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'lhis bulletin is the first of several reports on firrlings in a 

literature review of ''Management Options for I1::M Price Grain 

Producti " on • 'll1.e project is jointly sponsored by the Manitoba 

Department of Agriculture (MDA) am the Faculty of Agriculture, 

University of Manitd:Ja. 'll1.e authors \tJOlld like to thank the steerin;J 

canunitt.ee, CXl!llprised of representatives of MOA, the faculty, private 

irrlustry am the grain fanninJ community for guiding this research 

effort. 
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'llie obj ecti ve of adding fertilizer to crops is to increase 

revenue through higher levels of production. Dete.nnining a nitrogen 

(N) fertilizer rate requires an economic evaluation of several 

efficiency components by farmers. Assessm:mts of the choice in tenns 

of profit potential am risk are necessary to :inprove farm-level 

decision-~ . 

'Ihis assessment is complex because N rea:::NerY varies with 

selection of N source, application toothed (Le. placement) am t.iJnirg. 

Each of these decision points is composed of options with vcn:yiIq 

costs am expectations of N recovery. 

current approaches have established the aggregate or average 

recovery efficiencies of fertilizer options. More information is 

needed to assist the fanner in predict.inJ recovery efficiencies for 

specific field corrlitions. Irxlividual producer experience probably is 

the current basis for selec:t.inJ particular options. 

Selection of fertilizer options by cansiderin3' the variability of 

recovery efficiency is one way of managin3' the risk associated with N 

use. In this respect, significant gaps exist in the data base. since 

the distribution arrl ~e of potential variation in N recovery 

efficiency have not beeT'\ determined, farmers carmot quantify N 

recovery risk as an element of yield tmeertainty in their production 

response. 'Ihis creates a serious limitation to the use of economic 

analysis in determinirq optllnal fertilizer practices. 

A secorrl focus in the fertilizer rate decision relates to the 

physiological efficiencies of the crop species an::I/or varieties bein:J 
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considered. Information suggests that particular varieties produce 

rrore harvestable yield for given levels of N. calibration of these 

differential yield responses for ilrportant field crops in the province 

. ......".....,~~ 15 ... """i ........... '""'4. With this information fanoors could choose crops which 

maxilnize profit potential for given price scenarios. 

'lhird, there is evi~ that certain species arrl varieties 

resporrl differently to fertilization tmrer different physical soil 

con:litions arrl manageIOOIIt practices. later seedi.n;J dates a~ to 

result in sane lower-yieldiIq varieties bein] able to rut-yield 

otheJ:wi.se IlX>re prOOuct:.i ve varieties due to inproved fertilizer 

efficiency. At present, fertilizer efficiency relationships are 

largely qualitative arrl the information has not been generated or 

evaluated in a franeNork which can be applied by producers. 

Finally, N reo::Nery efficien:::ies arrl variable yield responses 

have inplications for econamic decisions related to fertilizer use. 

'll1e first economic issue discussed is that of selectin] 

production levels when yield varies due to unpredictable N recovery 

efficien:::ies in arrj particular year. 'll1e fiIrli.n;Js in:licate that 

fertilization in Manitoba at rates exceedirq target levels generate 

higher net returns over a period of years arrl suggest that the 

application rate should be based over several years yield expectations 

rather than one year . . In essence, the cost of sw:plus fertilizer is 

rrore than c::arpensated for by smaller yield reductions tmrer adverse 

recovery con:litions arrl by larger yield responses in years when N 

recovery is IlX>re efficient. 
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'll1.e secorrl topic addressed is the implication of provincial 

target yield fertilizer reccxrnoorrlations for management of profit risk 

by irrlividual prcducers. Investigation of the target yield oancept 

suggests that current reccxrnoorrlations may inadvertently increase the 

risk of negative returns due to yield variation. 'll1.e critical factor 

is the level of yield variation associated with higher fertilization 

rates relative to lower rates. 

Limited Manitoba data suggests that yield variability may, in 

fact, decrease or stabilize at higher rates of fertilization. In 

these i.rlstar¥=es marginal reverrue-marginal cost ratio of 1.5: 1 

identifies yield am fertilizer canbinations whim not only lie below 

the economically optimum production point (i.e. the maxiIaum gross 

margin), b..It are also subject to greater profit risk. 'll1.e inplication 

is that if fanrers wish to reduce the chance of yield fluctuations 

whim result in opera~ costs exceediIq reverrues per acre, they 

should fertilize at levels higher than soil laboratory 

reccxrnoorrlations . 

In SlIllllllillY, a rn.nnber of directions for future research have been 

identified. If economic tedmiques capable of inprovin1 farm level 

fertilizer decisions are to be developed, infonnation is required in 

the follCMin;] areas: 

1. quantification of fertilizer efficiency am variance urrler 

specific field corrl.itionsi 

2. calibration of specie am variety yield re5};XlI1Se by region, soil 

factors am management practice: 
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3. probabilities of crop yield response to N in relation to seed.inJ 

date ani weather; 

4. developnent of better econcanic tedlniques for identifyinJ profit 

seekirq ani risk management production strat.83ies related to 

fertilizer use; ani 

5. developoont of interdisciplinary awroadles to generate the 

infonnation required at the fann level. 

v 



1.0. 

2.0. 

3.0. 

4.0. 

TABIE OF Q)NI'ENTS 

Introduction . 

Fertilizer Efficiency 

2.l. 

2.2. 

2.3. 

Efficiency of Fertilizer REcovery 

Physiological Efficiency 

yield Efficiency • 

2.3.l. 

2.3.2. 

2.3.3. 

calibration of Yield Response to Fertilizer 

Predict.inJ yields 

Variability of yields About Tazgets 

Econ.an.ic Considerations 

3.1. 

3.2. 

Maximizin:J Profit Potential Un::1er Uncertainty of N 

REcovery Efficiency 

Managin:J Risk Urrler yield Uncertainty 

APPENDIX A • 

REFERENCES 

vi 

Page 

i 

ii 

1 

2 

2 

11 

21 

22 

24 

34 

42 

43 

52 

71 

73 

79 

" 



LIST OF TABlES 

Table 1 - RecxNery Efficiencies of Selected Fertilizers 
by Tilne am Method of PlacelOOI1t, Manitoba • • • • 3 

Table 2 - Cost of Fertilizer am Applicator • • • • • • • 5 

Table 3 - Fertilizer Application Rate, an:! Actual. N 
Reqtrl.renert:s 'Ib SUpply lb-N Recoverable Based 
on Expected RecxNery Efficiencies. • • • • • 8 

Table 4 - Quantity (li:s/acre) an:! Costs ($/ac) to Deliver 
35 li:s-N RecxNerable N Per Ac:re With Different 
Fertilizer Forms, Tilnirg an:! Placeroont • • • • 9 

Table 5 - Expected Costs am Variation in Costs of Selected 
Fertilizers, Ti.mirq am Method of Application to 
Delivery 35 lbs-N RecxNerable • . • • • • • • • • 10 

Table 6 - Yield Irrlexes of Wheat Varieties (1981 to 1985), 
Manitoba by SeedinJ Date, Central Region • • • • 17 

Table 7 - Yield Irrlexes of Wheat Varieties (1981 to 1985), 
Manitoba by SeedinJ Date, Southwest Region • • • 19 

Table 8 - Irrlex of yield Response in Relation to Moisture 
Cor'd.i tiOI'lS • • • • • • • • • • • • • • • • • • • 23 

Table 9 - o:tnparison of Actual. Yields with Target Yields 
Based on N-Rates, Manitoba Provincial Soil Testirq 
Laboratory, stubble Wheat, 1985, Southwest Region -
"Dty" J.bisture Irrlex • • • • • • • • • • • • • • •• 26 

Table 10 - CClnparison of Actual. yields with Target yields 
Based on N-Rates, Manitoba Provincial Soil Testirq 
Laboratory, stubble Wheat, 1985, Northwest Region -
t~isttt Moisture Irrlex • • • • • • • • • • • • • •• 27 

Table 11 - o:tnparison of Actual. yields with Target Yields 
Based on N-Rates, Manitoba Provincial Soil Testirq 
Laboratory, . stubble Wheat, 1985, Central Region -
'~ist·I J.bisture Irrlex • • • • • • • • • • • • • •• 28 

Table 12 - Ccanparison of Actual Yields with Target yields 
Based on N-Rates, Manitoba Provincial Soil Testirq 
Iaboratory, stubble Wheat, 1985, Interlake Region -
t~isttt J.bisture Irrlex • • • • • • • • • • • • • •• 29 

vii 



LIST OF TABIES (CONl'INUATION) 

Table 13 - Ccmlparison of Actual yields with Target yields 
Based on N-Rates, Manitoba Provincial soil 'l'estirq 
laboratory, stubble Wheat, 1985 Eastern Region -
''11oist'' Moistl.lre Irrl.ex • • • • • • • • • • • • • • • 

Table 14 - Target yields for Barley Based on Mjust::Ioonts for 
Yield Variation Across MCIC soil Class, 1985 SOil N 
Reserves arrl 1985 Fertilization Rates Compared with 

30 

Actual yields in 1985, Southwest Region, Manitoba •• 35 

Table 15 - Target Yields for Wheat Based on Mjust::Ioonts for 
Yield variation Across MCIC soil Class, 1985 soil N 
Reserves arrl 1985 Fertilization Rates Compared with 
Actual yields in 1985, Central Region, Manitoba • 36 

Table 16 - yield Variability - Barley 1962 to 1968 • • • • • 39 

Table 17 - Scenario 1: Example Shc:Min:J Effect of Different 
yield Efficiencies on Yields arrl Fertilizer 
~tions for Wheat, Central Region, Manitoba, 
1987 . . . . . . . . . . . . . . . . . . . . . . .. 44 

Table 18 - yield Increases Attributable to N Fertilization at 
60 arrl 80 lbs-Njac arrl a Comparison of Net yield 
Returns at the Different Rates (Based on Table 17) 47 

Table 19 - Scenario 2: Estimated Wheat yield Efficiencies on 
Yields arrl Fertilizer Reccnmnen::3ations for Wheat, 
Central Region, Manitoba, 1987 • • • • • • • • • 49 

Table 20 - Yield Increase Attributable to N Fertilizer at 
60, 75, 80 lbs-Njac arrl a Comparison of Net yield 
Returns at the Different Rates (Based on Table 19) 50 

Table 21 - Estimated Wheat yield Expectations on Stubble Urrler 
''Variable'' Moistl.lre con:iitions with No N 
Fertilization Across MCIC soil Classes, Southwest 
Region, Manitd.. :.:. , 1987 • • • • • • • • • • • • • 54 

Table 22 - Estimated Wheat yield Expectations on Stubble Urrler 
''Variable'' Moistl.lre Corrlitions with No N 
Fertilization Across MCIC soil Classes, Northwest 
Region, Manitoba; 1987 • • • • • • • • • • • • • 55 

Table 23 - EstiInated Wheat yield Expectations an Stubble Urrler 
''Variable'' MOisture con::litions with No N 
Fertilization Across :r1CIC SOil Classes, Central 
Regi on, Manitoba, 1987 • • • • • • • • • • • • 

viii 

56 

.. 



.... 

., 

LIST OF TABlES (a:NrINUATIOO') 

Table 24 - Estimated Wheat yield Expectations on Stubble Urrler 
''Variable'' Moisture Corrlitions with No N 
Fertilization Across MCIC Soil Classes, 
Interlake Region, Manitoba, 1987 • • • • • • • • •• 57 

Table 25 - Fstimated Wheat Yield Expectations on Stubble Urrler 
''Variable'' »:>isture Corrlitions with No N 
Fertilization Across MCIC Soil Classes, 
Eastezn Region, Manitoba, 1987 • • • • • • • • • •• 58 

Table 26 - Average Provirx::ial ~ti.rq Costs for Unfertilized 
N Wheat Production, Manitoba, 1987 •• • • • • • 59 

Table 27 - Detennination of Fertilizer Rates Usi,n;; Marginal 
Analysis, Dry am Moist Moisture Corrlitions, 
M'anitoba., 1987 • • • • • • • • • • • • • • • • • 61 

Table 28 - EKpected yield Responses of HRS Wheat in the Southwest, 
Northwest am Central Regions, Manitoba to N 
Fertilization UI'rler "DrY' Moisture Corrlitions, 1987. 62 

Table 29 - Fstimated yield Responses of HRS Wheat in the 
Sa.Ithwest, Nort.hlNest am Central Regions, Manitoba 
to N Fertilization Urrler ''l-bist'' »:>isture 
Corxiitions, 1987 • • • • • • • • • • • • • • • • •• 63 

Table 30 - EKpected Gross Margins at Different N Rates in the 
Sa.Ithwest, Northwest arx:i Central Regions, Manitoba, 
to N Fertilization Urrler "DrY' M::>isture Corrlitions, 
!IRS Wheat Production, 1987 •• • • • • • • • • • • • 

Table 31 - Fstimated Gross Margins at Different N Rates in the 
Sa.Ithwest, Northwest am Central Regions, Manitoba, 

65 

!IRS Wheat Production, 1987 Urrler ''l-bist'' Corrlitions. 66 

ix 



LIST OF FIGURES 

Figure 1 - canada-Manitoba Crop Insurance Risk Areas am Crop 
Insurance Regions of Manitoba • • • • • • • • • • •• 15 

Figure 2 - yield Irrlexes for Wheat Grown on st:uJ:i:>le by Seed.irq 
Date (1981 to 1985), Manitoba • • • • • • • • • • 16 

Figure 3 - yield Irrlexes of Wheat Varieties (1981 to 1985), 
Manitoba by Seeding Date, Central Region • • • • 18 

Figure 4 - yield Irrlexes of Wheat Varieties (1981 to 1985), 
Manitoba by Seed.irq Date, Salthwest Region • • 20 

Figure 5 - varian::e of Barley yields About Expected yield • •• 41 

Figure 6 - Revenue am Cost Expectations With V~in:J Ieve1.s of 
AWlied N Urrler ''H:>ist'' Moisture Con:litions • • • •• 69 

Figure 7 - Revenue am Cost Expectations With V~in:J Levels of 
AWlied N Urrler "D!:y" Moisture Con:litions • • • • •• 70 

x 



INFURMATION NEEIl3 m Cl10QSING F'ERI'I I,TZER RATES 

1.0. Introduction 

Dramatic drops in CXE1Jl¥'Xlity prices, expected revenues am profit 

margins have forced grain prcducers to make adjustments to their 

fa.nn:in1 operations. In the case of fertilizer aWl ication , optimum 

rates wo.lld have been expected to char¥;Je because of chan:Jed 

relationships between the prices of CXJIDI¥:rlities am the cost of 

fertilizer. Several recent agrio.tl.tural p.lblications in Manitoba, 

Saskatdlewan am Alberta have illustrated heM farmers can fird these 

~ points of potential profit maximization usirg marginal analysis. 

'nl.e degree to which the ecancmics of fertilizer awlication is 

useful in identifyiIq l\¥:)re efficient fertilization strategies depenjs 

on the quality of the information base am the awlicability of the 

analytical methods to the problems at han:l. '!be current econanic 

climate has lent ~ importance, in partio.tl.ar, to the consideration 

of uocertainty am risk when maki.rg fertilizer investment decisions. 

'!his is because variation in net returns, due to variation in yield 

response to fertilizer, rY:M represents a much greater proportion of 

the potential profit margin. Fran a practical aspect, this 

p..1blication tests economic approaches, given the current information 

base available to Manitoba fanners. In addition to a review of the 

methodology, the S't:renfths am weaknesses of the data are identified. 

'lbese are disa1SSed in view of the econanic situation faciIq many 

grain producers today. 
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2.0. Fertilizer Efficiency 

'!he objective of adding fertilizers to crops is to in::rease 

production efficiency. To be economically efficient, hovlever, means 

abtainin:J the greatest total profit from the use of fertilizer inp..Its. 

'!here are really two components of fertilizer efficiency am each 

presents the farmer with a problem to be solved within the current 

information base am his management capability. 

2.1. Efficiency of Fertilizer Recovery 

Efficiency of fertilizer reccNery at arr:t particular 

application rate is much laYer than 100 percent. Fertilizer nitrogen 

recovery, for example, can ran;Je fram 20-60 percent, depen:ii.n:J on the 

weather, the t.i.min;J am placement am the chemical form of the 

fertilizer, but usually is no greater than 65 percent of applied N 

urrler favorable corrlitions (Racz, G., Personal O1rmmmication, 1987). 

