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\ .
| ABSTRACT

‘\1

A

Commercial fertilizers are an impdﬁtantninput for

-

improving returns from crop proeduction. Various methods of
applying fertilizers han gggn deVeloﬁed in order to place
tertilizer in'a specifbt;position within -~ soil,

The effectivenesg of diffcrent m~.ho - of fertilizer
placement varies due to soil, climatic ~d . ilizer

-

factors and time of application. In aeneral :ippiication

methods such as banding which concentrate «tilizer within
the soil are more effective than broadcas. aprl tions
B
H .
Thirteen different fertilizer application ems wer.

studied with the aim of maximizing net revenue. Differences
amohgvthe fertilizer application s;étéhsvincluded‘types of
equipment, method of.fertilizer applicatiép, forms of
fertilizer and time of fertilizer application. The impact of
these differences upon time fequirements, machinery ‘
requirement; and costs, feftilizer costs and net revenue
were calculated for three soil moisture conditions. Maximum
net revenue for all three conditions was obtained from
banding nitrogen fertilizer as anhydrous ammonia and "

applying phosphorus fertilizer in-row. Lowest net revenue

s

was obtained by broadcasting all the fertilizer in tie €all. ——

iv
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. 1. INTRODUCTION

Chemical fertilizers have become an integral input for
crop production in Westgrn.Canada; The increased use. of
fert;lizers has enabled farmers to imprbve their
productivity by produc}ng.more crop from their existing land
base. . |

Fertilizers are used to sustain and improve crop growth
" and are useful,.éVer the .long run, in sustaining and
feplenishing the levels of the various nutrients in the soil
used by crops. The reduction in area devoted to summerfallow
and an‘increase in continuous cropping techniques have also
cohtributed to an increase in fertilizer.use.

In the past decade, a ﬁumber‘of developments héve led
te an intefest in various methods of fertilizer application.
The expansioﬁ of area seeded to oilseed crdps such as flax .
and canola, which can only tolerate low‘amouhts'of |
fértilizer in—Eow, led to the technigué of'éideband}ng Qhere
the fertiligef was plaéed a short distance away from the
seed (Ukrainetz et al 1975). However, tﬁe lack of commercial
s;eding equipmeﬁt with‘sidebanding capabilities forcea
farmefs_to seek other metﬂods. With}gf increase'in the use
of anhydrous ammonia as a nitrogen source, some farmers
believed that ammoﬁia was a more éffici;nfksource of
nitrogenirFurthef work was undertaken to investigate and

determine whether ammonia was indeed a more effective source

of nitrogen or whether superiority was due to the banded



>

placement of ammonia in the crop rooting zone.

The introduction of air seeders and their resulting

popular‘ty has led many farmers to band all the fertilizer

prior to seeding so that handling of fertilizer during

-

seeding could be eliminated. These farmers were interested

in the effectiveness of fertilizer applied in this manner.

»

As‘kell,»the fertilizer manufacturing and distribution

e " - » . .
industry has been promoting an.increase in the amount of

~fertilizer purchased in the fall to reduce the time and -

transportation constraints of having to handle the entire

amount¥of fertilizer during the spring. This strategy is
7/

~desirable in terms of spreading out the flow-of fertilizer

from the factory to the farm over a longer time period.
However, fall purchased fertilizer must be cost effective

for the farmer to do so.

Ay

'”The objectives of this study were to analyze a_number

éfldifferent methods of fertilizer application askEBey\

agfecg;t‘

{;"the dapacity of the“machinefx used, -

2. the time required to complete the machipery‘oﬁerations
required for fertilizer-application and for seeding,

3. the total costs .of hachinefy‘required,, /, .

4, tﬁe total cost of\prdviding crop nutrients usingi

different forms of fertilizer purchased either in the -

fall or the spring, . T : »

//.'

R ]

5. the impact on crop yields, and

6. the net return to the farming enterprise.



2. LITERATURE REVIEW

2.1 IMPORTANCE OF FERTILIZERS TO CROP GROWTH

In order to obtain high crop yields, the fertility of
the soil must be adequate. High levels of available plant
nutrients in soils are needed to satisfy the growth
requir?ments_of crops and to increase croﬁ tolerancge to
stre;s conditions such as drought, low temperature,
salinityp root rots and other diseaseé (Beafon 1982).

throgen (N)“ahd.pﬁosphorﬁs (P) are the essential
elements to-érop g:bwth tbat are generally accepted to be
deficient i; most Canadian.prairie soils. In the Prairie
Pﬁovinceé, about 90% of all the stubble cropland is
deficient ihxnitrogen and all .the cropland should receive
some phosphorus (Beaton 1980). Other nutrients that are_ less
commonly deficient‘aré potassium (K) and’;ulphur (s).
Potassium deficiencies occur on about 1.8 million hectares
of prairie farmland ana sulphur deficiencies occur on about
anqother 1.8 mill@on hectares (Beaton  1980). About 60 kg/ha
of nitrogen, 11 kg/ha of phosphofus, 15 kg/ha of potassium
and 6 ké/hé of slehur are removed in the seed of typical
wheat, oat and barley crops (Beaton .1980). Farmers must
routinely apply sufficient amounts of fertilizers to

compensate for these removals in order to continue to

produce high yielding crops. _
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2.2 FERTILIZER PLACEMENT METHODS

Until approx1mate1y fifteen years ago, the application

fertlllzers in Western Canada was a relatively simple

practice. Phosphorus and nitrogen (up to about 20 kg/ha)

_were simply drilled in-row. If the nitrogen requireménts

were higher, then the fertilizer was broadodst on the soil

surface and incorporated to avoid seed damage 4{Robertson et ..

al

in

1982).

;’
Methods of fertilizer application presently practised

Western Canada canbbe grouped into the following

categories (Figure 2.1); - S

1.

In-row, fertilizer is applied with the seed, at the time
of_;eeding,
Broadcast, fertilizer is spread uniformly over the soil

surface, with incorporation by a tillage operation,

. €¢Top dressed, fertilizer is broadcast on the soil surface

without 1ncorporat1on (useé pr1mar11y.for established
forage orops):‘

Banded, fertilizer is applied in a separate operation
~prior to aeeding, and

S idebanded,, fertlllzer is banded a specified d1stance
trom the seed both.vertlcally and horizontally at the
time of seeding.

~

The fertilizer application methods considered in this

study were those that are used in the production of most

~
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Figure 2.1 CROSS SECTION OF SOIL PROFILE SHOWING FERTILIZER

PLACEMENT POSITIONS RELATIVE TO THE SEED

4



4

annual crops in Western Canada. Since forage crops were not
considered in this study, top dressing of fertilizer was not

evaluated. d



2.3 EFFECTIVENESS OF FERTILIZER PLACEMENT METHODS

The effectiveness of a fertilizer placement method is
defined as the yield increase obtained by fertilizer appiied
by that particular method. Fertilizer efficiency is defined
as the percentage yield increa;e of a particular fertilizer
placement method as compared to a standard. The standard
fertilizer placement method used in this study is nitrogen
fertilizer broadcast in the spring and phosphorus fertilizer

placed in-row in the spring.

2.3.{ In-Row Placement
' o L N
In earlier years, Gray and Buckingham, (1930) noted that
in-row appllcatlons of phosphorus fertlllzers at rates of 10
and 20 kg/ha of P were more effective than broadcast
applications. Later work by Bole (1966) showed that in-row
placement of P fertilizers resulﬁed in increased phosphorus
uptake as cbhpared to fertilizer that was broadcast or
sidebanded/2.5 cm to the side of the seed. Because of these

[ . ' -
findings and with the generally low amounts of fertilizers
that were /

being applied. to drops, the in-row placement was
essentlal}y the sole method of applying fertilizers for .
‘three or ‘four decades (Robertson et al 1982).

Du¥1ng the past fifteen years several developments have
Stimulaied interest in other methods of applying
fertilﬁ&ers. Oné of these was the expansion in area seeded

/

/
/
/
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to oilseed and pulse crops. Many of these crops could
tolerate onfy low amounts of fértilizers piaéed in the row
(Ukrainetz et al 1975).

Work carried out' by Dubetz et al (1959), Nyborg (1961),
Nyborg and Hennig (1969) and Ukrainetz et ai (1975) showed
tgat appliﬁation of largé amounts of fertilizer in-row
affected germination. Nyborg and Hennig (1969) reported that
up to 40 kg/ha of P.and 35 kg/ha of N as ammonium nitrate
could be applied in the roQ of cereal crops with'no
reduction in yields. However, they noted that placement - of
excessive amounts of fertilizer in the seed row (greafer
than 17 kg/ha of N or 20 kg/ha of P) damaged the germination
of some crops, especially ,rapeseed and flax. They stated
that damage was caused by a direct toxic effect..and by
decreased osmotic potential in the soil solution. The amount
of damage varied with the kind of crop, fertilizer, soil
texture, soil temperature and especially soil water content.
They noted that injury to germination was largely avoided
when the fertilizers were broadcast or when they were banded
away from the seed fow.

Bailey et al (1980) stated that in-row applications of
phoéphorus were more effective than broadcast placements for
cereal cropg in Wéstern Canada. These researéhers stated
that the root” system of small grains does not allow these
crops to take up required amounts of pﬁasphorus fertilizers

that were broadcast. Therefore, these crops benefit most

from phosphorus fertilizer that is placed either in-row or



very close to the seed.

Racz (1982) noted that grain yields and recovery of
nitrogen from fertilizer increased when the nitrogen
fertilizer was placed in-row as opposed to broadcaéting.
This obsérvation was obtained when ammonium nitrate was
applied at rates up to 67 kg/ha of N applied on a barley
crop. However, when urea was used as the nitrogen source,
rates higher than 20 kg/ha affected germination and caused
seedling damage.

The amount of fertilizer that can be safély applied 
in-row depends upon the formulation of fertilizer that is
required, the'crop to be grown and the spil moisture
conditions. Generally, phosphorus, at rates up to 40 kg/ha,
can be safely applied in the seed row of cereal .crops. i
Nitrogen in the f&rm of ammonium nitrate can be_safely
applied in-row at rates up to 35 to 40 kg/ha-of N. However,
ureé or aghydrous ammonia should not be applied in the seed
fow of cereal crops at rates exceeding 20 kg/ha of N. Again,
moisture conditions play,égtimporpant role in the amount of
fertilizer niﬁrogen that can be safely applied in-ro&.

Also the tYpé of seeding equipmenf that is used can
play a role in detefmining the amount of fertilizer that can
be safely applied ifn-row. Green (1984) suggests that seeders
such as hoe drills or air seeders which have a wider seed
‘row spread width allow for slightly higher fertilizer rates
than seeders such as double disk drills which tend to

concentrate the seed in a narrower row.
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2.3.2 Broadcast

With'an'incfeése i'n stubble cropping, additional
‘amounté of fertilizers (especially N) are.required to obtain
adequate crop jields. However, as stated earlier,
application of large amounts of fertiliger'in the seed row
affécted germination. Thus farmers began broadcasting and
incorporating the additional nitrogen fe;tilizer that was
required. With the broadcast method of application, large
amountsppf fertilizer could be appiied in a reiatively short
time. .

| The use of this method generafed a rengwed_interest'by
researchers in the effeétivenéss of applyiﬁg”phosphorus by
bréadcasting. Work»by Bole (1966)t1Bole et al (1977), Smith
(1977), Harapiak (1980) and Robertson et al (1982) sho@ed
that in the majority of ‘cropping Situations, broadcasting
was an inefficient way of applying phosphorus fertilizers..
In general, two to four times as much phosphorus must‘be
broadcast to equal the same effecti&eness as in-row
phosphorus (B;le et al (1977), Racz (1982)). Racz (1982)
stated that for wheat, broadcast P was -only about 66% as
ekficient'as in-row P. The reason for the relative
inefficiency of broadcast applied phosphorus is that the
.ﬁhoéphofus becomes immobilized due to phosphorus adsorption
on soil surfaces (Dibb 19&8). Therefore,.bther methods such

‘as banding, which reduce the soil—fertilizerwcontact, are

generally more efficiernt methods of phosphorus fertilizer -
. I3
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application.

On soils that have medium to high phosphorus levels,
broédcast‘applications caa be as effective as banded
applig?tions (Dibb 1978). However, the relative
efféé£&veness of eradcaQt P ié dependant upon soil pH, soil
texture, climatic conditions and rates of application
(Harapiak 1980). o

Residual effects of a high initial phosphorus
application (up to 400 kg/ha of E) havé been beneficial in
terms of yieids on a number of prairie soils (Spratt and
Read 1980). The beneficial effects of one apélication 6f 400
kg/ha of P have' been estimateq to last about 30}years in
southwestern Saskatchewan;vThesé researcher§ state that
building soil fertility judiciously(over years is a paying
investment. However, an economic analysis to substantiate'
these claims was not qpowp.;' | ‘

‘Work performed by Robertson et al (1982) showéd théfi
broadqasting a high rafe of phospﬁorus (200.kg/ha of P) can
lead to an increase inhsoil P levels and good crop yields.
Beaton (5982) supported this concept. Sinceiphosphorus'is
not prone to the. same types of losses as nitrogen, this can
be a way of applying phoéphorus without having tof;drry
about placement in-row. Racz (1?82) also reported
apﬁlication of a high rate of phosphorus could be used to
increase soil available phosphorus on portions of fields
such as hills and knolls which are very low in available

N

phosphorus. These areas could be fertilized with large



12

gquantities of phosphorus and then treated similarly to the
remainder of the field with réspect to ‘annual phosphorus
applications. :

In years when farmers have extra timeuin the fall after
harvest, fertilizers have been applied in the fall to reduce
the springAworquad, However, work by Ridley (1977),

Harapiak (1979a), Racz (1979), Nyborg et al (1980), Bole et

~al (1984), Harapiak and Penney (1984) and Malhi et al (1984)

showed that fall broadcast nitrégen fertilizers were prone’
to losses over the winter peridd and were not as effective
as spring broadcast treatments. The loss in effectiveness of
fall broadcast nitroéen as compared to spring broadcast were
as great as 50% in some insgﬁnées. Bole et al (1984)

obtained an effectiveness rating of ‘76% for fall broadcast N.

as compared to spring-g}oadcast. This was obtained from an
. i

~average of 99 sites and was obtained from a wide range of

soil zones, soil textures, fall moisture conditions,
drainage conditions, dates of application and early growing;
season precipitations in Alberta. Heaney et al (1984)
reported that nitrogén losses were dué to immobilization,
leaching and denitrification, with denitrification being the
primary cause.

With regards to fall broadcasting of phosphorus, Racz:
(T982)‘stated that fall -broadcasting is as effective as
spring broadcasting. This observation could be explained
beéause phosphorus is not prone to the same types of losses -

as fall applied nitrogen (leaching and denitrification). -



13

Therefore as long as phosphorus fertilize;s are applied in
the late fall, the efféctiveness of fall applied phoSphorus
‘should be equal to spring applied phosphorus.

Bfoadcasting can be ah'effective'method of applying
fertiliZers over iarge areas in a short period of time.
Broadcasting is most effective for nitrogen fertiliz?rs
applied in the spring undéf'favorable‘moisturo conditions.‘
Fall broadcasting of nitrooen fertilizer;'is é;nerally not
recommended because of high losses of nitrogef over the
winter. (especially in the Black and Gray 'soil zones of
Alberta). Broadcasting of low rates of phosphorus fsrtilizer
is an inefficient method of application on soils with low
phosphorus levels. However, on soils with medium to high
phosphorus levels, broadcast1ng phosphorus fertilizer may be
an effective method of placement. This observation is
supported by Robertson (1984) who states that after a number
of years of appllcatlons of phosphorus fertilizers, the 5011
test levels of phosphorus w111 be 1ncreased Robertson's
hypothe51s is that because of the increase in soil test

levels, differences among various placements of phosphorus

fertilizers will tend to diminish.
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2.3.3 Banding

Banding is the method of fertilizer placement where the
fertilizer is placed in a series of bands (rows, strips,
ribbons) beneath the surface of the scdil across the field.
They may be at' different spécings or at different depth; but
basically the fertilizer is concentratediwithin the bands as
compared to fertilizer that is broadcast and incorporated. - .

Frederick Nobbe of.Germany should be giYen credit for
identifying the'efficacy of the band applicafion~(Behmer
1977). In 1862, Nobbe, as cited by Behmer, noted that if
- "enriched" soil was placed in various patterns in a soil
body, plant roots were more abundant in the enriched spots.
In the United States in the early 1900's, rééearch work-
continued on plant respbnse tovenriched soil zénes. This
work was carried -out primarily in Michidan, Iowa, Kansas and
Wisconsin. By.the end of World War II, the-superior :
performance of band application,of‘ferfi&}zers was well
established in the United States. (Behmer 1977).

The<benefits.of band placement ére'quotedifrom-éehmer
(1977); .

- "The efplanation is that, when the fertilizer is
placed in a band in the soil, only the surface of
the bulk of fertilizer contacts soil and soil
moisture, sovthat only a part of the fertilizer is
immediately acti{e. Thus the plant is fed well and
regularly throughout a\7ong period by the one
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application, yet without excessive ave}Jability of

fertilizer nutrients at any. -one time. Whereas when

the fertilizer is broadcast, it is at once in

considerable surface contact with soil and soil

moisture and the solyble nutrients are mone weakly,
 but more widely disfnfbuted: arter these early

stages, some of the phosphoric acid and potash | .

becomes Fixed by the.soil‘and thereby lost from any

lmmedlate point of view. Thus s0 fab as“greater

immediate efficiency of application T8 G
the virtue of strip placement possrbﬁb rests upon
the fact the?-thene is less fixatlongpf fertilizer

if there is restricted éontact‘with?%he soil.

In Canada, research into band plac?ﬁ%nt of fertilizers
(especially N) did not begin until the e&rly 1970 s. Nyborg
(1984) began work in the early 1970's cqﬁéarlng banding of N
fert;llzers to broadcasting. In generak\ﬁband appllcatlon ‘
was found to be superior to broadcastlngbs% terms of
increased crop yield and fertilizer nitfoéen uptake and
'sprlng application was superior to fall appllcatlon.

Haraplak (1979b) stated that farmers who used anhydrous
ammonia as a source of nitrogen frequently reported hrgher
yields with the use of this product than wiFh broadcast
nitrogen. Initially, these results were attributed to;

1. - soiubilization of extra soil phdsphorus in‘the_ammonia
Badd,

2. ammonia being a more efficient form of nitrogen, or

—_—
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3. higher rates of nit:ogen application related to the much

4

higher analysis of the ammonia.
4

However, researchers who gained experience with ammonia
thought that the more favorable placement deep within moist
soil was an important factor. This_opinion was substantiated
by results from'Harabiak (1979b) where deeper piacement of
ammonia produced the greatest increase in grain y;e}QiAE?der
?oor seedbed moisture conditions. This led to further on;-7
ﬁ“by Hafapiak to determine-whether applying emmonia woul
.Eresult in higher yields than applying granular forms of
'fnitrogen. However, equally effective results were obtained
when granular or liquid forms Were~baﬁded. Therefore,
Harapiak cenciuded that the benefits of banding nitrogen
were p:imaeely due to the supcrior pesitional'availability
of the fertilizer Qhere'the plant roots could eesily feed as
compared to broadcast N, especially under dr{.cdnditions
where the fertilizer could remain st{ended in the upper soil
where plant roots did not proliferate.iThis observation was
also made by Heinonen and Huhtapolo (1978) whose Swedish
work supported the claims of Harapiak of superior positional
availability of banded nitrogen especially under dry '
- Harapiak (197§a) noted a 15% increase in fertilizer
eff1c1ency for sprlng bandlng over spring broadcastlng of
nitrogen and a 20% increase for late fall bandlng over

spring~broadéasting. Ridley (1977) obtained a 3% increase

-

o

‘cond;t}ons. 7 ) ) o v

p)
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| for spring banding, an equal rating for'fall:banding and a

4% loss for fall broadcasting over spring broadcasting. Racz
(1979) noted a 20% increase for spring banding over spring
broadcasting and & 7% loss for fall bandiné; Malhi et al
(1984) obtained a 15% increase for both failuand spring
banding on black soils, a 22% inérease.for fall banding and
28% increase‘for spring bandiag on dark brown and browa
soils over spring broadeastihg. ﬁ ) a

For deep bandin;?of phosphorus_fertilizers, Robertsoh:
et al (1982) reportrag on wdrk performed in Alberta stated
that banding of phosphorus fertilizer midrow (one fertilizer
band placed in the middle of two 22.5 cm seed rows) was only
about 63% as efficient as phosphorus fertilizer applxgg'
in-row. In Manitoba, Racz (1982) reported that deep banded
phosphorus (18 cm band spacing) was more efficient than
broadcast phosphorhs. |

In the late '1960's, researchers in Kansas began to
study the practicality of applying both nitrogen and
phdsphorus together for winter wheat. Their aim was to
eliminate the extra handling of phosphorus fertilizer at
seeding and combine the phosphorus fertilizer with the

nitrogen fertilizer which was being‘banded with tillage

implements (Murphy 1982). Their results indicated advantages

for deep banding both' N and P as compared to,otherzmethods
which separated the N and P. 7 _
" Murphy (1982) llsted the follow1ng reaséns for the

improved eff1c1ency (synerglsm) of dual NP bandlng,
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\\\\1.‘ Forced plant uptake of ammonium N causing a more acid

Wy

condition at the root surface, £
2. Greater P availability at the root sérfaCe-due to the

acid environment there, ” '
3. Deeper placement of nutriénts in the soil where moisture

is less 1imﬁting to uptake (positional availabilify),
4. Possibleudelays in fertilizer P reactions with ;oil

. .

components due to the very high concentrations of

ammeonium nitrogen present, and -
5. Possible delay of fertilizer P reactions due to

»~
diminished fertilizer-soil contact.

