no—tlllaée coméaredl to
tillage (Moschler and Martens 1975, ‘Deibert et> al 1978,
Triplett et al 1979, Frye et al 1980, Phillips et al 1981,
Powlson 1980, Engle et al 1980, Peterson et al 1981, Carter
‘1982,j§;nda11‘1983; Stinner et al 1983 and Grevers 1984).

at was iecovered in the plants, 1.e., fertilizer use
efflciencies for the six fertilizer treatments ranged from a
iow of 10% to a high of 43% (Table 4.10). The 1lowest
fertlllzer.use efficlencles were 10 and 14% for the fall
broadcast‘fncorporated and fall unincorporated treatments,
respectively. The ‘spiing‘ broadcast. incorporated and

-unincorporated spring treatments had 1dentical efficlencles

of 23%. The banded treatments had efficliencies of 34 and

43% for the fall and spring applications respectively.
These results show that the least efficlent manner to supply

nitrogen fertilizer to the <crop plants was to broadcast
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TABLE 4.9 Fertillzer nitrogen present in the soll at |
spring sampling, Carmangay, Fall 1981 to

Spring 1982

_.'._.=_.=..-=____==__.___..__=._=._—:_.—__.=___...._._.-—.____.._==_._=-.__.=_..——_..._.—..._

TREATMENT FERTILfZER N RECOVERED (%)
0-30 cm 0-120 cm -
B it bttt h b bttt ‘ _______________________
Fall Broadcast 49a - 1a
Fall Broadcast and incorporated 79b 96a

Fall Banded 65ab 95a

For each column, different letters denote significancé at

95% confidence. _ Py

*

fertilizer in the £fall whether 1t was incorporated or not.
Broadcasting in the spring resulted:‘id”“higher levels of
uptake of fertillizer compared té fall broadcasting. All
four broédcast feitilizer treatménts were less efficiently
used than banding whether the bénding was done .in the fall
or spring. The spring banded treatmenf was more efficlenfly
used by the barley than-was the fall banded treatment.
There are few significant differences among the

treatmentsfwith respect to the amount of residudl ‘ertilizer



nitrogen in the soll after harvest (Table 4.11). The two

) ‘ )
treatments with the lowest 3011 recoverles (spring band and

fall band) as shown. in Table 4.11, had the highest
fertillzer use efficlencies (Table 4.10).

The distribution of resldual fertilizer nitrogen in the
soil profile was 1nf1uenéed by the timlnq'of the fértilizer
application and the method of placement (Table 4.12).
Bandlhg has the effect of physically placing the fertlillizer
niFrogen,vdeeper in © the soll profile compared to
broadcaséing. Fall applications résulted “in deepexr/
distribution»as compared, to spring applications. kApparently
fall;applied fertilizér nitrogen was .partly leached down the
soil profile by late fall, winter and early spring
preciplitation. |

The total amount ?f fertilizer nitrogen reméining in the
soil-blant system is the sum of the po?tlon remaining in the
soil and the portion whiéh was taken into the above grouﬁd
portion of the barley plants. The plant uptaké bortioh,
soil remaining portion, and the total amount remaining are
shown 1in Fiéure 2. All fertilizer nitrogen not accounted
for in the soil to a 120 cm dépth and the above ground
portion of the plants s aSsﬁmed t&'-be- lost throuéh
denitrificati n, ammonia vdlatiliiatiOn or leaching. This

assumption is consistent with previously reported studies
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Table 4.10 The ef@ect g%q%ﬂﬁlﬁqeiﬁﬁ
- and - method3wo§ applicaéionﬁcnwumg of N-15 ’

enrlched NH4N03 Eéttlllzeqﬁﬂvarmangay 1982

A

\' o b\ . 1 : i
:::::::—.:::====================‘=====_=i:!:::=======~.-,-=:;=== ‘_.==== ¥
LI - . . ﬂ
"\*{Z)ﬁﬁr W = i m
TREATMENT FER LIZER USE EFFICIENCY (%)
,_____-_-__*________:_-___:u:__-__~gL_l ___________________
Incorporated Fall ’ 10 ’
No-till Fall Broadcast 14
Incorporated Spring , 23
a
No-till Spring Broadcast 23 :
No-t1ll Fall Banded v L 34
No-till Spring Banded 43

e e e A S e e T e R e e e T = T e e = Yt ey S e e e = e e e e e e e = R R e e e o e -

L.5.D. at 95% confidence = 9

regarding né—tillage in England and Kentucky, respectlvélyi”
(Dowdell and Crees 1980, Kitur et al 1984) and tilled‘
cropping in CénffalyAlberta (Malhi and Nyborg 1983)

The no-t111 fall broadcast treatment had one’ of ktheﬂ;;'
lowest plant uptake amounts: and one of the .lowestﬂnsoil'ﬁﬂ;

residual amounts of fertilizer nitrogen (Figure 2). This .

treatment had a loss of 37% of applied fertilizer. “By =~ .

o



~
» *

incorporating the fertilizer into the top 10 em 9f soll, the
plqnﬁ uptake amount was not signiflcanfly different, but the
‘1ess‘o£ fd‘?illzer nitrogen from the soil-plant system was
reéuced to 23%. The spring broadcast-incorporated and
ﬁp—tlll';pring broadcast treatments were similar in regards

to plant wuptake, so0ill storage and 1loss of fertlilizer
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nitrogen. | However, this experlment was conducted with -

ammonium nitrate, and if urea fertilizer had been wused,
there might héVe_ been differences between spring
broadcast-incorporated and no-till spring broadcast as 'was

shown in results from the 1380 experiments in this sthdy.

r B
The potential for volatillzatlon losses after urea

hydrolysis by urease activity can be gréater for a broadcast
treatment withouf incorporation thah if 1t‘ is incorporated
(Fenn aﬁd Miyamoto 1981).