'!he managenent decision to be made by the fanoor in maximiz:in;J 

the net econcmi.c return fram fertilizer use requires an assesSIlV"nt of 

his management options in relation to these factors. As presented in 

Table 1, nitrogen recovery of the various fertilizer fonns is 

considered comparable \tJhen recxmm:>med practices are followed. 

Variation in the ran;Je of recovery efficiency hcMever, is less 

established artXIDJ the dif':9reI1t fonns depen:ii.n:J on their ti.m.:1Iq am 

placement. For example, the recovery efficiency of broadcast N 

fertilizer fluctuates llOre widely than barrled fertilization when time 

of application is held constant (Harapiak. et al., 1986). '!he 

fluctuation, due to variable soil am weather corxiitions which can 

lead to ext.reIoo losses of broadcast N suggests greater risk of 
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Table 1 

Irrlexes of Average ReccNery Efficiencies of Selected Nitrogen 
Fertilizers by Time ani Method of Placement, Manitoba 

Method of 
Placenvmt Broadcast 

Fall Sprin:J Fall Sprin:J 

Fertilizer Rect:Nery Efficiency :rmex 

82a 100 93 120 

(41)b (50) (47) (60) 
Liquid N 

82a 100 93 120 
Anm:mitnn Nitrate 

(41)b (50) (47) (60) 

70a 85 93 120 
Urea 

(35)b (43) (47) (60) 

93a 120 

(47)b (60) 

a Relative availability of N for plant growth where sprirq broadcast 
nitrogen has an :in1ex of 100. 

b OVerall recc:Nery efficiency - 50 percent of available N is expected 
to be recc:Nered. 

ScAlroes: Field crop Fertilizer Recx:JllIDE?rrlations for Manitoba, 1986, 
Harapiak, et al., 1986. 
Racz, Personal Q:mmnmication, 1987; ~i1l, Personal 
OJmrm.mication, 1987. 
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efficiency losses, although the actual probability of these events has 

not been established (Racz, G., Personal CornImmication, 1987; McGUl, 

K., Personal Conmnmication, 1987). 

Relative ret:XNery efficiency arrl the degree to which ret:XNery 

deviates frc:m expected are not the only detenn.i.nants of optimal 

fertilization practices. ~ other major factor is the cost of 

placinq the fertilizer which depeOOs on the type of fertilizer arrl 

lOOthcxi of awlication. '!he suitability of certain methods arrl tim.in:;J 

of application also deperrl on specific soil conii.tions arrl pr<Xiucer 

choices in the allocation of time arrl labour. 

'!he manageroont chall~e is to select the best fertilizer option 

fram am:m:J a set of feasible alternatives. Ideally, highest economic 

returns fram fertilization would be a<xx:!I11paI1ied by lowest fluctuation 

in ret:XNery efficiency across variable conii.tions, thereby allowi.rg a 

fcu:mar to predict his fertilization out.c::c::Iroo with greater accuracy. In 

reality, fertilizer manageIOOnt decisions may require a tradeoff 

between econamic returns arrl risks associated with ret:XNery 

efficiency. 

Even prior to consideration of a specific fertilizer option, the 

tim.irq of fertilizer purchase may present q::portunities for oost 

savinq. Table 2 irrlicates that the price discolmt available to 

fanners who p.rrchased fertilizer in the fall (1987) am:Jl1Ilted to about 

$O.03/lb actual N c:arpared to estimated sprinq prices, with the 

exception of aIlIlI¥JI1ium nitrate. l 'll1is price differential represents a 

1 Anmcnium nitrate is beirq clrowed from fertilizer cx:xrpany 
inventories in favour of other forms which are of higher analysis, 
IrQre effective an;Vor require harrllirq of smaller voll.IlOOS. 
Nevertheless, it is included primarily since fertilizer efficiencies 
are still rated relative to broadcast incol:pJration of granular N 
products. 
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Table 2 

Cost of Fertilizer am AWlicator 

Equipnentb Cost 
$/tonnea $/lb N 

lbsN 
Per Broadcast Barrled 

Fertilizer Analysis Fall Sprin] 100 lbs Fall Sprin] Per Acre Per Acre 

LiquidN 28-cr-O 125 145 28 0.20 0.24 3.00 6.00 

Anmalium 
Nitrate 34-0-0 185 178 34 0.25 0.24 3.00 6.00 

Urea 46-0-0 205 230 46 0.20 0.23 3.00 6.00 

Al'lhydroos 82-0-0 235 280 82 0.13 0.16 6.00 

a Manitoba Agriculture Price SUl:vey, fall, 1987 am anticipated prices in sprin], 1988. 

b EKcl\Xiirq lal:x:m'. 



15-23 percent discount (Liquid N or Urea ani anhydrous, respectively) 

on fall-purchased N requ:irerrents. Where fall N application is the 

lOOSt effective alternative, the discolmt may in::rease the quantities 

purchased. In ra;Jions where spriIg ban:li.r¥J is equally effective, 

hcMever, the $0.03/lb actual N price discxmlt may pay fa:rJIerS to 

urrlertake fall awl ication , in addition to easiIg bottlenecks in their 

spriIg operations. 

An annual interest rate of 11 percent on an operatinJ line of 

credit wo.lid create interest costs of $0.01 am $O.015/lb actual N 

(for liquid N or urea am anhydrous, respectively) over the 7 lOClIlths 

between October 1, 1987 am April 30, 1988. Clearly, if estimated 

spriIg 1988 prices are acx:urate, the econ::mi.c choice is to p.n:d:lase 

fertilizer in the fall. Even if held until spriIg, the total 

fertilizer bill f:i.nanca:l at 11 percent2 will produce a saviIg. on the 

other harx:i, a price discxmlt of awraximately 7 percent would have 

made a fanner inlifferent between spriIg am fall fertilizer p.n:d:lase. 

'Ihe actual selection of fertilization al temati ve based on 

recovery efficiencies, requixes two pieces of infonnation. First the 

expected cost to deliver 35 lbs-N recoverable3 d.epen1s on the 

interrelationship anxm:r tmit cost of N, fom, t.imin:J am plaa:mwmt of 

the fertilizer application. As illustrated in Table 3, N saJJ:"CeS are 

characterized by different overall recovery efficiencies. SpriIg 

2 Assumirg that new storage facilities were not required. 

3 Fertilization of seeded stubble acreage in Manitooa averaged 60 
lbs actual N fran 1981-1985. At 50 . percent average recovery 
efficien:::y, this wo.lid have represented 30 lbs-N recoverable aver the 
period. IIXlications are that recovery efficien:y may exceed 50 
percent, on average, in 1988 (Harapiak, personal cxmmmication, 1988). 
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applications tern. to result in higher recovery of N than fall 

applications am barrled applications are nore effective than 

broadcastin:J. Ultimately, a less efficient source of N may be 

economically preferable if its price reflects this lower recovery 

efficiency. 

'!be expected costs per acre of sprin:J am fall, broadcast am 

banied N applications are presented in Table 4. A rankin;J of the 

fertilizer options (Table 5) in:licates that the IOOSt cost-efficient 

choices from the starrlpoint of ICMeSt costs per acre \.U'rler expected 

c:orrlitions are sprin;J am fall barillrq options. If sprin:J barillrq is 

not feasible, sprin:J broad.castirq is nore recovery efficient am less 

costly than fall broadcastirq. Note that sprin:J broadcastin:J to 

deliver the N requirement urrler current price assumptions is less 

costly than fall barillrq, on average (except for anhydrous 

application) am CX'J!J1I?c3rable to sprin;J barillrq of lower analysis N 

sources (Table 5) • 

'!be secorrl consideration is the potential variation in cost 

attributable to fluctuations in recovery efficiency urrler different 

field c:orrlitions. No one fertilization option is superior urrler all 

field carrlitions. A cxmventional asstlll'ption is that, when t.imi.rq am 

application methcxl are held constant, each fertilizer N sa..n::-ce is 

equally effective if :recammerrl.ed. incorporation practices are followed. 

'lh.is is evident from the recovery efficiencies presented in Table 3. 

It is important to note, however, that even if this is true, it 

reflects the average result. Efficiencies urrler specific field 

corrlitions are krlown to vary considerably aII¥:>rq fertilizer forms, due 
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Table 3 

Fertilizer Application Rate, arrl Act:uFU N 
Requirements 'lb SUpplyCi lb-N Recoverable 
Based on Expected Recovery Efficiencies 

Broadcast 

Fertilizer Fall Spr:in:J Fall Spr:in:J 

Liquid N Ratea 304 250 269 208 
(28-0-0) lbs-Njach 85 70 74 58 

Amnx:mium Nitrate Ratea 250 206 218 171 
(34-0-0) lbs-Njach 85 70 74 58 

Urea Ratea 217 179 161 126 
(46-0-0) lbs-Njach 100 82 74 58 

Anhydrous Ratea 90 70 
(82-0-0) lbs-Njach 74 58 

a 35 lbs-N recoverable represents an actual N rate of 20 lbs-N, with 
50 percent recovery efficiency. 

b Total lbs of fertilizer required per acre. 

c Actual N equivalency levels needed to supply 35 lbs-N recoverable, 
given relative an1 overall recovery efficiencies (Table 1). 

8 



Table 4 

Quantity (llis/acre) arrl Costs ($/ac) to Deliver 35 llis-N 
Recoverablea N Per Acre With Different Fertilizer Forms, 

T:ilni.rg arrl Plac:elrel1t 

Broadcast Ban:led 

Fertilizer Fall SpriIY:J Fall SprinJ 

lbs-N/acfJ. 85 70 74 58 
Coot/ad> $20.00 $19.80 $20.80 $19.92 

28-0-0 

lbs-N/acfJ. 85 70 74 58 
Coot/ad> $24.25 $19.80 $24.50 $19.92 

34-0-0 

lbs-N/acfJ. 100 82 74 58 
Coot/a& $23.00 $21.86 $20.80 $19.34 

46-0-0 

82-0-0 lbs-N/acfJ. 74 58 
Coot/a& $15.62 $15.28 

a 35 lbs-N recoverable represents an actual N rate of 70 lb-N, with 50 
percent recovery efficieocy. 

b Actual N-equivalency levels needed to SUWly 35 lb-N recoverable, 
given relative arrl overall recovery efficiencies (Table 1) • 

c Coot of selected fertilizers at calculated price per lb-N. 'Ibis 
includes the cost of broadcastin;J = $3/acre arrl barrlinJ = $6/acre 
(excltlCiin;' labalr). 
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Table 5 

Expected Costs ani Variation in Costs of 
Selected Fertilizers, Tim.:irxJ ani Method of AWlication 

to Delive:ry 35 lbs-N Recoverable 

Fertilizer Fertilizer 
Option Analysis Practice Rate/Ac 

1. 82-0-0 Spring Bani 70 
2. 82-0-0 Fall Bani 90 
3. 46-0-0 Spring Bani 126 
4. 28-0-0 Spring Broadcast 250 
5. 34-0-0 Spring Broadcast 206 
6. 28-0-0 Spring Barrl 208 
7. 34-0-0 Spring Bani 171 
.8. 28-0-0 Fall Broadcast 304 
9. 28-0-0 Fall Barrl 269 

10. 46-0-0 Fall Bam 161 
1l. 46-CH) Spring Broadcast 179 
12 .• 46-0-0 Fall Broadcast 217 
13 .• 34-0-0 Fall Broadcast 250 
14. 34-0-0 Fall Barrled 218 

a Ranked where 1 = laNer variation urrler field c:xmlltions: 
3 = higher variation urrlerfield c:xmlltions. 

Actual 
lbs-N/Ac 

58 
74 
58 
70 
70 
58 
58 
85 
74 
74 
82 

100 
85 
74 

Estimated 
Cost/Ac 

($) 

$15.28 
15.62 
19.34 
19.80 
19.80 
19.92 
19.92 
20.00 
20.80 
20.80 
21.86 
.23.00 
24.25 
24.50 

Relativea 
Variation 

In 
Fecovery 

Efficiency 

1 
2 
1 
3 
1 
1 
1 
3 
2 
2 
2 
3 
3 
2 



to the chemical properties of the N carrier am differential responses 

to temperature, moisture, am soil factors. 

'nle problem em=rgirYJ here is that different ranges of recovery 

efficierq for different forms, timi..rq am application methods are 

possible or even likely, but urquantified at the present time. In 

Table 5, the last column is an estllnated ratirYJ of reccNery variation 

reported in the literature. Of the top ten, sarre low cost options may 

perform less consistently than others. Although there is little 

information presently available to discern differences in variation in 

reccNery efficierx:y, the iInplications for fam manag~t are 

significant. 

F.et:xNery efficiencies are rot calibrated to specific field 

corrlitions in a manner which allows economic evaluation of the 

relative risks of usirYJ particular N sources, or methods for actual or 

anticipated field corrlitions. Fanners, therefore, could benefit from 

schedules of the recovery probabilities am potential cost variations 

of these practices. Clearly, an ineffective choice of fertilization 

option may invalidate the level of fertilization decision based on 

yield response. 

2.2. Ibvsiological Efficiency 

'nle secon:i measure of fertilizer efficiency, physiological 

efficierq, refers to the level of realized yield per unit of 

fertilizer recovered. '!his c:arrponent is generally not distID;juished 

in fertility trials, but has a direct bearirYJ on varietal iInprov~t 

because sane cul.tivars are m::>re efficient in convertl.rq fertilizer 

into harvestable yield. 
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At the present time, physiological efficiency pertains lOOStiy to 

the use of nitn:qen because it is the only nutrient for which yield 

response is calibrated to the level of fertilization in Manitoba. '!he 

ability to choose varieties on the basis of production values , given 

quantities of fertilizer recovered, has the potential to increase net 

economic :returns. 

'!he infonnation base available to Manitoba faJ:'lOOrS on 

physiological efficiency is characterized by gaps am deficie.rcl.es. 

'!he majority of :research has focussed on alt.erirg N recovery 

efficiency rather than {ilysiological efficiency to illIprove yields for 

field crops grcMIl in the provi1x::e. Nevertheless, lilnited :research 

in:licates potential areas for inc:reas.in:J yield :relative to quantity of 

N recovered (yield :refers to both grain quantity am grain quality). 

Where grain protein content is an illIportant factor in market.in:J, 

plot testin;J (Gehl, et al., 1986; 1987) suggests that the ratio of N 

recovered in hal:vested versus rxm-haJ:Vested CCIIIpOneIlts (i. e. the 

hal:vest iIrlex) of semi -dwarf cereal crops may be higher than 

conventional hard red spri.n;J (HRS) varieties. Morever these studies 

in:licate a positive correlation between levels of grain protein yield 

am grain yield. If greater N translocation has the potential to 

increase grain protein concentration at higher grain yields an:l 

fertilizer rates than previously considered possible it could have a 

significant impact on grain breedirq prograns.4 In the past, plant 

4 'lhe:re is :research to suggest that varietal selection for grain 
protein content has oot been adequately focussed on protein content 
response to varyi.n;J rates of N fertilization, particularly at high N 
rates (see Racz, 1983). 
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breeders have sacrificed yield potential to ensure quality starrlards 

of HRS wheats because the rate of increase of grain yield typically 

exceeded that of protein yield, resul~ in ICMer overall protein 

c:xm::entration levels (Baker am TaNnley-Smith, 1986; F'cMler, 1986). 

Where the crop is not used prilnarily as a protein source, the 

content of the hazvested product is less ilnportant. Soft, utility, 

winter am semi -dwarf wheats all produce llX)re grain per ll:>-N 

fertilizer than c:xmventional HRS wheat varieties when N is the 

limitinJ factor in plant~. Similarly, Bedford am Heartlam 

six-:t'OVl feed barleys a.rt yield Bonanza, a six-:t'OVl mal~ variety in 

Manitoba (Gehl et al., 1986), which is often sold for feed. Clearly, 

the producer requires infonnation on the Ii'lysiological efficiencies of 

particular varieties, related to the market~ opporttmities he wishes 

to p.rrsue am the levels of fertilizer he chooses to apply. 

Improved physiological efficien::y may be managed if the effect 

of t.i:miIq fertilizer awlication, method of placement am field 

corrlitions can be related to N translocation in the plant hazvestable 

parts. In Manitoba, split N application may increase the potential 

for achiev~ high protein wheat yields, but research results have not 

been consistent urrler Manitoba can:ti.tions (Alkier et al., 1972). 