Houlton and Armstrong (1980), reporting on work
performed in Montana, obtained a 20-60% yield increase for
dual NP bandingibvgr N banded and P applied in-row. Dual NP
bandiné showed grééfer yield advantages than N banded and P-
placea in-row under dry soil moisturé conditions than under
moi!& soil moisture conditions. .

Toews (1982) and Rogalsky and Ridley (1984), working in
Manitoba, reported that fall placed NP bands were as
effective as N b;oadcast in the spring and P applied in-row.

Harapiak et al (1982) feporxed‘that fall praced dual NP
‘bands‘were equal to or superior in terms Sf efficiency to N
broadcast in the spring and P applied in-row. Again, soil
moisture ;onditioné played an important role with dry

conditions showing a greater advantage than moist )

conditions. In this study, they also reported that the
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relative efficiency of NP banding in the fall should be
eqyal to that of banding N in'the spring and applying P
in-row. They state that any decreaéedin efficiency of fall
placed fertilizer would be more than offset by improved
seedbed quality in the spring.

From these.tesults there are apparent contradictions
between the results obtained from the various researchérs
regarding the relative efficiency of bandéd'fertilizer
versus broadcast; These discrepancies are due to different
geographical locations, various depths and spacings of
fertilizer bands, different times of application, different
soil fertility levels and different soil énd growing season
moisture conditions. '

In general, the fertilizer bands should be placed at
least 5 cm beigy the depth of the seed. An optimum spacing
of the bands has pot been’deéermined. The spacing should be
narrow enough to minimize crop streaking caused by unequal
crop row feeding of the fertilizer bands and'wide enough Ep
ensure that the benefits of reduced soil-fertilizer contact
are maintained. For banding of N or NP fertilizers,
satisfactory results have generally been obtained Qith»a
band spacing of 30 cm and a seed row spacing of 15-20 cm.
The benefits of bandiﬁg over broadcasting for spring
application generally decrease as the fertility level and
moisture conditions of the soil increase.

With regafds to geographieal locations, greater

benefits of banded nitrogen fertilizer are obtained in the
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drier southern areas of the prairies than in. the moist
parkland areas. The beﬁefits of banding are inversely
related to the amount of seedbed moisture and growing season
precipitation. The benefits of fall banding of nitrogen as
compared to épring broadcésting-are greatér in the southern
areas than in the northern parkland areas because of lower
soil moisture levels b;er the winter that are pfevélent in
the southern areas. The soil moisture and drainage
conditions play an important role in the efficient use of
fall banded nitrogen. High soil moisture levels during the
spring thaw can lead to significaﬁt losses oflnitrogen due
tovdenitrificagion. Time of application is also important
with late fall banding being generally more efficient than
early fall banding. This is due to the fact that late fall
application permits a lower rate of conversion of the
nitrogen from ammonium to nitrate by soil m{croorganisms
than early fall application. The nitrate form is the form of
nitrogen which is prone to denitrification and leaghihg
losses. Banding of ph:éphorus fertilizers is generaily as
effective as in-row placgment when the phosphorus is banded
in conjunction with‘nitrogen.'Thé synergistic effect of
ammonia on phosphorus uptake plays an important role. Again,
the beneflts of dual NP bandlng as compared to N banded and
P in-row depends upon growing season moisture conditions.

Greater benefits of dual NP banding are .observed under dry

soil m01sture condltlons than under favorable soil moisture

2

conditions.
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2.3.4 Sidebanding

In this study, sidebanding refers to the banding of
fertilizer at a specified distance to the side of and or
below from the seed. Sidebanding is normally performed using
a separate set of openers mounted on'the seed drill at the
time of seeding. There can be one opener and‘therefore one
band with each seed row or the openefs can be spaced every
other midrow, whereby one fertilizer band feeds two seed
rOWS.

Bole (1966) notéa that there is considerable reduction
in P uptake from bands directly to the side of the seed
compared to bands below and to the side of the seed. This is
due to the fact that there is downward growth of plant roots
wﬂich more readily intercept fertilizer bands that are below
seed depth. Similar resuits were obtained from Heinonen and
Huhtapalo (1978). Bole et al (1977).noted that in, general,
P placed 2.5 cm tb the side and below the seed was as
effective as in-row pIaceméE% at low rates of P application
and prevehﬁed sténdAreduction at high rates.

Nyborg énd Hennig (1969) reported that the efficiency
ofVP fertilizers declined as ﬁhe distance of the fertilizer
band from the seed row increased. However, placing the
fertilizer band below or to the side and below seed depth
was of greater benefit than placement of thé fertilizer band
to the side of the seed row. This was especially true for

flax and rapeseed which cannot tolerate the_amount'of
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fertilizer required for optimum yields placed in-row.

Robertson et al (1982) obtained lower'yields with
sidebanded (5 cm to the side and 5 cm below the seed) or
midrow (45 cm fertilizer band spacing) P as compared to
in-row P. However, the addition of N to the P band rather
.than broadcast tended to increase yields. The reasons for
this are probably the same factors as for the dual NP bands
as stated previously.

Thereforé, as long as the bands are placed somewhat
deeper than the seed, the effectiveness of sidebanded N and
P shauld be as good as N broadcaét aﬁa P in-row. There does
not appear to be any benefit in sidebapding of only
phosphorus fertilizers éxcept in the case of crops such as“
flax and canola which can only tolerate low amounts of

fertilizer placed in-row.



23

2.4 MACHINERY FOR FERTILIZER APPLICATION

Various fypes of eguipment are available to apply

fertilizers to-soils. Because different types and physical

states (e.g. granular solids, liquids, gases compressed to

liquids) are available, equipment must be available to

effectively place the desired forms of fertilizer in the

required position within the soil with reasonable accuracy,

reliability and cost. For exémple, the equipment

requirements for handling anhydrous ammonia are quite

different than those for granular phosphorus.

S

The following design and performance pafameters for

fertilizer applicators were obtained from Kepner et al

"18972);

1.

Uniformity of distribution over a wide range of
conditions is of primary impoftanée,

The metering device should have a positivé dispensing
action with fertilizers covering a wide range of .

drillabilities, ©

~Discharge raté should be proportional tobthe forward

speed of the implement so that the application rate is.
independent of speed,

Discharge rate shoulq be independent of depth of
fertilizer in the hopper and of -reasonable inclinations

of the distributor

There should be no appreciable cyclic variations in the

.discharge rate,
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1972) (Figure 2.2). Cent;jfugal broadcasters generally use a
wire belt metering device. The metéring rate is controlled
by an adjustable gate above the belt. These machines are
popular for broadcasting fertilizer in Western Canéda
because of their“lgrge capacity hoppers, relatively low cost
and ease of operation. These machines are not precise in
terms of uniformity of distribution across the spread width
and some overlap must occur to ensure acceptable
distribution across the field (Cunningham (1963), Reed and
Wacker (1968), Green (1984)). '

Drop type or dribble spreéders have metefing units
which are spaced at. regular intérvals alomg the full length
of the hopper (Figure 2.3). The advantages of this machine
over the centrifugal broadcaster are improved distribution
of fertilizer across the width of spréad and the ability to
be mounted on cultivators or other tillage implements for
broadcasting and iﬁcorporation of the fertilizer in a single
field operation. Disadvantages include increased cost and
lack of a large central hopper making filling somewhat more
difficult.mThe metering units é%ployed'in dribble spreaders
.are stationary opening devices. The fertilizer is conveyed
to the openings gy a series of ribbed wheels, flhtes, augers
or impellers mountea on a shaft acrgéé the width of the
machine. The rate of appﬂiéatgon is véried by either varying

the size of the openings or varying the speed of the

conveying devices.



Figure 2.2 CENTRIFUGAL BROADCASTER
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Figure 2.3 DRIBBLE BROADCASTER
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Pneumatic broadcasters are a relatively recent development
in Western Canada. These machines use a centrally’10cated
hopper andfan air fan to«tranéport and distribute rhe
fertilizer from the hopper to the openings. which are speced
aeross the boom width (figure 2.4). The advantages of the
pneumatic broadcaster are a centrally located hopper to
facilitate easy filling and an improved fertilizer
distribution pattern on the soil compared to a centrifugal
broadcaster. The main disadvantege is that of increased
complexity because of the fan and hoses required for.
distribution. The use of these machines for fertilizer
distribution in Western Canada is presently quite limited.
Liquid sprayers are generally\field sprayers which have
the components required to handle liquid fertilizers. The
‘main advantage of a liquid sprayer is the utilization of a
machine Wthh is presently owned thereby avoiding the
purchase or rental of a separate machine for applying
fertilizer. Sprayer tanks andﬂ?boms can elso be mounted on
tillage equipment to faciljtate fertilizetion and
incorporation in one operation (Green 1984). The
distribution‘patternAof a sprayer is generally superior to
that of a centrifugal broadcaster. However, the components
of the sprayer such as the tenk, pump, booms and nozzles .

must be made of materials which can withstand the corrosive

effects of liqyid fertilizers,

“
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Figure 2.4 PNEUMATIC BROADCASTER
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2.4.2 Banding Equipment : e

Equipment used in the'banding ofﬁgertilizer a=nerally .
falls into fhree categories; mechaeﬁcal.distr:hutors,
pneumatic distributors and gaseous distributors.

Mechanical distributors faer granular fertilizers are
generally adaptations of the drop type or dribble spreaders
used for brOadcasting fertilizers. They are usually meunted
on seed drills and used for in-row or sidebanded placement
but. have also been mounted on cultlvators for preplant
bandlng. The advantages of these dlstrleutors are generally
favorable distribution patterns and low cost. The
dlsadvantages are the lack of a centrally mounted hopper
making filling more;gifficult and the small size of the
hoppers. The small size,heppers are especiallx
disadvantegeous when high'amounte of fertilizer are to be
applied at the time of seeding thereby.reducing field 
efficiency by requiring more frequent stops for fill-ups.
Mechanical diseributofs are-aiso used in the distribution of\
liquid fertlllzers on cultivators or seed drllls “A ground =
.drlven pump,—meterlng valves, distribution manifolds and a
nurse tank are required., The advantage ef using the liquia
fertilizef system is the centrally located tank whicﬁ
facilitates filling. o
h The primary implement used in the pneumatlc

dlstrlbutlon of banded fertilizer is the air seeder (Figure.

2.5)% Thls machine uses a centrally 1ocated hopper, a
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Figure 2.5 AIR SEEDER
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metering mechanism, an air fan and a series of hoses mounted
on’a cultivator to transport and distribute the fertilizer
and/or seed from the hopper to the fﬁrrow openefe. The
_primary advantages of the air seeder are a large centrally
located hopper for seed and/or fertilizer and easy transport
from field to field. ThlS machlne can' be used either for
in-row placement of fertlllzer or for a preplant banding
.operatlon The primary dlsadvantage of the air seeder is the
high- 1nvestment cost espec1ally if'used solely. for

!)m\‘

fertlllzer banding.

The.- primary use of a gaseous diéffibutor is for
_anhydrous ammonia. The anhydrous ammo:?a must be released in
narrow furrows and covered immediately by soil to prevent
escape. A loose, friable soil gith adequate moisture is.
required to seal the soil surface to allow time for
adsorption of-ammonia to the water on the soil particles
(Kepner et al 1972). Distribution of anhydrous ammonia
reqqires a-pressurized, heavy steel tank for storage and
transport, a meterihg %echanism, a series‘of distributors
and a hose to each shank. Initially, anhydrous aﬁmonia
applicators employed relatively light shanks which reqdired
a preyiqus tillage operation to ensure adequate soil‘
coverage of the ammonia band; These mechines were generally
renteé from fertilizer dealers as the costs.of owning tﬁe
machinee for indiyidual farmers was too high (Porteous and

Andres 1983). However, during the last decade, farmers have

mounted ammonia distribution kits on their cultivators and-
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rented the nurse tanks from the fertilizer dealers. This
allowed fgrmers to combine fertilizing and tillage
operations.

As well, ammoni? liquifying (Coldfloe') kits have
become quite popular (ngurei2.6). These kits employ a
converter or converters which reduce the pressure of the
ammonia to near‘atmospherﬁc ailow;ng only about 15% of thé
ammonia to vaporize. The heat required for the small amount
of ammonia to vaporize comes from the remaining liquid
causing the temperature of the liduid lo-drop'below its
boiling point. Vaporization of thé cooled liquid does not
occur until it warms in the soil thereby allowing for a
longer period of time for the ammonia to be bound with the
soil moisture. The deptp of injection can be veduced by 7 to
10 cm as compared to gaséous injection, thereby reducing
power requirements (Green 1984). |

At present, the only equipment that is available for
sidebanding of fertilizer in Western Canada are separate
openers which mount on some makes‘énd models of seed drills;
These openers use the fertilizer boxes and mechanical
.metering mechanisms which are mounted on the seed drill.
However, the presenﬁ use of - sidebanding equipment in Western
Canada is quite limited.

There are also several hybrid systems which are
employed._These systems can use components from two or more
sources. For example, séme farmers and fertilizer dealers

——— e ——————— =~ —————

'Coldfloe is a registered trademark of United States Steel
Agri-Chemicals Division>
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are using  an éir seeder cbmbinedeith an ammonia liquifying
unit to apply granular phosphorus and anhydrous‘ammonia
simultaneoust. The advantages in de&eloping th;se types’of
hybrids are combination of field opératiohs and the use of
pfeferred forms of fertilizers. The use of ammonia
liquifying units with air seeders allows for the banding of
anhydrous ammonia with ammonium phosphate, both gf whichare
the least e%pensive forms of niprogen‘and‘phosphorus
respecpively. |

| The type of fertilizer applicatioﬁ’equipment used by an
individual farmer is dependent upon the size of the
operation, the forms and prices of fertiljéérs which are
available, the equipment that is presently owned aéd
individual preferences. An efficient machinery system can be

developed to handle most types of fertilizer for almost any

type of placement.
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2.5 SUMMARY OF LITERATURE REVIEW

\
\

The following conclusions are derived from review of the

literature and were used in thevassumptions for this study.

1.

Broadcasting is not the ideal method of placement of
nitrogen fertilizers (especially in the-fali) and is
definitely not recommended for phosphorus fertilizers
except on soils with high P levels.

Banding is the preferred method of nitrogen épplicationv
on all soils. Banding of phosphorus fertilizers in
conjunction with nitrogen is an effective method of
phosphorus placement except on cold, wet, P deficient
soils.,

Fall banding of nitrogen fertilizers is preferred under
low soil moisture conditions to minimize spring soil
moistﬁre loss and ensure good seedbed gquality. Under
medium and high soil moisture conditions, fertilizer
banding should be perfdrmed ih'the spring to minimize
ovefwintering losses of ﬁitrogen due to denitrification
and leaéhing. )

In-row placement of phosphorus fertilizer remains‘an
effective piacement method on cereal.crops at low to
moderate rates, especially on P deficient soils.
Nitrogen fertilizer requirements cannot usually be met
by in-row placement because of seedling damage
especially with urea based fertiliZefs.

Sidebanding is an effective method of fertilizer
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placement. The main disadvantage is the lack of adequate
commercially available equipment for sidebanding. There
is thé added problem of providing adequate spatial
distribution of the seed and fertilizer openers to
ensure good trash clearance. Another disadvantage @s the
extré time required‘to handle all the fertilizer at

seeding time.

JE



3. SYSTEM DESCRIPTION

The systems of fertilizer application considered were

following; )

N broadcast. in the spring, P in-row in the spring,

N banded in the spring, P in-row in the spring

a. with liquifying unit on cultivator using anhydrous
ammonia as the N source,

b. <with air seeder usingvurea as the N source,

N banded in the fall, P in-row in the spring

a. with liquifying unit on cultivator ugigg:anhydrous
ammonia as the N‘source; )

b. with air seeder using drea as the N source,

N ana P banded together in the fall |

a. using granular'fertilizers,

b. using liquid'fertilizefs,

N and P banded together in the spring a —

a. using granular fertilizers,

b. wusing liquid fertilizers,

N broadcast in the fall, P in-row in the spring,

N and P broadcasﬁifogether in the fall,

N and P S}oadcast together in the'sbrihg, and

N and P sidebanded together with the seed drill at the

time of seeding.

These systems :were chosen to represent a cross section

the various fertilizer application systems that are used

38
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: ‘ . \
by farmers in Western Canada. Other combinations of time of

application, placement method, fertilizer form and machinery
complement are possible but those that were chosen were
considered by the author to be a sufficient representation

¥,

of the majority of combinations in use at the present time. -
3.1 MACHINERY MANAGEMENT
3.1.1 Machinery Capacities

The term machine capacity refers to the area of land
that is covered by an implement in a certain time period
(e.g. ha/h). Machine capacity is a function of field speed,
machiné working width and field efficiency (ASAE 1984).

EiéTH\ fficiency is the ratio between the productivity

of a machine undéf\iigig\ii?ditions and the theoretical ‘
maximum productivity (ASAE™984). Some reaéons for a-machine
not working at its theoreti;jz\;;;Tﬁu include: \

1. Machine overlap _— _ m\\\\\\\\\\\\ :
2. Turning time at.headlénds

3. Materials handling (e.g. seed, fertilizer, water)

4, Machine aajustment |

5. Lubrication and regueling.

The following formula for calculating machine capacity

was obtained from Hunt (1983):

C= (S WE)/10 . (3.1)
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C= capacity (ha/h)

S= speed of machine (km/h)

W= width of machine (m)

E= field efficiency (decimal)
10= constant (to adjust.for units) S

3.1.2 Machinery Costs )
4 N

ST

The total cost involved with using farm eqﬁigﬁgug_ |
includes costs for ownership and operation. Ownership\EBEEs.
or fixed costs ére mainly a function of time rather than
hours of annual use (Andruchow 1982). Ownership costs
include depreciation, interest on inveétment, taxes,
insurance and housing.

Depreciation is defined as the loss in valueuover time
due.mainly to obsolescence_(Andruchow 1982). Andrﬁchow
Etated that although wear‘é;so contributes to depreciation,
no reliable data is available as to how much varying amounts
of use contribute to depreciation. Depreciation of this type
would be a variable rather than a fixed cost. The
'depreéiaﬁioniof a machine can be calculated using the

following formula obtained from ASAE (1984):
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D= (V1-v2)/(T2-T1) (3.2)

D= erreciation ($/year)
V1= initial price (§)
V2= salvage price (%)
- T1= time of machine purchase
T2= time of machine disposal

« T2-T1= machine life (years)

Interest costs are a charge for the use of thé money in
a machine investment (ASAE 1984). They can occur in two
forms (Andruchow 1982). First, there is the cost of
financing a machine purchased on credit. Second, there is
the tying up of money in these fixed assets; which could be
earning additional funds if invested in an alternate use
(e.g. interest in term deposits).
’ Insurance fs/necessa:y to protect against losses from-
hazards such as fire and acciéeﬁts. Housing costs are
involved with ha;ing machine=$heds for the storage of
equipment. These costs are justified whether the<bﬁildinq§
are present or not, because without them, deterioration and
weathering will fhcreaée repair rates (Andruchow 1982).

Variable costs are expenses which vary according to the

amount of use and include fuel, lubrication, repairs and

maintenance (ASAE 1984).
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3.2 GENERAL ASSUMPTIONS

The assumptions that were used in developing th;
'various systems are as follows.AThe area that .is cultivated
and seeded is 325 hectares. All the fields are uniform in
size and no obstructioné (e.qg. slougﬁs, étones, trees) are
present. The fields are also éituated adjacént to each
other. Therefore, time lost in travell}ng‘between fields is
kept to a minimum. The farmér-is involved in a continuous
cropping system and therefore all the land is‘cultiQated'
twicé, once in‘the fall and onee 'in the spring prior to or -
in conjunction with seeding. |

The crop that is seeded is barley. Barley was chosen as
the crop for analjsis because the majorify of‘fertilizer'
placement reseafdh in Western Canada has been performed
vusing barley as the teét‘érop. Bafiey allowed a.direct
relationship between fertilizer effectiveness and grain
fiélds to be developed. In an actual farming operation, a
farmer would probably use a rotation‘which included other
crops. These other crops were not used in the model because
of the difficulty in obtaining fertilizer effectiveness
data.