The losses from the f£all band and spripg band
treatments did not differ slgglficantly. The loss of
-applied nitrogen was 17 and 9, respectively Althouqh not
slgnlficantly different in thils experiment, the fall band
treatment had more p0551b111ty \ for leachine and/or

denitrificatlon losses than the fprlng banded application

The data from this experidbnt which showed that the

spring fertilizer applications resulted 1in greater plant‘

uptake of fertilizer nitrogen than equivalent fall
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Table 4.11 The effect of tillage,‘time of application

,';f/fﬂ . methods of application on recovery of N-15
enric?ed NH4NO3 fertilizer in the solil,
Carmangay, 1982

. , 3 » . )
X+ 1 X 3t F F 1 T - 3 F T+t E X -t ittt i Tt 1 Lk T i
"

v TREATMENT RECOVERY OF FERTILIZER N (%) o

<

o
S » -t . L
.- No-t1ll spring Banded-” ‘ ‘ 48
\:No—till Fallzaaﬁaed | o g 49
No- till Fall Broadcast ,. e 50
1 Spring Incorporated* Z- S L 62 R
No-till” Spring Broadcast - \ 65
Fall® Incorporated T )
. B . , PR » Cog 3
-';"""'"—""""f-’\'"—-'7‘—-———"—_","_"-—,- ________ ._;.»__'.._;__..____,__._'_
/LfoD,.at'95%’con£idence'= le - ‘,'.« - v
& X

?applicatiOns, agre§s with work under no-tillage in- Kansas by

J

-volsonqﬁand Swallow (1984). §~The- reported that . spring.
agpllcations ~6f Vﬁe-tilizer 'resulted ‘in more‘ . efficlent ¢

"fertilizer use than fall applications in four of fiNe ryears

* ne W

of § study«which measured the fate of N 16 enriched nitrogen.f

/ 2’

’:JQ aﬁerxilizer applied to winter wheat
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Tqbie 4.12 - Distribution of fertilizer nltrogen'iémalnlng
in the soll by sampliné depthswaffér harvest
’ (% of total applied) o
==%%====ﬁ======================================T======::==.ﬁﬁa
SAMPLING
. DEPTH | TREATMENT o
. Inc No-till Inc No-tfll’ No-till No-till
Eallz‘fFalliyﬁﬁﬁ%£?d<Spfin§ :.Fa11: h _Sp;ipgw
(cnﬂh ' Br ‘:ﬁ@ .:gﬁgéimif}-fkﬁt”~3‘1-Bana o Band"
_______________ \7_—_—-_4f_——f__—_—_-—_______—717__——f_-_-_ o
9-15 - 41 .21 46 46 .21 ‘ 32
15-30 13 70 14 - ‘;s 10 fil, e
30-60 7 2 1 - 11 o
60-90 5 0 0 5 1
90-120 4 0 0 2 0
. - A
_—:f—fjf;fT__———_—-——_*iff°__f—"_°"——'__—“____"-ff ______
Total 66 50 ' 62 65 49 " 48 %gg
____________ STy
Inc =vIncorborated, Band{= BanQed, Br =/Br9§§cast .
L . . e .



w

—
~

AOUCOU«N:OU %S6 3I® "Q°"S°1 = ,,*crmm = eg. .,vmu.u_u,MOLm - Lm..uwaluoas.ou:ﬂ - u,::u
N . . / . ) . ) 4 . .
T AadA0D24 USIBOAZTU ADZYTTIFA94 Z Sanbry
. L : :
. - A
7 | e v Ag . Agq ag S ag
Guryadg Tie Buyadg Guyadg ~Fred Tied '
IT1T3~ON I1¥3-ON .-Maloz., QU] ITT3-ON 2uyr
- ~ . - . . . . o
%
1 e..

&

LNVd

~

I

NIODOALIN ¥3IZI 14854 Y -

B



Ly

!
«

" Banding of the ammonium. nitrate had the effect of

‘making the timing of fertllizer application less critical.

.Bandel (19%4) concluded that.injectlng urea-ammoiniium nitrate

fertillizer solutlon eazly in the spring reduced the effect
LI)

of tlming by. lowering fertillzer losses compared to the same

fertilizer surface broadcast at the same time.

Another effect of banding was that the fertilizer ‘was

uused more efficlently byvthe‘crop plants (Figure 2).  Doran

(1983) reported a 20% ‘incieasé in ylelds from banded

fertilizer ﬁltrogen,compared to broadcasting. He éttrlbuted

' the greater ylelds . to increased ‘nitroggn use efficlency

because bandlng placed the fertilizer out . of the highly

biologically actlve sorféce 1aYet' so- there : was  less

immobillzation by the soil bioma sl Other researchers lﬁave
. 3 - . :

menhtioned that plaogment in bands ‘results in less

1mmobllizatioh'of fértllizer nltrogeo (Engle et al 1980 and
1982, Fee 1982, Rasmussen 1983, Tomar. aod Soper 1981,
Fredrickson ét al 1982, and Rice and smith 1984).  The
statistioal analység f@r,the varlous factors studied in this

experiment are summarized in Table D.1 in Appendix D. -

S

72
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S. CONCLUSIONS AND RECOMMENDATIONS
The following are conclusions stemming from the results

of the three experiments reported in this study:

1. Broadcasting ‘ammonium -nitrate resulted in greater uptake

of nitrogen by the crop compared to the Same treatment ' for

.

urea.

2. When a granulaf form of nitrogen (urea or ‘ammonium

nitr‘wp) was used for no-tillgge‘ and tilled cropping,

placinmg the £ert11lzer in bangs rather than surface

broadcasting resulted in higher ylelds. This was especlally.

so for urea. W . - | N ' fv
a : : -

o

'Ii'e anhydrous ammonia applicationﬁs weze some of t* .
. '~. #

- hf%her yieldindh%reatments compared to' bxoadcast or bande

urea and ammonium nitrgte %f ‘fm %“ “ﬁ
. . o C , /3,. /Q:Qv

4.- If urea or ammonjum’ nitrate wege placed in bands in the

soif; the’resultid; crop yields moreé”;rly approached }the

i,

yields resulting Erom anhydrousjammonia. . S \,

I3 - - \ :
. 0 -
. - ‘. Y '
\

) \
.
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-5, 8pring appllcatlons of nltrogen fertillzer ~were more

74

? B | |
‘efficlently used ‘by crop plants “than equivalent fall
applications.
” N