No mention has been made in the literature of the variability of 

Ittysiological efficiency over a rarqe of field can:ti.tions. Risk­

reduc~ production strategies ~d entail the choice of crops am 

varieties with high yield responses to given levels of N fertilization 

with relatively ICM variability urrler adverse climatic corrlitions. 
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Finally, seedin'":J date plays a role in the yield response of 

cultivars to N fertilization (Nelson, 1986). Average yields on 

stubble vary rct. only by week of seeding but also by region (see 

Figure 1) curl Cl:q>, as ~ A, Tables A.l to A.5. illustrate. It 

is asstnned that fertilization levels were comparable between earlier­

seeded curl later-seeded crops. yield irrlexes for wheat grown on 

stubble in the five regions of Manitoba over the period 1981 to 1985 

are presented grapucally in Figure 2. 

certain varieties of wheat also appear able to achieve yields 

cloSer to the regional average, given later seecUDJ dates (.An1:rews, 

1986) • For example, Benito yield imexes after secorrl week seeding 

dates in May tern to be closer to the regional average than Neepawa in 

the Central (Table 6 curl Figure 3) curl Soothwest regions (Table 7). 

Oil the other harrl, Glenlea yield irrlexes on later seeded acreages 

match or exceed yield irrlexes of Benito in the Soothwest (Figure 4). 

caution in the interpretation of these tables curl figures should be 

emphasized in view of the limited rnnnber of years of data available. 

In general, varieties that respord well to later seeding dates 

improve the fertilizer efficiencies for given levels of fertilization. 

A producer \oJOUld wish to knc:M if a variety with a higher Iilysiological 

efficiency overall is likely to be out yielded by a variety with a 

1a.Je.r physiological efficieucy for given seeding dates in his locale. 

'Ihls applies rct. only to wheat varieties; in recent years the realized 

yields of Polish canola are reported to be higher than realized yields 

of Argerttina caIX)la, although Iilysiological efficiencies ~ly 

favour the latter. 
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Figure 1 

canada-Manitoba Crop Insurance Risk Areas and 
Crop Insurance Regions of Manitoba 
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Table 6 

Yield Irrlexes of Wheat Varieties (1981 to 1985), Manitoba 
By Seeding Date, Central Region 

Average 
April May May May May June Yields 

variety Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 (W/ac) 

Neepawa 
(81-85) 1.08 1.03 0.99 0.94 0.83 0.71 37.5 

Benito 
(81-85) 1.06 1.03 1.00 0.98 0.88 0.84 37.8 

Glenlea 
(81-85) 1.06 1.04 0.99 0.94 0.87 0.75 41.6 

Columbus 
(83-85) 1.03 1.05 0.98 0.93 0.83 0.74 37.5 

KateJ.:Ma 
(84-85) 1.06 1.03 1.01 0.91 0.89 0.71 42.4 

Source: Arrlrews, Personal Connmmication, 1987. 
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Table 7 

Yield IOOexes of Wheat varieties (1981 to 1985), Manitoba , By SeedinJ Date, Southwest Region 

Average 
April May May May May June Yields 

Variety Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 (bu/ac) 

Neepawa 
(81-85) 1.08 1.03 1.01 1.00 0.91 0.81 31.6 

Benito 
(81-85) 1.04 1.01 1.02 0.99 0.95 0.87 31.6 

Glen1ea 
(81-85) 0.98 1.06 1.05 0.99 0.94 0.90 33.5 

ColUllll:xJs 
(83-85) 1.05 1.02 1.01 0.97 0.92 0.89 31.6 

KateI:Ma 
(84-85) 1.03 1.01 1.01 0.97 0.91 0.82 36.3 

Source: .Arrlrews, Personal cammmication, 1987 • 
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2.3. yield Efficiency 

'!he canI!lX)n focus of fertilizer :reccmnnerrlations is yield 

efficiency defined as yield increase per unit of applied fertilizer. 

yield efficien::y, in fact, is the product. of fertilizer recovery 

efficiency am physiological efficiency. As the previous two sections 

have irrlicated, the variability of these efficiencies is sensitive to 

field can:litions am varietal selection. 

In addition to seed variety am level of N recavery, further 

variability in yield efficiency is created by grcMin:J con::litions in 

arr:t particular year, of which the lOOSt influential is lIOisture 

availability. yield efficiency analysis consists of the calibration 

of yield responses to fertilization rate am lIOisture oorrlitions. 

Dete:nni.nation of optbna.l econamic levels is based upon an in1ex of the 

return from additional production in relation to the inc::ren¥:mtal. cost 

of added fertilizer. 'lhis decision-assist.in:.1 approach will be 

discussed in detail later. 

From a management perspective, the producer should select his 

fertilization-yield oojective based upon an estimate of N recavery, 

adjust:m:mt for Iilysiological factors am their management am 

expectation abcAIt the impact of the TNeather. '1hese three areas 

contribute to yield variability in:iepen:1ently am the con::litions which 

optimize N recovery, for example, may not be ideal for plant growth or 

Iilysiological response. 'lhis suggests that fertilizer decisions on 

the econamic impacts of canbinations of these factors should be 

jointly determined. 

21 



'Ihere are significant components of yield uncertainty associated 

with fertilizer use. yield efficiency analysis in the prairie 

provinces IUlTpS these components into an aggregate estilnate of 

fertilizer-yield relationships. '!he furrlamental question is how the 

current info:nnation base of yield responses to fertilizer assists 

fanners in makirq gocx:i economic decisions abcut fertilizer use. In 

particular, the C'baracteristics of yield uncertainty are a primaJ:y 

economic COncen1 since there is a desire to manage the tradeoff 

between profit potential ani risk. 

2.3.1. calibration of yield Response to Fertilizer 

In Manitoba, yield responses are estimated for 

IroSt field crops only with respect to the level of nitrogen (N). 

Actual calibration of yields to level of N fertilization is provided 

by the provincial soil testin:J laboratOry for wheat, barley, oats, 

com, sunflowers, flax ani canola. '!he reccamnerrled N rates for the 

other crops are based on rrutrient requirements to attain their growth 

potential ani are presented as stan1ard target rates. Adj\l.StIoonts in 

yield potential are made by regional lIDistu:re iIrlex ani soil type 

across the province for wheat, barley ani oats (Table 8). Attempts to 

calibrate yield response of other crops to lIDistu:re have not been 

reliable to date (Racz, Personal Communication, 1987). 

Note that the ulIDisture m::xlified" yield iIrlex varies with level 

of N fertilization ani lIDisture carrlitions. With no N fertilization, 

soil N reseJ:Ves are ~ to provide ~rable yields over 

"irrigated, lIDist ani dly'llIDisture con:litions ani approxi:mate1y 88 

percent urrler arid corrlitions. '!he spread in yield potential between 
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Table 8 

Iniex of yield Responsea in Relation to Moisture Corrlitionsb 

At 1987 Provincial Soil N Levels 
With lbs-N/ac Applied to Produce 
Maxinrum yield Response 

Wheat 
Barley 
oats 

At 1987 Provincial Soil N Levels 
and Zero lbs-N/ac Applied 

Wheat 
Barley 
oats 

At 1987 Provincial Soil N Levels 
and 67 lb-N/ac Applied 

Wheat 
Barley 
oats 

Irrigation Moist Dry Arid 

100 
100 
100 

100 
100 
100 

100 
100 
100 

85 72 
92 76 
92 76 

100 99 
100 99 
100 99 

97 89 
100 92 
100 92 

57 
59 
60 

91 
86 
87 

75 
75 
76 

a In this table, the base used. is the target yield urrler "irrigated" 
m::>isture corrlitions for each crop at each level of available N. 

b In:iexes may be calculated usinl arr:/ m::>isture corrlition as a base. 
o:mvert wheat yields to a ''mJist'' base for 1987 Provincial soil N 
levels and 67 lbs lbs-N/ac awlied as follCh1S: 

Wex 
~ x 100. 

Source: Target yield Tables, Manitoba Provin:::ial Soil Testirq 
Laboratory, 1982. 
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lOOisture classes widens substantially at higher N fertilization rates, 

irrlicating that variation in yield response due to noisture is likely 

to increase at higher fertility levels. 

1he degree to which the fertilizer management strategy irrlicated 

above may be iInplemented is limited by the quality of the yield 

response infonnation available. At present, yield effects of chan;Jes 

in fertilizer rates have been estimated errpirically only for nitrogen 

on the seven crops in:licated. Inplicitly, the fertilizer 

:rec:xmrerrlation assumes knowledge of soil nutrient status. Management 

decisions made without soil test infonnation, in of themselves, :i.np:>se 

greater risk on the fann operation in targetinJ yields am net retums 

to fertilizer use. 

For a given region, yield calibrations reflect soil N resaves, 

noisture irxiex am rate of applied N. yield responses to N exhibit 

diminishirq marginal productivity at higher rates am at higher soil N 

reserve levels. Moisture classification adjusts yield targets UIMard 

substantially from arid to ideal corrlitions. 

2.3.2. Predicting yields 

Target yield fertilizer :rec:xmrerrlations of the 

Man! taba provincial soil test.iIq laboratol:y (MPL) for field crops are 

not i.nt.erxied to be yield predictions. 1he levels of fertilizer 

specified fulfill the rrutritional requ.ireIIents of the crop, whereas 

the yield target is an attainable goal urrler favorable corditions. 

Although wheat, barley arxi oats :rec:xmrerrlations are further JOOdified 

to reflect "average" noisture levels; even then, a variety of fact:Ors 
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which influence grc:Mt:h re5lX>l15e on specific acreages are not accounted 

for. In this context, fanners should recognize that: 

1. the accuracy of yield targets am fertilizer recx::mmerrlations 

on larrls which are soil tested is directly related to the presence of 

"average" c::on:litions for which MPL adjusts for; 

2. other factors which cause variation in yield potential am 

l'n.ltritional requj.rene1ts are either not known or unadjusted for on 

specific soil tested acreages; am 

3. application of soil test recx::mmerrlations to lams which have 

not been soil-tested can multiply the errors inherent in (1) am (2), 

above. 

It is often not possible to attribute yield effects to specific 

factors in (1) am (2). Many soil rhysical factors :in:1irectly affect 

yield perfOJ::llla.I'¥:e; primarily, by causirq deviations in l1¥)isture 

availability fran "average" con:lltions. In other instances, soil 

characteristics may influence the level of plant available N, causirq 

it to differ from IOOaSUred soil N resenre level. .An:i superi.np:)Sed on 

these fertility constraints to attainirq yield potential are the 

vary:irq management capabilities of different producers. 

As illustrated in Tables 9 to 13, it is remarkable heM closely 

target yields based on reg-ional soil N resenres reflect reg-ional yield 

experience, given thecanplexity of yield response factors am their 

interrelationships. Nevertheless, fran an irrlividual farmer t s 

perspective, there is further need to 1m:M heM accurately target 

yields predict yield potentials on specific acreages am what pattern 

of yield responses are characteristic of larrls of differ:irq production 
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N 
0"\ 

Soil Class 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Weighted 
Averages 

a Based on 

Table 9 

COmparison of Actual yields with Target Yields Based. on N-Rates 
Manitoba Provincial Soil Test:.inJ laboratory, stul::ble Wheat, 1985' 

Sout:h.west Region - "Ory" Moisture In:iex 

(1) (2) (3) (4) (5) (6) 
Yield 

Expecta MCIC IDs N 
(N Res) 1985 App. Target Y Y Y/ N 
1985 yield 1985 (Dry) (2) -(1) (5)/ (3) 

-
39.8b 41.8 58 40.0c 2.0 0.03 
38.9 40.3 57 40.0 1.4 0.02 
38.0 39.0 57 40.0 1.0 0.02 
38.2 41.8 54 39.8 3.6 0.07 
33.2 34.9 43 39.4 1.7 0.04 
32.6 34.1 46 39.5 1.5 0.03 
30.9 31.1 46 39.5 0.2 0.01 
28.6 28.6 49 39.6 0 0 
26.1 

36.8 38.9 53 39.8 

(i) Regional soU N resealXh = 61.4 1bs N/ac in sprin:], 1985; am 
(ii) Dist.riJ:ution of yields across soil classes, crop insurance data, 1981 to 1985. 

b Acres > 5000. 

c IE:"ived fran Target yield Tables, 1982. 

(7)_ 
1985 Y 
Minus 

Target 
(2) -(4) 

1..8 
0.3 

-1.0 
2.0 

-4.5 
-5.4 
-8.4 

-11.0 

Source: Manitoba Crop Insurance Corporation (MCIC) am Manitoba Provincial Soil Test:.inJ laboratory. 



N 
-....J 

soil Class 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Weighted 
Averages 

Table 10 

0Ep3risan of Actual. Yields with Target Yields Based on N-Rates 
ManitOOa P.rovi.rY=ial soil Test.in:J L3l:x:>ratory, stubble Wheat, 1985 

Northwest Region - ''MDist" MJisture Irrlex 

(1) (2) (3) (4) (5) (6) 
yield 
~ MCIC IbsN 
(N Res) 1985 App. Targety 
1985 yield 1985 (Moist) Y Y/ N 

(bJ/ac) (bJ/ac) (lbs/ac) (bujac) (2) -(1) (5)/(3) 

38.gb 
33.0 41.5 56 43.5c 8.5 0.15 
34.8 42.3 60 44.0 7.5 0.13 
34.0 41.7 60 44.0 7.7 0.13 
32.3 37.7 57 43.6 5.4 0.09 
31.0 35.9 58 43.8 4.9 0.08 
29.4 35.0 57 43.6 5.6 0.10 
29.9 

33.2 40.0 58 42.5 

~ 

(7) 

1985 Y 
Minus 

Target 
(2) -(4) 

-2.0 
-1.7 
-2.3 
-5.9 
-7.9 
-8.6 

a Basej on: (i) regiCXlal soil N reserve = 49.0 lbs N/ac in sprirq, 1985; (li) distribution of yields 
across soil classes, CIq> .i.nsurarre data, 1981 to 1985. 

b Acres > 5000. 

C Derived fran Target Yield Tables, 1982. 

Sarrces: ManitciJa Crql ~ COl:poration (MCIC) am ManitciJa Provincial soil Test.in:J laboratory. 



Soil Class 

A 
B 
C 
D 

N E 
co F 

G 
H 
I 
J 

Weighted 
Averages 

Table 11 

Ccmparison of Actual Yields with Target yields Based on N-Rates 
Manitoba Provincial Soil TestirxJ laboratory, stubble Wheat, 1985 

Central Region - ''M:>ist'' Moisture In:lex: 

(1) (2) (3) (4) (5) (6) 
Yield 

Expect MCIC IbsN 
(N Res)a 1985 Aw· Target¥. Y Y/ N 
1985 yield 1985 (Moist) (2) - (1) (5)/ (3) 

36.7b 48.2 66 45.2c 11.5 0.17 
36.5 49.5 68 45.3 13.0 0.19 
35.9 50.4 70 45.4 14.5 0.21 
34.2 49.0 70 45.4 14.8 0.21 
32.7 47.1 68 45.3 14.4 0.21 
31.5 44 .• 8 63 45.1 13.3 0.21 
29.4 42.2 61 45.0 12.8 0.21 
25.6 37.4 56 44.9 11.8 0.21 
24.8 

33.4 47.6 68 45.4 

(7)_ 
1985 Y 
Mirrus 

Target 
(2) -(4) 

3.0 
4.2 
5.0 
3.6 
1.8 

-0.3 
-2.8 
-7.5 

a Based on: (i) reg-ional soil N reserve = 54.3 lbs N/ac in sprinJ, 1985; (ii) distribution of yields 
across soil classes, crop insurance data, 1981 to 1985. 

b Acres > 5000. 

c r:erived freul Tal:get yield Tables, 1982. 

Sources: Manitoba Ctq:> Insurance COl:poration (MCIC) am Manitoba Provincial Soil TestirxJ laboratory. 
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\.D 

soil Class 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Weighte:l 
Averages 

Table 12 

Comparison of Actual yields with Target yields Based on N-Rates 
Manitoba. Provincial Soil 'l'estirg Laboratory, stubble Wheat, 1985 

Interlake Region - ''Moist'' Moisture Irrlex 

(1) 
yield 

Expecta 
(N Res) 
1985 

31. 7b 

33.2 
31.5 
29.4 
28.7 

31.3 

(2) 

MCIC 
1985 
yield 

36.8 
39.9 
38.4 
35.5 
36.2 

37.3 

(3) 

Ibs N 
App. 
1985 

62 
61 
59 
56 
56 

59 

(4) 

Target Y 
(Moist) 

44.2c 

44.1 
43.9 
43.5 
43.5 

43.9 

(5) 

Y 
(2) -(1) 

5.1 
6.8 
6.9 
6.1 
7.5 

(6) 

Y/ N 
(5)/ (3) 

0.08 
0.11 
0.12 
0.11 
0.13 

..-

(7) 
1985 Y 
Minus 
Target 
(2)-(4) 

-7.4 
-4.2 
-5.5 
-8.0 
-7.3 

a Based on: (i) regional soil N reserve = 50.7 lbs N/ac in spr~, 1985; (ii) clistrirution of yields 
across soil classes, crop insurance data, 1981 to 1985. 

b Acres > 5000. 

c ~ived fran Target yield Tables, 1982. 