Post emergence herbicides aré used for weed control and
therefore no additional tiliage is required to cbntrol any
particular weed problem. If the system includeé an air
seeder, thevain seeder will be used for both.bandiﬁg and

seeding. The type of seeding equipment that is used will not

.
-+
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have aﬁy effect on the yiéid.

A field efficiency of 82.5% is assumed for all field
operations., Extra time is allowed for the filling of égea
and fertilizer hoppers.

kThe amounts of fertilizer hSed aré 65 kg/ha of nitrogen
~and 13 kg/ha of phosphérus. THeée rates were chosen to
replenish the nutrients taken by the previous crop (Beaton
1982) and allow for some reserve. Fertilizer products are
generally designated by thé_amounts of nitrogen (N),
phosphorus pentoxide (P,OF)‘and‘pbtassium oxide (K,0) that
are present. However, in.ﬁhi§ study,Athe amounts of N, P and
K are expressed on an elemen%al basis. The fertilizer
products and grades usediafewfpr/nitrogen; granular urea '
(46-0-0), anhydrous ammonia (82-0-0) or liquid urea-ammonium
nitrate (28-0-0) and for phosphorhs; monoammonium phosphate
(11-22-0) or liquid ammonium phosphate (10-15-0). No
pdtassiﬁm, sulfur or micronut}ieﬁts (e.q. Fe, Mg, 2n) are
réquired. However, if required, the equipment used to apply
the N and P fertilizers could also beiused to apply
fertilizers or fertilizer blendé cqntainihé pbtassium,
sulphur or micronutrients.

The fafmer's Qorking day was assumed to be 16 hours of
which 12 hours were spent Qorking in the fieldfand'4 hoqrs
were spent in servicing equipment and filling trucks with
fertilize; and seed. Meals were eaten during équipment
fill-up times which did not require any extra time. All the

fertilizer and seed were stored directly on the farm except

it}
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e

for anhydrous ammonia and liquid fertilizers which were
trucked in promptly whenever scheduled.

: ég i€ R+ ~ e
3.3 MACHINERY DESCRIPTION ' :

Tne method used to size the various pieceswof equipment *
for the systems is based upon the author's experiencesé
regarding the rationale of {farmers towards sicing equipment.
Generally, a farmer chooses'a particular piece of primary
~tillage equipment (usually a chisel plow) anéﬁrhe |
vappropriate sized tractor for his individual conditions. The
size of seed drill was chosen by thedauthor to be slightly
larger than that of tne ch;sel plow. Other equipmenr such as
':harrow~packers were chosen»to be as wide as possible.for the
constraints of available.tractor power, field\shape and 5
size.

'The sizing method used in this analysis was to base £
-equipment width on the above rationale. This method uses a
fixed size of equ1pment for all systems. Differences between
the systems comes fro;_the drfferences in time requ1red to
complete the'necessary field operations.

The w1dth of the chisel plow (cultivator) was assumed
to be 9.14 m. Ground speed of the cultivator was assumed to
be 8 km/h. According to tests carried out by the Prairie
.Agricultural Machinery Insrirutev(PAMI) and averaged ocer

several makes and models of chisel plows (Appendix 1), a

chisel plow with a width of 9.14 m would require a tractor
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with a maximum PTO power rating of 135 kW at a ground speed
of 10 km/h and a cultivator working depth of 75 mm. -
Therefore, the tractor will have enough power to pull the
air seeder or ammonia nurse tank, when required, at a ground
speed of 8 km/h. A set of mounted tine harrows Qaq\used with
tPe cultivator to eliminate any additional harrowings .
between field operations.

The fertilizer«hfoadcaster that was chosen is one which
is commoniy available in Western Canada as a rental unit
from fertilizer dealers. This model has a hopper capacity of
4 tonnes and an effective spread width of 13.7 m; Ground
spgedvof the broadcaster was assuméd to be 12 km/h.

The working widths of the press drill and harrow-packer

were arbitrarily#chosen to be 11 m and 18.3 m respectively.

~ According to the PAMI test reports on.various press seed

drills S}ppendiXVZ), a double disk press drill requires
about 8.7 kW Of.powér per metfe of width. Therefore an’11 m
drill would require a gractor wigb avmaQimum PTO rating of
96 kW. With the harrow-packers, tpe average power
requirements obtainedngrom the PAMI .reports (PAMI 1982b;
1983) are 5.34 kW/m of widtH. Therefore, a 18.3 m

hérrow—paqker would require a tractor with a maximum PTO

rating of 98 kW. Thus the power requirements of both the-,

seed drill apd the harrow—packer are well within tQF powgfpui

'ratidg of the 1135 kW tractor.-
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A Flexicoil model 10002 (PAMI 1982d) air seeder was
chosen for this study. This model was selected because of
its large capacity seed and fertilizer tanks and becahse_of
its abiiity to be easily attached andddetached from the
cultivator. This allows the cultivator to be used without
the air seeder.

The seed‘arill‘ghosen for system 9 was an International
Harvester Company’ (IHC) nllodel'51002 end whqil double disk
drill with a second,set“of_openers for sideb;;ding of
fertilizer. The width of the drill was arbitrarily chosen to
be 11.2 m. This/drill is' the only known, reasonably priced,
commercially madé, conventional seed drill Qith optional
sidebanding openers. |

BEach system ufilized adifferent complemént of
machinery and field operations depending upon its individual
reguirements. |

Machinery costs for each system were based upon hourly
machinery rates obtained from Andruchow.(1982) and ,
multiplied by the number of hours.reQUired to cq@plete the
operation. These costs includéd both fixed and variable
costs. The press‘seed drill and end whee? seed drill uséd‘in
the models are each composed of three 3.65 m units.
| Therefore, the cosgs for the seed drills were obtained by

mdltiplying the cost of the 3.66 m unit by three. The cost

of the mounted harrows was obtained by multiplying the cost

*The naming of brand makes and models are used for ékamples
only. The author does not specifically- endorse any mentioned
brand names and models. .
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of the 1.52 m 3 bar tine harrow by six. The cost of the

liquid fertilizer distribution kit used in Systems 4B and 5B

is given in Appendix 5. R



4. TIMELINESS CONSIDERATIONS

Timeliness, in the context of this study, is @efined as
the ability to perform a field machine operation within a
time period in which there will be no yield penalty due to
performing the operation either too early dr too late.
Timeliness then, is the ability to perform a task within an
optimum time pefioa. : |

According to Briggs (1985), the seeding of barley, 'in
general, Should be completed by the end of May in Alberta
before any yield reduction or yield quality penalty would be
assessed. After the éﬁdAbf May, a yiéld penalty would
result,

. Russell (1969) compiled information which listed the

probablllty of a given day being suitable for tlllage for
dlfferent locatlons in Alberta. These probabilities were

added up over a certain time period giving the number of

suitable working days likely during that time period. In

-this study, the spring working period was assumed to be May

1-31 inclusive, and the fall working perlod October 1-31
1nclu51ve. The number of working days in May and October on
medium to heavy soils for different locations in Alberta,
based;on Russell's probabilities, is given in Table 4.1. Tﬂe
average number of workihg déyS'ih May are 23 without much
variation from region to region, Therefore, an an average of
23 working days for the month of May is assumed for the

whole province;.Thus, the farmer has 23 days to complete

48



spring work before any yield reduction penalties would be
‘assessed. The number of working days in October varies from
region to regibn with 17.5 days in low réinfall areas to 4.8
days in high rainfall arqus; Therefdre, each region Qas
assessed individually accérding“to fhe number of working

days available.
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TABLE 4.1 NUMBER OF WORKING DAYS ON MEDIUM.TO HEAVY SOILS

FOR VARIOUS LOCATIONS IN ALBERTA.

LOCATION DAYS (MAY) DAYS (dCTOBER)

LOW RAINFALL AREAS

CALGARY | 22 | 15.2
LETHBRIDGE | 22.9 | 17.7
MEDICINE HAT - 24.9 - 19.7
AVERAGE 23.3 17.5

MEDIUM RAINFALL AREAS

EDMONTON 22.8 12.8
VERMILION 23.5 - > o12.7

AVERAGE ' 23.2 o 12.8

HIGH RAINFALL AREAS

BEAVERLODGE 23.2 4.4
FAIRVIEW 23.9 | 5.1
AVERAGE 23.6 4.8

Source: Russell (1969)



5. SYSTEM OPERATION'

' THe operation of the various systems and their
respective order of fieid operations are outlined in the
following sections. Details of the calculations regarding
time;requirements for the various field opefationé and their

associated machinery costs are outlinei/{n Appendix 6.

5.1 SYSTEM 1. N BROADCAST IN THE SPRING, P IN-ROW IN THE

SPRING | ,

System 1 involves the broadcasting of nitrogen in the
épring prior to tillage and seeding. The phosphorus is
applied in-row. This is the sysﬁem which has'beén
traditionally used in the Prairie Provinces. The field
operations required from the previous harvest to seeding
include:; ‘

1) fali”cultivation,
2) broadcasting of N fertilizer in spring,
3) spring cultivation; and
4) seeding.
5;2 SYSTEM 2A. N BANDED IN THE SPRING WITH AMMONI@

LIQUIFYING UNIT, P IN-ROW IN THE SPQING'

System 2A involves banding of nitrogen in the form of

anhydrous ammonia combintd with spring tillage prior to

51
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:seeaing. The ammonia is applied using a liquifying unit
which is mounted on the cultiQator. A nurse tank which
carries the ammonia ﬁnde; presSure is pulled behind £he
cultivator. This nurse tank is rented from the fertilizer
dealer and the cost of its rental is included in the: price
of the ammdhia. The phosphorus fertilizer is applied in-row.

The field operations required for'fh§§@§ystem are;

1) fall cultivation, n:

2) spring cultivation-bandiﬁgiiipa

3) seeding.

5.3 SYSTEM 2B. N BANDED IN THE SPRING WITH AIR SEEDER, P

IN-ROW IN THE SPRING

bl

System 2B involyes bénding Hitrogen in " the form of
granular urea with an air séeder combined with spring
tillage prior -to seeding. The phosphorus fertilizer is
applied in-row. Because the_fa;mer has the air seeder for
banding, the air seeder will also be used for seeding.
However, after using ghe éir seeder for seeding, the farmer
must follow with a harrow-packer tofensﬁre'adequate
germination.

The order of field operations with this sysgem are;

1) .fall cultivation,
) spring cultivation-banding,
3) seeding, and |

4) harro&—packing. .



53

5.4 SYSTEM 3A. N BANDED IN THE FALL WITH AMﬁONIA LIQUIFYING
UNIT, P IN—ROW IN THE SPRING
&

System 3A involves the same time requirements as System
2A evcept for the nitrogen fertilizer which 1s applied in
_tHe fall rather than in the spring. The‘phoéphorus is .
Eapplied in thevspring in-row.

Field operations that are required are;

1) fall cultivation—banding,
2) spring cultivation, and

3) seeding. -

5.5 SYSTEM 3B. N BANDED IN THE FALL WITH AIR SEEDER, P
IN-ROW IN THE SPRING | |
: » " ' .

In System 3B, the N fertilizer is applied in the fall
as urea in-coﬁjunction with the fall tillage. In spring, the
farmer applies'the,P fertilizer in-row using the a%r_seeder
and since the air seeder is being used, no preseeding |
tillage is required.

' Field operations required are;
1) fall cultivationfbandiﬁg,
2) spring seeding, and

3) harrow-packing.
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5.6 SYSTEM 4A. GRANULAR N & P. DEEP BANDED IN THE FALL

System 4A involves banding of granulafr nifrogen and
phosphofus using the air seeder in the fall in combination
with fall tillage. In the spring, the farmer then seeds with
the air seeder, without having-to/appIy any fertilizer and
without requiring any p:eseediég tillage.

Field operations that are involved with this system
aré; 1) fall cultivation-banding,

2) spring seeding, and
3) harrow-packing.

Q .
5.7 SYSTEM 4B. LIQUID N & P DEEP BANDED IN THE FALL

In System™ 4B, the fertilizer nitrogen and phosphorus
are applied as liquids in the fall in conjunction with fali
ti;iagé. The farmer uses a liquid fertilizer distribution
kit mounted on the cultivator and a nurse tank pulled behina
the eultivator to distribute the fertilizer; In the spring,
the farmer performs the preseeding tillage with the
cultivator and then seeds wiqb the press drill.

Field operations involved with this system.are;

1) fall cultivation—bénding, o o
h 2) spriné cultivation, and

3) seeding.
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5.8 SYSTEM 5A. GRANULAR N & P DEEP BANDED fN THE SPRING

System 5A involves the banding of both nitrogenAand
phosphorus’fertiWiZers in the spring with the air seeder
prior to seedlng The seeding operatlon is performed with
the alr seeder w1thout any preseeding tillage.

The fleld operatlons required for this syster are;

1) fall cultivation,
2) spring cultivation-NP banding,
3) seeding, and

4) harrow-packing.
5.9 SYSTEM 5B. LIQUID N & P DEEP BANDED IN THE SPRING

System 5B involves the banding‘of”both‘N and P as
liquid fertilizer in conjunétion with spring tillage.
Order of fiela operations with System 5B are;
ﬂ1) fall cultivation,
5

2) spring cultivation-banding, and

3) seeding.

5.10 SYSTEM 6. N BROADCAST IN THE FALL, P IN-ROW IN THE

SPRING

The system involves the broadcasting of the nitrogen
fertilizer in the late fall prior to fall cultivation. In

spring, the farmer performs one cultivation prior to
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seeding. Phosphorus fertilizer is applied in-row ét the time
of seeding.
Order of field operatiohs in this system are;
1) fall broadcasting,
2) fall cultivation,
3) spriné cultiVation, and

4) seeding.
5.11 SYSTEM 7. N & .p BROADCAST IN THE FALL

Systgm'7 involves the broadcasting of both nitrogen and
pﬂésphorus fertilizers in the fall prior to.féll |
cultivation1 : : .

| 'Ffeid operations required for this system include;

1) fall broadcasting,
2) fallnéultivation,

3) spring cultivation, and ' .

4) seeding. : .
.12 SYSTEM 8. N & P BROADCAST IN THE SPRING

In System 8, the nitrogen and‘phospho:us are broadcast
in the spring prid; to spring cultivation.
The order'¢f field operétiOns for this system are;
1) fall cultivation,
~2) spring broadcasting,

3) spring cultivation, and
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4) seeding.
Since System 8 involves .the same amount of time spent
~in the f1eld and uses the same equ1pment as System 7 the

mach1nery costs are also the same.

'5.13 SYSTEM 9, ‘N & .P SIDEBANDED IN THE SPRING
I} System 9, the fertlllzer is applled in the form of a
granular blend at the t1me of seed1ng The fert111zer is’
placed in a band to the side of and below the seed. u51ng a
separate seti;;‘dbeners wh1ch are mounted on the Seed drill.
The seed dr1ll that is used in th1s system 1s an IHC model
5100 end wheel double disk dr111 Slnce this drlll does not
have packers, a separate harrow-pack1ng Qperatlon must
follow after seeding. | :
The order of field operations for this system are;'
1) fall cultivatien;
2) spring cultivationy
3) seedingfbanding, and

4) harroy—packing.

-
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6. FERTILIZER COSTS, CROP RETURNS AND GROSS REVENUE ANALYSIg

I . L, 7
4 -y ) ‘(4\

*, - e
} o c REN
4 .

~ .For all systems’ fertlllzers are applled at the rate of

. o~ ‘
65 kg/ha of N and 13 kg/ha of P. For systems u51ng granular
fertilizer or anhydrous ammonla, 60 kg/ha of N 1s derlved

ﬁrom urea (46- 0 0) or anhydrous ammonia (82-0- 0) and 5 kg/ha

”{E'of N and 13 kg/ha of P are derlved from ammonlum phosphate

5(11 22- O). For systems using liquid fertilizers, 56.3 kg/ha
of N:is-derived from urea—anmonium nitrate (28—0-0) and 8.7
kg/ha of N and 13 kg/ha of P are derlved from ammonium
polyphosphate (10-15-0). ﬁ?hese rates were chosen to
replenish the nutrients taken from the previous crop (Beaton
1982) and allow for some reserve. Fertlllzer pr1ces were

oh;alned 1n November 1984 from telephone conversat1ons w1th

severa rta er r ‘ s. Most ea ers state
l f d& i' deal d

that, hlstorlcally, feftlll s’p@' e " have 1ncreased an

.. \'w

,iif'xavefage of approx1mately 10% f{om ﬁill to the follow1ng

sprlng l@ae prlces for fertlllzems purchased in the sprlng
have therefore been adjusted upwards by 10% from the ‘fall
pr1ces. Pr1ces for the various fertlllzers used dn ‘this
model are listed in Appendix 4. If applicable for a
particular'system fertilizer‘cosms have been calculated for
both fall purchased and sprifg purchased fertlllzer. Storage

costs were not considered. Anhydrous ammonla—and liquid .

fertlllzers are the exceptlon. Slnce spec1allzed storage

-

facilities are‘requ1red for these products, delivery was

obtained from the fertilizer dealer as required. Interest at

SN
LS.
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the rate of 15% per annum was charged to fertilizer

purchases from the date of dellvery of the fertilizer (falI\\~w-g

of spring) to the fOllOWlﬂg harvest (12 or 5 months). A
labour cost of $10 per hour is charged towards thejtlme
spent working for the various systema.ll y |

A grain yield without the use of any fertillaer‘is
assumed to be 1.35 t/ha. A yiel” increase of 1.85 t/ha is

assumed for thez"standard" fertilizer treatment of N

. broadcast and P ‘in-row. The gfain'yields were estimated @

average yields obtained from published reports from a

variety of researchers (Nyborg and Hennig (1969), Nyborg and

- Leitch (1979), Harapiak (1980), Robertson et al (1982),

Alberta Agriculture (1984) and Bole et al (1984)). These

yields were taken for a t;%gcal soil' in central Alberta If

desired, yields cpuld be-adjusted to suit an individual
location elsewhere in the province.

The fertilizer effectiveness rating of 'the "standard" \

treatment is taken to be 100. The effectiveness rating of
i , # ' .
the other placements is expressed as.a comparison against

the. "standard" placement. Effect1veness rating is def1ned as

the y1e1d increase due to a particular placement as. compared

. to the standard expressed as a percentage or decimal

e

Nltrogen fertlllzer effectiveness ratings were obtalned from
Alberta Agr1culture (1984) These ratlngs were avenages

obtained from a number of research exper1ments tondhcted

b’Q

throughout the@prov1nce3 For phosphorus, the effectlveness

. Ja -'..r :.
ratlng was assumed to be%100 for every case wheﬂ% the-ﬁ”{
«,’. i "'35“" : ’
. . W )JI 4 w LA
, iA . .:‘) K:{s L ‘_a
\- ’; A -
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fertilizer was placed in-row or banded in conjunction with

nitrogen. The ratlng for broadcast P was assumed to be 66%

&
o

(Racz 1982). The combined fertilizer effectlveness rat1ng

was then obtained by multiplying the nitrogen rating by the

Lphosphbrus rating. The ratings for the various systems are

outlined in Table 6.1.

A barley grain price of $125 per tonne (Alberta Wheat

Pool, December 1984) was used for the revenue calculations.

Production calculations.werevmade for three’soil moisture
Conditions low, medium and high corresponding to low, medium
andnhigh soil moisture conditions réspectively for the time
period from late fall to-the following spring early growing.
eeason for a typical soil in central Alberta. Grain
production‘was calculated for three soi} moisture conditions
becadse fertilizer effecriveness (eSpecialIY'N) varies
according to soil moistbre g%aditions.

Fertilizer effeetiveness, total costs and gross revenue
.are outllned in the following. tables. Net revenue was
calculated in the follow1ng manner The grain yield was
multiplied by the price for barley ($125/t) and the area in

production (325 ha) «v obtain the ‘gross revenue. Subtracted

»

from gross revenue were the costs of fertilizer and-

interest, machinery and labour.Cyetails of these

calculations.are in Appgendix 7.