6. Bandlng of nitrogen fertilizers during the’fall,was more
efficiently used by the_cropeblante than a spring surface

broadcast appllication. 'nﬁ

< o

R

Y

2

v &4

! The following are iecommendatlons for further :research

c

into forms and méthods of ‘application of nitrogen fertilizer

]

o “é i

'-fplots as done in two of the three sets of experiments in

-

u'this study, higher levels of. enrichment ‘should be used.

o This 1is advised 80 that the amount of fertilizer nitrogen

©

“'1“ remaining 1n the soll can be more accurately determlned (for

a

examﬁle 5 to 10% abundance rather than 2% wused |In thls

s enriched, nitrogen fertilizers on small

. Wi
= W

study) L
g, would be useful to repeat the 1a§ti'!xperiment using
both urea and ammonium nltrat forms of nitrogenq This

- would allow comparisons between these two forms as affected

o

by the method and timing of appliéation.' o



v

L

-/‘ . ‘V\

which the varlious fertilizer treatments would be applled to -

the same soll plot each year are recqmmended - This would

a‘EOV monltoring of soll organlc matter levelét'ahd 3611
¥ o

biomaSS slze to see 1£ these two , characterlstics are greatly

affected by the fettlllzer treatment

4

4. ExpeYﬁments should be.Qonducted havlng a wldel’ spectrum

of fertilizer levels to determine the yield reppﬁhse curveS‘

for crops grown using no= tillage cno@plng practlces

i
ool T :

L "“*» 75
/ pxperiments of a longer duration (at least 5 years) in

. : ';‘ . .
L L ) s ‘ o
Sy, f“s R

el E- Sl
- ')}t&"':«“?&!‘ . R



6. REFERENCES

‘ s ' |
Aulakh, M.S., and Rennie, D.A., 1984. Transformations of

fall-applied nitréyen—ls labelled fertilizers. = Soil Scli.

Soc. Am. J. 48:1184-1189.

- v
Ny o

Bandel,'V;A.;~021en1a, S., Stanford, G., nLegg, J.o. 1919.
Nitrogen beﬁavior under,_noftlli vs.  c6nvént1ona1 corn
culture. First?yea: results using wunlabelled hitgogen
fertilizer. Aqrén;?q.'61:7éz—7es.

v

B . J I

Bandel, V.A,, Ozlenla, S. and Stanford, G. 1980. COMParisoRs .

o9,

T of Qi%:odéﬁ "fgatﬁliﬁem§gﬁEbrﬂwno—tiﬁﬂ»égggn,' “Kgron.  J.

.
-

72:337—34ﬂ.’

" Bandel, V.A. 1984. Maximlizing N efficiency in.no-till corn.’

Solutions. March/April:36-42

) Sy ko
, : ) . . LA

Blevins, R.L., Thomas, G.W. and Cornelius, P.L. 1977. . g

Influence of no-tillage and nitrogen fertilization on

certain soll properties aftex;five years of continuous corn.

)

Agron. J. 69:383-386. - | L
y ‘ o :
L 3 ~———
T« (} )

76



P

Blevins, R.L., Thomas, G.W., Smith, M.s.? prye, W.w. and
Cornelius, P.L., 1963. Changes in soil properties after 10
years continuous non-tilled and conveﬁtlonally tilled corn.
Soll Tillage Res. 3:135-146.

v ) "
‘Bremner, J.M., 1965. Macro-Kjeldahl method to include
nitrate and nitrite. 1In'C.A. Black, ed, Methods of soil
analyslis, part 2, chemical and mlcrobi!goqical‘ properties.

American Soclety of Agronomy, Madison, Wis.

-

Broder, M., 1981, No-tilll systems may erquire- more
nitrogen. Crops and Solls May-June:23. S v
T , v e
%ﬁ "

77

Burford, J.R., Dowdell, R.J. and Crees, R.*1981. Emission _

of'nitrous oxide to the atmosphere from direct-drilled and;

ploughed clay solls. J. Sci. Food Agric® 32:219-223.

cr

/"’7
Cannell, RfQ., Ellis, F.ﬁi

and Douglas, J.T., 1980. The growth and yleld of winter
cereals after direct drilling, shallow cultivatibn‘ and
ploughing on non-calcareous clay soils, 1974-8. J. Agri.

Sci. Camb. 94:345-359.

. V i -

e o ) .
Canhell, R,Q:! 1981. Potentials'and problems of n51mp11£1ed

Q'

, Christian, D.D., Grqaam, J.p.

&



78

cultivation and conservation tillage. outlook Agr.
10:379-384.
Carter, R.M., 1982. . Nitrogen cycling 1in =zero tillage

farming systems. Ph.D. Thesis, Department of Soil Sclence,

\\

Unlversity of Saskatchewan, Saskatoon.’

Christensen, L. and,Magleby, 'R., 1983. Planting without
plowing. Farmline. April:12-13.

w
&

Crosson} P., 1982. Conservation .tillage and conventional
tillage: A comparative assessment. §382—349160, Resources

for the Fﬁture.,‘lnc. washington, D.C.. - ;&
. L

Delbert, E.J., French, E., Hoag, B., and Nowatzki; R;,\laﬂé,
No-t11l: Notth Dakota résearch,émphasié. N.D. Farm Res.
35:3-7. o

a5

Doran& J.W.,'1980. Soil microbial éﬁﬁm gidchemical changes

&

associated with réduced tillage. Soll sSci. soc. Am.. J.

44:765-771.

Doran, J.w.,‘1983. Talloring fertilizer placement. - Agr.
h ‘
Res . May:12.

A



Douglas, J.T., Goss, H:J., and Hill, D., 1980. Measurements
* of pore characteristics in a claf’soil under ploughing and
direct drilling, 1including use of radloactlive tracer

C

(Ce-144) techniques} Soil & Tillage Res. 1:11-18.

Dowdell, R.J., Crees, R., Burford, J.R., and Cannell, R.Q.,
1979. Oxygen concentratlions in a clay soll after ploughing

or direct drllllng.‘ J. Soill Sci. 30:239-245.

Dowdell, R.J., and Crees, 8., 1980. The uptake of N-15
1abe11ed ge:tlliser'by winter wheat and  1its 1lmmobilisation
in aihlay soll gfter direct dfilling or ploughiné. J. sci.
food Agric.‘31:992—99§. S

~.

iot, J.G., Pollard, F., Cannell, R.Q., and

Ellis, F.
Barnes, B\ 4

79. Comparison.of direct drilling, reduced

»

2 . a e s
"%ﬁcultlvatlon and ploughing on #the ,growth of cereals. J.