Salrces: Manitoba Crop Insurance Col:pOration (MCIC) an::! Manitoba. Provincial Soil Test~ Laboratory. 
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o 

Soil Class 

A 
B 
C 
o 
E 
F 
G 
H 
I 
J 

weighted 
Avel:.ages 

(1) 
Yield 

-
eN Res) 
1985 

31. 4b 

32.9 
31. 6 
25.2 

31.8 

(2) 

ICIC 
1985 
yield 

43.2 
43.6 
44.6 
37.0 

43.5 

(3) 

Ibs N 
ARl· 
1985 

69 
71 
75 
46 

71 

,e 13 

yiel.ds 8ilSeC1 en -
lah H at:xny, St::ubble loibeat, l.985 

- ''It:rist'' Ibi.st:ure J:l1:ie¥ 

(4) 

Target Y 
(l'bist) 

44 .~ 
44 . 7 
44 .9 
41.7 

44.8 

(5) 

Y 
(2) - (1) 

u .s 
10.7 
13.0 
U.S 

(6) 

YI N 
(5)/ (3 ) 

0.17 
0 .15 
0 .17 
0 .25 

(7)_ 
l.98.S Y 

(2)- (4) 

- 1.4 
-1.1 
-0.3 
-4.7 

a Based em: (i) reqiooal. soll N reserve = 46.3 ll:s N/ac in spr:ing, 1985 : (ii) distril::ut.i.a'l of yields 
across soil classes, c:rcp insln::'arDe data, 1981 to 1985. 

b Acres > 5000. 

C Derived fran Target Yield Tables, 1982. 

SOUrces : Mmi tdla Crop :rnsuranoe Ca:cfXlratiem (lirIC) am K:mi tcba Pr<:m.n::ial. Soil 'I.'est.in:J I.abaratory. 



capabilities. In the on::tent eoa anic climate, _UX14 i of soil 

infarmatian may be instrumental in assi.st.i.n;J other f to 

better fertil izer decisioos, even if they have nat soil tested to 

date. 

Corparatioo (lCIC) ~ of yield have 

t.arget yield that ~d have 

c:apred with 

provird.alsoil testing laboratory DaSlac1 crt regia1al U N ,...,..,.-,..,.-

'n1a di.stri1::utia1 of &etua.l yields has t\.trthar in t-Wl_ 

of the 10 ICIC soil cl asses in 5 regia1S (Figure 1) 

~ target yields based crt )an,m regiooal soil N 

average fertilization k7j soll class and Jroist.ure cxni1 t.ia'lS . 

'!he year 1985 was selected as one in '\Iohl.c:h CjtUJ1..rq oan.11t1.cns 

were generally f avorable provi.noe-wide ard ane in \oh.ich actual yi dis 

had a gocd c::h.:ln::e of awroac:hlrq target yield levals. y14ld 

expectations in CXllumn (1) in Tables 9 to 13 

cala.l.latin::J yield i.rrlexes across the soU classes relatl to 

re-Jianal weighted average over the period. 1981 to 1985 . In Tab1 11, 

far ex.cmple, the weighted average yield in CXlIUlll'l (1) is door! frail 

the provirx::ia.l target yield tables , 8SfDnn1rq cx:nrt.ant ooU N \"'o'WlI""1"'I.J~ 

level of 54. 3 lbs-N/ ac ar.d '''moist " moisture cordi ti.cns . 'Ihi..o rag i.alAl 

average an:l histarical. yields , 1981 to 1985 , are used to ilDll 

yield ~ by soil class . 5 

5 
Avenqe Yield far 

Yield Expectat1.at.. soil Class. 1981 to 1985 
for Soil Class , 1985 Weighted :verago Yield 

(All Soil Classes , 1981 to 1985) 

1 
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Cbl (4) of the tabl ret:r.re1lIeJ'l1:S the target yield that woold 

rtXlCIIIaen::1ec2 by the provincial soil test la:boratory, baSEd an 

1a\IU il N ard the rate of N fertilizer applied in 1985 

(Cb1umn ( 3». Tabl 9 to 13 inticate, regicnal yield ~tians 

ocxn:espcn1 reasooably well with average 

'IhB data wwld irdicate 

approadled 1.dea.l in the Central ani Eastem 

in 1985 . 

of actual. versus target yields by MCIC soil class 

() 'fields ina substantially ani consistently fran class A 

to Jin at l east as great as the yield responses 

within cl,QUIIAZI to N fertil ization. 'Ihese differences ~d ~ to 

CI'\ly 

c 

1y attril:utable to nutrition, since the N rates across 

~..u within regioos are rea8OI:1a:"\bly consistent (Cblumn 3, 

Tabl 9 13 ) . 

(b) yi d in:xeases attributable to N fert.il.izatian are 

(c) 

soil cl asses within regions. '!his 

1 known to M:IC am is .i.tt:o%porate1 in its 

ust:marrt: meche.nism. 6 

C il cl~:s 

are ~ by actual yields in the uwer 

8.')(Ceecl actual. yields in lQtJ9.r ICIC soil classes. 

Directar, Manitdla Crc.p Insurance 
tion, 1981 . 
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'nle patte.ms exhihi ted CXlnSistent across re;:J ic.ns and y 

reflect prd:>l in ertillty &.n:Vor isture iM1ll.abUity asa.asszll9l1t: 

Noise factors, such AS pcx::kets of e:xceedin:jly high soU N reserves in 

the Southwest an:1 ~i in Inte.rl.l1kD in 1985, have 

prdJably made the magnib.de of yia.ld to N 

fertilizaticn mean.in;Jless . Neverthel.ess , 

varlc:us soil cl asses are real al t:.l'lt::u1h 

identifiable based CI'1 the data presented . 

differirq yio.lds in the 

ly 

At least two possibl e e:xplanaticras are j J1!Tlfld lAtely apparent. 

First, fertility in each soil class y masked by avangirq of 

soil N reserves to the regiCl18.l level . 'Ihat is , Wividual soil tests 

may have irdicated higher soU N reserves in il claBA8S A to E 

(Table 9) an:! lower soil N reserves in soU ~__ po an:1 1 In 

this case I the stat.ist:.1.cal calculat.ials d ob:nlro initial ly 

different soil N reserves in all soU c) asses in all re;:J ions . 

Ref~ to an in:tividual prrx'uc')Iar ' s soU test results an.:1 il cl 

wo..lld s:uwart or reject this e><planatial . It would awear hc:J..ouvur, 

that at l east sane farmers 104'lo e.uploy soU t:..est.in} use tho soil N 

rese.rve as.sess:aeut rather than the target. y iald roo .... oeu1atioo as 

their guide to fertilizer requ1.reme.nts (Farmer SUrvey I 

1987) • In this event, not all of the different.1.al. Y 

1MCW.d seem to be attrlb.rtable to cUfferin;J soil N leval.s , 1rd1catirq a 

need for f'Urther refinement of the target yield calibratial plOOOll8 . 

Secx:Irrl, it is also likaly that at 

variaticn in yialds across soil cl asses at the 

attributable to d.1.tfer1n:} tert.llity not to N .L&.nI"~ 
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instance , 8 pttdlJOer usinq soil test data presented here would cb;erve 

capabUi at the varlc:us soil classes arrl set 

ie y1 ~ for his own projuction. 

In 0\lDID8.t"Y , it Y be oonc::l\Xled that the information base for 

rec:x:moen::Jatial is still too generalized to provide yi 

for ifie field cxn:titicms. '!he effect of 

of field crops qt't1om in the prairie 

is n:Jt pnd1ctable, in t.enDs of the fact.ors 'Which determine 

to the l ack of adequate data arrl/or an urrle:rstarrlir 

of timshi involved (also see watt a:rrl Artlrur, 1987). 

2.3.3. Variability of Yields Abc¢ Targets 

Rsgianal y ield variation across MCIC soil classes 

obvi i:nplicati f or farm-level decisions al::a.tt fert.illzer 

ttl field soil t:est.irq does rX1t appear to adjust target yields 

tor many factors 1nq yield potential to vary ootween class A to J 

A applyin} 53 lbs-N/ac (reqional average) in the sw 

ion in 1985 co.1ld have had actual. yield e>cpectatians for barley on 

in'J tra4 44.1 to 66. 8 bJ;'ac I depen:ii.rq on soil class urder 

oon::li ti (Table 14). Similarly, st:l.ll::ble wheat 

y i ds in central region wc:W.d have had potential variation fran 

33 . 4 to 49 . 7 bu/ c across MCIC soil classes urder noist can:lltions 

(Tabl 15) at 68 lbs-N/ c (reqianal average). 'lhls is to be 

mgi 

1nq J«:IC 

with ialal t yields of 63.0 arrl 45.2 h.Vac for 

t, ve.l.y, for the N ~lication rates in the 

yield in:1ex- adjusted target values 

COl"'t"A!1'.Int':i1'Jdg better to the actual yields cb;erved 

3 



Table 14 

Target Yields for Barley Based 00 MjUS't:l!e1ts for 
Yield variatioo Across M:1C Soil Cl ass 

1985 Soil N Resel:Ves an:1 1985 F'ert.iliutioo Rates 
O"tn£Y'red with Actual V ields in 1985 

Southwest PJ3g ioo, Kani toba 

Soil Class Mjusted Yields tor 
J.k>isture o:nll tiens (bu/ ac) a Act:ual Actual 

M.::IC 1981- 85 .\W1ied Vi <is 
Soil Yi eld 1985 1985 

Class rroexb Irrigatioo J.k>ist Dry Arid (lba/ac) (bu/ac) 

A 
B 106 66 . 8 66 . 8 61.5 50 . 1 58 63 . 5 
C 105 66 . 2 66 . 2 60 . 9 49 . 7 57 62 . S 
0 104 65 . 5 65 . 5 60 . 3 49 . 1 57 61.9 
E 101 63.6 63 . 6 58 . 5 47 . 7 54 . 7 
F 91 57.3 57 . 3 52 . 7 43. 0 53 55 . B 
G 89 56 . 1 56 . 1 51.6 42 . 1 43 . 8 
H 86 54 . 2 54 . 2 49 . 9 40 . 7 46 8 . 9 
I 83 52 .3 52 . 3 48 . 1 39 . 2 46 48 . 8 
J 70 44 . 1 44 . 1 40 . 6 33 . 1 49 2 . 6 

Weighta1 
Averages 
(bJ./ac) 51. 1 63 . 0 63 . oC 58 . 0 47 . 3 53 60 . 7 

a 1985 regional soil N reserves - 61. 4 lba-N/ac (69 Kq/ha) , 1985 
average applied N - 53 lOO/ac (59 . 6 Kq/ha) . 

b Regicnal waightOO average y ield - 100. 

C Regialal target y i eld is calculated to be 63 . 0 bu/ac Ull:iBr avuraqo 
,~ist" JlX)isture cx:n:liticrss . Reoc:nst.ru::::ioo or ta.rgct yi lds to 
JlX)isture variatioo use the tollorwirq irdexes : 1rrigatioo - 100 , 
lIDist = 100 , dry &:I 92 , arid - 75 / at 60 lbs awlied N (see Tabl 8) . 

Sooroe: Target V ield Tables , Kani toba Prov 1.rcW Soil Tostirq 
Laboratory , 1982 . 
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Table 15 

Tal:q or t a1 Adjustments for 
Y variation Across MCIC Soil Class 

1985 Soil H Reserves 1985 Fertilization Rates 
~ with Actual Yields in 1985 

Central Region, Manitoba 

Soil Class Adjusted Yields for 
Mo1.sture Corrlitions (bJ.,Iac) a ActUal N Actual 

M:IC AWliErl yields 
Soil 1985 1985 

Cl Irrigation Moist DIy Arid (lbs/ac) (bl/ac) 

b 

A 110 1.3 49.7 49.3 38.3 66 48.2 
B 109 50 . 8 49.3 45.4 38.0 68 49.5 
C 107 49 . 9 48.4 44.5 37.3 70 50.4 
0 102 47 . 5 46.1 42.4 35.5 70 49.0 
E 98 45 . 7 44.3 40.8 34.1 68 47.1 
F 94 43.8 42. 5 39.1 32.7 63 44.8 
G 88 41.0 39.8 36.6 30.6 61 42.2 
H 77 35. 9 34.8 32.0 26.8 56 37.4 
I 74 34.4 33 . 4 30.7 25.7 56 33.6 
J 

37 . 9 46.6 45.2c 41.6 34.8 68 47.6 

soil N as - 54 .:3 lbs-N/ac (61 Kgjha), 1985 
N - 68 lbs/ac (76 . 4 Kg/ha). 

average yield - 100. 

\.G.L'~U\" yield is culatfd to be 45.2.0 hl/ac urrler average 
isture cxn:li tiona . Recx::mst.ruction of target yields due to 

uoist:ure variatioo use f ollowin:J irrlexes: irrigation = 103, 
uolst - 100 , dry - 92 , arid - 77 , a t 60 l.bs applied N (see Tabl~ 8). 

Te.rqet Yield l ea , Manitoba Praviroial Soil Testi.rxJ 
I..aboratory , 982 . 
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within soil cl asses in 1985 . Within Mrj particul.ar soU clasa , the 

yield variability far given levels of N fertiliutioo not 

dete.rm.i.ned. yet , it is precisely this variatioo abo.lt target yields 

..m.id1 is critical to the N te deci.s1oo ~ the possibUity of not 

CN aveI"8ge Y ie.lds is 1ikal Y • 

\talat is l<:rom abrut the effect of N fertilizatioo 00 y d 

variability in Manitoba? I f the coefficient of variatioo7 about the 

~ value (i .e . target value) 1n::raases with N III , 

fertilizatlcn would be regardOO as rlsk- in:::reaai.rq iJv.rt: . 

the cx::t1\I'ellt.i assnqti.cn of prairie provincial U 

laboratories (see Fertilizer Ecx:n:mics, SasKatcnewan Agricultura , 

1986; Fertilizer Ecxrani.c , Alberta Agriculture, 1985) . 

laboratories at:teupt to adj ust far the ri.s.k in tho mathcx1 by dl 

they dstennine their target yield fertilizer reoi"ietxiaticn. Ratios 

of marginal re1::l.1n1s to marginal f ertilizer (X)St;.s in the rarqo of 1 . 5 

to 2.0 have been used to set ~tic:ns arrl are c::a"'lSido.rod to 

I"E3dll£:2 risk of mt obtai.ni.rq a yield respc::nsa to tho last unit of 

aw1ied N to manageable l evels (Fehr , 1970 ; Fertilizer EaxOlltCIJ , 

Alberta Agriculture, 1985; Fertilizer Ecx:n:mics , S4.s.)(ar,.....,_,t"\ 

Agrirul ture, 1986). 

'!here are 0.0 different variabU i ty cxn::epts that ahoo.ld 

di..st.i.rqu.is here . First , yields vary in resp::nse to t~ as a t\lrctial 

of moisture cx:ntitials . '!he ~ between yields urrlar M irri9l'tad" 
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idA conditions widens as levels of fertilizer N 

If prcvin:ial yield fertilizer ~tions are 

c1 ltICdit " for t, barley an:! oats a.l.:n?ady, \llhat 

ot a to marginal ocst ratio greater than 

unity itplity? It \oJtUld appear that the mistu:re adjustment does rot 

availability across soil types within the 

prov A far mre knowledge abcllt yield responses to 

II f t41ich dsterml.ne mi.sture availability. '!he use of a 

~pcnBD.tirq 1I'I5l:9inal analysis t.ec:hnique to adjust for these 

intormat! 

on 

to N, 9i 

ficienci as is totally inappropriate. 

alS hand , reducirq N inp..Its by usirq a 1. 5: 1 ratio for 

i zation ision reduoes tho upside yield potential 

available. On the other hard, yield responses will 

all b.tt extreme lOC>isture card! lions, h.owever SIIail 

"llu.lo, the vital information for the prcducer is the 

yi d to N un:ler these carditians, not an 

tio \bien tt:.enpts to awraximate the ecuncmic effect. 

f ctar t work is the variability of yield response 

i ic m i.st:ur9 cordi lion. An inflated marginal 

cost tio makes an inpliclt as.stmptian that higher N 

rates CCCI'Ip8nied by greater ecxmcmic risk. nus may not be the 

in Man! tooa to calibrate crcp responses to 

N that as wheat am barley yields 

with N (Table 16), yield variability as measured by the 
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Table 16 

yield variability - Barley 1962 to 1968 

• 0 
80t 95\ St.aniard Var1atial 

X y- y- Ocviat.ial (CV) 

20 U.S - B.4 U . S - 13 .0 6 . 63 53 . 0 

60 49.4 - 7.B 9 .4 - U. l 6 . 17 U . 5 

100 66.6 - 8.0 66 . 6 - U .3 6 . 28 9. 