PR
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TABLE 6.1 FERTILIZER EFFECTIVENESS RATINGS

System N rating P rating Combined rating
L M H L. M- H L M H
1 100 100 100 100“i$60 100 100, 100 100
2 115 1167 110 100 100 100 115 110 110
2B 115 110 110 T100 100 100 115 110 110
3 115 95 _55,,‘JQQ.;[QO 100 115 95 85
3B 115 95 85 100 160" ‘10D s&d1s 95 85
4A  —115 95 85 100 100 100 115 95 85
48 115 95 85 100 100 100 115 95 85
52 115 110 110 100 100 100 115 110 110
58 . 115 110° 110 100 100 100 115 110 110
6 100 85 80 100 100 100 100 ' 85 80
7 100 85 80 66 66 .66 66 56 53
'8 ‘.v1oo‘“moo%§1oo 66 66 . 66 66 66 661.
9 ' 115 110 110 100 100 100 115 110 110

Combined rating= (N rating * P rating)/100
L= low soil moisture
M= medium seil moisture

H= high soil moisture
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TABLE 6.2 GROSS RébENUE AND TOTAL COSTS UNDER LOW SOIL

MOISTURE CONDITIONS ($) ' . a
‘ TOTAL COSTS )
SYSTEM  TREATMENT GROSS REVENUE FALL ~SPRING |

1 {J N-S-BR 130,000 33,327 33,626
. L IR : .

2a N-S-BD-A 141,375 30,849, 30,878
P-S-TR = 3 :

2B N-S-BD-U 141,375 36,514 36,813
P-S-1IR o

3A N-F-BD-A 141,375 30,666 30,695
P-$-IR :

3B N-F-BD-U 141,375 33,286 33,315
P-S-1IR o ‘ :
L

4A  N-F-BD-G 141,375 . 32,998 -

- P-F-BD-G - = ~ .

4B 'N-F-BD-L 141,375 . 36,908 -
P-F-BD-L ' ”

5A N-S-BD-G 141,375 36,225 36,524
P-S-BD-G )

5B N-S~BD-L 141,375 - © 37,418
P-S~-BD-L - : :

6 N-F-BR 130,000 33,327 33,356
P-S-1IR

7 N-F-BR 104,375 33,182 -

- P-F-BR -

g v N=S-BR 104,375 33,182 33,481

~ P-S~BR

9 - . N-S-SB 141,375 33,691 33,990

P-S-SB . - '

Fall= fall purchased fertilizer, Spring= spring purchased
fertilizer .

Treatment abbrev1at10ns~ N-nitrogen, P- phosphorus, S-spring
applled F-fall applied, BR-broadcast, BD-banded,
IR-in-row, SB-sidebanded, A-anhydrous ammonia,

U-urea, G-granular, L- 11qu1d
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TABLE 6.3 GROSS REVENUE AND TOTAL COSTS UNDER MEDIUM SOIL

MOISTURE CONDITIONS (%)

SYSTEM  TREATMENT
1 N-S-BR
P-S-IR

2A N-S-BD-A
P-S-IR

2B N-S-BD-U
P-S-IR

3A N-F-BD-A
P-S-IR

. 3B N-F-BD-U
P-S-IR

4a N-F-BD-G

P~-F~-BD-G

4B N-F-BD-L

P—F-BD—L

5A N-S-BD-G

, P-S-BD-G

5B N-S-BD-L

P-S-BD-L
6 N-F-BR
P-S-IR
7 -F-BR
-F-BR
8 " N~S-BR
P-S-BR
9 N-S-SB
P-S-SB

GROSS REVENUE

130,000
137,560
137,500
126,250

126,250

126,250

126,250
137,500
137,500
118,625
_96,875
104,375

137,500

Fall= fall purchased fertilizer,
: fertlllzer

TOTAL COSTS

FALL

33,327

30,849

36,514

30,666

33,286

-32,998 -

36,908

36,225

33,327

33,182

33,182

33,691

> .'_

33,626
30,878
36,813
30,695

33,315

36,524

37,414

g \- ot

33,48

33,990

Spring= spring purchased

SPRING

63

Treatment abbreviatlons. ‘N- n1trogen, P- phosphorus, S-spring

applled ‘F-fall applied,BR- broadcast,

IR-in-row,. SB- 51debanded A- anhidrous ammonia,

U-urea, G-granular, L- lquId

BD-banded,



TABLE 6.4 GROSS REVENUE AND TOTAL COSTS UNDER HIGH SOIL

MOISTURE CONDITIONS ($)

- TOTAL COSTS

SYSTEM  TREATMENT GROSS REVENUE FALL SPRING

i N-S-BR 130,000 "33,327 “°© 33,626
P-S-IR : -

24 N-S-BD-A 137,500 30,849 30,878

~ P-S-IR o

2B N-S-BD-U 137,500 36,514 36,813
pP-S-IR

3A N-F-BD-A 118,625 - 30,666 30,695
P-S-1IR

3B " N-F-BD-U 118,625 33,286 33,315
P-S-IR .

4A N-F-BD-G 118,625 32,998 -
P-F-BD-G o '

4B N-F-BD-L 118,625 36,908 -
P-F-BD-L o

52 N-S-BD-G 137,500 > 36,225 36,524
P-S-BD-G '

58 N-S-BD-L~ 137,500 ° - 37,414
P-S-BD-L

6. N-F-BR 115,000 33,327 33,356
P-S-IR : :

7 'N~F-BR .~ 94,625 33, 182 -
P-F-BR

8 N-S-BR ' 104,375 '« .33,182 33,481

& P-S-BR ’

9 N-S-SB 137,500 33,69 33,990

P-S-SB S |

‘, Fall= fall purchased fertlflzer Springs= spring purchased
fertilizer ! .

Treatment abbreviations: N-nitrogen, P- phosphorus, S~ sprlng
' applled F-fall applied, BR-broadcast, BD-banded,
IR-in-row, SB-sidebanded, A-anhydrous ammonia,
U-urea, G-granular, L- 11qu1d



7. DISCUSSION OF RESULTS
7.1 TIME REQUIREMENTS

The times required to complete fertilizer application
and seeding for the various systems as calculated in
Appendix 6 are summarized in Tables 7.1 and 7.2. The time
spent in the fall varies from 4.5 days.for the systems which
require only fall cultivation (Systems 1, 2A,-2B, 5A, 6B, 8,
9) to 6.9 days for systems where ferti}jzer is broadcast 'in
the fall prior to‘fall cultivation (Systems 6, 7). The time
spent in the spring varies from 7 days (System 3B) to 11.8
days (System 2B). In generai, the greater the number of-
field operations that are reqqired, the longer the time

‘required to complete the operations. Operations that are
combined (e.qg. fertilizing and cultivating or |
cﬁlti&ating—seeding with‘the air seeder) lead to less time
‘spent in completing the operations. For example, combining
}itrogen fértilizer application with cultivation in System
2A leads to a two day decrease in spring working time 6ver
éysfem 1 where the nitrdgen fertilizer is broéﬂcast in a
separate operation. Thus there is great potential in
reducing time rqugrements by combining field%%ﬁgfations
whenever possible, l

. Time requirehents of the various systems'as-they relate
to machine operations also varieé. In general, seéding with
the press drill is-faste; thaﬁ seeding with theﬁéi£ seeder #

ey

B
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TABLE 7.1 TIME REQUIREMENTS OF THE VARIOUS SYSTEMS (HOURS)

SYSTEM  TREATMENT
1 N-S-BR
' P-S-IR

2A N-S-BD-A
P-S-IR

2B N-S-BD-U
P-S-1IR

3A N-F-BD-A
P-S-IR

3B N-F-BD-U
P-S-IR

4n N-F-BD-G

P-F-BD-G

4B N-F-BD-L

P-F-BD-L

5A N-S-BD-G

P-S-BD-G

" 5B N-S-BD-L

P-S-BD-L
6 N-F-BR
P-SfIR
7 N-F-BR
P-F-BR
8 N-S-BR
P-S-BR
9 N-S-SB
P-S-SB

v

FALL

54

54

54

56. 5
57.4

58.7

62.3

54
54
817

83.3

¥ 54

54

E}

{

°

SPRING

134.2

109.2

142

106.5

84.

80.

6

3

104.1

139

112.4

106.5

104.1

133.4

136.3

Total

188

163

196

163

142

139

166

193

166

188

187

¢

.2

.2

.4

.4

L] 2 '

.4

190

Treatment abbreviations: N-nitrogen, P-phosphorus,
applied, F-fall applied, BR-broadcast,
IR-in-row, SB-sidebanded, A-anhydrous ammonia,

U-urea, G-granular, L-liquid.

3

BD-banded

.3

S-spring

’ .
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TABLE 7.2 TIME REQUIREMENTS OF THE VARIOUS SYSTEMS (DAYS)

SYSTEM  TREATMENT FALL SPRING Total
1 . N-S-BR 4.5 11.2 15.7
, ~ p-S-IR ‘ . -

2A N-S-BD-A 4.5 9.1 13.6
P-S-IR

2B N-S-BD-U 4.5 11.8 16.3
p-S-IR - :

3A N-F- BD A 4.7 8.9 13.6
P-S-

38 N-F-BD-U 4.8 7 11.8

. p-S-IR

42  N-F-BD-G 4.9 6.7 11.6
P-F-BD-G

4B N-F-BD-L ° 5.2 8.7 13.9

~ P-F-BD-L , ,

5A N-S-BD-G 2.5, 11.6 16.1
P-S-BD-G

5B « . N-S-BD-L 4.5 . . 9.4 13.9
'P-S-BD-L

6 N-F-BR 6.8 8.9 15.7
pP-S-IR

7 N-F-BR 6.9 8.7 15.6
P-F-BR

8 N-S-BR 4.5 - 1.1 ' 15.6.
P-S-BR .

9 N-S-SB 4.5 11.4 15.9
P-S-SB -'

hosphorus, S—sprihé
, -BD-banded,
"ammonia,

Treatment abbreviations: N-nitrogen, B;
applied, F-fall applied, BR-broa
IR-in-row, SB-sidebanded, A- anhydr
U-urea, G-granular, L- 11qu1d
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providing the number of field passes,remaihe the same,

However, when seeding with the air seeder is combined with
‘preseeding tillage, time requiremente favour the air seeder
err the press drill. Seeding with the air seeder requires a’

subsequent harrow packing operatloﬁmﬁo ensure good 5011 seed

" contaet. Therefore, comblnlng harrow- packlng with the air

seedihg operation could result in even greater time savings.

Broadcesting generally required more time than banding,
when bandihg was combined with a cultivation operation. The
exception Qere Systems 2B and 5A which used the air seeder
for seedrzg. These systems necessitated e second cultivation
and a harrow—packing.operation which led to greater time
requirements.

»

There heve been’suggestiozs by some researchers
(Harapieh 1984b) that in-row application of fertilizere\can
1ead to significant time'delays during eeeding. However,
comparing System 3B with 4A in-row application of
phosphorus requ1red only 0 3 days longer to complete seeding
operations. Therefore, as lonéges ‘the proper management and
equipment is used (drill-fills, fertllizer ioppers), time
.delays ihvolved with in-row fertilizer épplicarion can be
‘minimal.

‘The time'required to apply‘liquid fertilizer'was‘
‘slightly higher than for granular fertilizer. The. time

difference involved however was relatively small, in the

range of 0.3 days.



‘rainfall areas. This time limitation generally restricts

~ 69
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»

The application of phosphorus fertilizer in conjunction

‘with nitrogen fertilizer generallykrequired less time than

~..

S~

the application of the p:pducté sepétately; However, the —

amount”of:ex;ra time that was required was small. For
example,” System 3B required onl§'0.3 dais longer to apply .
phosphorus fertilizer in-row than System. 4A where the
phosphorus was banded with the nitrogen.

The use of anhydrous ammonia as an N sogrce‘in System
2A léd to 2.5 days less time spent in spfihg than Syétem ZB‘
which used urea as the N source. This was inmarily due to.
less handliﬁg of the fertilizer product and the eliminatidh
of the harrow-packing operation in System 2A aé compa. .d to
System 25. .

The number of available working days in the fall to

perform field wérk is limited, especially in the high

fall work to‘culgivation'or perhaps cultivation-banding. Any

Qther field operations could not be performed because of

gs'ﬁime limitation. In the low and medium rainfall areas,
. e ;

11 time is .not as constrained and if desired, a greater

‘amount of field work can be performed in the fall.

In the spring, the number of available working days is

‘géne:ally about equal across the province and all of the

. 9
systems field operations can be performed within the

required time. Therefore, no penalty costs with respect to
late seeding would be incurred. However, the systems which

required less time to complete field operations allow for

«

-
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greater flexibility if unfavorable weather conditions are
encountered or if additional field operations are required

(e.g. incorporation of pre-emergence herbicides).

[ o —

7.2 MACHINERY COSTS ‘ @

Machinery costs for thé various systems aé calculated
in Appendix 6 are summarized in Table 7.3. The césts';aried
from $10,345 for Systems 2A and 3A to $14,293 for System 2?? ’b
System costsrwere‘directly related to' the number of hours

required to complete the required operations-and to the

complement of equipment that was used.’

The air seeder is a relatively ex¥ensive machine to
operate. Systems which required two passes of the air seeder r

as well as a pass with the cultivator (Systéms 2B and 5A)

- had the highest machinery costs. The advantage of the air

seeder comes from combining field operations. Wheh seeding .

1s cpmbined with préseeding tillage a$ in Systems 3ﬁ and 4A,
machineryhg“osts decrease because fewer hours"'g,re required jo
cbﬁplete field Operatioﬁé. Systems 2h and 3A thch used the
aTmonia_liquifying unit to appnyhitfégen and the seed drill‘
to applyfﬁhosphorus had the lowest maqhinery costs. The

-

ammonia liguifying unit is the most inexpensive method of

_applying and incorporating nitrogen fertilizer to cultivated

soil.
The machinery costs of liquid fertilizer application

kits are higher than ammonia liquifying kits or broadcasters

u
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TABLE 7.3 MACHINERY COSTS FOR THE VARIOUS SYSTEMS ($/year)

SYSTEM

—

TREATMENT
1 N-S-BR
P-S-IR
2A N-S-BD-A
P-S-IR
2B N-S-BD-U
P-S-IR
3A N~F-BD-A
P-S-IR
3B N-F-BD-U
' P-S-IR
4n N-F-BD-G
P-F-BD-G
4B N-F-BD-L
P-F-BD-L
5a N-S-BD-G
‘ P-S-BD-G
W
5B N-S-BD-L
P-S-BD-L
6 N-F-BR
P-S-IR
7 N-F-BR
P-F-BR
8 N-S-BR
~ P-S-BR
9 N-S-SB
 P-S-SB

Treatment abbreviations: N-nitrogen,
’ applled F-fall applied, BR-broadcast, BD-banded,
SB-sidebanded, A-anhydrous ammonia,
L—liquid.

IR-in-row,
U-urea,

‘G—granular,

VARIABLE

FIXED
COSTS COSTS
5619 5565
5278 5067
7716 6577
5278 © 5067
6504 5101
6359 4988
6620 5763
7572 6462
6620 5763
5619 5565
5532 5515
: Zi :J:‘f"" .. :
‘gg§$§532 5515
v
5948 5579

/.

v

s O
2

14,387

14,293_

10,345
1,605

1,347

-,

LR

(8,034
12,383
T1, 184
1,047
1,047

1,529

N

71

p- phosphorus, S~ sprlnﬁ

'm'\)

St
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%.3 FERTILIZER COSTS S S

'in Append1x 7 are sumqprlzed 1anabIe 7.4. Includcﬁhfnsthé

fertlllzer costs are the 1nterest charges for the fer- 520!

both fall and’ sprlng purchased

but lower than air seeders. "” . -

‘{:*': N

Time of fert1llzer appllcatxon (ﬁall vs sprlng) had no
. ¥
effect upon mach1nery costs except 1n cases where field

operatlons were comblned (e g. System 2B vs 3B).

. ,4[‘,

@t&

~

‘ ! CY v ! g‘/fkﬁ ék v
Fert1llzer costs for’ the vanlous systems asﬁtaiduv f%?i

cr t ‘ ‘ ' ;

‘-L

which are o@ ulated from the time of purchase to theﬁ

subsequent harvest -If appllcable, costs were calculated for,u

4/. . P -
l,’.‘ﬂu' ~ e

: . . 4" )
fertlllzer prlces are. in Apﬁ ndl‘

s L Coge

e

’lowest fertlllzer and 1ntérest costg Granﬁlafknltro en g\ .

fertlllzer (urea) is 1nte(med1ate 1n cost*ﬁhiqurd fertxllﬂﬁr
(n1trogen and phosphorus) g the most expen51ve formulatlon
of fertlllzer SyStems whlch used llqu1d fertlllzer j4§3§nd
5B) had the hlghest fertllizer.and 1nterest costs These

costs are substant1al *in the range of $4 000 more than'’

;systems whlch used anhydrous ammonla and granular

phosphorus. Therefore, the use of lrgu1d fertll&zer 1n

M

:Alberta w1ll probablﬂh "llmlted untll the prlce dlfference

i,,., 5 _im( “7 s K

;thlllzer. Detalls of Vot

e
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 SYSTEM

A, v
TABLE 7.4
SYSTEMS ($)

- TREATMENT

1 N-S-BR

B P-S-IR

2 N-S-BD-A
. P-S-IR

,-v

* 2B NpS-BD-U .
p«;—IR
3A N-F-BD-A
«8 P-S-IR o
35 T \.N_F~BD.,;'U .
L P-S<IR <
Ly e e )

N-F~-BD-G

4A .
. P-F-BD-G

4B

D
R L

",1 .

W

. 'FALL PURCHASED

20,261
18,874

20,261

18,691

20,261

20,261

* 722,387

73

FERTILIZER AND INTEREST COSTS FOR THE VARIOUS

SPRING PURCHASED

20,560
18,903“
26,560
18,720

.20,290 .

&,’Q

N e ; . 4,
5A N<S-BD-G - 20,261 4 4« 20,560 .
P-5-BD-G
5B N-S-BD-L - : 23,343 .
_S—BD_L ’ “'» &
6 N-F-BR ¢ 20, 26;f'_ 14.¥' 20,290
: P-S-IR FURNES ,
. 0‘} - oL . - v , .
e : 2 A o
.7 N-F-BR | ¥ 20,261 . ‘ wi
o % P-F-BR - e, M = ¥ . o
N e . : . o . . i (,:{F;{V - ‘\. - a - ;
- N-S-BR 205,261 , B %pnggp g
9 N-S-SB 20,261, - ,g 20,5 &
: P-S-SB o .
. v ot *
e ' ‘ S N
. Treatment: abbreviations: N n1trog¢n, P phospho;us, S- spring ﬁi <
ok applied, F-fall applged BR-b padcast, BD-banded, , .
"‘.;’ IR-in-row, SB-sidebandéd, ‘A-af! ydrous ammonla, S S
"U-urea, G-granular, L-liguid. [
= . 1{%5 ,fﬁg”& =
« -~ e .--h‘;ﬁ:’ » Iy * . ’ﬁ . A"“
h " '.I u"t ” ~
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. Fertilizer purchased in the fall is generally cheaper
oA“- . Y

than spring purchased fert111zer In most 1nstance§ *the

i

d1fference in fert1llzer costs 1s relatlvely small ($300).
- If storage facilities are aya1lable for fall purchased
fertilizer, fall purchased%fertilizer would be advantageous.
ln addibion the farmer would have a guaranteed supply and
would be protected agalnst problems such as transportatlon
restrictions whlch could affect ﬁert111zer availability and
price in the spring. As well, fall fertrl;zer dellgery is
A ’adéant;geous for the fertilizer manufactdring and
’distribution system from the standpoint of eyening out the
flow of fertilizer throughout the year., The disadvantage of
purcha51ng fert1l1zer 1% Hh% fall is 1nflex1b111ty in terms
of be1ng able to change forms(of fertlllzers or analyse& if

‘g
cropping 51tuat1ons or fert1l1zer recommendatlons change

d.

R

7.4 GRAIN YIELDS

(kW

' N . !
by N . * -
. .
. . g L. » T .
N e . . “
, i : .
W 8 . N ' At

Grain y1elds, for the var1ou§ systems, as calcul

Append1q@? u51ng the prevyguslysstated assumptlons regardlng

fertilizer eff1c1enc1es, are*tabulated 1n Table 7. 5 Graln

s "g !
ylelds were calculated for three s01l ‘moisture cond1t1ons

low med1um, and h1gh referr1ng to the amomnt of 5011

" - o
o
m01sture present during the period frOm laté fall to the !

