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ABSTRACT

CROP TTET,D RESPONSES AND ECONOI4IC OPTTMA TN TERTILIZER USÞ

AT VARTOUS LoCATTO¡IS rN THE PRATRTES, 1959-68

by

Craig Vlctor t\rlton

In the period L9l+5 Lo L969t fertÍIizer sales j.n Canada increased

trom 5'l5rlO7 tons to 11909¡496 tons, an lncrease of J)2 pet cent for the

twenty-five year period. Because of this large increase in the use of

ferüilizer, there is an increasi.ng need for more lnformation on the phypi-

cal and econonric relationships involved in the optinnu:n use of fertill-zer.

lfith this kind of infornation, the farrner can then dqclde how much ferti-
.\

If-zer to use.

With this goal in ntnd, the objectives of this study ïrere:

I. 1o deterrnine the yield response to varylng levels and combÍna-

tions of N and PrO, for ühe crops, wheat, oats, barley and rye seeded on

su¡merfallov¡ and stubble, at various locations Ln the Prairie Provinces,

for the Jrears 1959 to 1968.

2. To derive the least cost comblnations for specifÍed crop

yieÌds and the naxtnwn profit positions for selected crop þrices, anC

to compare theee econonic opülnoa amdng locatl_ons, anong years at glven

Iocatlons and among the different crops in a given year and Locatlon.

the data used in thls study were the resuLts of ferüilizer experi-

nents f.n cereals that rsere conducted in the PralrLe Provinces a¡¡d the Peace

Rlver area of Brltish Coh¡¡nbia in the ten year perf-od, 1959 to 1968. Of

the l+r385 fertilizer e.:<periments Ì¡hose results nere tabulated, 3rti58 of

these experiments were excluded from fi¡r:ther analysls in the süudy. Most
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of the experlmente Ìrere erccluded because they did not have a sufficient

nr¡mber of observationsto'estùnate a yield response fi¡nctlon to fertLlizer

lnputs.

Four dÍfferent productlon functions Þ¡ere fitted by least squares

regression to the observations in each of the renaining 927 experinents.

Àlthough regression equations Here obtained for the 927 experLments, there

were only 93 experl¡nents Ín which the signs of the regreosion coefficlents

for the four derived equatlons were the same as h¡pothesized. The hypo-

theslzed slgns of the regresslon coefficlents for the }lnear, Cobb Douglas,

quadratic and square root fi¡nctions are shotrn in the following equations:

1=Oo+bIN+b2P

1=ooNbt Nb2

1 = bo* brN+ bzP- orf - u¡2+ urm

1 = bo- brN- bzP + uln+ oF * b/lF

Ttre quadratic form of the production functLon Ìras selected as the

nbest egtirnatetr of the physical relationshlp between the fertilizer inputs

and the crop ¡rlelds, Tt¡e selection was nade on the basia of certaln

regresslon statlstics obtalned for each function. Because ühere ¡¡ere 93

erçenlments involved, the seÌection mg based o4 the average values for

these statistics for each fi¡nction.

The quadratic production eq¡atLons derived for each of the 93

e:çerùnenüs Ì¡ere then used to obtain the least cost nutrient cornbinaülons

for specffied crop ylelds and the mximt¡m profit position=for selected

crop prS.cerfor each of these e:çerf.ments. However, ühe least cost nutrl-

ent conbinations and the maxfun¡m profit positLons for only J6 e:çerf.ments
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are presented in the thesÍs. The economlc opüinra for 36 experJ.ments are not

presen0ed, because in most of these experiments the most profitable appli-

cation of N andr/or PrO, was negative.

the næci¡n¡m proftt positions of N, PrO, and yield were compared

among years at glven locatLons and among locations for a given price.

These conparisons could not be nede for every crop, because Ln some cases

there were only one or two fertLlizer experlments for the crop. There

rras considerabl-e variatlon in the narci-nr¡m profit yields for both rrheat on

swrnerfallow and barley on stubble, nhile in the case of ¡¡heat on stubbJ.et

nost of the experi¡nenüs had optimal yields ¡*trich felL vithin the range of

25 to 35 bughels per acre. Tl¡e cornbLnatlons of N and PZOS for both the

naxfnun profit positions ard ühe Ìeast coet combÍnatíons for specS-fÍed

yields were also quite variable anong years for given locati.ons and a.mong

locations. Comparisons of the economic opttnra for differenü crops could

onþ be nade for tu¡o locations.

the regression-equaüion approach not only expresses the phyelcal

relationships between fertilizer levels and ¡rields, but it also permite

one to deternine the eccnomic optina ln fertllizer use. ltte fertiLizer-

lnput crop -output relationshf.ps, however, apply to particular soLls for

certaLn yearsi productÍon surfaces obtalned under other ¡¿l¡f¡ll and soil

conditions can be expected to differ fron those obtained in ùhe e:çeriments

reported.
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ChaPter I

INIRODUCTÏON

THE PBOBTEM

' Ferùilizer use in agriculture ln canada and in the Preirie

Provinces has increased significantly. Between L9l+5 and 1969 sales of

fertilizer in Canada increased from 575rll}7 üons to Ltg}gr 4gó tons, an

Lncrease of 332 per cent for the twenty-five year perlod (TaUte 4.1 of

Appendlx A). Fertilizer sales in the Pralrie ProvÍnces increased by

2O3? per cent for the sa.me period. The increase ln the Prairie

Provinces has not been continuous, however. Fertilizer consunptlon

fell off sharply in the period l95b to 1958 ard agai.n L969. In 19?0

Ln the Prairie Provinces, it was estùnated thaü farrners intended to use

30 per cent less fertilizer than r.¡as used in L9ó9.1 Tl¡e reduction ln

fertillzer use in these two periods is d.ue in parb to the reduced crop

acres and the deeline in u?reaü exports as compared with the í¡medíately

precerling periods (taUle 4.2 and Tab1e 4.3).