140 77.9 - 8.2 77. 9 - 12 .7 6 . 50 8.3 

180 86.4 - 8.5 86 .4 - 13.1 6.68 7.7 

a OJ - (stardard devi.atiaVY) x: 100 . 

Sourc'.s: Fehr, 1970, p. 123 . 
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ffic1ent of variation to decline (Fehr, 19701 Racz, 1973). 

gnrphical. teet of Tabl e 16 is sha.m in Figure 5, Wicatinq that 

of variation atx:m mcpect:.ed barley yields remains relatively 

c:x::nst..ant at all K ra 

....--.- 1X::reI!Winq act of fertilizer era yield is lII.ldl smaUAT 

l y ~ an1 ect:s a problem in tradit.i.a'1al. 

of prc:xtuction ~ons, 1. e. if any inp.tt bas a 

ttiv ft a'\ ootp.rt , then a positive effect on variability of 

ootp.rt is also ~ (Just aM 'Pq)e, 1979). 

At the t l evel many produoers are reported to perceive 

nitroq tertilizer use as r isk-rEducirg (Sriramaratnam et al., 1987). 

'Ihl would imply l ower variability in yield response at target yield N 

ra orul attribJtabl e , 1f real, to a host of management 

actors , c:xmsistent responses of fertilized crops to adverse 

oorditions arrl better ist:a.roe to diseases, insects, etc. 

A on of fert.ll izer N use as risk-reducin; vis-a-vis 

lability has also been ercoontered in Manitoba (Pretest, 

survey, 1987). 

Cl l y , t:a is rot adequate at this point in time to 

variabili ty for wheat, let 810m other crc:ps. '!he 

ramifications of the variability characteristic for ~ the 

art!l izer rate i , hcrNever, are central to the ecorx:mic 

ts for tarm.Wrq C¢imal fertil izer i.np..rt:s a.rd managin; risk. 

of unquantified yield response factors 

s with N use is risk-increasirq is n:rt: 

tuna 0 the variability in yield response 

o 
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variance of Barley Yields Abc::lUt ~ y ield 
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So.l:roe: Fehr, 1970, p. U7 . 
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to }of Manitcba f ield cx::n1itians is masked. by gape in the 

\J. IIII ..... UO:_' it ~ a;pear that fertilization 

risky if ac» mpnied by uncertain a.sstmJptions 

ir ~ characterist.1cs. IJ.l1e follC1tJlin:;J section relates 

1"hl"- CXl'1Ce1ot.EJ to eoaanio pproad1es to fertilizer use • 

. 0 . 

Max.1m.izatian of net inxma8 frail fertilizer N use requires an 

ot the teet of N rate am yield in:::rease frail awlied N 

en and It JIIlSt be en-q;nasized here tllat a decision to 

m.inimiz ~ prcductian <X:JSts does rcl. maximize total profits. 

rational only 'NOt"ks if there is no {X'SSibility of increasin;J net 

t tJIrJ fertil i zation rate. '!he technique of ma:rginal analysis 

iva tho profit-max.ilnizinJ rute of N fertilization where 

c:a.a..wu c:::osts of N equal the retu:rns fran crop yield increases. 

To i , when tha yield response is certain ani the level of 

t 11 i z irp..rt:s uncanstrained, the c:ptima.l prcx:luction point on the 

production fI.lrctian ocxm:s where the cost fran the last in::rement of N 

val of the l ast yield in::rement. 'lh:is clearly deperrls an 

pri of N ard pri ce of crop. 

8 

fixed 

current .,.,......~ c climate f or grain prOOuoers has resul te::l in 

t s1 tuations where the resa.n:oes available to p.rrchase 

lim! In these cases, equal marginal returns 

to 1 V1I the profit maximizin3 N rates, takirq 

aalAed returns frau each crop fran in::remental units 



of fertilizer . Limited N wruld be allocated in a IlWln8r that 

maximi zes of the total return trail N ac:ross all c::rcpi and is clearly 

depelrlent en the relati va prices ot these c::n:.ps, yi..eld respa sses to N 

am CXlISt of N. 

'.Ihe cu::rrent fertilizer daci.sial cl ima , 

accurately p:n:trayed as ooe in which yield to 

s ignificant u:noerta.inty . Floctuat.ialS ot crq> N 

on ret in:x:m:!. ~t are the ecx:n:m1c guidelines tor maki.n;J 1rprt: 

invest:ment decisioos urder these c~? 

In light of provirus sectioos, there are t least two ~ 

for minimizirq the adverse i.Dpact of u:noerta.inty en yiald tt1c 

ard rotum freD fertilizer use . 

3.1. Maximiziro Profit Potential Ul):ler llIperto,inty or Ii 
Recoyery Efficieocy 

Idea] 1 y, a prcdlo:rr wishes to awly just that anount ot H 

needed by his crq> to prcrluoe his expectad y ield. In det:.erm.in.1n; 

fertilizatien rate a.n1 yield target I the costs ot N and prioo ot C1:CIp 

are c:rl tical to the det:.erminatioo ot ecn arlc optiaD l~~~ 

marginal ~ (value ot lidded yield) to marginal cost ( ot 

at:X1ed fertil izer) ratio of 1 . 5: 1 to select this pro:b:tien point ( 

exmuple calc:ulatials in Table 17). 

O.lumrtly ava.1.lable Wormatien to 1dantity optlml Jf ra 

1nclt..rles average relative N recxNerf atfic1An:;t. ot <11tt M 
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Table 1 

of Oi.fferent Yiald Effil 
, Hanitx:ba 

Ma:rq1na.l 
,t,b Y1e1.ds (bJ/ac) M2I.rg'inal RsYe:u!:s (KRl 
at per 10 lb-H/&e ~ With N EU'1c:1.end.es at 

cnrt:s 
If rata (]'C) Per 
(lbI/ec) 0 .15 O. 5Qll 0 . 65 0 .35 0 . 50 0 . 65 10 lbs-N/ac 0. 35 0.50 0.65 

0 27.eb 27.8 27.8 
10 30.1 31. 1 32.1 2.3 3.3 4.3 8 . 50 5.64 8. 09 10.M 
20 32.2 34.1 36. 0 2.1 3. 0 3.9 2.50 5. 15 7. 35 9 .56 
30 34.1 36.8 39.5 1.9 2.7 3.5 2. 50 4. 65 6.62 8.SS 
40 35. -,c 39 .1 42.' 1.8 2 .3 3. 0 2. 50 4. 41 5.64 7.35 
50 31.1 4.1. 1 "' . 1 1.4 2 . 0 2.6 2.50 3.43 4.90 6.37 
WI 38.3 4l.sC 47.3 1.2 1.7 2.2 2. 50 2.94 4.1J<! 5. 39 
70 39.2 4-4 .1 49.(F! 0 .9 1.3 1.7 2.50 2.21 3.19 4.17 
75 39.6 44.6 (9.7 • 
80 39.9 45 .0 50.3 0.7 0.9 1.3 2.50 1.72 2.21 3.19 
90 40.3 45.6 50.9 0.4 0.6 0 .6 2.50 0.98 1.47 1. 47 

100 40.6 46.1 51..5 0 .. 3 0.5 0 .6 2.50 0. 74 1.23 1 . 47 
110 40.8 46.4 52.0 0.2 0.3 0.5 2.50 0 .. 49 0 . 74 1.23 

a Mmitcba provircl.al soil testinq lal:x::I:ratory uses en average nit:ro;Jen reocverj i.n1ex at 0.5 for 
spdn:J brce.:Xast gn.1'J.ll.ar !ertili ter . 

b ~_rmes a soil N resetV8 of 38.7 lbs-N/ac (43.5 Jrq/ba) • 

c Rscxlnst:::cuct tal::get. yield %: ... 0 MIIII!' Jdatials based 00 a 1. 5: 1 marginal. ~ cost ratio 
with fertilizer @ $0.25 per lb. actual am. '2 MRS Iobeat @ $2.45 per 00. 'lba optimi.s.in} ratio 
t.oll.d be $3.75:$2.50 per 10 li:s-N irx:l:emfllut:a. 

d Profit mxhizirq level. given a 1.5 reverue cost ratio with average N recovexy efiiclerx:y - 0.5. 

a Profit lMXimizirq level. given a 1:1 reverue cost ratio with average N rea:rvery efficlen:::y - 0 • .5. 



Depa.rtJJent of lqriOJ.l.ture , Nitrogen Fertilizatia1 in Crcp Pro:b:t.ia1, 

1986) as rl ifitOlSAfd in Sectioo 2, above . ahould 

to adjust yiald respcnses ard ertil izer oosta am llltely to 

affect the target N rate . 

variation in N r:ecxNerf etticlercy tar ic ftR)lioa 

~, may also be suart.antial b..rt is esaent.iAlly urpred1ctabl in 

any particular ysar (see Harapiak et al . t 1986) . ot N 

acbJally ~ t1j the plant varies ~y trail qlUIoIth ar 

envirc::.nnental factors ~ l imit yield pot:.ent.ial . 'Ih1.a 

questioo of ~t fertilizer strategy to ezplay , given recxNC'Iry 

UI"VJertainty,to maximize profit pot:.ent.ial . 

One part.icular avenue for i.nvest.igatioo is tteet ot 

applyin] N at higher than ecx:n::mi.c optimlm rates . Fa:ranic optim..ml 

here is def inOO. as the product.ioo l evel at whl.ch marginal 

equals J.Dal:ginal cost or lI.here gross marg in (total. Y 1eld I'8'V8rAlB8 min.uJ 

total fertil izer CXl6ts) is max i m 1 zed . Q::rloept:uall Y I the "oxtra ft N 

WOlld minimize yield reductialS in years with bel~ recxNC'Iry 

efficiercy ani irx:::::rease yield respooses in years ot ~ 

rocx:Nerf efficier¥:Y . '!his tertilizatioo strats;Jy has been t4rDaCl 

"~ awroach" in the ecxranic literature (Bode , 1984) . 

f'Extra" indicates applicatial ot N in exoesa ot that ca.la.11atod 

usin; average N recovery efficierx::ies for Hanitd:la (e .g . 0.5) an::1 a 

1:1 marginal ~inal cost ratio. '!he relative benetits ot 

this awroach wo..tld assessable in a pa:r1cd ot yeara in ..n1..c::h 

true di.st:ribJ:t..1 an::1 trequen:y ot N recxNC'Iry 

c:bsel:vOO. 
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N 1 

In 1ty, prcbability distril::ution of N recxNerj 

t ocn:litians is~. As a 

~ ted to evaluate the ooncept usirg soil 

1al in the sprirq, 1987. Several prcwisos are in 

~~.a ocW.d nat subject to capital CXll1Straints sin=e 

~I.lo& r.~~'lt ~XlCIQ variable cxxrts of production. As 

or quality cs ot selected ar:t:p) at ~ N 

1 would not bo expected to create adverse ecxranic effects. 

Iy, Y c1 du8 to variations in rea::Nerj efficierpy of 

il N am 1 idual.) fertil izer N are not considered here 

bJt requ.irin;J turther investigation (see Broadbent I 

1984). 

recovery efficiency of 0.5 for 

fi d oordit ians (Racz, G., personal c:x:mnunication, 1987) 

nt"'JAna,..io 1 that CNer three years, each of the N recovery 

, 1. . 0.35 , 0.50 and. 0.65 oco..rrs once, or with 33 

'!his 91 a rarqe of variability abc:ut the 

Iinml1""Allln ~ch critical to tho ec::lOl'¥D.i.o assessment of the ~ 

in Table 17, higher recovery efficiencies result 

marginal t higher N rates. Usirg the provin::ial 

izar recxmnerdatian strategy (1.5 MR a: Me) N rate 

ot 60 -N/ wo.U ected. At the ecx:axmic c:¢im..nn 

1 (MR - ), 75 -Nj 0 'WOO.l.d have been awl1a1. 

Tahl. 8 ,..,..,.- that net ret:urns aver three years 'MOUld have 

izinq t c qtimum l evel . 'Ihe 
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Table 18 

Yiald In:::raases Attribltable to N Fe.rtl1izatioo 
at 60, 75 and 80 lhs-N/ac and a 

Q:rlplri..sa1 of Yield Rstums at tha oitterent Ratas 
(Based 00 Table 17) 

O mu l ative 
Ircrease (t1..Vac) 
Wi th N Recxwety 
Eft i.c.ierx:ies of: Par 

yield TotAl 
Rst:urns N (bst.o 

Rate Year 0.35 O. SO 0. 65 @ $2 . 45/bl $0. 25/lb 

60 "ir1 10.5 25 . 73 21. 00 4 . 73 
60 "ir2 15.0 36 . 75 21.00 . 75 
60 "ir3 19. 5 47.78 21.00 26 . 78 

111.26 63 . 00 7 . 26 

75 Yr 1 li.8 28 . 91 24 . 75 4. 16 
75 'ir 2 16 .8 41.16 24.75 16 . 1 
75 Yr 3 21. 9 53 . 66 2 . 75 29 . 91 

123 . 7 3 74. 25 9 . 48 

80 Yr1 12.1 29 . 65 26 . 00 3.65 
80 Yr2 17.2 42 . 1 26 . 00 16 . 1 
80 Y:r3 22 . 5 55.13 26 . 00 29.13 

126 . 92 78 . 00 48 .92 

a IrclWes $6 . oo/ac aw1icatioo cost tor bard1rq . 
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by N ra ~ exceedocI the eo:n:.mic c¢..imJm 

efficiency year. Offsettirq this 

hcw8Y: , a yield 

) . 

1. 

wh.id\ fUlly o:mpmsatEd far the extra fertilizer CX>Sts 

that te.rtilizil'q at N levels of BO lbsjac, I.e. 

~ of 75 lh9-ac, wc:md rot have pro1lla;rl 

in this scenario ($49. 4B versus $48.92 per 

scenario 2 0CI1S .......... '" a wider ran;J8 of variability in N rea::Nerj 

CJ'..IOJ: the three years, 1.e. 0.20, 0.50, O.BO ('rable 19). 

cut:.oaoo to have a 33 percent ~ of occurriIg arrl 

rea:Nery efficierx...;{ rema..ined at 0.50. 'D1e effect 

to fy a profit ma.ximizin:J fertilization rate \lJhid1 

ec:xn:mic ~ level ($4B.43 versus $4B.01 per acre). 

Tabl 19 arrl 20 also illustrate the mechanism of the effect. 

At 80 the po.r acre net revenues for 0.20 arrl 0.50 arrl O. BO 

ficiancy 1 are $-9.09, $16.14 arrl $41. 38, 

y. val are l~ than their corresparrlirg values 

o cptim.Jm fertilization level (1.e. 75 lbsjac) 

tor 0.20 O. O. rea::Nerj f icien::.y. Hc::Mever, at the 0.80 level 

N 1 to higher total profits arrl this effect ootweighs 

1 t two l ower etf1cielX:¥ levels. Raf~ to Table 19, 

( 4) , ( 5) (6) illustrates that larger marginal yield 

with 0 . 80 f i ciency at 80 lhs-Njac causes the 

t. 