& f

Agri. Scil. Camb. 93:1391-401¢ "= 7 @ . -

Engle, C.F., Halvorson, A.R. Koehler, F.E., and MeYer, R.,

1980. Fertilizing conservation and no-til age ' grain

-éroductloh systems. Wash. state U. Cooperative Extension

=

Service. [EM4547. ) _ _ » ) ,' -

3

e TRERVE
2 bis - %}
. . S -
[ FC
\



- SR

' - M Ty
, W
N T : B
S M @‘ .. L
PR | Y . K

wy

. HE . ' . A .
3 . ot QL g R
,(‘ﬁyu W " ! : o %.‘,
. a5 .
TOH e %,

oL
‘1 Al ] ) : )‘2‘
Engle, C.F., Entenmann, F., . Hermanson, R., ﬁgnﬁ%QJ\:H.a‘

%

Meyer, R., and Hyde, G.,'iQBé; No-tillage graint b;oéub@lbnﬁ‘

in the intermediate rainfall area of Eastern Washington.
. ' & S N

wash. State U. Cooperative Extenslion Service. EB1038. ﬂx
Fee, R., 1982. How to fertilkiévfor conservatlion tlllage.

Crops and Soils Oct.:16-19. "%%} ’ ‘

.
il

! v

Fenn, L.B., and Miy&moéo, S.,:N$$81. AmmBnia loss ”agiy

assoclated reactions of urea in calcareous solls. Soll Sci.

Soc. Am. J. 45:537-540.

Flelge, H., and Baeumer, K., 1974. Effect of zeroftillége
on organic C and total N content and their distribution :in.

different N-fractlons in 1loessial sollé.'ﬂ Agro—Ecosystems
o - ) Ty ' / ’ ’ Vo

1:19-29.

Fox, R.H., and Hoffman, L.D., 1981. ' The effect of N -

fertilizZexr source on grain yield, N uptake, soil pH, and

lime requlfemeﬁt'lﬁ no-till corn. Agfqn. J. 73L891—894.
o .ﬁ.* ’ . .o '

»”

Fredgickson‘“J.K., Kdeﬂier, ?.E.;,ﬂand" Cheng, H;H., 1982.

s

Availabllity of N-15 labelled nitrBgen in: fertilizer -and in
: . N . . . ; . s ) .




wheat straw to wheat in tilled and no-till soll. Soll™ sci.

Soc. Am. J. 46:1218-1222. ‘ |
. : o . &

N

~

Frye, W.W., and Thomas, G.W., 1979. .The soll fertility

environment in'reduced tillage- cystemﬁ.'~2§drbn.5 Abstracts

Annual Meeting:171.- ' \ .

hS

Frye' W.W-, Blevins, RoL-,‘ Ck, Low', wel‘l, “‘K..:.L'." and ".‘
Ellis, J.H., 1980. Surfé§ pblication o% urea and ammonium
- - \
nitrate treated with N-8ERVE 24 Mitrogen stablilizer for
no-tillage corn. Down to’fzth 36:26-28. L
Gantier, c.J., and Blake, G.R., 1978. Phys}cal
characteristics of Le Sueur clay loam soll followlng-no-tlll"

A , ,
and conventional tillage, Agon. J. 70:853-857,

.. Grevers, M.C., 1984. Tillage and nitrpgenl cydllnq. » The
nglmum Tillage Challenge. éroceedings of the Sask. Inst.
*ofdkgrolog;sts Update Séries.

' : )
Hageﬁ, J.,land‘TuEke;,-B.; 1955. ﬁe;tilizatfbn of‘.bryland |
and,Ifriqated Séiis. "Spr{nqéz—Verlag,\ Qerlln. Heide}gérg;

New York. - = ™
- v ,



T | . . : Ny T ',82
Haraplak, J.T., 1980. Fertilization under zero and minimug ’

‘tillage condlt;gns;: Presented at Managing Agricultural

Techndloéy for Profit Seminar, Banff, Albe:ta, ».
,”,w,“;n o ’ . . ‘
S - BT ‘ 4 ' » \
jp?rgrave, - WiL., and Kissel, . D.E., 1979. _Ammonia
wolatilization from surface applications” of wurea 1in the
. ‘ :
field andﬁlaboratory. Soil Scil. Soc. Am. J. 43:;359-36 .
- ¥ : ‘:.
Heinemann, H.G., 1978. Conserving nitrogen for «corn. "Ag.
Research, U.S.D.A. Aug. .
Helnonen, R., and Huhtapalo, A., 1978. Fertilizer placetent
for small graingf Semifar paper Department of Agr. Eng., U.
of Alberta. 4
- L )
] b . ’ - ' ;.,@
House, G.J., Stinner, B.R., Crossley, D.A. Jr.j odym, E.P.,
"and Langdale, G.W., 1984. Nitrogen ¢YC11ng In conventional
and no¥t111age agroecosystems in Squthern Pﬂedmonﬁxﬂwg. Soil
- and Water Conservation, May—June3194-200.',’ UERTE
. ’ ’ N ! . A N
) .‘\a N ' o K
. ‘\g;»:_. ’ } e
Kirk, P.L., 1950. Kjeldahl method for total nitrogén. j/lAn}lu -
3 . e I !
Chem. 23:354-358. e e
. . oo 8 . - /"A " RGPS
. . * ‘ ‘ / ' /

' "Kitur, B.K., Smith, M.S., Blevins, R.L., .and Frye, .W.W.,

‘ o
\*, . b‘ b » \\\v.

£ P b E\( w ! o
. . . T N - N R : -
' .



. > \ L . V . .
, ‘ ; , R : o ' ' 83‘
1984. TFate of N-15 depleted ammonium nitrate . applied to ™
no-tillage and é6ﬁventidgai tillagg corn. Agron. J.
76.:240:242. . T -
[ N ' {
Koehler, F.E., Fischer, M.E., and Meyer, R.W. Eertilization
PractlceQ' for no-till whéé; 'in  the- Paclfic Nor(bwést..’