\

-follow1ng early’ grow1ng season for 3, typlcal 501l in cen&ral

Alberta ST - L -

e

T . . SR . .

ot . N R ,.-_A ¢ - _«\\bﬂf-- ‘ - B . o
:1_&,_‘ S Lt e e - . ey



oy //{  M' A ‘ | |
b k, | | S .75

P D
'

TABLE 7.5 GRAIN YIELDS FOR THE VARIOUS SYSTEMS (t/ha).
j ‘ '
’ ' 4 ’ .
§§§I§M TREATMENT .LOW MEDIUM HIGH

i N-S*BR 3.20 3.20 . 3.20
© . 2A ™ N-§-BD-A 3.48 . 3.39 3.39

2B N-S-BB-U - - 3.48 . 3.39 3.39
N P :

34  N-F-BD-A. 3.48 3.11 2,92
' ' P-S-IR '
3B N-F~BD-U 3.48 3.1 © 2,92
'P—S-IR ‘ ]
4A  'N-F-BD-G 3.48 3,11, 2.92
//‘ P-F-BD-G . : .
4B 3.48 3.1 2.92
54 3.48 3,39 . 3.39
‘ ‘5B 3.48 3.39 3.39
. .6 3.20 2,92 2.83
. o
Y . 2.57 2.39 2.33
Y8 N-S-BR 2.57 . 2.57 2.57 ‘
P-S-BR ;@g ik [N
'{‘h PR X
9 N-S-SB 3.48 3.39 #3039
i P-S-SB SE IR v - S
o wie . N : "ii‘ Lo s ﬁh
fow, medium and high refer to Jthegragountiof%soil mbisture
+~ from late fall to the folI‘dﬁ’ingﬁ?ear‘lyygr‘owing seasgm.
~ Treatment abbreviations: N—n_itrogén, P4phosphofus~,‘ S-spring
> applied, F-fall applied, BR-broadcast, BD-banded,
. . ® dAR-in-row, SB-sidebanded, A-anhydrous ammon#ta,
~ . U-urea, G-gra%;lar, L-liquiga, =~ =~ .
) o - T y & . .-7' R .

S , ' e o .
Q". \“"':h ’ ° L. . . EE {; . f‘ - Q ' ’ l ‘
e i ‘ ‘ ‘ B »

% . " »

. o . . ’ N - . i T ) - lv
,‘gﬁ“,vl_.%_#.&. -ty e e L
B YN R L e :
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For QLl soil m01sture conditions, lowest yields were TR

C

obtalned ﬁiag System 7 where all thefertilizer was
broadcast in the fall The highest YIGIg% under low soil

moisture conditions were Systems 2A-5B and 9 where the

B

nltrogen fertlllzer was banded, either alone or 1n

F)

con]unctlon with phosphorus. There were nd differences due?f

}
‘to tlggng of fertlllzer appllcatlons (fall or spring) under

low soil moisture condltlons Thlgggas true for both : 'f_w;f Te o
broadcast and banded appllcatlons.\The dlfference between BT
 the, 1owest and highest yielding systems was 0.91 t/ha. o ‘fé@ '{9'

1”2 S A

Under medlum soil moisture condltlons hlgbest y1elds
_were obtalned from Systems 2A 2B, 5A, 5B and 9 where the
nitrogen was banded }n the spring‘and the phospnorus.wasﬁf
‘eitheriplaced in;row or banded in%&ﬁﬁjpnotion with nitrogen.
‘Under medium §6il i isture conditions ithere were

'dlfferences betw,pn fadl and sprlng appllcatlons wltﬂ sprlng

applications y1eld1ng about 15% higher than fall

appllcatlons This was pr1mar1ly due to den1tr1f1cat10n and
e

leachlng losSes of fall applled n1trogen as compared to

spring appllcatlons Banded appllcatlons were more eff1c1ent

-.

than broadcast appllcagafns. The d1fference between the

K ‘G -

‘lowest and hlgheéi yielding systems %as .0 t/ha.
For hlgh soil m01sture condltlons, the dlfferences
. Y . ?}! .
between ‘fall and spring app11catlops were even more

“;Qﬁsubstantlai than under medium sdil m01sture condltlons Fall

Sais ] S gRt :
S .gj fertilizer appllcat1ons were about 20 Zﬁ% less effectlve

than spring applications. Again, banded %ppllcablons were
‘9‘ . 2 : . .

" ) ¥
. . .




more efficient than ‘broadcast applicatibns. The difference
“ in yield between theq&owest and highest yielding systems was

1.06 t/ha. .
.In sumhafy, banded fertilizef epplfgations'produeed a
greater yield response than broadcast applications. The
‘yleld response increase ranged from’10-15% for nllrogen
applications and up tgaSO% for phosphorus applications. Fall
nitngen applications;wefe as eqeally effective as~sprjng
~ep§iications under low soil moisture conditions but fall
_nitrogen appiications were inferior under medium and high
~5A ~ soil mqistufe conditions. Banded phosphorus qﬁplicatiené
’?' ‘ .‘! were ée;e:ally as effeétive as in-row applicatione -t
especially when nitrogen: was ocanded in conjunction wiﬁh

£y
phosphorus.
/

- 7.5 NET REVENUE

Net revenue for the variOUS-systems basedvupon
"prev1ously assumed fertlllzer effectiveness ratlngs, as
calculated in Append1x 7, ﬁsg%summarlzed in. Tables 7.6, 7.5’
*and 7.8 and are ranked in order, 6? decrea51ng net revenue
_For low soil moisture condltlons, thhest net revenue;;‘
N was obfaihed from System 3A ($110,709) fo;iewed cioser by“ﬁy
System 2A ($110,526). There were‘slight'differences<in net
revenue between“fal} ane em;ing purchasedffertilizer | -

(O?$300). Lowest net revenue was obtained from SYstems 7V%?d g

8 ($71,193). Under low soil moisture copditiohshﬂbroadcast

-

\ N . - ) , : : u B ;# h~



‘€§J TABLE 7.6

. %

NET REVENUE FOR THE VARIOUS' SYSTEMS UNDER LOW
SOIL MOISTURE CONDITIONS ($).

ﬂ*},.
« T

-

applied
IR-in-r
U ‘urea,

SYSTEM ° TREATMENT:
3A. N-F-BD-A
' P-S-IR
2A N-S-BD-A

P-S-IR
4A N-F-BD-G
P-F-BD-G
3B -F- BD U
-5-=
9 N-S-SB
P-S-SB
S5A N-S-BD-G
P-S-BD-G
2B N-S-BD-U
P-S~IR
4B N-F-BD-L
P—FfBD-L
5B N-S-BD-L
P-S-BD-L
6 N-F-BR 'V
P-S-IR
1 N-$-BR
P-S-IR
8 N-S-BR
P-S-BR
7 N-F-BR
: P-F-BR

ovw,

G- granu

. o

Yo ©
L S

L T

b ¢

3 .

freatment‘abbreviations
F-fall applied, BR
SB- 51debanded A*amh?drous amm@nia,
R, L- llgu1d ' : -

FALL

"PURCHASED

FERTILI ZER

110,709

110,526

k8,377
w»

108,089

107,684

71,193

.

105,150
104,861

104,467

96,673

.'96,673

= A
o W

71,193

N= n,1tr gen P@hosphorus

oadcast,

Gy .

A

&
4 FERTILIZER
110, 680

110,497

108,060
. 107,385
104,851

104,562

103,961
96,644

96,374

70,894

S- sprlng
.BD= banded,

. SPRING PURCHASED



_TABLE 7.7 NET REVENUE FOR THE - VARIOUS SYSTEMS UNDER MEDIUM
SOIL MOISTURE CONDITIONS ($). ‘ .
. < ' )
C FALL PURCHASED SPRING *PURCHASED °
SYSTEM  TREATMENT FERTILIZER FERTILI ZER
22 N-S-BD-A 106,651 106,622
P-S-IR
9 . N-S-SB 103,809 103,510
P-S-SB
5A NA465BD-G - 101,275 108,976
P-5-BD-G
2B N-S-BD-U - 100,986 100,687
P-S-IR /
5B N-S-BD-L - 100,086
P-S-BD-L :
1 N-S-BR 96,673 96,374
P-S-IR S
3A N-F-BD-A 95,584 . 95,555
' P-S-1IR .
4A N-F-BD-G 93,252 o -
: P-F~BD-G _ ' ©
3B N-F-BD~U 92,964 92,935
P-S-IR ' :
4B . N-F-BD-L,
P-F-BD~L
6 N-F-BR
P-S-IR
‘ 8 N-S-BR
P-S-BR
7 N-F-BR
P-F-BR '

N lr:\i:;r‘ -
Qrus, 1spr1ng

banded

- Treatment abbreviations: N- nitrogen P-ph
« applled F-fall applied, BR-broadcast, B
: IR-in-row, SB-~sidebanded, A- anhydrous ammo
. U=urea, G- granular L 11qu1d

T S

towas SR O P R L «
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TABLE 7.8  NET REVENUE FOR THE VARIOUS SYSTEMS UNDER HIGH

SOIL MOISTURE CONDITIONS ($). , }45
(rv ) . '
. , 3 ﬁk' | FALL PURCHASED , SPRING PURCHASED
SYSTEM TREATMENT = .. FERTILIZER FERTILIZER
2A N-S-BD-A . 106,651 © 106,622
P~-S-IR ) . ‘ '
9 N-S-SB 103,809 Y% 103,510
P-S-SB | . '
5A N-S-BD-G 101,275 . 100,976
g—S—BD_G e
2B N-S-BD-U 100,986 100,687
P-S-IR" o "
5B " N-S-BD-L - . . 100,086
P-S-BD-L ' co
1 ° N-S-BR ’ 96,673 - 96,374
P-S-IR . )
3A - N-F-BD-A 87,959 87,930
' P-S-IR , e, -
‘ 4A N-F-BD-G 85,627 -
P-F-BB-G
38~ N-F-BD-U 85,339 85,310
Y . P-S-IR
4B .~ N-F-BD-L ;. C 81,717 ‘ -
P-F-BD-L." . - . ' o
6 N-F-BR - 81,673 . 81,644
[ 3 ,,. . p_ S - I R ;:‘,l:'«' oL ‘«.Al:' .
'“ ST - t
. 8 g—S—BR M 71,193 ' 70,8944,
L} 2 -$-BR . ‘ ‘ w
wail?s
) 7 N-F-BR 61,443 - -
P-F-BR ‘

Treatment abbreviations: N- n1trogen P- phosphorus S-spring
applied, F-fall applied, BR-broadcast, BD-banded,

iﬁhIR in-row, SB-sidebanded, A- anhydrous ammonia,
U-urea, G- granular L- llqu1d

fas

#,
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¢

fertilizers led to a 35-40% decrease in net revenue as

4

compared to banded ritrogen and in-row phosphorus. Net

~

revenues were comparable for both spr1ng and fall fertilizer

applications.

Eo»
5

Under medium ioil moisture conditions, the highest net
revenue wae obtained from System 2aA ($106,651)wand the
lowest net revenue was obtained from System 7 ($63,693). &he
net income from System 7 was 40% less than System 2A.
Broadcasting of fertilizers (esnecially P) produced khe
lowest yields and therefore had the lowest net revenues

Sprlng fertlllzer appllcatlons were generally more effective

@

than fall applications and banded fertlllzer appllcatlons

were more effectlve than broadcast appllcatlons.

System 2A& produced the highest net revenues under hlgh
soil m01sture condltlons ($106,651) and System.7 produced
the lowest net revenues ($61,443). Thegranking of the
various systems with respectpto net revenue for high soil
moisture conditions was similar to the tanking under medium

\
soil moisture conditions. However, fall applied fertilizers

produced even lower net revenues for high soil moisture .

conditions than medium soil moisture conditions. This is due

to higher overwintering losses (denitrification, leaching)

Al

assumed for higher soil m01sture condltlons'as compared td@r

[T SRR

e

medlum soil m01sture condltlons
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8. SUMMARY AND, CONCLUSIONS '

A literature review Qas undertaken to study different
methods of fertilizer épplicatign in terms of their
effectiveness in increasing grain yields. The aim was to
develop a series of fertilizer effectiveness ratings for use
in estimating grain'yields from differgntAmethodS of
fertilizer application. A review of the different types of
équipment available for fertilizer placement wég also
undertaken. | |

.This information was used to develop thirtéen systems
of fertélizef application which included variables such as
mephod of fertilizer placement, form of fertiiizer used;
timé'ogffertilfzer application and machinery complement
used. %%meﬁrequireménts, machinery costs, fertilizer costs,
grain yields and net'revenue for the various systems were %5
‘calculaﬁéd an@ compared. L o p : "y

‘f" : - - ¢ S R
The following conclusions were baseogégﬁgﬁthe analysis

G2

3 _,f?‘ spstems.

fertilizer placement, cultivation and seeding is an

effective method of reducing time ‘requirements éndg”ﬁﬁﬁ“”“'

?

@.é?fmachinery costs. .=
g The air seeder is-a gbod implement'fqr seeggﬁgiwhen used
to‘reduée‘the number of field passes. Howe;é;?vwben'used
for the same number of field passes as a coﬁvén;ional

seed drill,.thé machinery costs are higher than for a

Q
.82
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conventlonal drlll The air seeder 1§-an effective
’machlne for bandlng of granular-fertlllzer However, the
seedlng operatlon should also be performed with the air
seeder in order to'spread out the high fixed costs over
a greater number of hours of use. : | T

The applicationaof‘phosphorus fertilizer in-row in the

spring does not require.an excessive amount of time as

v

compared to straight seeding as long as the proper*_ﬁiﬁ 9
equ1pment (drill-fills, augers, large capacity |
fertilizer wagons) are used in the handling of

fertilizer. J |

The highest net revenue was obtained from either Systems'

-~

2A or 3A where the n1trogen fertlllzer was banded in the

ol v

sprlng or .fall respectlvely in the form of anhydrous
ammonia and phosphorus fertilizer was placed in-row.
System;3A‘%roduced the highest net revenue under iow.
vsoil moisture conditions and System 2A produoed\the
'highest.net revenue under medium and@high~sofl’moisture
conditions; ' ‘ﬁ , &

Lowest net revenue for all soil moisture conditions was -
“obtained from System 7 where all the fertilizer was
proadcast in the fall. This system produced only 55-65%
as much ' net income as‘the systems which produced the
hlghest net revenue. | ’

Anhydrous ammonia is the least expensive form of

nitrogen fertiliger and will probably remain so in the

forseeable future because of lower manufqgfurlng costs.,

"
R ’

~\
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Granular urea is the cheapest form of granular nitroden
because';f its high analysis and is an ideal fertilizer
for farmers-who prefer granular fertilizers for banding.
Granular phosphorus (monoammonium phosphate) is the
least expensive form of phosphorus fertilizer. Liquid

fertilizers (nitrogen and phesphorus) are the most

expensive forms of fertilizer. Liquid fertilizer

products result in about a 20% ~ase in fertilizer
costs as compared to the use rous ammonia and
monoammonium phosphate as the s of Nand P

respectively. Therefore, the‘uée\of liquid fertjlizer
products will likelyvremain'limited in Alberta mnril the’
price difference betueenbliquid aud éranula%?fertilizer

- products narrows. o |

-7. Fall purchased fertilizer is generally more economlcal

than sprlng purchased fertlllzer“-There-are the added

ages for the farmerrof guaranteed supply‘ahd price
. . s, » S :
‘Cadvantage fBr‘the'fertilizer industry'of

year.

The method of fer i&%zer application that should be
employed is dependent upon the factor that is chosen to be
optimized. leferences among grow1ng seasons 1n terms of

/ . . . . :
.avallable tlme, machinery availability and sultability,

fertilizer costs and available soil moisture are imporrént

AV : .4
factors which should be co‘nsrdﬁbef&i?f’choosing a
: : R
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particular method of fertilizer application. The method of
fertilizer application ultimately chosen should be one fhat
is expected éo_maximize net revenue 1 ‘ms of the .given

constraints present at the. time.

L=}



" -y “\9.:RECOMMENDATIONS FOR FURTHER WORK

As a result of the various observations. and conclusions

N

J .

-

obtained.frdm this study,-a numbe: of recommgndatifns‘for {
further work have been developedtQ‘
1. Equipment with proper trash cleéféncé and penetration
capabilities and large seed and fertilizer hoppers~
shouldvbe developed to fadilitateAsidebanding‘of
\fertilizefs in conjunction with the seeding operation.

~

2. Equipment should be developed t0»facilitate‘baqding of
fertilizers for zero tilled znd forage crops to %aximize
crop response to fertilizer and‘minimize soil

?disturbance.

3. .The relationship between depth and spdcing of fertilizer
bands to érop’respénSe should be déveloped.

4, Fdrthe; work towards the;dévelopment of yield curves for
different crops under dffferenf soil moisture conditions
_ for Qarious areas in théréfovincevshould be undertaken.

5. Further work on crop respohse from various fertilizer
\ﬁlacements should be pgrfo;med.on other crops such as -
caﬁ&ia. Tﬁe amount of fertilizer research performed én
canola is small in comparison to the importance of
canola to the prairies. -

6. The addition of:other,nutrients (K, s, micronutrients)

in a common band with N and ‘P and their influence on

fertilizer upteke and Erop growth should be studied.

86
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APPENDIX 1. POWER REQUIREMENTS OF VARIOUS CHISEL PLOWS

TESTED. BY PAMI.

Working Width - ggwef Required
dMake & Model . - {m) ' (kW) (kw/m)
John Deere -1610 o 10.2 . 183 15
Bush Hog CP7815 - 12 180 15

fCo-ép.Implements 204, 8.3 122 . 14,7
Lely S-8-6 . 6.6 97 . 14.7
Friggstad~c$—43 13.1 193 14.7
Massey Ferguson 128 0 147 . 14.7
Melroe 505 8.2 ~ 120 14.6
Leon CP77-3§4" - 10.4 153 14.7
Morris CP631 11.3 167 14.8
‘wilrich 13CPW 1.3 167 14.8
- ‘Edwards CSF-833 9.9 | 145 ~ 14.6
"Average  10.1 . 149.5 14.6

" power requirements presented are maximum PTO ratings and
have been adjusted to include tractive efficiency and
represent a tractor oYerating at 80% maximum power on a

level field.

AN
[N
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. APPENDIX 2. SEED DRILL PARAMETERS AS TESTED BY PAMI.

! -

Make & Model Power required - Capacities (L/m)
‘ ‘ ( " (kW/m) Seed Box ferfilizer Box
IHC 620 . 9.22 | 233 ‘ 135
Jp 9350 7.5 201 143
MF 63 - 8.61 . 167 131
MORRIS M10 . 19.33 213 " 137
Averages 8.69 204 _ 137
§.

w
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< APPENDIX 3;'CALCULAT10N‘0F AUGER CAPACITIES

The capacities of the various augers were derived in the

following manner:

1.

The capacffies of variousﬂ18 cm augers in wheat and oat;
were obtained from PAMI reports (PAMI 19784, 1978e,
1978f, 1981c5.

The capacity in barley was obtained by averaging the
capacities obtained in wheat and oats‘(56.2 + 27.3. +
49.2 + 3}.8 + 37.5 + 25.5 + 43,7 + 32.9)/8= 35.5 t/h.
The capacities of the 12,7 cm drill fills (PAMI 1984a,

1984B) in barley were obfained in a similar manner (21.2

+ 16.9 + 14.6 + 9.6)/4= _15.6 t/h.
The capacity of the 12.7 cm drill fill in fertilizer was
obtained 5y-avéraging the values given in the report for
fertilizer (8.8 + 10.1)/2= 9.5 t/h.
Since the 18 cm auger was not tested in fertilizer by
PAMi, it5~éépé¢ity wés(derived in the following manner.
The capacitigs of the 12.7 cm drill fills in fertilizer
averaged out to be 0.583‘tiﬁes the capacigy in wheat..
Therefore, this same ratio of 0.583 was multipiied by
the average}capacity of the 18 cm-augers in wheat which

!

equals 24300 kg/h. ,
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APPENDIX 4. FERTILIZER PRICES.