48 



~ 
\D 

H Rata 
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Tabl e 19 

Scenario 2: Effect of Different 'fi eld Efficiencies on 
'fields and Fert.ilizer Rea:t:tc:rerdatia'lS for Wheat, Manitcba 

TUqat tflDIlt Marginal Karqinal 
'{ iel.c1s With N RacoYary Yie.lt18 (b..Vac) P.aYen.lcS (MR) wi ttl 

£ft1cienc.1ee ot cor 10 lba-N/ac Marqinal H ~ Ettic.lcx:ie8 
cnrt.a 

(M:) Per 
Cu.;ac) 0 . 20 o.soA 0 . 80 0. 20 0. 50 0. 80 10 lba-N/ac 0.20 0. 50 0 .80 

0 27 . 800 27 .8 27. 
10 29 .1 n.l 11 .1 1 . 1 3 . 3 S.l 8 . 50 3. 19 8 .09 12.99 
20 10.l 34.1 37 . 9 1.2 3 . 0 4. 8 2 . 50 2 . 94 7. 35 1l .76 
JO Jl . 4 16.8 42 . 2 1 . 1 2 . 7 4. 1 2 . 50 2 . 70 6.62 10 . 54 
40 12.l 39 . 1 45 . 9 0.9 2 . 3 1.7 2. 50 2 . 21 5. 64 9 . 07 

~ lJ . 1 41 . 1 49 . 1 0.8 2 . 0 l.2 2.50 1 . 96 4 . 90 7.M 
33.8 n.sC 51 .8 0 . 7 1.7 2. 7 2 . 50 1. 72 4.1;4 6.62 

70 14 . 3 44 . 1 53.9 0 . 5 1.3 2.1 2.50 1.23 1. 19 5.15 
75 14 . 5 44 . 6 504.~ 
.a- 14.7 45.0 55 . 1 0 .4 0 . 9 1. 4 2.50 0.98 2.21- 1.4l 
90 34.9 45.6 56 . 3 0 . 2 0.6 1.0 2.50 0 . 49 1.47 2. 45 

100 35.1 46. 1 57 . 1 0 . 2 O.S 0.8 2 . 50 0.49 1.23 1.96 
110 35.2 46 . • 57.6 0.1 0 . 1 0.5 2. 50 0 . 25 0.74 lol3 

n1 td:le. prov1n:.1Al 80U ~ 1aboratoty UMS an ~ n1 trt:qIn reo:::NC'C'f .1rdIIx at 0.5 rar 
1rq bl::oedaut ~ t'ertil be. 

b t. ___ a 80U N ~ at ".7 U:e-N/ac (43 .5 1q/ha) . 

c ~ t:.&rQIIt yield I..........x:ddaUa. b&.-1 a"\ a 1. 5:1 z::a::vinU ~ a.t ratio 
th tertiliur • $0. ~ par lb . ectUI.l ard • 2 tfRS \Net • $2.45 par W. ":he ~ haS a1.rq ratio 

\iIO.IJ.cS be U. 75: $J • 50 par 10 lbe-K 1.1 u .... Ita . 

d ProfIt a&x.1JLb1rq 1...-.1 q1YW\ a 1. 5 rr~ o::.t. rr....io vith ~ N rw::DYC)' a!'ticlM'¥:y - 0.5. 

• Prot! t mx.W£1rq 1...-.1 q1 YW\ • 1. 1 ~ o::.t. nt.1o v! ~ INC aqe N r'fICrNICY a!'! 1dMry - 0.5. 



Tabl 20 

Attr1.l:utable to N Fertilizer at 
60 , 7 I -N£ &o and a CcIJpri.son of Net Yield Returns 

o ff Rates (Based on Table 19) 

Oma1lativ 
(bJ,Iac) 

With N Recovery 
Per ;.crea tio ot: 

yield Total Per h:re 
Returns N Costs yield Returns 

'I 0. 20 0. 50 0.80 @ $2 .45jb.l @ $0.25/lb Minus N Costs 

60 Yr l 6.0 14.70 21.00 -6.30 
60 Yr2 1.5 .0 36.75 21.00 15.75 
60 Yr3 24.0 38.80 21.00 37.80 

110.25 63.00 47.25 

75 'lr 1 6.7 16.42 24.75 -8.13 
75 Yr2 16 .8 41.16 24.75 16.41 
75 YrJ 26.4 64.68 24.75 39.93 

122.26 74.25 48.01 

80 Yr l 6 .9 16.91 26.00 -9.09 
80 Yr2 17 .2 42.14 26.00 16.14 
80 Yr3 27.5 67.38 26.00 41.38 

126 .43 78.00 48.43 

Incl $6.00/ application cost for barrli.rq. 
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'Ihe effect illust:.nlted above wcWd have qreater 

significa.noe it the trequeoc.y distrib.rt:.i.a1 ot N reco.rery t icl~i88 

is wider and/or ucre cll.spersed than that aSSl DI'IErl in the 8XlU!pl as. CM 

a normal distrib.Itioo be assumed or do farmers with superior 

management &kills know hew to CQ'lSistently attain averaqo reco.rery 

efficiencies greater than 0 . 51 cc certain soils mdUbit nIlrTOoI or 

wide rarqe of reo:Ne.rY ticiency variat.ial? In ~tioo, low 

o Ii!! •• dity prices arrl relatively high N/~ prioa ratios 

effect of the ~ awroac:h. Ircreases in grain prices relat! 

to N oosts ..ruld make the potential gains more subst:.ant.i.a. . 

Frcm a management pe.rspecti ve, the most ecx:n::m1c tertil i z.at 100 

decision ~d awear to best evaluated 00 the basis at repoated 

ootlXl'l'PS, siN:::e N ret:XNery efficiencies cannot be prOOict..od tor any 

particular year. Annually I the proincer faces the Plospoct.s of 

excessive N c:::osts in bel~ efficiercy years it he a&js extra N 

arrl constrained y ields in aOOve-normal efticiercy years it' ho 1 

his N rate. Based an the numerical analysis 800ve, tho la-qer-t:.e.rm 

profit-maximizin:;} point is critically ~ 00 tho rarqo at 

variation in N reccNery efficiercy as is illustrated by the dittcront 

profits maxim! zatioo points in Tables 19 and 20 . In ~tioo, N 

to crop price ratio governs the level to ~ch tertiliz.atloo in mcooaa 

of the eaJranic ~ rate may be teasible . 

Noth.irq has yet been said about the riBlal associated ",1 th 

stri v irq tor maYi!ll M! eocr ODic yield. 'IhiJa 1a l..argol y in urd\art.ed 

waters siI¥:le the prc:blbUi ty d.J.str1b.rt:J. ot N J:"CJCOVI'IrY tt lei 

c::ut.c:r::mes has been ass JD!!Ad, for the purposes ot d 1 go waial , to 
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but is \.1l'lJcnoWn. Clearly, require infODllatian in this area in 

~!ar to risk manaqement strateq1es an1 need researd'l an 

Wictl will increase the prci:labUi ties of high 

rec::xNe%Y tic1An:y cutccrnes . 

In , t:his sect:.ia1 at N :recx:Ne1'Y efficierw:::ies may be 

v~~ within 

in t"'eS'pa1SEl to dep%:essed 01 ItlUt:Xtity prices in 1987. 'I1let'e 

CCI1SideraticrlS in the adjustJnents to be made by the 

1. a ""a.-___ in N rate to new levels reflect:.irg the chan:Je in 

nl'!.rm'tlLla-a'lIIrt ratio between crcp an:! fertilizer: 

2 . an in N rate above prov1n:ia1 target levels at 

1 to c optimum (10m IEI ~) point; an:! 

3 • a ible further ircrease beyord the ecx:n:mic C{ltinDJrn if 

producer ' s irdivi dual yield experience arrl management skills 

lea higher than :v-e.raqe N :recx:Ne1'Y efficieocies. 'lhere is no 

irioal to da.l1neate thresholds in this area. 

3 . 2. 

'lh1.s cans tial Wlies to the risk averse prcrlucer who 

W'lIII ~~a to ert..Ui zer rate whim maximizes the probability of 

a return fran ct'OR?irq. nus is to be d.i.stin:juishe frcm the 

COI"Mmti opti which maximizes net return potential fran 

crqJpirq. 

by 

i not 

l iar, the equal. marginal principle is an analytical 

faJ:l1DBr can termi ne highest profit potential when there 

ita! avail8bl to fertil i ze all crc:p9 at optimum 
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rates . '!he 0 .... ' n assuq:Jtia1 is that this is awrq:n-ia c 

far irq risJc and/or allocatirq 1 W tert.i11ter 

bJdget. Less djsoJSSioo , ~ has centered al ho.7 reduood 

fart i ) j 2'-Sr 1rprt:.s affect risJc am nat ret::ums in tAnll tim. 

In pntirular I the re.lAticnsh.ip cx:wta 0 

prcductionrequ.ires cxnilderatial at tt'brea)c Y in 

fertilizer decision. 

Estimates ot yield mcpectatia1s t ar tl 

l'..:mi td::la, based upal soU N resex:ves at sprirq ........,~ 

are presented in Tables 21 to 25 . '!he lSdjusbDellt t or 

1als ot 

in 1987, 

con:iit.i.oos is based an JrDisture differentials 1n:::.orporated in 

provincial. yield ta:rgets at zero N aw1icat.icrl . 9 SoU N 

levels are inllcated in those tables to produce iml1ar yio.lds undar a 

ran:Je of lID.ist::ure carrliticns , m<Oept for "arid" 1.sturo cx:rditiaw 

(see Table 8) • 

Within 8rr:f particular ICIC soU clMs then , y1ald respcrases to 

soil N re;erves may be cxnsi.dera1 JIDr8 predictable than y i d 

responses to N fertUizat.ial. 'Ihis is with the proviso that Y 1 d 

i.rrlsx of that soU class to the reqi.ooa.l yiald tarqot has 

rea..scnably est.ilIBted. 

Table 26 shows average provincial operat.irq aaaocia 

with p.xt:t.in:J in a c::rcp in 1987 thout nitrcqen tertilizer . Nato that 

at $65 . 50 per stubble acre I operat.irq carts to 

recovered unjsr isture oon::U al all K:IC 11 c in 

the Centr al , Interlake an.1 Eastern req1.aw (Tabl 23 to 25) vith 

9 'nU'get Y1e.ld Tab , Prtw1ncW Soil ~ lAboratory t 1982 . 
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Tabl e 21 

, t yield £)(pect:atia1s CIl stuJ:ble umer 
iabl. " )t)isture can:Utials with No N FertUizatiati 

At:::talIs MCIC Soil Classes 
Southwest Regia'l, Manit..c:bl , 1987 

A Moisture OJrrlitions 
Vi by Yield as 

C Soil a " ot Irrigaticl'1 Moist Dry Arid 
C1 

(1981-8 Yield £)(pect:atioo (b..l/ac) 

A 
B 34. 3 108 28.7 28.4 26.1 
C 33. 5 106 28.2 27.9 25.7 
0 32 .7 103 27.4 27.1 25.0 
E 32.9 104 

C 
27.7 27.4 25.2 

F 28 . 6 90 21.8 
G 28.1 89 23.7 23.7 23.4 21.6 
H 26 . 6 84 22.3 22.3 22.1 20.3 
I 24. 6 78 20.7 20.7 20.5 18.9 
J 22 . 5 71 18.9 18.9 18.7 17.2 

igh 
27.rP Avarnqes 31.7 27.0 26.7 17.8 

a Soil N in sprin:J I 1987 were estimated at 37.4 J.h9/ac (42 
~) (MCGill, 1987 ). 

""""'jf_" yield is 27.0 bJlac (Target yield Tables, Manit.d:Ja 
soil 'l'est.in;J Laboratory, 1982). Targets for other 

1 adjusted by yield i.rrlmoos for m:>isture 
(irriqati - 100, 1st - 100, my - 99, arid II: 91) am iniexes of 
yi for JCIC soil class at zero N fertilization (see Table 8). 

c yields oorthwest ot this l ine wo..lid produce revenues exceedirq 
~t.i.rY;J costs. Rsven.ue - yield times $2.4S/bJ, cprrat~ = 
$65 . 50 , breaksven yield - 26. 7 bJlac. 
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Table 22 

Estimatei t Yield ExpectAticns 00 St:utill.e 'Order 
"Variable Moisture Ccnditials with No N Fertilu.at.1cJnA 

Ac:ross M:IC SoU C) asses 

Average 
yields by 
lCIC Soil 

Class 
(1981-85) 

NorthINest Rsg'ioo , Manit.cba, 1987 

)t)ist:ure Ccndi tiaw 
Yield as 
a , ot Irrigatioo 1st Dry 

Weighted 
:verage Y ie.ld ExpectAtioo (blVac) 

Arid 

C 

A 
B 
C 
o 
E 
F 
G 
H 
I 
J 

39.6 
33.6 

ll7 C 30 . 0 
25 . 3 

30 . 0 29 . 7 27 . ) l 
~5 . j l5 .0 2:1 .0 

Weighted 
Averages 

35.4 
34.6 
32.9 
31.6 
29.9 
30.4 

33.8 

99 
105 26 . 9 
102 26 . 1 

97 24 . 8 
93 23 . 8 
88 22 . 5 
90 23 . 0 

25 . 6 

26 . 9 26.6 2 . 5 
26 .1 25.8 23 . 8 
24 . 8 2 . 6 22 . 6 
23.8 23 . 6 21.7 
22 . 5 22 . 3 20 . 5 
23 . 0 22 . 8 20 . 9 

25 . ~ 25 . 3 3 . J 

a SoU N resQ'VeS in spr~ I 1987 were estimated at 3 . 7 lha/ac ( 39 
Kq/ha) (M::Gill, 1987) . 

b Regional target yield is 25. 6 b.,Vac (Target Yiold Tab 
Provirclal. Soil Test.irq Laboratory, 1982) . Tarqet.a tar 
misture l evels were adjusted by yield i.rrle'>mo tar 
(irrigatioo - 100, llOist - 100, dry - 99 , arid - 91) ard n:lQ:XU:J 
yields for lCIC soU class at zero N fertilizaticn ( Tabl 8) . 

C yields rnrthwest of this line WQlld prcdLx:a I"8VUfIJ88 

operat.irxJ cart.s . Reverale - yield tilDes $2 . 5jb.J I ql81"8tirq -
$65 .50, breakeven y ield .,. 26 . 7 b.,Vac . 
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(1981-85 ) 

A 41. 7 
B 41.4 
C 40.7 
0 38.8 
E 37.1 

35.7 
G 33.4 
H 29 .0 
I 28.1 
J 

37 .9 

Table 23 

t yield Expectaticms a1 stubble urrlar 
1Bt':lura Q:nUtims with No N Fertilizationa 

.Aorces MCIC 6011 Cl,aBS/:!S 
Central Regim, Manit.cb!, 1987 

Moisture corrlitions 
Y d 
a , at Irriqatial Moist Dry 

Yield Expectation (1:x.l,Iac) 

liO 35.0 35.0 34.7 
109 34.7 34.7 34.4 
107 34.0 34.0 33.7 
102 32.4 32.4 32.1 

98 31.2 31.2 30.9 
94 29.9 29.9 29.6 
88 C 28.0 28.0 27.7 
77 . 5 24 . 2 . 
74 23.5 23.5 23.3 

31.8 31.8b 31.5 

Arid 

C 

31.9 
31.6 
30.9 
29.5 
28.4 
27.2 

28.9 

a SOll N in irg, 1987 were est:imatoo at 46.3 lbs/ac (52 
l<q/ha) (It:Gill , 1987 ). 

b i yi d is 31.8 bJ,Iac (Target Yield Tables, Manitoba 
Provi.rd.al Soil 'lVstin:J I..al:JOratory, 1982) • Targets for other 

1 ust:.ed by yield irdexe.s for m:>isture 
tion - 100, - 100, dry - 99, arid =:I 91) an:i irrlexes of 
tor lcCIC II cl at zero N fertil izaticn (see Table 8). 

ot this line woold prcduce revenues ~ 
costs. ... yield times $2. 45jbu, operatirq "" 

bn~~m yield - 26.7 bJlac. 
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Tab! 2 

Estimated t Yield Expect.aticns m stl..till tJnjer 
"Variable MJisture CCniit.i.als with No N Fertilizatiool' 

Across K:IC Soil Classes 

Average 
Yields 'oj 
lCIC Soil 

Class 
(1981-85) 

A 
B 
C 
o 
E 
F 
G 
H 
r 
J 

Weighted 
Averages 32.2 

Interlake Rsqial, Manitoba t 1987 

33 . 7 33 . 30.7 

a SoU N reserves in spri.n; , 1987 estimated a 9 . 8 lbe/ac (56 
Kq/ha.) (!ot:'GUl, 1987) . 

b RegicnU target yield is 33.7 l:u,Iac (Target Y Tab , Hani t:.obIl 
Provi.rx::1.al SoU Test.irq tabaratory, 1982) . 'l"arcJO'ta or atMr 
1IX)ist:ure l evels wre lJdj ust:a:i t7t y i.e.ld 1.rrl«ms tor 
(irrigat..1.al - 100 , JlX)ist - 100 , dry - 99 , arid - 91) It.M n:laXl:lG 

yields for tOc soU class at zero N tertillut.i.al ( Tabl 8). 