 Agron. Abstrgcts p. 161.

. \ . b4 ] . o . -~ ) . > }
© Kuipers, H., 1970. 1Introduction: historical notes on the

R

zero-tillage concept. Neth. J/ Agric. Sci. 18:219-224.

Lal, R., 1%974. No-tillage effdct Qn\ soil .brpperties and:

maize production {in Western Nigeria. Plant and Soll

! ‘g

40:?21—331.

[Xed
.

Lal, R., 1976. No¥tillagé effects on soil pfoperties‘ under
different crops. in Western Nigeria. Soil Sci. Soc.  Am.
Proc. 40:762-768. . .- R T T

;; ) " - ~"l

Lal, R., 1979. 1Influence of six’ years of no—tillége and

o

conventional plowing on_fertiiiiez response‘ of malze (Zea
‘ . [ ] " ‘ e ' . . . .
maize) on an Alfisol in the tropics. Soil Sci. Soc. Am. J.

43:399-407.



. ‘ / . ‘.

Legg, J.0.,

v - A . 84
1979.  Nitrogen behavior in .reduced tillage

.systémg. /agren. Abstracts, Am. Soc. Agron. p. 175. o

» . S ‘i

, - " \ ‘. . , | - | o
Llndwall C.W., 1985. Mlnimum tillage for ;onservatlon.
Proceedthgs of Soil Conserv tion "The Uluimate Challenge”L

P F.R. A Weyburn, Saskatchewan..f‘\¥ ’ 7 " )

S ) ‘ . N " |
Linn, D M., and Doran, J.W. 1981 \Soil microbial ﬁi;
<: dehydrogenase actlvlties with reduce tdllage as related to
+the degreewof soil aerobiosls.' Agron.‘Abstracté,' Am. S%ﬁi
7Agron. p. 165. — - e : s RV s
- _ . ‘ .

! uLynch;‘J.Mi, and Panting, Llﬁ;; 1980. ‘cultivation and the
~ R ‘. - ‘ ﬂ‘ " »
/ soil biomass.’' Soil Biol. Biochem. 12:29-33. " &

Wy Lol

‘Halhl S.S.;/?pd Nyborg,AM 198351 FQeld study of the- é&te

IO ,~.of £all appfied N-15 labelled fertilizers in- three Alberta
. [ \‘. *
soils. Agron. J. 75: 71 74 R \

&

7y

McMahon, M.A., and Thomas, G.W., 1976. ‘Anion leachihg 1n.

)

two Kentucky soils under conventional tillage. and a killed‘

sod mulch. Agron. J. 68:437-442.

Mengel, D.B., Nelson, D.W., and Huber, D.M., 1982.



.

,Agron.*J._64:%$9—231.f o o ’
. !

\\\gxrunoff-' Environ.dﬁanagement'5:33—53.

, . . - — - !
/ < n

, R . |
- . A . . \

. - . : , ) - 85
Placement’ of ‘n(trqgen fertilizers for no-till and
: o e W : .
conventlional till corn. Agron®J. 74:515-518.
| ‘ o : *
_Hohqrief,"d.; 1984. Where we're headed with consgrvationy
tillage. Solutlons March/April:17. |
. . . \]

. .
-~ ' . y . " N .
. -

‘Moschler, Wt":r\Shear:~G-Mé,1Martens; D.C., Jones, G.D., and
wilmouth, RYR., '1972.. Comparative -yleld and . fertilizer

efficiency‘éf no-tillage and conventionally. tilled"qorn.
‘. ' ‘w '

- N ‘ - o .
Moschler, ¥.w., Martensy D.C., énd»—SheaLL\\G,M., 1975.

! 1

: . . AN
'‘Residual fertility in soil contlinuously field é{gpped_ to

corn by con&entioqal and no;ti}lage 'ﬁethpds. Agfqgié J.
67:45-48. . o . o : .

)
.

MoSchlér, W.W., and Maffens}' D.C., -1975, - Nitrogen,
: ¥ - - . i

phosphorus and [potqés;uh requrements ' in no-tillage’ agd

conventiohall} tilled corn. Proc. Soil. Sci. Soc. Am.
‘ | : ) _ .

@ »

39:886-891. : o | Lo E

Muellerf p.H&,;VDaniel, i.c., and wéth,‘* R.C£5} : 1981}

, Conservation tillage: best management braétiéefzot»nbnpoiﬁtw

4 . X s

N

~

~ e



4

v

>

’ L ' . [

3

5

Olson, R.V., and swallow, C.W., 1984. Fate Gf labelled
nltrogentfertJI;Zer applied to winter wheat for five ,years.
Soil Sci. Soc. Am. J. 48:583-586.

o ! . . - *

L . . iy (
Papendick, R.I., 1984. Changing tLQlage/ ang cropplﬂg
systems; @hpacts, recent . develop@ents,,‘ and emergiﬁg

’

© research needs. U.S.D.A., W.A..99164—64?1.
‘Peterson, G.Aa,a.feqstér, C.R.,. and ‘Lamb,: .J., = 1981.
Nitrate-N acdumula%lonxdurlhg‘fallow as affghtgd by time

under a no-till system. Agron. Abstracts;'A.S.Afip; 187.

-~

o
Ey

+ Phillips, S.H., Young, H.M., 1973. No Tillage Fé:mlng.

Relman Assoclates, Milwaukee, Wis. T

\ S -

v '

. Phillips, R.E., Blevihs, R.L., Thigas, G.Ww., Frye, W.w., and

Philllps, S.H., 1980.  No-tillage aglculture®  sci,
208:1108-1113. & ‘

-

éowe;, J;F.,pAlessi, J., Reilchman, G.A., and Grunes, D.L.,
fertiliierh sources in a semiarid region. \Agron. J.
C

65:765-768. . : -

' 86 ‘

L]

Iy

%

1973. ‘Recovery, residual. effects and fate of ‘nitrogen



©

>

4

,minerallzatiqn of

. 57:151-153. B

M T
t

3
L]

. Powlson. D.S., 1980:\‘ Effect of ‘cultivation on the

e ¢ W L ’ .
nitrogen 4n soil. Plant and Soil

PR
)

- .
<

a 'Y ’

qulsgn, D.s., and Jenkiﬁi:?,'D.SZ,wlésl.’QA comparison of

the organic ,ma%}er, biomass, adenosine triphosphate "and
. " - ‘ ) ﬂ'\e . .
minerallzableg“ nitrogen contents of ploughed ,and

digéctfdrllled solls. J. A%r. Sci. Camb.f97:7i3-721;

N
[ .