One,of the reasons Ìrhy fertilizer use has increased Ln ùhe period

I9i5 to:'lt969, particularly in the'Pralrie Provinces, is that farmers are

movÍng towards more intensive, rather than extensive, production. 1t¡e

d.isappearance of the land fronüier has tended to place greater pren!:m,s

on,the existing land resources. Consequently, as land prices lncrease,

fd¡roers often find lt more profitable to invest their limited capf.tal in

rnore intensive production through the use of fertilizer than in additional.

larid. The ê:cpansion in lir¡esùock productlon in thls perlod has also

I Do*ioion Bureau of Statistics, {gricultrrre Divisf.on,
Section, tflntended Acreage of Principal Field Crops in Canada,
FÍeId Crop Reporting Series, (No. 2, 19?O).

Crops
L970,,,



increased. the use of fertilizer ín the Prairie Provinces. In the tast

üen year.rs an increasing proportlon of the coaree graÍns, oats ard barley'

were groun on stubble land which require higher rates of appì-Ícation of

ferüitizer than crops grown on sunnerfallow.2 Àlso, fertilizer use in-

creased as a result of the increase in the acreage of the maJor field

crops (a11 w:reat, oats, barley, all rye, nixed grains, flaxseed, rape-

seed and ùane hay) Ín ühis period (see Tabl-e A..2). fn 19l+5-l+6 in the

Prairie Provinces, the acreage of these crops was 4Lt732r000 êcfês. Ïn

L969-7O, there were 1011261000 acres of these crops. AJ-though the 1969-?0

acreage was dorm fro¡n that of the previous crop year, nevertheJ-essl it is

sü111 substantially larger than +,he L9t+5-46 acreage. Because.of the

large anount of noney presently being expanded on fertilízet, there is

an urgent need. for etçanded research into ttle physical and economic

relationships f.nvolved ln deternining the optÍ-unrin combinations and levels

of fertilizer use.

Inltial research in fertilizer 1n agricrrltrre has been concerned

rrith deüerninlng whether or noù there ls a af-gnfficant response in crop

yleLd from the application of fertilizer. Ho,,.rever, once responses have

been founC to exist, the farner needs to consider fertilizer along grith,

other farm inputs and practices in his farm management decisions. First,

he musü decide ruhether or not to use aqy ferüilizer. ïlhÍ1e yteld responses

to.fertilizer rnay be certaln, he nust decide whether or not a dollar put

ln ferüiL:lzer wiLI return more than the sa¡re dollar invesüed in llvesüock,

,seed, chenicals, land or other lnvestment alternatives. If he dècldes to

use fertilizer, he must then decide: (t) wtrere to use fertilizer in

bontnion Bureau,,of StatistÍcs, Agriculture Division, Crops
Sectl.on, ItsumnerfaLlow and Stubtrle¡' Acreage and Yield öf Specifiecl Crops
Pralrie Provincestr, Field Crop Reporting Series, (No. L, I9()3- 1970).
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terms of ntrich soils and crops wi1-l give the highest return for eaih one

doÌIar invested t (2) what co¡nbination of fertilizer nutrients to use¡ and

(3) troro much of a given nutrient combination to apply on a given crop.

These decisLons can be made only if fertilizer inforraation is provided

Ln ühe form of íncremental response clata, that f-s, data wtrich shovr;'the

successive additions to yield resultÍng from successive ferüilizer appli-

cations. Accordingly, if the initial research Shows that crop yie3ds do

respond to fertllizer, the.nexb steps 1n fertilizer research are to derive

(1) the incremental yields forthcorring from various rates of ferüilizer

application under specified crop and soil co¡rdiüions, anct (2) the economic

optinun quantiüy of fertilize?, consÍderÍng crop,a¡ld fentili-zer prices.

The econonic optÍmrrn quanüity of fertilizer and the conesponding

opüinnrn yÍe1d will not be the sarie for every year in a partict¡lar area

or locatLon. Ttre yleld responses to the various rates of fe¡tilizer

application are affecüed by such factors such as weather, solL moisture,

and Eoll fertility wtrich change from one year to the nexb. In some yearst

the optinr.un rate of fertilizer application nay be quite hlgh; yeü the

,optinun yteld.may be"quite low because of the low soil fertili-üy,, rainfall

and soLl noist'ure. In other years, the exact opposite may be the case.

ff the optinrrm yields and quantities of fertllizer were obtained for a

nrmber of years, the farr¿er would then b'e in a better posÍ.tion to decide

how much he shor¡Id invest in fertilizer. Ttre famer with the limÍted

capital rrill tend to fertilize at a lower rate than the farsrer rsith the

ulrlímÍted capital, because of the greater risk and uncertainty associated

¡ytth the heavier rates of ferüilizer application. Tt¡e fanner whose.

capltaL is li¡cited is not only concerned ¡'rÍth the risk Ínvolved ln a large

lnvestnent ln fertllizer, but a.lso wtrether or not a higher return could



be obtaÍned if the capital was invested elsewhere in the farm business.

the far"ner wÍth the ur¡li¡nited capital can afford to take a greater risk

and is therefore able to apply the heavier rates of fertiLízer.