C yields rorthwest o f this 1 ina wa.tld prodI..¥::le 
c:p!!"atirq costs. Reverue - yield times $2 . 45jb.l, 
$65.50, b.reaksven y ield - 26 . 7 bJlac. 
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(1981-85) 

Table 25 

t Yield Expectations a'l stubble l..l'rder 
~'"'''"-w o:.ntitia1s with No N Fertilizatiooa 

ACr:oes JOe Soil Classes 
Eastern Regioo, Manitoba, 1987 

yield 

a " 0 
Weiqhted 
),;~1!IQ8 

Moisture Corxll.tions 

Irrigaticn HJist Dl:y 

Yield Expectatioo (b.l/ac) 

Arid 

----------------------------------------------c 
A 
B 
C 
o 
E 
F 
G 
H 
I 
J 

34.4 
36.0 
34.6 
27.6 

34.8 

99 
103 

99 
79 

30.3 27.8 
31.5 28.9 
30.3 27.8 

C -...;..;..:;....;~---.;..~----,~~----,nc-:~ 

30.9 30.gb 30.6 28.1 

Soil N in sprirq, 1987 \lIIere estimated. at 44.5 lbs/ac (50 
Kg,/ha) ('McGill, 1987). 

b ional yi d is 30.9 b.l/ac (Target yield Tables, Manitoba 
Pravi.n:.ial Soil Testing Laboratory, 1982). Targets for other 

1 j usted by yield i:rrlexes for I1nisture 
- 100 , mist - 100, dry - 99, arid - 91) arx1 irrlexes of 

or M:IC soil cl at zero N fertilization (see Table 8). 

c 'i! ds nart.hw6st of this l ine ~d prcduce :reverrues exceeding 
qxa.rating oosts . Revenue - yield times $2.45/00, opera~ = 
$65 . 50, breaksven yield - 26.7 bu/ac. 
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Table 6 

Ave.nsge Prcwincl.al ~tin:.J Cbsts tor 
Unfertlllud N t-Ileat Productioo 

Manitoba I 1987 

1. Seed and Treatment 
2. Fertilizer 
J. Chemical S 

4. f\Jal 
5. Madrlnezy ~t.in:J .O::lsts 
6. crcp Insurarre 
7. other c::nrts 
8. Ory1nj Costs 
9. Interest <r1 ~t.irq 

Total 

a Represents P fertilizat:i.al costs . 

Soo.roe: )bllf1ed freD Farm Pl..annirq Ql1da , 
1987. 
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$/ 

. 75 

. 25 
1.8 . 50 
10 . 00 
6 . 50 
6 . ~ 
5 . 50 
o 

. 50 

$65 . 50 



ity at $2. 45/l:1l) • on the other 

e>q;leCIt:.eQ to exceed st:ul:t>le returns UOOer 

1 but 

Southwest regim 

in t:he Northwest. regioo (Table 22). 

int.e.noodiata between the two extremes (Table 

21) • 

.. .... ....u.t, the ecxn:.m1o ratia1ale for fertilization differed 

• N J.icat.ian in the Central, Interlake, 

to mcpect:atia'lS of positive returns aver 

t'V'Wri-a . In the Southwest regioo, ravenues fran lower soil classes 

wcW.d t 1 short ot cparatirq <XlI'rts witha.rt fertilization am in the 

ion, soil N yields in vi.rt:uaJ.ly all soil classes created 

CN ~tirq. 'lhis meant that N fertilizer was 

in o:rc1e.r tor soils in tbese last two areas to break even 

~ .. -tJ.rq CX)EJtD wi th 'N expected yields. Clearly, lC1w'er Mere 

1 likely to generate positive retums in all 

yield arrl ad:1ed reverrue to ~tal 

in Table 27. 

1987 yield of HRS wheat to N awlication 

cal.culated for "dry" arxl 'tur::>ist" DX:>isture oarrlitions in the 

ani Central regions in Tables 28 ard 29, 

y . t in the Northwest regian, the regional yield 

ooq:e::t:.a'Ucn with zero N application WllS belOW' the yield level 

ott in 

produce 

to ret:::OY cparat.irq cnsts. Operat.irq ccsts were just 

whil the Central. region was expected to 

characteristics of responses at the two 
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Table 27 

Oeterminatial at Fertilizer Rates UsinJ Marginal Analya 
Dry and Jot>ist 1tJi..st:u.re o:nti t.ials, Kanitcba I 1987 

Dry a::rdi tials !'tliat Ordi tiaw 

Irc:tement ldjedA AddOO 
N Added 0Jst of N Yield RsvenJe Yield 

0 
10 5.50 2. 5 6 . lJ 3 . 3 8 . 09 
20 2. 50 2.2 5 . 39 3.0 7 . 35 
30 2. 50 1. 8 4 . 41b 2 . 7 6 . 62 
40 2. 50 1. 5 3. 68 2 . 5 . 88 
50 2. 50 1. 2 2.94 1. 8 4.4~ 
60 2 .50 . 8 1.96 1.6 3 . 9 
70 2. 50 . 5 1.23 1. 3 3 . 19 
80 2. 50 0 0 1. 0 2 . 5 
90 2. 50 0 0 0 . 5 1. 23 

100 2. 50 0 0 0 . 5 1.23 
liO 2. 50 0 0 0 0 

a Prov"ircial soil N reserve of 46 l.be/ac in sprirq , 1987 . 

b Profit maximizirq points given a 1. 5 : 1 reverue - oost ratio v 1 th 
fertilizer @ $0. 25 per lb . act:ual and • 2 HRS \othBat $2 . Sjbu . 
~irq ratio WOlld be $3.75 : $2.50 per 10 lbs-N ircz'l'!!tIDlits . 
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Table 28 

R.el!lponsElS of HRS t in the so..rt:hwest 
Central Regions 

toN y ...... ~~ nOry" !t:>ist:ure Corilltions, 1987 

o 
10 
20 
30 
40 
o 

60 
70 
80 
90 

100 

Target y i 

Yield 
Re!manse to 

10 lb Un! ot N 
(bu/ac) 

(SO 11 N Re!lel:"\re) 
2. 5 
2.2 
1.8 
1.5 
1.2 

.8 

.5 
o 
o 
o 

Regiooal. Target yields (b.1/ac) 
(t1Dty" MJisture Corrliticns) 

26.8 25.5 31.3 
29.3 28.0 33.8 
31.5 30.2 36.0 
33.3a 32.oa 37.8a 
34.8 33.5 38.3 
36.0 34.7 40.5 
36.8 35.5 41.3 
37.3 36.0 41.8 

0 0 0 
0 0 0 
0 0 0 

as culat.ed fran Table 27. 



Table 29 

Expected Yield RespalseS or HRS Wheat in the Southwest 
Nort.lr..Iest ard Q!nt.ral Reg iens, Han1 tobll 

To N Fertilizatial Un:isr "!t:list" Moisture o:ntit.ials, 1987 

N Rate 
(lbsjac) 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 

Il\::1:emerrt:al. Yield 
Respa~ to 

10 lb units or 
(bu/ac) 

(Soil N ReseIve) 
3.3 
3 . 0 
2.7 
2.4 
1. 8 
1. 6 
1. 3 
1. 0 
0 . 5 
0. 5 
o 

27 . 0 
30 . 3 
33 . 3 
36 . 0 
38 . 4 
40 . 2 
41 . 84 

43 . 1 
44 . 1 
44 . 6 
45 . 1 
o 

a Target yields as calOJ.lated f ran Table 27 . 
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25 . 6 
28 . 9 
31.9 
34 . 6 
37 . 0 
38 . 8 

O. 4 

1.7 
2 . 7 
3. 2 
3 . 5 
o 

31.8 
35 . 1 
38.1 

0 . 8 
3 . 2 
5 . 0 
6.64 
7 . 9 
8 . 9 
9 . 
9 . 9 
o 



l evels are similar since the yields based CI'1 soU N levels as 

furx::tial of are ret considered to vary a;preciably. 

l i catian ot the tarqet yield fextllizer reo::tntoorrlatian 

that , at a 1. 5: 1 ratio of added revenue to in:::remental o:::Gt of 

N, ~tely 35 l.ts arx1 60 lbe-N/ac wruld have been 

roclCDlten:le::t ''''''''ft'I"' "drY' and ''mist" lIX>isture con:litiCl'lS, respectively 

27), produci.ng yield expectations as irdicated in Tables 29 and 

29 . In of producers' CMl opP..rati.ng CXl6t schedule an:l 

consideration of yield r isk, 'WOUld these be the optimal (Le. 

nrrt\"Y"'l'ft c ) production points to be strivirg for? 

answer wc:W.d appear to be 00. 'lhe N rates determined by 

marginal analysis , al::x::Iv , prcduce posi tive expectations of net returns 

av cparatirq costs ~ represent production tx'ints Where gross 

lM.1':'q ins «(21) rot maximized. 1he gross margin maximum urrler "drY' 

t i ans is attained at fertilizer rates o{ awraximately 

1 m than that rec::aameJ'rled via marginal analysis (,rable 

''m::>istlt no1sture carrlitians, gross margins are maximized 

in vi c inity of 75 J..bs-N/ c, or abcut 15 l.bs above the rec::aameJ'rled 

(Tabl 31). 

In ...... -

tarcmt yi d 

of doll value , the ctiff~ between the GI at the 

at Qot maximization points annmts to $0.90 per acre 

in both I1dry1' ''m::>ist'' m isture scenarios ( i. e. cx:mpare Gts at 35 

50 -N/ac in Tabl 30 am t 60 an1 75 lbs-N/ac in Table 31). 

t rrore f avorable (XlUllolity prices, a higher 

price N cost ratio WOlld result in larger discre~ies 

,..,...,."t..-U"I net returns at the two ints . 



Tab! 30 

Expecte1 Gross Margins at Different Rates in ~ 
Northwest an1 CEntral Regims , Han! toba, to N Fertil izat.1oo 
Order n~ Moist:ure ConditialS, HRS t Product..i.a1, 1987 

Sa.zthwest 
Average 

Provincial. 
0peratin;J y.~ Gross Y. Gross Yield Gross 

N Rate Cbsts Rev in Rsverue Margin RevenJe Rsverua 
(ll:e/ac) ($/ac) ($/ac) ($/ac) ($/ac) ($/ac) ($/ac) ($/ac) 

0 65.50 65 . 6fP 0. 16 62 . 48 - 3 . 02 76 . 9 11 . 19 
10 71.00 71.79 1. 79 68.60 - 2.40 82.81 11 . 81 
20 73.50 77.18 3. 68 73 . 99 0 . 49 88 . 20 1 . 70 
30 76.00 81.59 5. 59 78 .40 2 . 0 92 . 1 16 . 61 
35 77.25 83. 55 6 . 30 80.36 3 . 11 9 . 57 17 . 32 
40 78.50 85 .26 6 . 76 82.08 3 . 58 96 . 29 17.79 
50 81.00 88 .20 7. 2oC 85 . 02 4 . 02c 99 . 23 18.23c 
60 83.50 90.16 6.66 86 .98 3 . 48 101.19 17 . 69 
70 86 .00 91. 39 5 . 39 88 . 02 2 . 02 102 . 41 16 . 1 
80 88.50 91. 39 2 . 89 88 . 02 -0 .48 102 . 41 13.91 
90 91.00 91.39 0 . 39 88 . 02 - 2.98 102.41 11. 1 

100 93.50 91. 39 - 2 . ll 88 . 02 - 5 . 48 102. 1 8 .91 

-
a Based an ~icr.al. target yields , Table 28 . 

b 2 HRS Wheat at $2. 45jbu . 

C Fbints at which gross margin is maximized . 
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Tabl e 31 

Gross Margins at Different tl Rates in the 5dtt:hwest 
lIlrn ..... hI~rt" central Re:jions , Manitci:la i HRS Wheat Production 

1981 Urrler 'tMoistft Ccn:titials 

Central 

~ Yield Gross Yield GreSS 
N Ra Margin Reverue Margin Reve.nue ReVenue 

( l ao) ($/ ac) ($/ ac) ($/ac) ($/ac) ($/ac) ($/ac) 

0 65 . 50 66.15 0.65 62.72 -2.78 77.91 12.41 
10 71 . 00 74.24 3.24 70.81 -0.19 86.00 15.00 
20 73 . 50 81.59 8.09 78.16 4.66 93.35 19.85 
30 76 . 00 80.20 12.20 84.78 8.79 99.96 23.96 
40 78 . 0 94.08 15. 58 90.65 12.15 105.84 27.34 
50 81. 00 99.49 12.49 95.06 14.06 110.25 29.25 
60 83. 50 102.41 18.91 98.98 15.48 114.17 30.67 
70 86 . 00 105.60 19.60 102.17 16.17 117.36 31.36 
75 87.25 107 .07 19.82c 103.64 16.39c 118.83 31.58c 
80 88 . 0 108.05 19 . 55 104.67 16.12 119.81 31.31 
90 91 . 00 109 .27 18.27 105.84 14.84 121. 03 30.03 

100 93. 50 110. 50 17.00 106.58 13.08 122 . 26 28.76 

an regi onal. target yields , Table 29. 

b No. 2 MRS t at $2.45jbJ. 

c t which gross margin is max.imized. 
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'Iha ecx:n::mic h "l i catials ot the ta.tqet yiald, <;ram 

margin fertil izer rates are critical to th1..a d hw:u sa1.a"l . It a 1 : 1 

marginal revenJ8 to marginal cost ratio to ~ 

yields , the reo: l liewm:ied N rates \ilCUld i.dent.1caJ. to ~tv_ 

to maxilDize QI. To maxj mi ze Q( is to product.1on 1m 

\ohare total prof i ts t':rcm N fe.rtilizatial CIOfJt of N 

to achieve that last ot yield exactly 1 val . 

Use of a maz:ginal l:'9Yel'IJ8 - marginal CXlSt ratio of othor than 

1: 1 to select target fertilizer rates runs the risk ot ~just.1rg 

for risk factars related to variabl e yield that 

higher marqinal revenue - marginal oast. ratios , (2 : 1 , tor exmq:>l ) as 

a fertilizer doc:isian res:pase to l C100ler COlli( dity pr 

:1rcre.a.se:l this effect even m:lt"e . 

'!he maxim IQI gross margin represents the point 00 

fUrctian Wh.icn also maxi m1 zes the dlaroe ot pr<Xiucirq 

ret:urna Ghculd acblal yields vary fraa Q)Q?8Ctat.ials . 

yield reo ilQlerrlatioo f a.ll.s to the left ot the QI, 

itl 

yields have greater prcbabill ty of c:reatiIq a loss . Prior to .................... 

10\01 a liilnil ty pri.oes , a return over c:pu:-a tiIq CXlCJta ha.o 

ir.plicitly ass umed , exx::ept in the event ot crop tail 

'Die revenue arrl oost schedules for the throe reglaw 

g:tati1ically ~ytrl in Figures 2 am 3 . Closer R)QDIi natial ot Tabl 

30 also irxti.cates that f ertilizer rates ot CNer 20 l..bs-N/ac 

requi.r:ed in the Northwest reg1.a"l to providB an t.ion ot roturn 

over cperetin:J a::sts under "d.rY' oorx1i ticns . In other \i1iOt"tllJ 

was 1'):) ecx:n::mic j ustiticatial tar seocUrq ac::raages it than 



~ 

ot lCIC Y 

cl 

In v 

Y 20 l.be-Nj ac were awlied. Nate that CNer the spectrum 

, higher N rates woo.ld be req.rl.red a1 

(Tabl 22). 

ot the uncerta1nty associated with target yields, points 

S, Bl and ~ ~ to indicate yield objectives Wicb m.in1mize risks 

of nat i.n; operat.1.rx.:J coats in carparisan with points A, Al ani 

~ (P' 6 7) • Potent.1al chArq in ~ility of yield 

with higher N use are ass nred not to negate the overall 

f eet. If eo, farmers shculd be awly1.rg N at rates 

the level both to increase "profit" margins ani 

to meximiz l ikelihood of positive roturns frcmfertilizer to offset 

ffeet of variable yields due to unpredictable lI¥:>ist;ure 

implication is that current fertilizer re.camoerdations are 

not itivo to t.ha risk .iJr;;llicatians of prcx:1uctian strategies at 

1 OIl tho hlghest. grces margin. AWlicatioo of the 1.5 ratio 

ot to marginal costs in p.rovinclal soil test 

for the ~zed risk factors 

""""""...-....""'........... with l evel of productioo aro. irx:reases the risk asscx:iated 

with yi 

any val 

iability. 'n1.a 1. 5 ratio is a.rbitrary am, if altered to 

ot.har than 111, does nat specify c¢.irnal fertilization 
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4 • 0 • SU!me.rv 

nus paper has d i solMed the 0", zr.enta ot yield t 1clen:y tha 

play major roles in det.ermi.ni.rq the level or e.rt.ll1t.atian 

awl1cat.i.al. 'n1e general cxrc.lus1an is that variability abo.It tho 

average efficiency values is as.i:qxlrtant. tho uee 

themselves . In fact, g1 van a specit ic prod\.ct.i.al 1'\Jrct..1.oo I 

yield fertilizer Il!ICXIJIDefrlatian prd)ably ria)( 

factors f cin;J ~ by be.in;J inse.nsiti tx) tho 

carrli tians ~ influen::l9 r isk management atrateg Clearl y I tho 

aw11cation of proIIi.ncW soil test reo< i iMieJdat.ials to H1c t lald 

cx::n:ii t.ials is made unoertain by varyirq soil capabill ty , 

ava1.lability, fertil i zer management practices 1rd1vidual 1c 

~. Gi ven the present ~ in the pradictl00 ot 

yield respc:l'1SeS to N fertilizatian, the fertilizer decis1Cl1 irrvolvoa 

evaluation of the p!"CX)ability of tt.a.i.nirq yield outrxm'm . Fn:rlcD1c 

fertilizer decisicn; require mor\1 Wormatial tirq to 

assessment of o l'IQ1eI1ts of yield eftic1ercy arrl 1nterpnrt.at1Cl1 in 

terms of the ocx:n:mics tacirq iro..i vidual prodI..olrs. 