Ramig, R.E./{"and Egin, ﬁ.; 1983. No—ti%} annual ‘cropping. .
Columbia Basin Ag. Res. Speclal Report 680. |

Y
\
£

Raﬁdall, G.W., 1983. . Conservation' tillage a plan for

winning the prefit game.. cfops -and Soils »June-July, p..-

18-20.

4
1

&

Rasmussen, P.E:,'1988. Winter wheat response to nltfd@en

fertilizer. in no-till annhal' cropping and conventlional
o 9 e 0 »

tillag¢ whééf—fallow rotatidg; © ‘Columbia Basin Agr. Res.

Special. Report 680. . R
a
Rice, C.W., and Smith, M.S.,  1984.  Short-term'

immobllizatlon of fertilizer nitrogen yat \the surface of
/ v : :

Y

l » . ) . N - . . 3

&



- S
.

“ho-till and plowed solls. Soll Scl. Soc. Am. J. ¥8:295-297.

. Ty
. “ "
¢ .

.Schneider, ﬁ}p}, SoboliK, F., and Riveland, N., 1978.

No-till¢ promise and problems. N. Dak. Farm Res. 35:12-14.

I

Schﬁei@er, R.P., Johnson, .B.E., and, Sobolik, Rﬁ' 1979.
L & . .
Nitrogerm ;fertllfzaélon reduirements fqr no-tillage and

vminimum tillage’&heat} N. Dak. Fangesl 37:22-24.
. : . 'b ! ' . » N A.

Schulte, EwE.,u1979. Bulldupogbil K leVels‘befoge‘ shifting

. to minlmum tillage. pétter Crops'with Plant Food 63:25-27.

S

étlnner}‘B.h.: Hoyt, G.D., and Todd, R.L., 1983. 'Changes inf

soil chemical properties' following a 11l2-year fallow: . a

"l—year comparison of conventional 'tillége ~and no-tillage
agtoecbsysteﬁs. Soil & Tillagé Res.'3:2775290}
3

. . . o ) . . " - N ‘
.Stobbe, E.H., 1979. Til;age practices on the Canadlan
prairle. Outlook “on Agr. 10:21-26.

—~

Sumner, ‘M.E.., and Bdswell, F.C., 1981. Alleviating nutrient

stress. In G.F. Akin and H.M. Taylor, eds. Modifying the
. . ° < ] .. . , .
Root Environment to Reduce Crop Stress. A.S.A.E. . Monograph

No. 4.

v

88—

o



Z o . . : , “ M 89
~ ‘. . {
Terman, G.L., 1979. Volatilization losses of nltrogen as

“ammonia © from surface-applied " fertilizers, organic

K4

ammendments, and cizs ‘residues. ~ Advances in  Agron.
31:189-223. . |

»
\
v
2

Thomas, G.W., Blevins, R.L., 'Phillips, " R.E., ana McMahon,,
M.Ai;,1913. Effect of killed SOdvmuldh on nitrate movement .

Q

" and corn yleld. Agron. J. 65:736-739. 2 .

Thomas, G.W., Wells, K.L., and Murdock, L. W., 1980.
, ‘ ' * ' )
\ Fertilizatlion and liming. 1In No-tlillage research, research

reports and reviews.' U. Ken., Lexington.

N

Tiessen, H., Stewart, J.W.B., and Bettany, J.R., 1982.//

cultivation effects on the amounts and éoncentratfon of

7

carbon, nitrogen and phosphorus in grassland solls. Agron.

J. 74:831-835.

‘Tomar, J.S., and Soper, R.J.,-l%ﬁi.\'?ate of tagged wurea N
in the field with different methods of¥N and organic matter

'placement. Agon. J. 73:991-995.

.

L 4

hTouchton, J.T., and Hargrove, W.L., 1982/ . Nltrogen sources -



and methods of application for no-tillaga corn prdductlon.

: : | 3
Agron X\ 74:823~-826.

Trlplett)/ G.B., Osmond, C.A., and Sutﬁoﬁ, " P., -1972.
Fertilizer ‘application methods for no-till. corn. Ohlo
Report ‘on Reeearch‘ and Developmeqt Agriculture, Home
Economics and Natural Resoutcee 57:39-41. |

: ) | e -
~Triplett, G.B., and Van Doren, D.M.,Jr., 1977. Agriculture

without tillage. Scl., Am. 236-28-33.

. ‘“
- .
~',3,“ 4«"""',, & ff:;?
\ ! AL v

'Triplett M Maghirl, F, M

e

d

_Yan ppreﬁ, D.M., Jr ... 1979.

Legumes supply nitrogen for’&::" lage corn. Ohio Report on

Research and Development Agriculture; Home Economiés and

Natural Resources 64:83-85, :

Tyler, D.D., and Thomas, G.wW., 1977. ﬂysimeter measurements
of nitrate and chloride losses from sod under conventional

'

and noltillage corn. J. Envir. Quality 6:63-66.

Unger, P.W., 1978. Straw mulch effects on soll temperatures

and sorghum germination and, growth. Agron, J. 70:858-864.
Unger, P.W., and McCalla, T.M., .1980. Conservation tillage



’ »

»

Y
systems. Advances in Agron. 33:1-58,

¢ . ' :
Warren, D., 1983. No-till «cropping doesn't harm soil

\

meYbbes. Crops and Soils, April-May:24-25.
a’ .

Zentner, R.P., and Campbell, -C.A., 1985." Economics of soil
conservation 1In the Brown soll zone %0f ' Saskatchewan.
“'Proceedings of SoillConse;vatlon "The Ultimate Challenge'.

P.F.R.A., Weyburn, Saskatchewan. \ = |

-
'

Zerfus, V.M., 1979. Development of the microflora and

91

-

Qiolbgical activity of a 1leached chernozem with the °

reduction of its tillage. Sov Soil Sci. 11:677-681. .

b



92

A



APPENDIX A
!