The econo¡nic optirnun Ln ferüilizer use will also aitfer anong

locatlons. Differences in soil moisture, soil fertillty ar¡d r¡eather as

well as dÍJferences in soil t¡pe will affect the_gptimunuse of fertiLizer

emong ühe varj-ous locations. Because these differences in the optimun

use of ferüilizer do exist anong locations, iü is not advisable for a

fa¡qrer in ong area to fertilize on the basis of the resuLts obtained in

another. He may be applyÍng too much fertilízer, porticularly if, he 1s

located in a dri-er area and ln a different soil zone. For exanple, if a

'farmer in the Sv¡ift Cument area of Saskatchewan were to apply the optimura

quantity of fertilizer derived for the Melfort area, then he r¡ould be

applyirìg in most years too much ferùilizer. O¡r the other hand, a farmer

nay be applying not enough fertil-Ízer if the area in wtrich he is located

has a wetter cli¡nate and a more productÍve soj.l. If the econonic optirnwn

ln fertilizer use r¡ere derj.ved for a nunber of locations, then the farmer

nould. be able to choose the optimr:n quantity of fertllizer utrich is the

most appropriate for his farm.

ltris, in part, surrnarizes the problem facing the farmer in deter-

ltinlng r,¡hat is the optinum qrrantity of fertilizer üo applÍr given certain

crop and fertilizer prices. Ttre problen is further corrplicateC by the

fact that the opti.ntun guantity of fertilizer changes from one year to the

nercù and from one location to another.

OBJECTTIIES OF TTIE SfiJDT

The naJor obJectives of this study are:



1. To determine the yield response to varying levels and conbina-

tions of the fertilizer nutrients, N and Pr05r for the selected cropst

wheat, oats, barley, and rye seeded on sunmerfallou and on stubble, at

various locations in the Prairie Provinces, for the years 1959 to 1968.

2. To dete¡¡,rine the l-east cost combination.of N anc Pro, in

producing specified yields for each of these crops for the various loca-

tions and years.

3. To deüe¡mine the mosü profitable application of N and PaOt for

five selected prices of each crop'for all locaùùons and ¡rears.

Because the -optinrun apptrication of ferüilizer,and the comesponding

yleld are not the sane for ever¡r year at a particular l-ocation, and be-

cause they also differ anong locations, two fi¡rther objectives of the

study are:

l. To compare the narcimrrn profii posltion of N, PrO, ard yietd

among years at given locations.

2. lo compare the naximr¡¡a profit position of N, Pro, and yield

anong locations.

Ttre least cost co$bl-nation of fertilizer'nutrients for specified

¡rields r,¡it[ also vat¡lanong years at each location ard anong locations.

IÏ¡erefore, two additional objectives of the study are to compare the

leaét cost co¡rbinations of N and PaO, for the sa¡ne crop yield arnong years

artd among locations.

Another obJective is to compare the return per dollar invested in

f,ertilizer for the different crops in a given year ard location.

Sl.nce severaL of the .objectives involve econonic production

prlnciples, these principles wrJ.l be discussed Ín the nexù chapter. A

description of the nature and, source of the ferüilizer- yield data and an
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evaluatj.on of the different types of functions that. can be used to

estimate the yÍeld responses to fertilizer inputs ïúLl be presented in

Chapter J. The nethodological procedures and the equations involved in

determining the econouic optima in fertilizer use wiLl be examj-ned in the

first section of Chapter l¡. In the second secti-or¡ the economic optina

for ferùilizer e:çeriments conducted at various locations in the Prairies

wtIL be presenüed a¡rd compared. Chapter 5 Ì1111 be a summary and

conclusioni ,
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TI{EORETICAL CÙNSTDERATTONS IIWOLVED TN

AI,TOCATION OF FACTORS OF PROÐUCTTON

There are three basic relationships in production econonics'

these are the factor-produdt, the factor-factor, and the product-product

relationship. They próvÍde the framework rrithin r,vtrich econonic efficiency

is deüernined, whether the choices relate to an individual farm, the

agricultural industry, or the nation as a whole.l In the factor-product.

t¡pe of relationship, one is concerned with the transfo¡'mation of a single

yariabÌe facüor of production Lnto a single product. In the second truet

one is looking at the relation between two variable factors of productlon

and a single product. In the product-product t1rye of relaüionshípt one

is concerned with the substitution between two products for various leve1s

of input. In ühis chapter, only the fi-rst two will be dealt with in

detail.

lHE SINGTE V'ARIABLE FACTOB-PRODUCT CASE

This first secti.on wÍI[ examine the production principles associ-

ated rsith the input of a single variable factor of production, with all

oüher factors held constant at some leveÌ, to yield a single product'

Many farm decisions falt lrithin the franework of a sÍ.ngle variable factor-

product t¡pe of relationship. the problem involved is usually one of

intensity of production. For example, how much fertilizer to apply per

acre Ls a decisíon ùhat has to be made by ma¡ly farmers. Similarlyt

I E""I o. Heady, Economics of 4gr:!-cultufal P¡pduc!1gn--e$-EpegEg9.
use (uneräåãd-crirfsl-N
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decfsions have to be nade on the a¡nor¡nt of feed to be fed per anima3., the

amount of labor or capital to be applied per acre or to a farm of a given

sj¡ze. Ttre probÌem of intensity can also apply to output. Ît¡e decision

as to r,¡hat }evel of production per acre, per animalr'or for the farm is

most profitable, is dependent upon a facüor-product relationship"

Ttre term productÍon function refers to the physical relationship

between the input of a factor or factors and the output of a product.

rü can be e:çres"* 
:"_î::"îr:"* 

rermj.norory as !