FERTILIZER PRICES _ $/t

Product Fall price cost/kg\\ Spring price cost/kg'l
—_— . 4
82-0-0 413 0.50 . 454 0.55
46-0-0 264 0.57 290 - 0.63
11-22-0 357 N 0.57 392 N 0.63
X : P 1.32 P 1.43°
28-0-0 180 0.64 198 0.71
. ' . %
10~15-0 : 286 N 0.64 315 N 0.71
: ‘ P 1.50 P 1.66
>

cost/kg= cost per kg of nutrient

Fertilizer prices were obtained from telephone

conversations with ggveral Alberta fertilizer dealers,

(November; 1984) - _ : ) |

-
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APPENDIX 5. CALCULATION OF MACHINERY COSTS FOR A LIQUID

FERTILIZER DISTRIBUTION KIT

Coét of kit includes fldw(divider, pump, filter,p
polyethylene tank, nurse tank ﬁumﬁ, manifold, lines and
shank tips for a 9.14 m cultivator. e

The cost of the kit ($9500) was optainéﬁT;;;r a
telephone conversation in January 1985 with Green Drop
Fertilizers, C§lgary,‘Alberta. |
‘Bspreciation= (Original cost - Residual'value)/Years of use

 =($9500 - $0)/15= $633/year
Interests= ((Original cest + Residual value)/2) * Int. rate
%.(($9500 + $0)/2) * (0.15)= $713/year

'-Insurahce and housing= Originai cost * 1%

‘ = $9500 * 0.01= $95/year . y
Total annual fixed costs= $1441
Hourly fixed costs=ﬂ$1441/60 h= $24/h
Var}asle costs= repairs
Repair rate= $1.24/h/$1000. of original cost
| §1.24/h % 9.5= $12/h

Total hourly costs= fixed + variable

= $24.+‘$12= $36/h

The formulas for depreciation, interest, insurance and -
housing, and repairs were obtained from (Andruchow 1982).
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APPENDIX 6. CALCULATION OF TIME REQUIREMENTS AND MACHINERY
“ COSTS
SYSTEM 1. N BROADCAST IN THE SPRING, P IN~ROW IN THE SPRING '
The time required for cultivation is obtained using
equation 3.1, |

C= (S WE)/10

C= effective capacity (ha/h)

S= 8 km/h »
W= 9.14 m '
E= 0.825

C=(8%9.14%0.825)/10= 6.03 ha/h
Hours for cultivation= 325 ha/(6.03ha/h)= 54 h ™

Time required for broadcasting of nitrogen:

C= (S WE)/10
 S= 12 km/h

W= 13.7 m

E=0.825

C=(12%13.7%0.825)/10= 13.56 ha/h
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Hours for broadcaéting= 325 ha/(13.56 ha/h)= 24 h
7

Time required for filling of broadcaster:

N application«rate; 60 kg/ha
amount of fertilizer to be applied
60 kg/ha*(1 kg fert/0.46 kg of N)*325 ha= 42391 kg
numbef of spreaders required ‘
42390'kg/(4000 kg/spreader)= 11 spreaders’
Time_r;quired to auger fertilizer into spreader using.
18 cm augef:
cabacity of au§;r= 24300 kg/h (Appendix 3)
(4000 kg/spreader)*(1 h/24300 kg)=
0.166 h/spreader.
assume 0.166 h/spreader for setting up
fill-up time= 0.166 + 0.166= 0.332 h/spfgader‘

’

" Hours for filling'éf broadcaster”
11 loads * 0.332 h/locad= 3.7 h
Totgl time required for broadcasting of Nj fertilizer
24 h + 3.7 h="27.7 h
. e
Time required for seedinj
field time
c= (S W E)/10

b
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8= 8 km/h
W= 11 m [y
E= 0.825

C= (8%11%0.825)/10= 7.26 ha/h

field time= 325 ha/(7.26 ha/h)= 44.8.h -t
filling time X
| seeding rate= 90 kg/ha
density of seed= 0.62 kg/L
seed drill capacity= 2244 L % (0.62 kg/L)= 1391 kg
area seeded with one drill
1391 kg/(90 kg/ha)= 15.4 ha
capacity of’g;TTi £i11 in grain= 15600 kg/h (App. 3)
time to fill drf&l with grain ’
1391 kg/(15600 kg/h)= 0.089 h
fertilizing rate (P)= 13 kg/ha
~amount of fertilizer applied
(13 kg/ha of P)*(1 kg fert/0.22 kg of P)=
59 kg/ha '
amount of fertilizer.loaded per drill
(59 kg/ha)*(15.4 ha/drill)=‘909 kg
capacity of drill fill in fertilizer= 9500 kg/h
(Appendix 3) o |
time required to fill drill with fertilizer

(909 kg/drill)/(9500 kg/h)= 0.096 h



setting up time= 0.166 h/drill -

106

total filling time per drill= 0.089+0.096+0.166= 0.351 h

number of drills-fills required= 325 ha/(15.4 ha/drill)=

22 drill-fills

filling the (over season)= 22 drills#*(0.351 h/drill)=

7.7 h

»

Total time for seeding= 44.8 h + 7.7 h= 52.5 h

Total time for System 1

Fall- 54 h

Spring- 134.2 h

" Total- 188.2 h

Yearly méchiﬁery costs ($) for System 1 (Andruchow 1982)

Machine - of Use Fixed Cost Variable Cost ~ Cost
Tractor . 188.2 - 2104 3856 5940
Cultivator . 108 1029 712 1741
Mounted harfows 108 188 39 227
Broadcaster = 27.7 250 125 375
Seed drill 52.5 2048 853 2901
Total 5619 5565 11,184
—

"

~
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SYSTEM 2A. N BANDED IN THE SPRING WITH AMMONIA LIQUIFYING

UNIT, P IN-ROW IN THE SPRING
Time required for fall cultivation= 54 h (from System 1)
‘Time reqﬁired for spring cultivation-banding

field time= 54 h (from System 1)
time required for téqk fill-ups
volume of tank = 4000 L. -
specific gré?ity of ahhydrous ammonia= 0.635 kg/L .
mass of NH, per fank= 4000 L * (0.635 kg/L)= 2540 kg
 total amount of NH, required
60 kg/ha of N * 325 ha *
(1 kg NH,/0.82 kg of N)= 23780 kg .
number of tanks required
23780 kg/ 2540 kg/tank= 10 tanks .
assume 0.25 h gili—up time per tank
total time reduiréd for tank {ill—jbs .
0.25 h/tank * 10 tanks= 2.5 h
Total time required for spring cultivation-banding -
54 h + 2.5 h= 56.5 h

|

ime required for seeding= 52.5 h (from System 1)
’ /



Total time required for System 2A

Fall 54 h
Spring 109 h
Total 163 h

Yearly machinery
~
~
Machine
Tractor
Cultivator
Mounted harrows

Cold flo kit '
Seed drill v

" "Total

108
costs ($) for System 2A. (Andruchow 1982)

Hours zgggl.
of Use Fixed Cost Variable Cost Cost
163 1823 3321 5144
110.5 :$053 728 1781
110.5 192 40 ‘232
56.5 . 162 125 287
52.5 . 2048 - 853 2901
5278 5067 10,345
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SYSTEM 2B. N BANDED IN THE SPRING WITH AIR SEEDER, P IN-ROW
IN THE SPRING
Time required for fall cultivation= 54 h (System 1)

/

Time required for spring_cultivaﬁion*banding
field coverage time= 54 h

time required for tank fili—ups
. tank volumes= 6526 L
density of urea= 0.78 kg/L
tank capacity= 6526 L * (0.78 Lg/L)= 5090 kg
;fﬁfégpac{ty of 18 cm augers= 24360 kg/h (Appendix 3)
':_;1ﬁ¥timé pgr load='5090 kg/load * (1 h/2#300 kg)=
g W 07209 h |
=~ set up time = 0.166 h/load
| ﬁumber.of loads required
325 ha*60 kg/ha of N * (1 kg fert/0.46 k§ of N)=*
(1 load/ 5090 kg fert)= 9 loads v
time required for tank fill-ups
9 loads * (0.209 + 0.1665 h/load=t%.4 h
Time required for spring cultivation-banding

54 h + 3.4 h= 57.4 h

Time required for seeding
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field coverage time= 54 h
fill-up times

grain
grain tank volume= 3318 L :
density 6f-grain= 0.62 kg/L
grain tank capacity= 3318 'L * (0.62 kg/L)= 2057‘}9
capac1ty of drill fill= 15600 kg/h (Appendix 3)
t1me required to fill grain tank
" 2057 kg/(15600 kg/h)= 0.132 h
'seedlng rate= 90 kg/ha ’
area seeded per tank= 2057kg/(90 kg/ha)- 22 ha |
fertilizer
amount required to fill per tank
13 kg of P/ha * (1 kg fert/0.22 kg of P) *
22 ha= 1294 kg ’
capacity of drill £fill in fertilizer= 9500 kg/h
time required to f£ill fertilizer tank

1294 kg/(9500 kg/h)= 0.136 h g

total fiil—up time per tank
0.132 h + 0.136 h + 0.166 h=_0.434 h
. _ Id

number of tahkfuls required

325 ha * (1 tank/ 22 ha)= 15 tanks



- Total fill-up time over segson °

15 tanks * 0.434 h/tank= 6.5 h
Total seeding time = 54 h + 6.5 h= 60.5 h
Time required for harrow-packing
{
Machine capacity

C= (S WE)/10

S= 9 km/h"

-]
W= 18.3 m

~E= 0.825 m
C= (9%18.3%0.825)/10= 13.6 ha/h
Time required for harrow packing= 325 ha/(13.6 ha/h)= 24 h
Total time required for System 2B
Fall cultivatingA . 54 h
Spring cultivating-banding 57.4 h
Seeding ' ' ~ 60.5 h

Harrow packing 24 h
Total - 196 h
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Yearly machinery costs ($) for System 2B (Andruchow 1982)

°

S . Hours ‘- Total
Machine . of Use Fixed Cost Variable Cost Cost
Tractor 196 2192 3994 . 6186
Cpltivator 172 ' 1639 1134 . 277.3

~ Mounted hafrows 172 2‘99. ) 62 ; o361
Air seeder 118 3008 1272 4280
Harrow-packer. 24 | 578 115 693

e

" Total RS 7716 6577 14,293

R




113

(8

SYSTEM 33 N BANDED IN THE FALL WITH AMMONIA LIQUIFYING

UNIT P IN—ROW IN THE SPRING

Fall cultivation-banding= 56.5 h

(same as System 2a, spring cultivation—banding)

Spring cultivation= 54 h (System 1)

v,
.

5
Seééing= 52.5 h (System 1)

Totdl time required for System 3A
. ‘ ’ .

Fall - 56.5 h
Spring 106.5 h

Total. . 163 h

Yearly mgchiﬁ;ry_costs’for-System 3A= $10,345

(same as System 2A)
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SYSTEM 3B. N BANDED IN THE FALL WITH AIR SEEDER, P IN-ROW IN

THE SPRING
Fall ~ultivation-banding= 57.4 h (same as System 2B,spring)
Seeding= 60.5 h (same as System 2B)
Hérsgy-packing= 24 h (same as System 2B)
Total time
Fall 57.4 h
Spring 84.5 h

Total 142 - h

Yearly machinery costs ($) for System 3B (Andruchow 1982)

t

-Machine of Use Fixed Cost Variable Cost Cost
Tractor 142 1588 2894 1482
Cultivator 118 1125 R 1902
Mpunﬁed harrows 118 ’ 205 o 43 .248
Air seeder 118 © 3008 o 1272 4280
Harrow-packer 24 578 115 | _.693

Total . 6504 .- 5101 +11,605
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SYSTEM 4A. GRANULAR N & P DEEP BANDED IN THE FALL
. Fall cultiva:?sh—NP banding
field coverage time= 54 h (System 1)

fill-up time
volume of tank= 6526 L'
applying N&P blend ;f 46-0-0 and 11-22-0
amount of 46-0-0 required -
60 kg of N/ha * (1 kg fert/0.46 kg of N)=
130 kg/ha
amount of 11-22-0 required
13 kg of P/ha * (1 kg fert/0.22 kg of P)=
59 kg/ha
rate of blend required v v
'130 kg/har+ 59 kg/ha= 159 kg/ha
densitz_of feftilizer blend
(130 kg * (038 kg/L)) + (59 kg #* (0.85 kg/L))/189=
0.80 kg/L |
capacity of tank= 6526 L * (0.80 kg/L)= 5221 kg
capacity of 18 cm auger in fertilizers= .
' . 24300 kg/h (Appendix 3) ,
time to £ill 1 tank | |
5220 kg/h * (1 h/24300 kg/t)= 0.215 %

B
™

0.215h + 0.166 h (set up)= 0.381 h
| s T 3
\\gzgafﬁovered with 1 tank



(5221 kg/tank)/(189 kg/ha)=,27.6 ha
number of tanks required= 325 ha/(27.6 ha/tank)=
12 tanks
total tank‘fill—ub time required

12 tanks * 0.381 h/tank= 4.6 h

Total time required for fall cultivation-NP banding

54 h + 4.6 h= 58.6 h
Time required for seeding
.field coverage time= 54 h (System 1)

grain fill-up time
volume of tank= 6526 L
density of barley= 0.62 kg/L
capacity of tank= 6526 L * 0.62 kg/L= 4046 kg
seeding rate= 90 kg/ha
area cove}ed per tank= 4046 kg/(90 kg/ha)= 45 ha
capacity of 18 cm auger in barley=
35500 kg/h (Appendix 3)
time to ;ill 1 tank :o
4046 kg/tank * (1 h/35500 kg)= 0.114 h
0.114 h + 0.166 h (set up)= 0.28 h/tank
number éf tanks required
325 ha/(45 ha/tank)= 8 tanks

total fill-up time= 0.28 h/tank * 8 tanks= 2.3 h

116
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Total time required for seeding= 54 h + 2.3 h= 56.3 h
Time required for harrow-packing= 24 h (System 2B)

‘Total system time
Fall  58.6 h
Spring 80.3 h
Total 139 | h‘

Yearly machinery costs ($) for System 4A (Andruchow 1982)

. Hours - Total
Machine . of Use Fixed Cost Variable Cost Cost
Tractor 139 1554 2832 4386
Cultivator 115 1096 759 1855
Mounted harrows 115 200 ‘ " 42 ’ 242
Air seeder 115 2931 1240 4171
Harrow—packef 24 578 . - 115 | 693

Total - 6359 4988 11,347
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SYSTEM 4B. LIQUID N & P DEEP BANDED IN THE FALL

Fall cultivation-banding
field coverage time= 54 h
fill-up time

applying N & P blend of 28-0-0 and 10-15-0
amount of 10-15-0 fertilizer required
13 kg of P/ha * (1 kg fert/o.is kg of P)=
. 87 kg/ha | | |
'\ amount of N in 87 kg of 10-15-0= 87 % 0.10= 8.7 kg
amount of 28;0—0 fertdiizer required

65 kg/ha - 8.7 kg/ha= 56.3 kg/ha

56.3 kg of N/ha * (1 kg fert/0.28 kg of N)=

201 kg/hé }

total amount of blend required= 201 + 87= 288 kg/ha

density of fertilizer blend |
(201 kg * (1.28 kg/L)) + (87 kg * (1.42 kg/L))/288
=1.32Akg/L |

volume of nurse tank= 5680 L

capacity of nurse tank= 5680 L * 1.32 kg/L= 7500 Rg

area covered per tank= 7500 kg/(288 kg/ha)= 26 ha

number of tanks required

325 ha/(26 ha/tank)= 13 tanks

capacity of nurse tank pump= 12000 L/h
time required to Eill nurse tank

5680 L/(12000 L/h)= 0.473 h + 0.166 h (set up)

| = 0.639 h/tank
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total fill-up time= 13 tanks * 0.639 h/tank= 8.3 h
Total time required for fall cultivatioanP banding

54 h + 8.3 h= 62.3 h

-

Spring cultivation ,\\\\

time required= 54 h

Seeding
field coverage.time= 44.8 h (System 1)
fill-up time
seed= 0.089 h/drill (System 1)
setup= 0.15 h/drill (no fertilizef to panale)
number of fill-ups required= 22 (System 1) o
total fill-up time= 22 * (0.089 + O.15)= 5.3 h.

. Total seeding time= 44.8 h + 5.3 h= 50.1 h

Total time required for System 4B
Fall 62.3 h
Spring 104.1 h . o

Total 166.4 h .
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Yeariy‘machinery.costs ($) for System 4B

( (Andruchow 1982) and Appendix 5)

Hours Total
Machine : of Use Fixed Cost Variable Cost Cost
Tractor 166.4 1865 ‘ 3391 : 5252
Cultivator 116.3 1108 767 1875
Mounted harrows “116.3 202 Ca2 244
Liquid kit  62.3 . - 1495 748 2243
,-ed drill  50.1 1954 815 = 2769

W al B 6620 5763 = 127,383
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SYSTEM 5A. GRANULAR N & P DEEP BANDED IN THE SPRING

Fall’cultivatién . | .

t ime required= 54 h (Systemﬁi)V
Spring cultivation-NP banding

time required= 58.6 h {

(System 4, fall cultivation-banding)
Seeding . ' \

| time required= 56.3 h (Syétem 4) .

Harrow-packing ,

time required= 24 h (System 2B) )
Total system time

Fall 54 h

Spring 139 h

Total 193 h -

Yearly machinery costs ($) for System 5A (Andruchow 1982)

: \ ' | Hours - . - Igggl
Machine of Use Fixed Cost Variable Cost  Cost
Tractor ‘ﬁ 193 2159 3932 ' 6091
Cultivator 169 T 1610 - 1114 2724
Mounted harrows 169 294 61 355
Air seeder 115 2931 1240 4171
Harrow—packer 24 578 © 115 .‘J géé,

. Total Y 9572 6462 14,034
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SYSTEM 5B. LIQUID N & P DEEP BANDED IN THE SPRING

Fall cultivation

time required= 54 h (System 1)

Spr1ng cult1vat1on banding
time requ1r¢d— 62.3 h (System 4B, fall cultivation-band)
Seeding
time required= 50.1 h (System 1)
Total time reQuired for System 5B
Fall 54 h
_Spring 112.4 h

Total 166.4 h

Yearly'machinery costs for System 5B= $12,383

(same as System 4B) , | .
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SYSTEM 6. N BROADCAST IN THE-FALL, P INE&OW IN THE SPRING

Fall broadcasting |
time required= 27.7 h (System 1)
®
Fall cultivation

time required= 54 h (Systém 1)

Spring cultivation - H

Lime required= 54 h- (System 1)

- Seeding

Eime'requiréd= 52.5 h (System 1) -

I

e

. Time required for System 6
Fall - 81.7 h
Spring 106.5 h
Total 188.2 h
Yearly machinery costs for S§stem 6= §01,184
(same as System 1) |

~
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SYSTEM 7. N & P BROADCAST IN THE FALL
Fall bro¥dcasting
field coverage time = 24 h (System 1)

fill-up tihe
amount of fertilizer blendbto’be applied
| 189 kg/ha (same as System 4)
189 kg/ha * 325 ha= 61425 kg
number of loads to be applied
61425 kg/(4000 kg/load)= 16 loads
time required to fill pne load= 0.332 h (System 1Y

total fill-up time= 16 loads * 0.332 h/load= 5.3 h

Total broadcasting time= 24 h + 5.3 h= 29.3 h
Fall cultivation

time required= 54 h (System 1)

Spring cultivation /

time required= 54 h (System 1)

Seeding
field coverage time= 44.8 h (System 1)

fiil-up time
seed= 0.089 h/drill (System 1)
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set up= 0.15 h/drill (no fertilizer to handle)
number of fill-ups required= 22 (System 1)
total fill-up time= 22 * (0.089+0.15)= 5.3 h
Total seeding time= 44.8 h + 5.3 h= 50.1 h
Time'requiréd for System 7
Fall 83.3 h
Spring 104.1 h

Total 187.4 h

Yearly.machinery costs ($) for System 7 (Andruchow 1982)

: Hours | Total
Machine of Use Fixed Cost Variable Cost Cost
Tractor , 187.4 2096 | 3818 5914
Cultivator -108 1029 712 1741
Mounted harrows 108 188 39 227
‘Broadcaster 29.3 265 131 396
Seed drill 50. 1 1954 §i§ 2769

Total ) ' 5532 5515 11,047
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SYSTEM 8. N & P BROADCAST IN THE SPRING

Fall cultivation

time required= 54 h (Systeml)

Spring broadcasting

time required= 29.3 h (System 7)

Spring cultivation

time required= 54 h (System 1)

Seeding ' : N .
time required= 50.1 h (System 7)

o

Time required for System 8

Fall 54 h
Spring 133.4 h

Total 187.4 h

erarly machinery costs for System 8= $11,047 (System 7)
Since System 8 involves the same amount of time spent
in the field and uses the same equipment as System 7, the

machinery costs are also the same.



s 7 K . 127

N

SYSTEM 9 N & P SIDEBANDED IN THE SPRING

)

Fall cultivation ‘ ' . ,

time required= 54 h (System 1)

Spring.cultivation

time required= 54 h (System 1)
Seeding-banding
~field coverage time

Cc= (s WE)/10

S= 8 km/h
W= 11.2' m
E= 0.825 )

C= (8%11.2%0.825)/10= 7.4 ha/h
field coverage time= 325 ha/(7.4 ha/h)= 43.9 h

fill-up time \
capa;ity of drill= 1083 kg of seed and 1804 kg
of fertilizer | ‘
require 90 kg/ha df'seea énd 189;kg/ha of

fertflizer blend
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Therefore, fertiiizer is the limiting factor.:
area covered. by one drill= 1804 kg/(189 kg/ha)= 9.5 ha
‘amount of fertilizer required per driil= 1804 kg
capacity of drill fill in fertilizer= 9500 kg/h
time required to f£ill drill with fertilizer
1804 kg/(9500 kg/h)= 0.19 h
amount of grain required per drill ‘
90 kg/ha * 9.5 ha= 855 kg A
éapacity-of drill fill in grain= 15600 kg/h
‘ (Apﬁgndix 3) | )
time required to fill drill withlgrain
855 kg/(15600 kg/h)= 0.055 h |
. set up time requiréd= 0.166 h/drill
number of fill-ups required
325 ha/(9.5 ha/fill-up)= 35

total time for fill-ups= 35 * (0.19+0.055+0.166)h= 14.4"h

Total seeding time= 43.9 h +‘14.4Ah=”S8;&7h-~”',

N

Harrow-packing time= 24 h (System 2B)
Time required for System S
Fall . 54 h

Spring 136.3 h ) }\ QQ\
Total  190.3 h o ' ' | ‘L '
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Yearly machinery costs ($) for System 9.(Andruchow 1982)

"Total

‘Hours - - P ,
Machine . N of Use ' Fixed Cost ‘Variable Cost  Cost
Tractor 190.3 2128 3878 6006
Cultivator . 108 1029 - _"712' 1741
Mouﬁtedvharrows 108 o 188 39" | 227
Harrow—paéker - 24 ﬁ 578 115 693
Seed drill 58.3 2025 | & 835 2860

Total : , 5948 : 5579 11,527

=9
o

)
¢y

The cost of the end wheel seed drill was adjusﬁgd
upwards by 19% from the table value iq allow for th§é§ost of
the second set:of’openérs required for sidebanding. ;ﬁe cost
of the s?debandihg openers was obtained by telephone
conversation with ah IHC sales representativé*in Edmonton,

- Alberta.

g
i



APPENDIX 7. CALCULATION OF TOTAL COSTS AND NET REVENUE

SYSTEM 1. N BROADCAST IN THE SPRING, P IN-ROW IN THE SPRING

Low Soil Moisture )
Fertilizer effectiveness rating= 100
Grain yield= {.35 t/ha f‘1.85 t/ha(1.00)= 3.2.t/ha
Production= 3.2 t/ha * 325 ha= 1040 t
Gross revenue= 1040 t #* $125/t= $130,000
 Fertilizer cost (spring purchased)
(65 kg of N/ha * $.63/kg of N) +
(13 kg of P/ha * $1.43/kg of P)=
$59.54/ha * 325 ha= $19,351
_Interest cost on spring purchased fertilizer
$19,351 % 0.15 % (5/12)= ¢$1,209
feftilizér cost (fall purchased)
(65 kg of N/ha * $.57/kg of N) +
(13 kg of P/ha * $1.32/kg of P)=
$54.21/ha * 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643
Méchinery cost= $11,184‘
Labour cost= 188.2 h * $10/h= $1,882
>Total costs (spring purchaséa fertilizer)s= $33,626
Tdkal cosfs kfall pﬁfchased fertilizér)= $33;327
‘Net revenue (spring pﬁrchased fertilizer)

$130,000 - $33,626= $96,374

130 - D
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Net revenue (fall purchased fertilizer)
$130,000 - $33,327= $96,673
s .
Medium Soil Moisture
Calculations for the medium soil moisture condition are
assumed to be the éahe as for the low soil moisture -

condition because the same fertilizer effectiveness rating

is used.