Site Descriptions for Broadcast Urea 'and Ammonlium Nitrate
Experiment ‘ - ' ‘ -

v

L

The three sites are described for §oll subgroup,» 1legal
” .

location, cropping history and soil texture 1in Table AL,
* 501l test resdlts‘in the fall prior to 'spring seeding are

available for the ﬁoremgst site (See Table A.2), but were

not avallable for the Raymond or Lethbridge sites.



b}

Table A.1 Experimental Site Information

l!.'8alIIIl'lﬂl!l&‘ﬂﬂﬂ'tﬁﬁl'.....I-.II-III-I‘.-’.i-'---.--I
S " '
FOREMOST  LETHBRIDGE RAYMOND *

TS SR TR h e e e o e G S Y 5 = Yan - - O - oy ——— ot Uy g B — Y~ —— o — o - s ="

Soil Subgroup Orthic’ orthic Orthic
o " leown Dark Brown Dark Browd

Texture Ap Horizon SL $1L | S

Legéleoéation NE21-7-11-W4 SW3-9-21-W4 NW8-7-20-W4

T N T S M e M AT M L G A G A ST e h S e T M e Gy - - 0 Ay - - o o o Y o —
"

Cropping History - Fo;e;Bat: 3xd year contlnudusly cropBed
pr%biqusly cfop - fallow
rotat oh

fCrbpping History - Leﬁhbridge: 2nd year contlnhously

| | cropped, previously cr&p— -

fallow rotation

Cropping History - qumond: 3rd,ye§r continuously crqpped,

previously crop-fallow rotation

w
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Table A.2" S80ll test results, Foremost site, fall 1979

-n--a--'ﬂu-s:--:n-u-;ﬂ----q--------.------------P-.!--.-
. .
&

TILLAGE TYPE

- o - " o M S an . oS TER i W e G e A e . Al W G TN o A VRS i SN e o a0 S ety e e T e S e

Tilled | No-t11l

Depth  0-15 15-30 30-60 60-120 0-15 15-30 30-60° 60-12Q
A
N 35 ° 6 11  n.a. 23 6 .9 n.a.
Kg/ha P 24 7 1 n.a. 37 4 1 n.a.
&\** K 791  454. 484 n.a}, 574 354 205 n.a,
'Y
' . Texture SL 'SL ‘”SL SL  SL sL SL sL

pH 7.4 7.8 .8.2 - n.a. 7.6 8.1 8.6 n.a.

Db 1.1 1.25 1.4 1.4 1.1 1.25% 1.4 1.4

N

..Total N% --0.13*-- 0.09 0.06 ~--0.13*-- 0.09 0.06

- — - ————— ——— — =y g . Ty 4 T e o T e -

. . Ve
n.a. =.not available, * = average 0-30cm

** = plant available, Db = bulk density
| Sy ' '

\\M'\.\
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 APPENDIX B

-

Site Description for Carmangay and 61? vaf'

1. 'carmahgay site I o |

: |
‘(a) /Soil Subgroup: Orthic Dark Brown

© (b) Profilgjdescrippioh

() ‘Slope 0.5 ék?i'

--Ap horizon: 10 YR v3/2 moist, SlCL, medium subangular
blocky macro structure, moderate fine granula; . meso
. N © - ' :

structure, friable, wavy boundary, 18 to 2& cm

- --Bm ho;iion:‘ 10 YR 4/4 moist, S1CL, moderate medium

subangular blocky, wavy boundary; .20 to 30 cm R

'—-CCarhorizdh: 10 YR 5/4 dry, SICL, weak flne ‘bx;smatic
macro 'Stgucture"and moderate ‘medium . subangular meso
structure o e .

t-Ck horizon: .10 YR 5/4 dry, SiCL, massive

R

(d)-jParent'Materialz Laéusér?ne .

(e) °'Fall 1980 and 1981 Soil Test Results

o

. : : 4 ‘ . .
. The soil test'd’results . for available n;tro;éh,

?phogphdrué u and ‘npotagsium; - 'soll ,'pﬂ and .electricél

'cﬁhauétlvity‘a:e shown in the following table (Table B.1l).

96 - R | oD



" Table B.fﬂ Soll test results, Carmangay site

==================================================;/;======
YEAR ‘TILLAGE - . DEPTH = ---Kg/ha--- pH va.c.
 TYPE cm N ] K / ms/cm
S S
1980 - tilled 0-15 22 21 1023 .7 0.4

1980 no-till 0-15 20 23 920 7.6 0.4

~g

'15-30 8 3/ 490 7.9 .- 0.3

30-60 N 355 8.3 0.3

1981 tilled  0-15 57 18 8% 7.0 0.4
15-30 6 2 454 7.4 0.3
30-60 - 5 0 268 7.8 0.3

/
/

1981 no-till 07@5 -5 30 - 802" -7.2 0.4
. / .

/ .
y5-30’ 6 5 368 7.6 0.3

' / .
C(£) ‘Croppiﬂé History

-1977 Tilled failow (previous crop-fallow rotatidn)



-1978 érop (spring wheat)
 '-19ﬁ§'Cont1ﬁuou§ cropping (spring wheat) \
+ =-1980 Continuous ciopping (sprlng wheat) v
"—1961 Continﬁous czoéplng (spring dukat) . .‘:\'

-1982 Continuous cropping (spring wheat)

2. Glenwood site-
(a) ©Soil Subgroup: Orthic Black
(b). Profile‘péscription '

I

—=Ap horizon: 10 YR 3/1 moist, C, . fine subangular blocky

(granular within the top 5 cm), diffuse bojndary, 25 to 30

t

cnm

/ AN 5§ ~.