Y=f(xrlx2rx3r. . ,xn).
This expression states ühat the output of product T is a fi.rnetion of, or

is dependent on, ühe lnput of the variable factor Xl, lrith factors XZ, Xj

to X' fixed at some level. For exanpl-e, the yÌ-eld of wtreat per acre ís

a function of the Í-nput of fertilízer. As the use ¡of fertilizer is varied,

the seeding rate, land, laborrr ard nachlnery inputs are.likely to remain

constant.

A particular level cf output nay be produced from a mrmber of

different co¡obinations of inputs (non-variable inputs inclrrded). Alter-

natively, the sa¡ne conbination of production inputs nay gi.ve different

amo¡¡¡rts of output, depending upon how effieiently the productive inputs

are organized. For instance, the hay yield per acre obtained w?ren ferti-

lizer is broadcasted i.n the fall nay be higher than thaü obtained r.¡hen

fertillzer is broadcasted in the spring, therefore, if the production

funetion is üo give only one value for the output from a glven lnput

conbi-nation, the function must be so defined that ít e:çresses ttthe

maxinurn product atùainable f¡rorn the corubination at the existing state of

technical- knowledge t' .2

2 Sune Carlson, 4-9!g!ï-of the Pure Ttruory of -ProdEction (New

Iork, New Tork: Sentry-P



total physical product cì¡rve, TPPxlr represents

product for various levels of input of ühe variable

factors held constant at some specÍfied leveI. The

for variable input XI, fPHl, cani (l) tncrease at an increasing ratet

(e) increase at a constant rate, (3) increase at a decreasing rate, and

(4) decrease with increases Ín the variable factor Xr. These relation-

shlps are shown Ln Figure 2.1. It is not necessary ühat any particular

productlon fi¡nction should exhibit aLL situations described above.

The average and marginal physical- prod.ucts can be derj-ved

fron the total physical product. The average physical product curve,

ApÞ1, denotes the a.nount of product per unit of the variable input. The

narginal physical product curve, l,fPhh, represe.nts the addition or reduc-

tÍon ín the output of the product resulting fro,n an additlonal unit of

variable facto"r Xr. In other qords, it denotes the changes iin the slope

of ühe total physlcal product curve.

productlon functions can b"'di.rid"d into three segments called

stages of production, w?rich are disüi-nguished by ur?rether their nrarg5-na1

physicat products are increasing, decreasing or negative. The classic

production figrction which is characterized by all three süages is ÍJ.lus-

trated in Figr:re 2.1. Stage 1 extends from the origin üo the Level of

inpuü r.¡lrere the average physical product curve reaches a ma:cimu¡n. the

rnarginal physical product first increases and then decreases in this

stage. Stage 2 extends from the input level denoting rnaxÍmum average

physical product to the one where the marginal physical- prcduct becomes

zero. 1he r-rarginal physical product beco¡:nes zero rrhen the total physical

product reaches a naxÍmum. Stage 3 includes all lnput 1evels rv?rich have

Ttre production function can be plotüed graph in which the

total output of the

factor, with the other

total physical Product

ona

the
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a negative marginal phy-sica1 product and a declining total physíca1

product.

In stage 1, the average physical productivity of the variable

factor j-ncreases continuou.sly as additional units of the factor are ap-

plied to the fixed factors, si¡rce in this stage of production the narginal

physical product is aì-ways greater than the average physical product.

Arly level of resource use falling in stage I is considered to be unecononic

or irrationa'l because an additional unit of inpuü yields a higher output

than the previous input,. As production is pushed to the li¡nits of stage

1r a greater product is also forthcoming from the fíxed factors as wel-}

'from each tmit of the variable factor. Íherefore, if it is economical

to produce any output, it 1s econcmical to produee at least up to the

llnit of stage 1, where the average physical product is equal to the

narginal physical- product

Stage 3 Ís also an area of irratÍonal or unecononic production

because each additional unit of input of ühe variabfe factor reduces the

total physical product. In this stage of productlon, the rnarginal physi-

ca1 product is less than zero. Ttle thírd stage signifies conditions of

resor¡rce waste because the sane amount of product could be produced with

a snaller nr.¡mber of units of the variable input,. Therefore, if the

entrepeneur is rational he rvill never intend to produce in the thid

etage. EVen ff the variable lnput is free he will only go to the end of

the second stage.