High Soil Moisture

Caltulations for Ehe'high soil moisture condition afé::
assumed to be the same as for the low soil moisture
condition because tﬁe same fertilizer effectiveness rating

is used.

SYSTEM 2A., N BA;IDED IN THE SPRING WITH AMMONIA LIQUIFYING -
UNIT, P IN-ROW IN THE SPRING
Low Soil Moisture
Fertilizer effectiveness rating= 115
Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)=.3.48 t/ha
Production= 3,48 t/ha * 325 ha= 1131 ¢t
Gross revenue= 1131 t % $125/t= $141,375
Fertilizer cosf (spring purchased)

(60 kg of N/ha * $.55/kg of N) +

(5 kg of N/ha * $.63/kg of N) + -

(13 kg of P/ha * $1.43/kg of P)=
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$54.74/ha * 325 ha= $17,791
Interest cost on spring purchased fertilizer
$17,791 * Q:15 x (5/12)= $1,112
Fertilizer cost (fall purchased P, N must be purqhased
in the spring as the farmer cannot store it)
(60 ky of N/ha * $.55/kg of N) +
(5 kg of N/ha ; $.57/kg of N) +
(13 kg of P/ha * $1.32/kg of P)=
$53.01/ha * 325 ha= $17,228
Interest cos£ on spring purchased N, fall purchased Pv
($10,725 * 0.15 % (5/12)) + ($6,503 * 0.15)= $1,646
Machinery cost= $10,345 |
Labour cost= 163 h * $10/h= $1,630
Total costs (spring purchased fertilizer)= $30,878
'Totai costs (fall purchased P, sprihg'purchased N)= $30,849
Net revenue (spring purchased fertilizer)
§141,375 - $30,878= §110,497
Net revenue (fall purchased P, spring purchased N)

$141,375 - $30,849= $110,526

Medium Soil Moisture ' : ' N
Fertilizer effectiveness rating= 110

Grain yield= 1.35 t/ha + 1.85 t/ha(1.105= 3.385 t/ha
éroduction= 3.385 t/ha £ 325 ha= 1100 t

Gross revenues= 1100 t * $155/t= $137,500

Total costs (spring purchésed fertilizer)= $30,878 -

(same as for Low Soil Moisture)
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Total costs (fall purchased P, spring purchaséd N)= $30,849

(same as fér Low Soil Moisture)

~ Net revenue (spring pprchaséd fertilizer) '
-$137,500 - $30,878= $106,622

Net revenue (fa}l purchaSed P; spring purchased N)

$137,500 - $30,849= $106,651

High Soil Moisture

The fertilizer effectiveness rating for high soil

moisture is the same as for medium soil moisture. Therefore

the cost and revenue calculations are the same as well,.

SYSTEM 2B. N BANDED IN THE SPRING WITH AIR SEEDER, P IN;ROW

IN THE SPRING -

" Low Soil Moisture

Fertilizer effectiveness rating= 115

Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)= 3.48 t/ha

Production= 3.48 t/ha * 325 ha= 1131 t

Gross revenue= 1131 t * $125/t= $141,375

Fertilizer cost (spring putchased fertilizer)
(65 kg of N/ha * $.63/kg of N) '+
(13 kg of P *x.$1.43/kg of P)= $59.54/ha
$59.54/ha .* 325 ha= $19,351

Interest cost on spring purchased fertilizer
$19,351 * 0.15 % (5/12)= $1,209

Fertilizer cost (fall purchased fertilizer)
, . .

PR
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(65 kg of N/ha * $.57/kg of N) +
(13 kg of P * $1.32/kg of P)= $54.21/ha
$54.21/ha * 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17 618 * 0 15= $2,643
Machinery cost= $14,293
~ Labour cost= 196 h * $10/hf $1,960
Total costs (spring purchased fe;tilizer)= $36,8j3
Totai costs (fall pdrchased fertilizgr)= $36,514
Net revenue (spfing purchased feftilizer)
$141,375 - $36,813= $104,562 - (O
Net revenue (fall purchased fertilizer) | '

$141,375 - $36,514= $104,861

Medium Soil Moisture

Fertilizer effectiveness rating= 110

Grain yield= 1;35 t/ha + 1.85 t/ha(1.10)= 3.385 t/ha

Production= 3.385 t/ha * 325 ha= 1100 t

Gross revenue= 1100 t * $125/t= $137,500

Fertilizer cost (spring purchased‘fertilizer)
(65 kg of N/ha * §. 6%/kg of N) +
(13 kg of P * $1.43/kg of P)= $59. 54/ha
$59.54/ha * 325 ha= $19,351

Interest cost bn spring purchased fertilizer
$19,351 * 0.15 * (5/12)= $1,209

Fertilizer cost (fall purchased fertilizer)
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(65 kg of N/ha * $.57/kg of N) +
(13 kg ofv; * $1.32/kg of P)= $54.21/ha
$54.21/ha * 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643
Machinery cost= $14,2931
Labour cost= 196 h * $10/h= $1,960
Total costsv(spfing purchased fertilizer)= $36,813
Total costs (fall purchased fertilizer)= $36,514 |
Net revenue (spring purchased fertilizer),
$137,500 - $36,813= $100,687
Net revenue (fall purcha;ed_fertilizer)
§137,500 - $36,514= $100,986
H%gh Soil Moisture
The fertilizer effectiveness rating for Jhigh soil
moisture is the .same as medium soil moisturé. Therefore, thé
revenue and cost calculations are the same as for medigm

soil moisture.

SYSTEM 3A. N BANDED IN THE FALL WITH AMMONIA LIQUIFYING

UNIT, P IN-ROW IN THE SPRING

Low Soil Moisture
Fertilizer effectiveness rating= 115
Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)= 3.48 t/ha

Production= 3.48 t/ha * 325 ha= 1131 t
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) n .
Gross revenue= 1131 t * $125/t= $141,375

Fertilizer cost (fall pufchased N, spring purchased P)
(60 kg of N/ha * $.50/kg. of N) +
(5 kg of N/ha * $.63/kg of N) +
(13.kg of P * $1.43/kg of P)= $51.74/ha
$51.74/ha * 325 ha=b$16,816
Interes} cost on fall purchased N, spring purchased'P'
($9,750 * 0.15) + ($7,066 x 0,15 x (5/12)5= $1,9d4
Fertilizer cost (fall pu;chased fertilizer)
(60 kg of N/ha * $.50/kg of N) +
(5 kg of N/ha * $.57/kg of N) +
(13 k- of P * $1.32/kg of P)= $50.01/ha
$50.01/ha * 325 ha= $16,253
Interest cost on fall purchased fertilizer
§16,253 * 0,15= $2,438 | -
Machinery cost= $10,345 ’
Labour cost= 163 h * $10/h= $1,630
Total costs (spring purchased fertilizer)= $30,695
Total costsv(fall pufchased fertilizer)= $30,666
Net revenue (spring purchased fertilizer) )
) $141,375 - $30,695= $110,680
Net revenue (fali purchased fertilizer)

$141,375 - $30,666= $110,709

Medium Soil Moisture -
Fertilizer effectiveness rating= 95

Grain yield= 1.35 t/ha + 1.85 t/ha(0.95)= 3.108. t/ha
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Production=3.108 t/ha % 325 ha= J010 t
Gross revenue= 1010 t * $125/t= $126,250 . . /
Fertilizer cost\(fa;i purchased N, spring purchased P)
.(60 kg of N/ha * $.50/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P % $1.43/kg of P)= $51.74/ha
$51.74/ha * 325 ha= $16,816
Interest cost on fallnpurghaSed N, spring purchased P
($9,750 * 0.15) +'%$7,066 * 0.15 x (5/12))= $1,904
Fertilizer cost (féll purchased fertilizer) ‘
(60 kg of N/ha * $.50/kg of N) +
(5 kg of N/ha * $.57;kg of N) +: .
(13 kg of P * ;1.3é/kg of P)= $50-01/ha_
$50.01/ha * 325 ha= $16,253‘
Interest cost on fall purchased fertilizer

$16,253 * 0.15= $2,438

i
+

Machinery cost= $10,345
Labouricost='163 h * '$10/h= $1,630
Total éésts (spring purchased ferfilizer)= $30,695
Total cosﬁs (fall purchased ferfilizer)= $30,666
"-Net‘revenue (spring purchased fertilizer)

$126,250 - $30,695< $95,555
Net revenue (fall purchased fertilizer)

$126,250 - $30,666=:$95,584 , \\ -

High Soil Moisture

'Fertilizer effectiveness rating= 85



Grain yield= 1.35 t/ha + 1.85 t/ha(0.85)= 2.92 t/ha
Pfoduétion= 2.92 t/ha % 325 ha= 949 t
Gross revenues= 949 t * $125/t= $118,625
Fertilizer cost (fall purchased N, spring purchased P)
(60 kg of N/hé * $.50/Kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $51.74/ha

$51.74/ha * 325 ha= $16,816

Interest cost on fall purchased N, spring purchased P -

($9,750 % 0.15) + ($7,066 *,0.15 * (5/12))= §1,904
Fertilizer cost (fall purchasedAfertilizer)
(60 kg of N/ha * $.50/kg of N) +
(5 kg of N/ha * $.57/kg of N) +
(13 kg of P * $1.32/kg of P)= $50.01/ha
$50.01/ha * 325 ha= $16,253
Interest cost.on‘fall purchased fertilizer
'$16,253 * 0.15= $2,438
Machinery cést= $16,345
Labour éost= 163 h * $10/h=+°%$1,630 _
Total costs (spring purchased fertilizer)= $50}695
Total costs (fall purchased fertilizer).= $59,§66
: Net revenue (spring purchased fertilizer) » |
§118,625 - $30,695= $87,930
Net revenue (fall purchased fertilizef? \

$118,625 - $30,666= $87,959

138
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A

SYSTEM 3B. N BANDED IN THE FALL WITH AIR SEEDER, P IN-ROW IN —

THE SPRING -

Low Soil Moisture
Fertilizer effectiveness rating= 115 |
Grain yield= 1;35 t/ha.+ 1.85 t/ha(1.15)= 3.48 t/ha
Production= 3.48 t/ha * 325 ha= 1131 t
Gross revenue= 1131 t * $125/t= $141,375
Fertilizer cost (fall purchased N, spring purchased P)
(60 kg of N/ha * $.57/kg of N) +
(5 kg of N/ha * $.63/kg_of N) + -
(13 kg of P % $1.43/kg of P)= $55.94/ha
$55.94/ha * 325 ha= $18,181
Interest éést on fall purchased N; Spring purchased P
| ($11,1i5 * 0.155 + ($7,066 % 0.15 * (5/12))= $2,109
fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha * $.5//kg of N) + |
(5 kg of N/ha * $.57/kg of N) +
(13 kg of P * $1.32/kg of P)= $54.21/ha
$54.21/ha * 325 ha= $17,618 -
Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643
Machineryvcost= $11,605
Labour cost= 142 h * $10/h= $1,420
Total costs (spring purchased fertilizer)= $33,315
Total costsy(fall purchased fertilizer)= $§3,286

Net revenue (spring purchased fertilizer)
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A\

$141,375 - $33,315= $108,060
Net revenue (fall purchased fertilizer).

$141,375 - $33,286= $108,089

Medium Soil Moisture

Fertilizer effectiveness rating= 95 .

Grain yield= 1.35 t/ha + 1.85 t/ha(0.95)= 3.108 t/ha

Production= 3.108 t/ha # 325 ha= 1010 t |

. Gross revenue= 1010 t * $125/t= $126,250

‘Fertilizer‘cost (fall ﬁurchased N, spring~pufchased P) -
(60 kg of N/ha * $.57/kg of N) +

(5 kg of N/ha * $.63/kg of N} +

A

(13 kg of P * $1.43/kg of P)= $55.94/ha |
$55.94/ha * 325 ha= $18,181 | '*18
Interest cost on fall purchased N, spring ﬁl}éhased P
($11,115 * 0.15) + ($7,066 * 0.15 * (5/12))= §2,1o9~
Fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha * $.57/kg of NZ.+
(5 kg of N/ha * §.57/kg of N) +
(13 kg of P * $1.32/kg of"P)='$54.21/ha;
$54.21/ha * 325 ha= $17,618
Interest cost.-on fall purchased fertilizer
$17,618 % 0.15= $2,643 |
Machinery cost= $11,605
Lgbour cost= 142 h * $10/h= $1,420

Total costs (spring purchased fertilizer)= $33,315



 Grain yield= 1.35 t/ha + 1.85 t/ha(0.85)= 2.92 t/ha

141

Total costs (fall purchased fertilizer)= $33,286

Net revenue (spring purchased fertilizer)
$126,250 - $33,315= $92,935

Net revenue (fail purchased fertilizef)

 $126,250 - $33,286= $92,964

High Soil Moisture

Fertilizer effectiveness rating= 85

Production= 2.92 t/ha % 325 ha= 949 t
Gross revegue= 949 t x $125/t= $118,625
Fertilizer cost (fall purchased N, spring‘pufchased P)
_ (60 kg of N/ha * $.5%/kg of N) + ,
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $55.94/ha
$55.94/ha * 325 ha- $13,18{ |

Interest cost on fall purchased N, spring purchased P

($11,115 # 0.15)'+.($7,066_* 0.15 * (5/12i)£ $2,109 -
Fertilizer cost (fall - purchased féftilizerf/fthﬁ..

(60 kg of N/ha *‘$.57/k§ of N) +

(5 kg of'N/ha x $;57/kgf6f.N) + ‘ B

(13 kg of P *‘sy.32/kg of P)= $54.21/ha |

§54.21/ha * 325 ha= $17,618 |

Interest cost on fall purcﬁaSed'fertilizer

§$17,618 % 0.15= $2,643

Machinery cost= $11,605
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Labour cost= 142 h * $10/h= $1,420
Total costs (spring purchased fertilizer)= $33,315
Total éosts<(fall purchased fertilizer)= $33,286
Net revenue.(spring purchased fertilizer)
$118,625 - $33,3i5= $85,310
Net revenue (fall purchased fertilizer) : Ve

$118,625 —-4$33,286= $85,339

\

SYSTEM 4A. GRANULAR N & P DEEP BANDED IN THE FALL

Low Soil Moisture
Fertilizer effectiveness rating= 115
Grain yield= 1.35‘t/ha + 1.85 t/ha(1.15)=’3.48 t/ha
?roduction= 3.48 t/ha %+ 325 ha= 1131 t i ' _ | .
Gross revenue= 1131 £ * $125/t= $141,375
Fertilizer cost -(fall purchased.feftilizer)
(60 kg of N/ha * $.57/kg of N)’+
(5\kg-of N/ha * $.57/kg of N) + — ‘r
(13 kg of P * $1.32/kg of P)= $54.2%1/ha , =
$54.21/ha +° 325 ha= $17,618
Intefe;t cost on fall QuréhasedtfertiliZer/
$1J,618 * o.15= $2,643 |
" Machinery cost= $11,347
Labour cost= 139 h $10/h;‘$1,390 | e
Total costs= $32,998 | -
| Ngf.revenue= §141,375 - $32,998= $108,377

. o . N _ o

-
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ﬁédium Soil Moisture
Fertilizer effectiveness rating= 95
Grain yield= 1.35 t/ha + 1.85 t/ha(0.95)= 3.108 t/ha
Production= 3.108 t/ha * 325 ha= 1010 t
Gross revenue=- 1010 t * $125/t= $126,250
Fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha * $.57/kg of N) +
(5 kg of N/ha * $.57/kg of N) + ‘ S
(13 kg of P * $1.32/kg of P)= %54.21/ha
$54.21/ha ? 325 ha=>$17,618
Interést cost on fall purchased fertilizér
$17,618 % 0.15= $2,643 - '
Machinery cost= $11,347
Labour cost= 139 h % $10/h= $1,390
Total costs= $32,998

Net revenue= $126,250 - $32,998= $93,252

High Soil Moisture
Fertilizer effectiveness rating= 85 - N
Grain yield= 1.35_t/ha.+ 1.85 t/ha(0.85)= 2.92 t/ﬁa
/Production= 2.92 t/ha * 325 ha="§49 t :
Gross revenue= 949 t * $125/t= $118,625 >
Ferfilizer cost (fall purchased fertilizer)

(60 kg of N/ha % $.57/kg of N) +

(5 kg of N/ha x $.57/kg of N) +

(13 kg of P % $1.32/kg of P)= $54.21/ha

$54.21/ha * 325 ha= $17,618
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Interest cost on fall purchased fertiiizer.
$17,618 * 0.15= $2,643
Machinery cost= $11,347
Labour cost= 139 h x $TO)h= $1;390
Total costs= $32,998

Net revenue= $118,625 - $32,998= $85,627

N

SYSTEM 4B. 'LIQUID N & P DEEP BANDED IN Tl‘iE FALL

’

‘
Low Soil Moisture
.Fertili;er effectiveness rating= 115
Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)= 3.48 t/ha
Productions= 3;48 t/ha * 325 ha= 1131 t ‘
Groés revenue= 1131 t * $525/t= $141,375
LFertilizer cost (fall purchasea fertilizer)
(65 kg of N/ha * $.64/kg of N) +
(13 kg of P * $1;50/kg of P)= $61.10/ha
$61.10/ha * 325 ha= $19,858
Interest cost on fall pu;chased fertilizer -
$19,858 * 0.15= $2,979
Machinery cost= $12,383
Labour cost= 168.8 h * $10/h= $1,688
Total costs= $36;96§'

Net revei?e= $141,375 - $36,908= $104,467

Medium Soil Moisture
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Fertilizer effectiveness rating= 95
Grain yield= 1.35 t/ha + 1.85 t/ha(0.95)= 3.108 t/ha
Production= 3.108 t/ha % 325 ha= 1010 t
Gross revenue= 1010 t * $125/t= $126,250
Fertilizer cost (fall purchased fertilizef)
(65 kg of N/ha * $.64/kg of N) + ‘
(13 kg of P *x $1.50/kg of P)= $61.10/ha
- $61.10/ha * 325 ha= $19,858.
Interest cost on fall purchased fertilizer
$19,858 * 0.15= $2,979
Machinery cost= $12,383 : oA
Labour cost= 168.8 h * $10/h= $1,688
Total costs= $36,908

Net revenue= $126,250 - $36,908=_$89,342

High Soil Moisture
Fertilizer effectiveness rating= 85
Grain.yield= “.35 t/ha + 1.85 t/ha(0.85)= 2.92 t/ha"
Production= 2.92 t/ha % 325 ha= 949 t
Gross revenue= 949 t * $125/t= $118,625 -
Fertilizef cdst'(fall‘purchaéed'fertilizer)
(65 kg of N/ha * $.64/kg of N) +
(13 kg of P * $].50/kg 6f P)= $61.10/ha -
$61.10/ha\f 325 ha= $19,858
Interest acost on‘fall'puréhased fertilizer
$19,858 % 0.15= $2,979

Machinery cost= $12,3é3
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Labour cost= 168.8 h * $10/h= §1,688
Total costs= $36,908
Net revenue= $118,625 - $36,908= $81,717

"5,

SYSTEM 5A, GRANU.LAR N & P DEEP BANDED IN' THE SPRING

Low Soil Moisture

Fertilizer éffectiveness’rating= 115

Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)= 3.48 t/ha

Production= 3.48 t/ha % 325 ha= 1131 t

Gross revenue= 1131 t % $125/t= $141,375

Fertilizer cost (fall pufchased fertilizer)
(60 kg of N/ha * $.57/kg of N) +
¢5~kg of N/ha * $.57/kg of N) +
(13 kg of P % $1.32/kg of P)= $54.21/ha
$54,.,21/ha * 325 ha= $17,618

Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643

"Fertilizer cost (spring purchased fer£ilizer)
(60 kg of N/ha * $.63/kg of N) +
(5 kg of N/hé * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $59.54/ha
$59.54/ha % 325 ha= $19,351

 Interest cost on Epring purchased fertilizer

$19,351 * 0.15 % (5/12)= $1,209

‘Machinery cost= $14,034
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Labour cost= 193 h * $10/h= $1,930

Tbtal costs (spring purchased fertilizer)s= $36,524
Total costs (fall purchaSed fertilizer)= $36,225
‘Net revenue (spring puréhased fertilizer)

$141,375 - $36,524= $104,851

Net revenue (fall purchaséd fertilizer)

$141,375 - $36,225= $105,150

Medium SoilAMoisture
Fertilizer effectiveness fating= 110 . 1
Grain yield= 1.35 t/ha + 1.85 t/ha(1.10)= 3.385 t/ha
Production= 3.385 t/ha * 325 ha= 1100 t
Gross revenueb= 1100 t * $125/t= $137,500
Fertilizer cost (fall purc§?sed fertilizer)

(60‘kg of N/ha * $.57/kg of N): +

(5 kg of N/ha * $.57/kg of N) +

(13 kg of P * $1.32/kg of P)= $54.21/ha

$54.21/ha + 325 ha= $17,618

-

‘.