' ——ﬁm:hor120n:7 lbi¥R 3/2 moist, C, weak subahgular blocky,

diffuse boundary, 15 to 29 cm

-

; 10 YR 4/2, C, massive - |

v

Parent Material - Till

(d) |
(e Fail;Soii’TeSt'Resultsf(ie: samples taken in October of
1980 hnd 1981) ' - S

The soil test results - for available nitrbgen,
‘phosphorus and ‘potaqsium, soil pH and electrical

conductivity are showi#in the following‘table (Table B.2)
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iéﬁn TILLAGE DEPTH | ---kg/ha--- pH E.C.
o ;YPE‘ C (em) ! N P K mS/cm
1980 Tilled 0-15 15 9 1391 6.9 0.4
) ” 15-30 17 2 864 ° 7.5 0.3
” 30-60 % 1 592 7.9 0.3
%§Bd§§yoit111 - 0-15 15 20 1567 6.5 0.4
e 15-30 9 9 1019 6.5 0.3
a0 30-60 4 2 897 1.5 0.3
; , o - |
1981  Tilled 0-15 . 9 23 1204 , 6.4 0.3
| 15-30 3 2 790 6.9 0.5
e 30-60 © 5 0 464 1.4 0.4
| .
1981 No-till 0-15 13 25 1346 6.2 0.3 -
15-39 6 5 902, 6.5 0O 5
M
30-60 4 -0 608 7.2 0.4
.- N

(f) Croppling History

-1977 Tilled failoW"(previous crop—fallo& rotation)



]

-1978 Crop kspring‘wheat) ' ;

3

~1979 continpuous
-1980'Cont1nuous
~1981 Continuous

-1982 Continuous

crop (spring wheat)
crop (ba:iey)' |
crop (bariey)

crop (barley)

o
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APPENDIX C .
. ) ' . g )
Soll and Plant Data, Carmangay Site, N-15 Experiment

\

4 a

1. Soil texture: SiCL,

2. 8011 bulk density (g/cubic am) 0-15 cm = 0.95, 15-30 cm

- 1.04, 30-120 cnq = 1.30
3. Total soil nitrbdgen: 0-15 cm = 0.150, 15-30 ém = 0.110,

30-60 cm =" 0.076, 60-90 cm = 0.050, 90-120 cm = 0.045 .
. ‘ , N ) ‘: .
‘ 4., % N-15 in soid nitrogen. The overall average of the

1 B

'soil nitfagen prior to the N—15 experiment was 0.§6971% N-15

and the delta N-15 was calculated to be 9.3

5. N 15 Soil and plant calculations
& . ¥
(a) Plant material

-

(i) delta N-15 = % N;lS plant sample minus 0.3663

. divided by 0. 3663 times 1000 | b
(11) % N—lS excess = %'N—lS plantlaample-minus the -
four'repllcate aQerage otAzexo—N plot samplea

(iii) % nitfogen derived from the ~fertilizer. (NDFF)

= % N-15 excess plant dividéd by. % N—lSqexce§é

fertilizer times 100

(iv) % nitrogen detived from the soil = 100 minus NDFF

1 .
]

(v) % fertillzer use efflclency = NBFF tlmes y yleld
l
(plant) dlvided by rate of N applled anﬂ t gmspioo

(b) Soil sample ) .

S ' ., 101



8

ki) delta N-15

divided by 0.3663 times 1000 .

\ N-15 soll samplf mlnus 0. 3663‘

102

.
\

(11) % N- 15 excess = % N-15 soil sai ple minus the

average of zero-N plot samples

(111) NDFF = & N-15 excess in
N- 15 excess in the fertllizer
(iv) fertllizer N in the soll
density times the average % N
% NDFF _

(V) totai fertilizer N in the
N g/cubic'cm'times the vdlume

cubic cm

soil sample dlvided by %
times 1?? .
sample averaqe buik

in the soil layer times

soil layeJ = ‘fertilizéi\%b

of the sampling area _in
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APPENDIX D

t

Results of the ‘Statistlical Analyseﬁ, Carmangay N-15

A

. %

Experiment, 1982 .

-

A summary of the  statistical analyses from the

H ’; l i
experiment at Carmangay ln 1982 using N-15 enrliched ammonium
nitrate is presented in Table D.1 below. The varioﬁs

A

results summarized are the fertilizer use efficlencles of,

)
14 (N . ;

the crop parts above the ground,'peiéeht fértilizer nitrogen
recovergd ;n the solil, totald-percent nitrogeﬁ recovered,
yleld of grain (g/plot), y;elq of straw pius chaff (g/blot),
toéal plant:yléld (g/plot), and the assumed percent loss of
fertillzei nltroéen.

A separate summary of the yleld _resultg'ireporkgd in
kg/ha for the va:ious’ fezflllzer 'tréatménts and fhe two

. \fontrol treatments are presented in Table D.2 below.

g . . . - -
w3 . .

N . . : ' ' . Fa .
. K ) o R N

-
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Table D.1 Summary of the results of the statistical

' gnalyges, Carmangay site N-15 experiment, 1982
”», ‘

OBSERVATION TREATMENT L.S.D.

ISBr IFBr NTSBr NTFB: NTSBa 'NTFBa (95%)

_—_-7_—-_———_——__-__-_________; _____ :._.__'_;{... __________________
Fertllizer 23 11 23 14 43 34 9
Use '
Efficiency %
Fertilizer 61 . 66 65 50 48 49 19
‘Recovery - ‘
Soil % . .

e . . . . {
Total 84 717 88 64 91 - 83 23
Recovery % : ‘ o
Grain - 152 139 . 166 153 218 204 51
Yield .
g/plot
Straw 178 167 207 176 265 233 68
Yield g

_Total Plant 330 306 373 329 484 436 112
Yield g ' =

1 .' B
Fertilizer 16 23 12 36 9 17 20
‘Logs % : ’

. ! .
I= Inco;porated,~NT = No-tillage, § = kprlng,‘F = Fall,

Br = Broadcast, Ba = Banded

o
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Table D.2 Yleld results of the fertilizer tréatments
' and control treatments, Carmangay site N-15
experiment, 1982

==========—'===—======:==_=:===::::h:xzzsa:a=a=======a========
) TREATMENT YIELD OF GRAIN
., kg/ha
ISBr 1520 .
IFBr 1390
NTSBr x 1660
i NTFBr - 1530
NTSBa | 2180
NTFBa _ . 2040
NI Control 1050
INT Control ' 680
I = Incongdfated,” NT = No-tillage, S = SbrTﬂQ} F = Fall
Br = Broaddast. Ba = Banded B .

'L.S.D.  at™3% conflidence = 510 kg/ha"