In stage 2, the nrargÍna1 physical product decreases continuousl¡r

e¡rd is always less than the áverage physical product, but greater than,

or equal to, zero. Stage 2 is qonsidered to be the rational area of

productlon because each additional unit of input of the varlable factor
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resuf,üs in a snalÌer and smaller addition to total output. Therefore,

lf it is profitable to produce any output¡ the naximr¡¡n profit position

r¡ill be somer*here in stage 2. The leve1 of input of the variable factor

wtrich v¡ill maximize profits, depends on the productiviüy of the variable

factor as rvell as its price and the price of r,he product.

lhe naximr¡¡ profit positS-on in a singLe variable factor-producù

relationship can be determined by equating the narginal physical product

to the tactor/product price ratio. The naxj.num profit position occurs

r.¡here the price ratio line is tangent to the toüal physical product curve

(figure 2.2). At this point, the slope of the price ratio line, Vxr/PV

is equal to the slope of the total physical produet curve, dY/d,\. the

slope of the total physical product curve is the narginal physical product.

The discussion to this polnt has involved the relationship knoln

in producti.on econonrics as the factor-product relationshLp. The concept

of a single factor-product relationship has been used to set forth the

basic principles of resource allocaüion. The di.scussion which follows

in the next secti-on deals with the factor-factor relationship. This

econonlc concept is concerned not orùy wiüh the üransfor^mation of

resources into products, but iglso the'substitulíon of one resource fõr

another.

TTIE. TTJO VARIABTE FACIOR-PRODUCT CASE

This section w1ll ex"raine the production princÍples associated

rrith the fnput of two variable facùors of production, wiüh all other

factors at sone fixed level, to yield a single producù. There are nany

f¿rn decisions wt¡ich faII within the framework of a factor-factor or

resource substitution relationship. For exanrple, what combinaüions of forage
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and graln shor¡-l-d be used ín a feed. raüÍon for a feeder steer; or Ìühat

Ievels of nitrogen and phosphate should be applied per acre for a specific

crop; or what should be the substitution of labour and rnachine capital

for all anlmals or acres of a farm which is fixed in terms of acres and

other resoì.lrces? These are all decisions which involve substitution

betv¡een trvo factors of production.

In a factor-factor t¡pe of relatlonshlp, the adjustmenüs in the

varLable factors can be divided inïo three distinct types.3 These are:

(f) Uottr factcrs can be increased in the saloe propcrtion, (e) one factor

can be held constant wtrile the other is increased, and (3) output can be

held constant while one factor is increased and the other is decreased in

quantity. AII three t¡¡pes of adjustments har¡e iuçortant ÍmpÌications in

resource use. The first t¡rpe of adjustment can be used to determine

r?rether there is increasing or decreasing.returns (nargÍnal physical

productivity) to both factors. Tt¡e second t¡rpe can be used üo detennine

rtrether high tevels of application of one factor w'Il1 have adverÀe effects

on output. The thiud tfne ¡f adJustmenü is essential in determining the

optirnun combination of two factors Ín producing a given output or yÍeld.

The productíon fi¡r¡cüion for a single output produced by two vari-

àb1e factors, lrÍth other factors held constant, can be o<pressed

¡lgebraically as3

r=f(xrrï2, Ix¡'x,r, . .rxr)
u?¡ere output I is a function of the variable l'actors X, and Xar with the

inp-uüs *j, 
"U 

to X' held constant aü a given lèveL. The production

fixrctj.on presupposes technical effi-eiency, that is, the factors'(varÍable

and fixed) are combined i.n such a nanner that they cannot be rearranged

3 Heady, op.cit.r pp. L33-31+.



I5

to gives (I) a greater physical product with the sane leve1 of inputs,

or (e) the same physical product with less of one or more factors. There-

fore, the function states the naximum output obtainable from every

possible input combÍ¡ation.

the geometric forn of a production fi¡nction with two varlable

factors and a single product is called a production surface. Ilany types

of production surfaces ere possible, depending upon the underlying

production function. Some production surfaces r,¡il-I have increasing and

decreasing returns (marginal physical- productivity) to both factcrs.

OLhers, such as in Figure 2.3, lrill have only decreasing returns to both

facüors.

Figure 2.3, if a verüicaf slice Ís made through the producüion

surface, parallel to the \ axis, then the resulting curve ab expresses

the lnput-output relationship between the varj-ab1e factor X, anrl the

product T, when the variable facüor X, is fÍxed at a Level of 20 units.

!{ar¡y such vertical slices are possible. fn fact, a different input-output

curve, showing the output f3r every level of \r exists for each constant

level of Xr" These inpuü-output curves can be represented in two dirnen-

slons as in Figure 2.1¡. .[lternaüiveLy, vertical slices can be marle

through the production surface parallel to the X, a:cls to express the

{nput-output relationships for X, and Y }rith X, held constant. The slopes

of ühe Índlvldual input-output curves l-ndicate the rnprginal physÍcaL

products of the variable inpuü. The narginal physical produets inclicate

the a.ncunt added to total product by each successive unit of the variable

resoureec These marginal physical products will be used later in applying

economic pri.ncipÌes in specÍf¡ring opti-nrrn resource use.

The contour 1ine, cd, on the production surface in Ffgure 2,J ls
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caLled an iso-product line or lsoquant since it inClcates aÌl of the

possible conbinations of the two varj-abIe factors rvtrich will produce the

sane level of output. Many such isoquants can be derived for a particular
producüion surface. These isoquants can be represented in two dinensions

as in Figure 2.5. The curveu 11, y2r and 13 are isoquants for three

different leve1s of output and various quantities of the two variable

factôrs.