Interest cost on fall purchased fertilizef'
$17,618 * 0.15= $2,643

Fertiliéer cost (spring purchased fertilizer)
(60 kg of N/ha * $.63/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $59,.54/ha
$59.54/ha * 325 ha= $19,351" |

Interest cost on spring purchased fertilizer

$19,351 % 0.15 % (5/12)= $1,209 -
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Machinéry cost= $14,034
Labour cost= 193 h * $10/h= $1,930
Total costs (spring purchased fertilizér)= $36,524
Total costs (fall purchased fertilizér)= $36,225
‘Net revenue (spring'purchased.fertilizer)

$137;soo - $36,524= $100,976
Net revenue (fall purchased fertilizer)

$137,500 - $36,225= $101,275

High Soil Moisture
Fertilizer effectiveness rating= 110
Grain yield= 1.35 t/ha + 1.85 t/ha(1.10);\3.385 t/ha
Production= 3.385 t/ha * 325 ha= 1100 t
‘Gross revenue= 1100 t * $125/t= $137,500
Fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha * $.57/kg of N) +
(5 kg of N/ha * $.57/kg of N) +
(13 kg of P * $1.32/kg of P)= $54.21/ha
$54.21/ha % 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643
Fertilizer cost (spring purchaséd fertiiizer)
(60 kg of N/ha * $.63/kg of N) +.
(5 kg of N/ha * $.63/kg of N) +
(13 k§ of P * $1.43/kg of P)= $59.54/ha
$59.54/ha * 325 ha= §19,351

Interest cost on spring purchased fertilizer
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$19,351 «x 0.15 x (5/12)='$1,209
Machinery cost= $14,034
Labour cost= 193“% * $10/h= $1,930
Total costs (spring purchased fertiliger)= $36,524
Total costs (fall purchased fertilizer)= $36,225
Net revenue (spring purchased fertiliéer)

$137,500 - $36,524= $100,976 )
Net revenue (fall purchased fertilizer)

$137,500 - $36,225- $101,275 BRI

o

—

SYSTEM 5B. LIQUID N & P DEEP BANDED IN THE SPRING
Low Soii.Moisture‘
Fertilizer effectiveness rating= 115
Gfain yield= 1,35 t/ha + 1.85-§>ha(1.15)= 3.48 t/hd
Production= 3.48 t/ha * 325 ha= 1131~ t
Gross revenue= 1131 t .x $125/t= $141,375
Fertilizér cost (spring purchased fertilizer)
(65 kg of N/ha * $.71/kg of N) +
(13 kg of P * $1.65/kg of P)= $67.60/ha
$67;60/ha * 325 ha= $21,970 '
Inté;est cost onispring purchased fertilizer
$21,970 * 0.15 % (5/12)= $1,373
Machinery cost= $12,383
Labour cost= 168.8 h * §$10/h= $1,688

Total costs= $37,414
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Net revenue

$141,375 - $37,414= $103,961

Medium Soil Moisture
Fertilizer effectiveness rating= 110
prafh yield= 1.35 t/ha + 1.85 t/ha(1.10)= 3.385 t/ha
I'Production= 3.385 t/h. * 325 ha= 1100 t
Gross revenue= 1100 t * $125/t= $137,500‘
Fertilizer cost (§pring purchased fertilizer)
(65 kg of N/ha * $.71/kg of N) +
(13 kg of P ¥ $1.65/kg of P)= $67.60/ha
$67.60/ha * 325 ha=-%$21,970
Interest cost on spring purchaéed fertilizer
$21,970 * 0.15 + (5/12)= $1,373
Machinery cost= $12,383 |
Lakour cost= 168.8 h * $10/h= $1,688 -
'Total costs= $37,414
Net revenue

$137,500 - $37,414= $100,086

High Soil Moisture

Fertilizer effectiveness rating= 110

Gg?iﬁ yield= 1.35 t/ha + 1.85 t/ha(1.10)= 3.385 t/ha
Pfoduction= 3.385 t/ha * 325 ha= 1100 t |
Gross revenue= 1100 t * $1§5/t= $137,500

Fertilizer cost (spring purchased fertilizer)

(65 kg of N/ha * $.71/kg of N) +
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(13 kg of P * $1.65/kg of P)= $67.60/ha
$67.60/ha * 325 ha= $21,970
Interest cost on spring purchased fertiiiéer
$21,970 * 0.15 * (5/f2)= $1,373 '
Machinéry cost= $12,383 ' ’ | -
Labour cost= 168.8 h * $10/h= 41,688 |
Total costs= $37,414
Net revenue

$137,500 - $37,414= $100,086

SYSTEM 6. N BROADCAST IN THE FALL, P IN-ROW IN THE SPRING

Low Soil Moisture

Fertilizer effectiveness rating= 100

Grain yield= 1.35 t/ha + 1.85 t/ha(1.00)= 3.2 t/ha’
Production= 3.2 t/ha * 325 ha= 1040 t

Gross revenue= 1040 t * $125/t= $130,000

% A
(60 kg of N/ha * $.57/kg of N) +

ertilizer cost (fall purchased fertilizer)

(5 kg of N/ha * $.57/kg of N) +

%13 kg of P # $1.32/kg of P)= $54.21/ha

$54.21/ha * 325 ha= $17,618 , Y
vIntereét cost on fall purchased fertilizer
$17,618 % 0.15= $2,643

Fertilizer cost (spring purchased P)

, (60 kg of N/ha * $.57/kg of N) +
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(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $55.94/ha .
$55.94/ha * 325 ha= $18, 181 “
Interest cost on fallvpurchaséd N, spring purchased P
($11,115 * 0.15) + ($7,066 * 0.15 * (5/12))=-$2,109
Machinery cost= $11, 184 |
Labour cost= 182.2 h * $10/h= §$1,882
Total costs (spring purchased fertiiizer)= $33,356
Total costs (fall purchased fertiiizer)=.$33,327
Net revenue (séring purchased fertilizer)
$130,000 - $33,356= $96,644
Net revenue (fall purchased fertilizer)

$130,000 - $33,327= $96,673

Medium Soil Moisture

Fertilizer effectiveness rating= 85

Grain yiéld= 1.35 t/ha + 1.85 t/ha(0.85)= 2.92 t/ha

Production= 2.92 t/ha * 325 ha= 949 t

Gross revenue= 949 t * $125/t= $118,625

Fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha * $.57/kg of N) +
(5 kg of N/ha * $.57/kg ole) + |
(13 k%ﬁof P+ §$1.32/kg of P)= $54.21/ha
'$54.21/ha * 325 ha= $17,618

Interest cost on fall purchased fertilizer
$17,618 * 0.15= $2,643

Fertilizer cost (spring purchased P)
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(60 kg v+ N/ha * $.57/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kd of P)= $55.94/ha
$55.94/ha * 325 ha= $18,181
Interest cost on fall purchased N,.spring purchased P
($11,115 % 0.15) + ($7,066 % 0.15 * (5/12))= $2,109
Machinery cost= $11,ﬁ84 | |
Labour cost= 182.2 h % $10/h= $1,882'
Total costs (spring purchased fertilizer)s= $33 356
Total costs (fall purchased fertilizer)= $33,327
‘Net revenue (spring purchased fertilizer)
$118,625 - $33;356= $85,269
Net revenue (fall purehased fertilizer)

/ :
'$118,625 - $33,327= $85,298 !

NG

High Soil Moisture
Fertilizer effectiveness rating= 80
Grain yield= 1,35 t/ha + 1.85 t/ha(0.80)=-2.é3 t/ha
Production= 2.83 t/ha * 325 ha= 920 t |
Gross revenue= 920 t * $125/t= $115 000 | ,~
Fertilizer cost (fall purchased fertilizer)
(60 kg of N/ha = $.57/kg.of N) +
(S"kg of N/ha *-$ 57/kg of N) +
(13 kg of P # §1, 32/kg of P)= $54. 21/ha o/
$54 21/ha * 325 has= $17 618
Interest [cost on fall purchased fertilizer

AN o



$17,618 * 0.15= $2,643

Fertilizer cost (sbring purchased P)
(60 kg of NYha * $.57/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg-of P)= $55.94/ha
$55.94/ha * 325 ha=.$18,181

Interest cost on fall purchased N, spring purchased‘P(
($11,115 % 0.15) + ($7,066 * 0.15 * (5/12))= $2,109

Méchinery cost= $11,184 l

Labour cost=.182.2 h * $10/h= $1,882

Togal costs (spring burchased fertilizer)= $33,356°

Total costs (fall purchased fertildzer)= $33,327

Net revenue (spring purchased fertilizer)
$115,000_ - $33,356= $81,644 |

Net revenue (fall purchased ferﬁilizer)

w

" $115,000 - $33,327= $81,673

SYSTEM 7. N & P BROADCAST IN THE FALL

Low Soil Moisture - | o
Fertilizer effectiveness rating= 66
Grain yield= 1.35 t/ha + 1.85 t/ha(0.66)= 2.57 t/ha
Production= 2.57 t/ha *-32;_Pa= 835 t
Gross revenue= 835 £f;7$125/t= $104,375
Fertilizer cost (fall purchased fertilizer)

(60 kg of-N/ha * $.57/kg of N) +-

154
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(S'kg of N/ha *. $. 57/kcj of N)

(13 kg of B, * $1 32/kg of P)= $54. 21/ha -

$54.21/ha * 325 ha= $i%7, 618‘f1 5 o B
Interest cost on ‘fall purchaseg fert1l1zer\' K

$17,618 * 0.15= $2 643 .

A

Machrnery cost= $11 047

Labour cost—wﬁ87 4 h * $10/h— $1 874

. TOtal costs—J$33 ig2 - o o . )

Net revenue= $104,375 - $33,182= $71,193 .

Medium Soil Moisture - T
. t B &
Fertlllzer effectiveness ratlng 56 - .

Graln yields= 1 35 t/ha + 1. 85 t/ha(0. 56)= 2.386 t/ha

Production= 2.386 t/ha * 325 ha= 775 t - N

-

Gross revenue= 7715 t * §

p5/t=,$98,875
Fertlllzer cost (fall ‘fgu,chaSed feﬁx ze,rﬁ*‘: i

(60 kg of N/ha * §. 57/kg of N) + ‘ ‘ {Q&f‘"‘% "
¢5, k@’of N/ha #s, 51?%9 of N) + fff#f?ﬁ .
o (13 kg of P * $1 32/kg of P)= $54. 21/ha~ ;3‘21' ‘

.$54.21/%a * 3;5 ha= $17,618 S

Interest cos’t on fall purchased fertlllzer ‘ '

© $17,618 * 0.15= $2,643

M%chmery cost= $11,047 ' | . | - m

Labouf cost= 187.4 h $10/h- $1,874 |

Total costs= $33,182‘ e - . !

Net revenue= $96,875 - §33,182= $63,693
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High Soil Moisture
Fertilizer effectiveﬁess'raping= 53 '
Grain yield= 1.35 t/ha + 3.85 t/ha(0.5§)= 2.33 t/ha
Productioﬁé 2.38 t/ha *.325 ha= 757 t
-Gross revenue= 757 t * $125/t= $94,625
Fertilizer cost (fall purchased fertilizer)

(60" kg of N/ha * $.57/kg of N) ;

(5 kg of N/ha * $.57/kg of N) +

(13 kngf_P *x $1.32/kg of P)= $54.21/ha

$54.21/ha * 325 ha= $17,618
Iﬁterest cost on fall purchased fertilizer

© $17,618 * 0.15= $2,643

Machinery cost= $11,047
Labour cost= {87.4 h * $10/h= $1,874 -
Total costs= $33,182 ' 7" ' a,} '
Net revenue= $94,625 —.$33,182?;$é1,443fw
SYSTEM 8. N & P BROADCAST IN.THE SPRING

. N
Low Soil Moisture | i ‘ : N
Fertilizer.effect?venes§ rating= 66 . v. \
G;aiﬁ‘yie1d= i.35»t/ha'+ 1.85 t/ha(0.66)= 2.571 t/ha e
<:%Prodqction= 2&E7T;t/ha‘¥”325 ha= 836 t | :
.Grdssfgevénue= 836 to* $125/t= $104,500 | :
Ferfilizer cost (fall purchésed ferfilizer)

. 3 o
(60 kg-of N/ha * $.57/kg,0f N) + o,

f
4a s » S e



(5 kg of N/ha * $.57/kg of N) +\ o
(13 kg of P * $1.32/kg of P)= $54.21/ha
$54.2H/Ha * 325 ha= §$17,618
Interest ?Ost on fall purchased fertilizer
$17,618 % 0.15= $2,é43
Fertilizer cost‘(spriqg purchaged P)
(60 kg of N/ha'*-$?g3/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1.43/kg of P)= $59.54/ha
$59.§4/hq * 325 ha= $19,351 |
Intereét cégt on spring purchased fertilizer
$19,351 % 0.15 % (5/12)= $1,209
Ma¢hinery cost= $11,047
Labour cost= 187.41h * $10/h= $1,874
Total costs (spéing purchased'fertiliéer)= $33,481
Total costs (fall purchased fertilizer)= $33, 182
- Net revenue (spring purchased fertilizer)
$104,500 - $33,481= $71,019
Net reQenue (fall plirchased fertilizef) :

$104,500 - $33,182=-$71,318

Medium Soil Moisture

| The fertilizer effgcgiveness rating for medium soil
moisture ‘is the same as/for low soil moistUreC)Therefore,
the revenue and cost fiéures éré the same as for faw soil

moisture.
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High Soil Moigture

The fertilizer eﬁfectiueness rating for high soil moisture

'is_the—same as fo; low s0il moisture. Therefore, the‘revenue

and cost figures are the-éame as for low soil moisture.
e

SYSTEM 9. N & P SIDEBANDED,INFTHE SPRING {

Low Soil1l Moisture

.

Fertilizer effectiveness rating='115 ,7 : S e

Grain yield= 1.35 t/ha + 1.85 t/ha(1.15)= 3.48 t/ha - .

Production= 3.48 t/ha #* 325 ha= 1131 t
Gross’fevenue= 1131 t % $125/t=’$141,375
Fertilizer cost (fall purchased fertilizer)
(60c kg of N/ha # §.57/kg of N) +
(5 kg of N/ha * §.57/kg of N) R

v‘
3y,

(13 kg of P x §1. 32/kg ‘of P)»— $54.21/ha

$54.21/ha * 325 ha— $17 6ng&
IntereSt cost on fall purshased'fertilizer

$17,618 * 0.15= $2,643 ' | o
Fertilizer cost (spring ‘purchased fe:tiliier)

(60 kg of N/ha * $.63/kg of N) +

SS kg of N/ha * $.63/kg of N) +

(13 kg of P * $1.43/‘k_'g of P)= $59.54/ha

$59.54/ha * 325 ha= $19,351
Interest cost on spring purchased fertilizer

’AS'W
$19,351 * 0.15 ¥ (5/12)= $1,209,; ,w%?"
. By
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Machinery cost= $11,527

Labour cost= 190.3 h * $10/h= $1,903 |
Total costs (spring purchased fertilizer)= $33,?90
Total costs (fall purchased fertiliéer)= $33,691
Net re&ehue (spring purchased fertilizer)

$141,375 - $33,9§0§7$107,385

Net revenue (fall purchased fertilizer)

$141,375 - $33,691= $107 o84 | -

Medium Soil Moisture
Fertilizer effectiveness rating=“110
Grain yield= 1.35 t/ha + 1. 85 t/ha(0.85)= 3.385 t/ha
Production= 3.385 t/ha *:325 ha= 1#%0 t
Gross tevenue= 1100 t * $125/t= $137,50Q
Fertilizer Cést (fall pﬁrchésed fertilizer)
(60 kg of N/ha * $.57/kg of*N) +
(5 kg of N/ha * $.57/kg of N) + E
(13 kg of P * $1.32/kg of P)= $54.21/ha
$54.21/ha * 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17,618 * 0.156= $2,643
Fertilizer cost (sp&ing purchased fertilizelr)
(60 kg of N/ha * $.63/kg of N) +
(5 kg of N/ha * $.63/kg of N) +
(13 kg of P * $1 43/kg of P)= $59. 54/ha
$59.54/ha % 325 ha= $19,351

Interest cost on spring purchased fertilizer.
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$19,351~¥ 0.15 * (5/12)= $1,209
Machinery costs= $11,527'
Labour cost= 190.3 h * $10/h= $1,903
Total costs (spring'purchésed fertilizer)= $33,990
Total costs (fall purchased fertilizer)= $33,691
Net revenue (spring purchased fertilizer)

$137,500 - $33,99d='$103,510
Net revenue (fall pufchased ﬁertilizer)

$13?,500 - $33,691=:4103,809

ﬁigh Soil Moisture

Fertilizer effectiveness rating= 110 »
Grain yield= 1.35 t/ha +i1.85 t/ha(0.85)= 3.385 t/ha B
Product}on= 3.385 t/ha * 325 ha= 1106 t |

Gross r?venue= 1100 t * $125/t= $137,500

" Fertilizer cost (fall purchased fertilizer)

(60 kg of N/ha * $.57/kg of N) +
(5 kg of N/ha * $.57/Fg of N) +
(13 kg of P *"$1.32/k§ of P)= $54.21/ha
$54.21/ha * 325 ha= $17,618
Interest cost on fall purchased fertilizer
$17,618 * 0,15% $2,643
Fertilizer’cost (spring purchased fertilizer)
(60 kg of N/ha * $.63/kg of N) + |
(5 kg ‘of N/ha * $.63/kg of N) +
(13 kg of P # $1.43/kg of P)= $59.54/ha

$59.54/ha * 325 ha= $19,351"
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Interest-cost‘on spring purchasgd'ferfilizer_
$19,351 % 0.15 % (5/12)= $1,209

Machinery cost= $11,527 _
Labour cést= 190.3‘h * $1p/h= $1,903 B e
Total coéts (spring purchased fertilizer)= $33,9§0 |
Total costs (fall purchased fertilizer)= $33,691
- Net revenue (épring purchased<fértilizer)b
$137,500 - $33,990= $103,510 |

Net revenue (fall purchased fertilizer)

$137,500 .- $33,691= $103,809