In order to make l'JX)re informed fertil izar docisicras t prodI..olrs 

require the fol lo.rlrq : 

L quantificatian ot the efficien:y arrl variatian in ft1cle:rq 

of N fertilizer SCA.lrOeS ard ot the oc:n:U tialS urder \oh1.ct\ tho 1r 

efficien:ies are al tared ; 

2 . calibratian of the yield respa~ ot cUttcaront var1.etiaa of 

crops to N fertilization under varying i.st:ure cxnUt.icnJl 
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3 . identi !cation and quantification ot t:hcse factors ~ are 

recognizee! to affect yield potentials /capabilities, e.g. 

crop variety I 

4. 

fertilization in 

abj 

icul , thia 

te , soil tbYsical. factors 1 

int:e.rpretation of yield effici~ies due to N 

of the effect of fertilizer decisions on 

of profit-maximization and risk manaqement. In 

""'-' ............... "''"'' identification of the yield risk associated 

with tartUi N ; am 
5. battar ttrx.ierst:an:1 of yield resr.onses to nutrients other 

than N ani in oanbinatioo wi th N fertilization. 
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Table A . 

Yield Irxiexes far Wheat G:l:aIn an stu1:ille 
Seed.i.nj ort.e (1981 to 1985) « Manitdla 

(% of Ave:rage) 

Week~ 

April May May May May 
Regia1 Week 4 Week 1 Week 2 Week 3 Week 4 

SW 1.1oa 1.09 1.01 0.97 0.92 

.Aft 1.05 1.09 LOS 0.98 0.92 

a: 1.15 1.09 0.97 0.91 0.85 

mr 1.17 loU 1.02 0.91 0.85 

EAST 1.23 1.08 0.92 0.88 0.78 

a Imexes are calculated within rerions as follows: 

Index ~ yield in week x, 1981-1985 
Regianal yield, 1981-1985 • 

5aJrce: Manitoba Crop Insurance Col:p:)rati.on. 

JUne 
Week 1 

0.83 

0.88 

0.73 

0.78 

0.72 

~ 

Reqional. 
Yields 

June JUne (bl/ac) 
Week 2 Week 3 l.98l. - l9a5 

0. 74 0.70 31.2 

0.78 0.77 33.4 

0.55 0.63 37.3 

0.67 0.78 32.1 

0.61 0.52 34.6 



-...J 
v-

3 00 

SW 

....... 

CE 

00' 

EAST -

April 
Week 4 

May 
Week 1 

1. Q94 1. 06 

1. 14 1 . 09 

1.19 1. 08 

1. 25 1. 16 

1. 23 1. 09 

Table A.2 

yield. Irrlexes for Barley Grc1.m en stubble 
By Seecl1.ng [Bte (1981 to 1985), Man1 t.d::a 

(\ of Average) 

Kay 
Week 2 

1. 01 

1 . 07 

1 . 01 

1. 10 

0 . 94 

May 
Week 3 

0 . 99 

1. 01 

0 . 95 

0 . 92 

0 . 86 

Week Seeded 

May 
Week 4 

0 . 99 

1. 03 

0 . 91 

0 .83 

0 .80 

JUne 
Week 1 

0.92 

0 . 92 

0 .76 

0 . 79 

0 .85 

a IrrlaJQ:'!S are calculated vi thin as f ollows : 

KAni t.cba ~ rnsuran::. Cl:lrporat.iaI . 

JUne 
Week 2 

0.78 

0.84 

0 . 65 

0 . 62 

0 . 42 

June 
Week 3 

0 . 61 

0 . 73 

0 . 58 

0 . 47 

0 . 26 

AV'm:"8q8 
RIJq1.anal 

Yields 
(bu,Iac) 

1981- 1985 

50 .2 

49 . 6 

59 . 2 

48 .8 

57 . 6 
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Table A.J 

Yield I.rrlexes for Flax Gl:t:1.!n en SO til) e 
Seed.iTX} Date (1981 to 1985) , Manitxi:la 

C' of Avel:aqe) 

Week Sorled 

April Kay May May May 
RIegia:l Week 4 Week 1 Week 2 Week 3 Week 4 

S'A 1.11a 1.05 1.05 1.03 1.00 

0.90 1.15 1.12 1.01 0.95 

CE 0.97 1.12 1.05 1.01 0.97 

INl' 0.92 1.11 1.13 1.02 0.88 

FAST 1.01 1.14 1.05 0.96 0.85 

a In:iexes are calolJated within regions as follC7ft'S! 

Irrlex lOS Yield in ~ x, 19{U-198§ 
Regional yield, 1981-l985 • 

5o.lrce: Manitoba crcp Insurance Col:p:lratian. 

.:rune 
Week 1 

0.89 

0.89 

0.84 

0.89 

0.72 

Aver.ege 
Reqialal 
Yields 

..J'\.lrm .J"Un2 (hu/ac) 
Week 2 Week 3 1.981- 1985 

0.89 0.62 15.7 

0.81 0.60 18.9 

0.80 0.72 20.0 

0.59 0.79 17.7 

0.60 0.63 21.5 



Table A.4 

Yield Irrlexes for Argentine can:u.a Grc1.-m an st::u1i:>le 
By SeOCI i rq D:\te (1981 to 1985), Man! t.c::ba 

(% of A~) 

Week Seeded 

Avenge 
Regi.ooal 

Yields 
April May May May May J\.tne J\.tne J\.tne (W/ac) 

Raqioo Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 1981- 1985 

SW 1 . loll 1. 12 1. 09 1 . 04 0 . 97 0 .86 0 . 88 0 .95 20 . 5 

..... 1M 1.10 1 . 01 1. 11 1. 10 0 . 96 0 . 84 0 . 87 0 . 88 21.3 ..... 

CE 1.24 1. 13 1. 08 1. 02 0 . 94 0 . 89 0 . 83 0 . 62 22 . 7 

Dn' 0 . 95 1.07 1.12 0 . 98 0 . 87 1. 09 0 .77 19 . 9 

F.AST 0 . 88 1.21 1.00 1.08 0 . 95 0 . 62 0 . 74 22 . 1 

SQm:e: Kani tdla c:::t'q) I.nsuranoa Qn lXtt a tia'l . 
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Table A..5 

Yield In:'\e')!2s tar Ibl..ish 0UDla G:cam Q'l st::u1::ble 
Seedi ng D:d:e (1981 tx> l.985), Manitoba 

(' of lWeri!qe) 

April May May May Kay JUne J\Irm 
Regia! Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 

SW 1. J.9l' 1.09 1.04 1.04 0.96 0.82 0.94 

0.96 1.22 1.12 1.12 0.98 0.81 0.65 

~ 0.95 1.02 1.04 1.06 0.91 0.76 0.88 

mr 0.96 1.10 1.15 1.10 1.01 0.66 0.70 

EAST 0.69 1.12 1.09 0.98 1.01 0.71 0.70 

a In:1e:xes are calcu1ate:l within regions as fallCMS: 

Index _ ~~d in ~ x. 12al-l~a~ 
Regional yield, 1981-1985 • 

SOUrce: Manitoba Crcp Insuraooe COl:p:n:aticn. 

A'Wl:ag6 
Rs;icnU 

Yields 
.JUne (b.Vac) 

Week 3 1981- 1985 

0.75 21. 7 

0.57 23.1 

0.54 27.5 

0.40 22.3 

0.39 25.7 



L Alberta Depart.l!ent of ,b,gricul ture . Fertiliz.er FXx:n::mic:s . F'arm 
p~ Sectioo, Farm &.lsiness ~t Brard'l, 1qjcx 822-11, 
(J'Uly , 1985) . 

2. Alkier , A.C., G.J. Racz ard R.J. Soper. "E1'1'ectB 01' Fol iAr - ard 
- N i t.rc:qen Leval 00 Soil-AWliEd Ni t.tugen arrl SoU Nitrate 

Protein o::.rrt:.ent or Neepawa \ol)ea t . 
52 (1972) : 301-9. 

3. An:lrews , B. "'Respa1se or Wh£'\lt to Scodirq Dlte . '" In ~~~~Ql 
pf Manitoba 1QIQImists Ccnf~ Winnipeg (1986) : 104-112 . 

4 . Baker, R . J. arrl T. F . 'l'a.'nley-Smi th . " Breed..inq ~ t For Y i old ... 
In Sl i.nkard I A. E . arrl O. B. Fow 1 er (ELli tors) . ~ t Prc.:rllrtioo in 
canada: A Review. 
~+um. 5a.skatocl1 : t.Jnivers ty or Saskatd\ewan, 0 v 
Extenslan ani O:mTllnity Relations , (1986) : 443-452. 

5. Bock, J.R. "Efficient Use of Nit.rcgen in ~i.n:J S'yst.cm9 ."1 In 
Ni~ in crw PrOOuctipp., Hauck, R . O. (ruitor) . JuMriCM 
Soc~Of ~, Mad.isa1 , Wi.sc.xnsin (1984) : 273- 94 . 

6. Broadbent , F.E . tlPlant Use of Soil Nit.rcqcn . t t In LM-j~lfld.l-
erw ~ion, Hauck , R . D. (Editor) . AlooriCM 
Agrorv:mists I Madison I W i.sa:lns in (1984) : 171-182 . 

7. de Jcrq , E. arrl 0 .10. . Rennie . flA1ysiCll.l Soil Factors Int'l\liCN:l.rq 
the G:ro\Jth of ~t. ·1 In 
l'heat ~ium, Nielsen, K.E. (rurt.or) . 
Press , (1967) : 69-132 . 

8 . Farmer SUrvey, Pre-Jl'est . Depart:nwmt. or Aqr icul tural &x:n:a1c:u 
ani Farm~, University of Manit.cba , Winnip:Jg , 1987. 

B. P. yield Fcrtill~ 

9. Fowler, O. B. "Breed..inq \tileat for C\lality ." In Sl1.nY.ard, A. E. ard 
O. B. Fowler CELli tors) Whea t Prc:x:h.lctioo in canad.a : A Rnv i 
~irgs Qf canagian Whea SaaY.J1tooo : verB ty or saskat.ch£."-oI'a11, Dl V 100 0 l' E:rtcns On ard <):mn m.1 ty 
Relations , (1986) : 453-474 . 

10 . Gehl , O.T ., J . M. Sadler and R. B. IIv1ne . "'Nit.rcqo.n fortUity 
Respcnses or stardard Height arrl Semidwart Barley o.ll ti vara llrrlAr 
Mani t:d:)a O::n:ti ticns . " . In 

Winnipeq, 

79 



11. 

12. 

• "Nit::ro;en ~ 
-o·l ..olll!!semr-,.::s;;allll!!"'"'-.... V~--""!o:mv--enttanal~.,... ... -'"!'!Varleties of Wheat Un1e.r 

ManitOOa conditia1s. 1 In ~iam af 29th bnrnm1 Maoiteba 
wi.nnipeq ----;-(r986) : 73-90. 

Harapiak, J. T. I R. M. N. I<Ucey ani O. Flaten. "Nitrogen Sources 
in t Production. " In ltleat Production in 

A Review. Pa&i'¥Y'iros af canadian. Wheat ~1a) 
~~~!m' Sl inkard, A. E. ard D.B. FcMler (Eflitors). Saskatoon: 

ty of Saskatchewan, Division of Extension ani canrmmity 
, (1986)%87-135 . 

13 • Just , R. E. e.rd R. D. ~. ,. Production P\l:rciian Estimation ard 
Risk 0Jns tians . tI American.Joornal of l\gri@tw;:al 

r&lm~1. 61(1979) :27G-84. 

14 • Manitoba Department of lv:Jrlcul ture. soll Facts: Nib:~ 
ilizatia1 in Ct:q> Productioo. Agde.x No. 540, 1986. 

15. Manit.cba Department of Agr1cul ture. Informaticn Upjate. Fann 
Pl.anni.n;J QUde. 1987 Ct:q> Estimate. 

16. Manitoba Provincial Soil Testirg Laboratory. Target yield 
Tabl . Department of Soil SCiE!N:':e, University of Manitoba, 
W!nni , ( , 1982). 

17. M:Gill, K. S . "Climate !ok:xiified Fertilizer Recamne.rrlations for 
t, Barley ard oats. fI In Proceedi.rs§ of Manit;opa ~st.a 

Winnipeg, (1982) :137-9. 

18. ''Nutrient Trerds in Manit.c:ba Soils: A SUImnary of 
tho Provir¥:::ial Soil Test.in;J Laboratory. " In 

winnipeg, 

19 • N &a'l , H. '''Ihe Effects of Plantirg rates an <:::t'q> Yields." 
Ul"ipubl Paper, Mani t:oba c:rop ~ Corparaticn, 1986. 

20 . R4cz , G.J. "Ef acts of Ag'ronclnic Practices an Prote.in Content of 
t . .. presented at the ~t Protein ManageIIelt 

Worl<:shq> I canadian International Grains Institute, Winnipeg, 
Manitoba, (February 17-18,1983). 

21. , G.J. 'lEffect of Nitrogen SUW1y, Water SUpply a.rrl 
'l'oom_, .... tu:re an the yield ard Protein Content of Cereal Grains." 

2~ . t of i\qriculture. Fertilizer Ec:x::n::xoics. 
~~, Farm Management Sectioo, (March, 1986). 

80 



... 

23 • Srinlmaratnam, s . , D. A. Bessler 1 M. E. Rister I J' . E. Kat:.oc:ha and J'. 
Novak. "Fertilizat..ial Under lh:le.rtAint:y : An.Anal yaia Baaed al 

Prrx'bJO& Yield Expectaticns." iH~' ~~olI!3I!ij~~~.e.a~~~ .... 
RoQngrn1cs 69(1987) : 349-57 . 

24 . watt , J . ard L. Arthur . "OWort:uni ties am Pro6pect.a tor Red 'OM 
I.rp..It Agricultural Systems : \obBat ard C'Anola in the Prairie 
Provin:les . t 

w , March, 

81 



'J 

\ . ,f' 
• .f)/" '1 

', J.' i-- " 

. '. 


	magr22047
	magr22048
	magr22049
	magr22050
	magr22051
	magr22052
	magr22053
	magr22054
	magr22055
	magr22056
	magr22057
	magr22058
	magr22059
	magr22060
	magr22061
	magr22062
	magr22063
	magr22064
	magr22065
	magr22066
	magr22067
	magr22068
	magr22069
	magr22070
	magr22071
	magr22072
	magr22073
	magr22074
	magr22075
	magr22076
	magr22077
	magr22078
	magr22079
	magr22080
	magr22081
	magr22082
	magr22083
	magr22084
	magr22085
	magr22086
	magr22087
	magr22088
	magr22089
	magr22090
	magr22091
	magr22092
	magr22093
	magr22094
	magr22095
	magr22096
	magr22097
	magr22098
	magr22099
	magr22100
	magr22101
	magr22102
	magr22103
	magr22104
	magr22105
	magr22106
	magr22107
	magr22108
	magr22109
	magr22110
	magr22111
	magr22112
	magr22113
	magr22114
	magr22115
	magr22116
	magr22117
	magr22118
	magr22119
	magr22120
	magr22121
	magr22122
	magr22123
	magr22124
	magr22125
	magr22126
	magr22127
	magr22128
	magr22129
	magr22130
	magr22131
	magr22132
	magr22133
	magr22134
	magr22135
	magr22136
	magr22137
	magr22138
	magr22139
	magr22140
	magr22141
	magr22142