The slopes of each isoquant indícate the rate of wtrich one facùor

substitutes for, or repJ-aces the other, if output is to be nraintained at

a speclfic level. lrlhen the iso=quants are curved such as in Figure 2.J,

the rate at w?rich one factor substitutes for the other, declines as the

given output is prod.uced rvith more of, the for¡rer and less of ùhe latter.
Indeed, these slopes are crucial in specifying the optimrrn co¡nbinations

of rabour and capital in farming, the optimum proportíons of feeds in
livestock production, the optirnurn proportions of nutrients in crop ferti-
lization, ut".4 If the isoqrrants are straÍght lines Ì¡'ith a constant slope,

then generally only one factor shor¡ld be used in producing the speci.fied

output. ff the input-output curves are linear, there is no linlit to the

Ievel of input and output, wtiich is profitable, if it is profitabLe at all.
Ttre lines indicated by h, kZ, k3, and kU in Figure 2.5 are

lsoclines in the sense that they connect polnts of equal slope on suc-

cessiv'eily hrgher fs'oquanüs'. líence, ühey eonnect poÍnts on the isoquantg

r*rlch denote equal nargÍnal rates of substlüution between variable factors,¡

Isoclines are also cal-Ierl expansion paths, since ùhey show the path which

the nix of inputs should folror"¡ if output ís to be expanded. rf the

4'
Functions

Earl 0. Heady, and John L. Dillon, Aqriculturar production
(Ames, Iowa: Iowa State Universiti ffi
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lsoc1i¡es are linear and intersect the orlgin, the proportion of the two

factors 5-nputs will renain the same as output i.s expanded. If the iso-

cl-ines are curved or if they are linear and do not pass through the

origin, then the facüor nix lrilI change as output Ís expancled.

The isoclines represented ¡y kt and kU in Figr:re 2,5 are also

termed ridge lines since they denote infinite and zero rates of substi-

tution between factors. The ridge I-ine k, connects points on the Íso-

quants which have an infinite slope while the ridge line kO Joins points

on the isoquants which have a zero sÌope. Produetion in. the areas outside

the ridge lines is irrational because the same level of output can be

produced in the area inside the ridge lines with less varj-ables resources.

In Fignre 2.6, an output of 30 units can be prod,uced in the ratíonal area

of resource combination with 5 units of ï, and 15 units of X, or in the

irrational area lrith 5 units of X, and 4O units of X'

If. the production sr¡rface rises to a distinct peak, then the

isoclines will converge to a sÍng1e point as in Figure 2.5. The marginal

rates of substitution ancl the narginal physicaL productlvities are zero

at this point. Àlternatively, if the production surface slopes to a

plateau then the isoclines will not ccnverge to a single point.

Ttre optimum or least cost comblnation of the variable factors

for a given level of output is deternined by equating the narginal rate

of'substitution to the inverse price ratio of the two factors. Ttre leest

cost conbinatÍon can be illustrated geometrically. Just as the isoquant

lndicates atl possible corobinations of the two factors which produce a

given level of output, an iso-cost or lso-outlay line lndicates all

possible eourbinations of the two factors lvhich can be purchased ¡rith a

given outtay of fi¡nds. The iso-cost lines are linear for a fartr or other
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conpetitive firms w?rÍch do not purchase enough of the factor to affect

ühe üa*rket price. The slope of the isoquant represents the narginal r€rte

of substitutùon of X, for X' dXI/dXz. The slope of the iso-cost line

Írrdicates the rate at t¡Ìrich one factor substitutes for the other, if the

cost outlay is to remain constant. The rate at which one facton substi-

ùutes for the other depends on the relative prices of the factors. Ïlence,

the slope of the iso-cost line j-s indicàtive of the ratio'<if factor

prices. For e:cample, Íf the prices cf X, and X, are $I.CIO and $.!O per

unit, respectÍvely, then 2 units of Xa can be exchanged for 1 r:nit of Xrr

r¡ithout changing the amount spent. Therefore, the slope of the Ísc-cost

line is 0.J, wtrich is equíva1enü to the inverse price ratio of the two

factors, .5O/L.OO" lrlhen the slope of the isoquant is equal to the sJ-ope

of the iso-cost line, cost is at a mtnimr¡m. In FÍgure 2.7, l,jhe least

cost combinations of L and X, for three specified levels of output occu.r

rrhere the Ísoquants are just tangent to the i.so-cost lines, clr. g2 and

"j. At the points of tangency, the rnarginal rate of substitution of X,

for X, is equal to the slope of the iso-cost ltne, Yxr/Pxr.

In Figrrre 2.7, l.,tre erçansion path, E, has been drav¿n through the

pofrtts of tangency and. indicates the change in the proportion of the tv¡o

factors as output i.s increased at least cost. In ùhls particular case,

since the erçansion path has an upward curvature, a greater proportion

of X, shor¡ld be used as output is expanded. If the ex¡ranslon path 1s

linear and passes through the origin, then the proporti-on of the two

factors urill renain constanü as output is increased. Orrtput should be

e:çanded as Long as the marginal value of the product (price of the

product times the narginal physíca1 product) is,greater than or equaì- to

the narginal cost of the resources added.
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Input of X,

Figrre 2.7. The Use of Iso-Cost Curves and Isoquants to Indicate
Least Costs.
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HavÍng deterrrined the least cost combinations for a nr¡mber of

output leve1s, ühe next step is to obtafn the rierdmrrrn profit position.

In the single factor-product case, the marimr¡n profit position occured

nÌ¡ere the narginal physical product of the varíabÌe factor was equal to

the facüor/product price ratÍo. fn other words, it is profitable to

expand output up to the point where the value of the increment in output

is equal to the increment cost of the factor. In the factor-factor case,

the naxÍnr¡n profíü posi-tion is found by setting the marginal physical

products of the individual factors equal to their respective.factor/prcduct

pricé ratios , ênd then ,solving the relatÍonships I,lFFx, = exr/PV and

MPPxa : Vxr/ÞV sinultaneouslyiüo obtain the optÍmr¡¡n combination of factors

and' output. ltris conbination of ùhe" faetors.is'al'so the'least cosü

combination for the assoclated level cf output.

In this section, only the production principles assoclated w'ith

two variable factors were exa¡nined. the principles are basically the

sa¡ne, however, for relationships involving three or more variable factors

rrith a single product being produced.



Chapter 3

}MTHODOTOGY

THE NATME OF TI{E EXPERI}ffiNTS

The data used. in this stuCy are the results of fertilizer experi-

ments in eereals that have been conilucted in the three Prairie Provinces

in the ten year period, 1959 +,o 1968. Irn addÍtion, fertilizer experiments

conducted in the Peace River area of British Columbia were also lncluded

ln the study since the type of agriculture in this anea is very sinilar

to that of the Pralries. These experimenüs are located Ín all crop

districüs of ühe Prairies althorrgh not necessarily for every year. Most

of the experiments $¡ere designed to illustrate the yield response to varÍobe

applicat'ions of nitrogen and phosphate. In others, the ¡ieJ-d responses

to various rates of application of potash were also examined. Ttre latter

experiments were generally located on the t-ighter textured soils found

in the Prairie Provi-nces.

The naJor sources of the fertiLizer data r,¡ere the annual reports

complled by the fertilizer eonnittees i.n each provÍn"".l These reports

conüain the resulüs of fertilizer trials conducted by various agencies

fn each province. The fertilizer data for the Peace River area of

British Colrr¡nbia were collected from the Alberta annual reports (see Foot-

note 1). In 1968, horvever, the fornat of presentation for fertillzer tesü

results in Alberta was changed. Instead of the actuaÌ results being

I l¡.ottoUa So11 Science Society, Papers Presented at the Annua1

, Annrral h;p
tions Branðh, ^r,fanitoba Department of

AgrÍculture); Saskatchewan Advisory Fertillzer Councfl, trResults of Ferüi-
lfzer ftperlments in Saskatchewan, Part I, Cerealsrr, Annua} Reports for
195;9- 1968; and Alberta Scils Advisory Comtltt,ee, t'Soil.s and FertÍlizen
Test Results in Albertart, Annual Reports for 1959-L967.
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compileC into a sÍngle reporL, only a sur¡mary of the resulüs was presented.

However, some fertilizer data were obtained for Alberta in 19ó8 from a

report put out by the A1beröa Department of Agriculture.2 Fertilizer

data for the Prairie Provinces were also obtained fron a report pubì-ished

by a fertilizer company on its 1968 experiments.3

fn this study, the experimental results were tabulated for wtreat,

oats, barley and rye seeded on surmerfallow and stubble. The data were

collected fon locations throughout the Prairj.e Provinces and the Peace

River area of British Colunbia for the years 1959 to 1968. In one year,

there nay be ,several e>cperiments for a parüicrrlar crop and locatÍon. fn

the nexü year, there may not be any e:çeriments for ùhat location. Some

locations" ma¡r have fertilizer test,:results for several c.rops f'or af.Ì ten

years, rut¡ile others rnay have test results for only one crop for one or

two years. These clata were recorded. on computer cards to facilitate the

hanCling of a large quanüity of data. The kind. of data that Ìrere recorded

on each card are given in ApperdÍx A.

In sone ferti-lizer trials, the results of certaÍn plots were

onútted.. These plots received speeial treatments which the other pJ-ots

f.n the trial'did not receive. For erca.nple, the results of plots v¡?¡ich

were sprayed r+ith rrild oat sprays were not included in the sùudy. The

yield responses obtained in these plots were due to more than Just the

ap.plication cf ferti-Iizer. The results of plots which received

t& Alberta Department of ÂgrÍcu1ture, tt1968 Ferbilizer Denon-
stration Resr¡ltsrr,

?

t_ W: F. Jankgr. Crgp Response.s t,o,Fgrüilizer _i-¡q Ïtregtern Cageda,
(Forf SqskatehewaRr, Albenta: Research and Developnent Dlv-isi-oryStrer'ritt.-
Gorrlon Mihes Limited, Decernber, 1968).
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applications of lime or where the fertilizer was placed in bands six and

twelve Ínches below the seed were also eccluded from the stuCy for the

salne reason.

In those experiments where the individual replicate yi-elds were

given, the average of these yields were used for each level or conbÍnation

of nitrogen and phosphate. This v¡as done in order to maintain consistency,

since in most experÍnents only the average of the individual replÍcate

yields was reported.

fn thÍs stud.y, the results of b385 ferÎilizer experiments lrere

collected (taUte 3.I). Of the 1.J85 experiments, 12 per cent were located

ln Manitoba, 54 per cent in Saskatchevran, and 3t+ per cent in Alberta and

the Peace River area of British Coh.rmbia. Tke 4385 experiments had a

total of 291883 observations for an average of 6.8 per experinent. The

range in the nrunber of observations in'ühese e:rperiments was from one to

thirty-five"

DEA,TVATION OF EERTILIZER PRODUCTTON FUNCTIONS

A rnajor objective of this süudy is to derive nathernatical equations

(production fuhctions) which ex¡press the physical relationships bett¡een

varying levels and combinations of N ancl PrO, and the corresponcting crop

¡rields. Such an equatÍon defines ùhe production surface and the relevant

quantities of fertilizer nutrients associated. with it. The derivation of

the production function equation is itself complex, because a nr,¡mber of

forms of production functlons can be used to estimate the physical

relaüionships beüween the fertilizer nutrients and yields. fn this study,

four functions rvith two v¿,riab1e nutrients were fitted to the observatÍons

in each ecperiment. These were the 1-1near, the logarith¡¿ic or Cobb Douglas,



Table 3..1

Nnnber of FertlLfzèr Þ<perlments Tabulated ln the PraLrle Provlncee
and Nunrber of Observations in 1?rese Þrperl-ments"

Year

]-959

1960

1961

f962

t963

l96t+

t965

t966

L967

1968

TotaL

Man"

ltrr¡mber of Þc.oerlnrents
Alta.

Sask" and B.C.

59

78

41

t2

18

82

26

3t

9l+

85

275

25?

l¿,+

22L

228

279

266

205

259

231+

2368

L33

r21

63

99

L2B

102

208

253

293

91

467

h56

2lr9

332

37h

l+63

500

t+gg

6h6

410

526ó

Man.

ñmber of

Sask.

br5

t+96

260

I+6

9l+

249

2L6

23t

l+9I

52r

ObservatÍons
Alta.

ancl B.C .

180r.

1821

]..]-.25

L753

1:6t+6

r533

JJ+I5

r336

1988

1685

16103L491

r3r5

830

6L9

772

838

678

13t+7

r535

2L8h

6l+3

107ó1t+385

353t

3rb7

2OOl+

257r-

2578

2l+60

29?8

3ro2

h663

28t+g

29883Sorg
f\)
c0
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the qurJ,ratic and the square

forms of these funcüions are

1=bO*bIN+

1 = uol,¡bl Pbe

root functions. The respective algebraic

as follows:

beP

I : oo+brN + b2P+urrÉ+u¡2 + urue

1= bo+blN + bzP+ujlÆ+ oF * ulm

In the firnctions, P refers to P^O. in pounds per acre, N refers to nitro-z)
gen Ln powrds per acre and T refers to tctaÌ yield in bushels per acre.

The linear production fiurctÍon cannot be applied to experlnents

in wtrích ühere is a di¡rinishing total yield because the function has no

naxinnum. Also, the function assunes a constant marginal physical product

for each nutrient for aLl levels of input. Hence, the isoquants for this

function ¡¡iII be linear.

Tbe Cobb Douglas function also cannot be applied. to data indica-

ting a ciÍminishing toùal yield because the naxirnum output for the fr¡¡¡c-

tion 1s r¡ndefined. The isoquanüs of this production function are

as¡rmptoùic to the Ínput alces. Therefore, there are no ridgellnes in the

nornal sense. Instead, the ridgelines, denoting zero ancl infinite
narginal rates of substituüion b-eLween factors, are identical with the

input a:ces of a üryo dimensional isoquant rnap (r'igure z.j). Arso, the

Cobb Douglas f,unctÍon forces the yield. isoquants to have a constant slope

along a fixed nutríent ratio line, that is, it does not permit the

narginal rate of substitution to change along the scale line as higher

yields are attained. Therefore, the same nutrient combination should be

used f,or alt yierd revers. rn addition, the function assumes each

nutrient to be limitationgl and that the yield is zero wtren the inpuü of
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eÍther N or PrO. is zero. Hovrever, in ühe actual experiments, there were<)
positÍve yields even when the application of both nutrients h¡,as zero.

the quadratic and square root fi¡nctions can be used for fertilizer
experimenüs r¡trich have a diminishing total yield because the functions

aLlow both declining and. negative narginal products. Although both the

quadratic and the square root functions permit, a diminishÍng total yield,

the quarlratic fr.rnction has margi-nal products which decline at a constant

rate, whereas, the square root fi¡nction has narginal products rrtrÍch

decline at a dinuinishing rate. Unlike the Cobb Douglas function, these

two functions allow the yÍeld isoquants to change in slope along a fÍxed

nutrient ratio line. Therefore, the quadratic and the square root func-

tions permit the ratios of N and PrO, to change as higher yields are

obtained. Also, they pernit the interaction of the two fertllizer nutri-

ent,s 1n the productlon process. In additi-on, the two variable inputs in

the quadratic and the square root functÍons are not assumed to be limj-ta-

tional, Certain yield.s can therefore be obtained even when the inpqt of

N and,/or P^0. is ?¿ete o-¿
The four fwrctions were fitted to the experimental fertilizer data,

utl1izi4g least squares regression analysis.4 Functions were not fitted
for all of the t+385 experiments. Data were utilized only frorr those

ecperlments uhich tra¿ (l-) nine or more observations, (Ð 
^í *ast three

4 Bernard Ostle, Statistics in Research, (Annes, Iowa: fowa State
UniversityPress,Ig6t+).,ffi"*"s.êg'essionisoneof
a nr¡mber of methods that can be used to fit a line (function) to the
data. Tt¡e nethod of least squares, however, assures us that the sum
of the sguares of the vertical deviations from the points to the fitteúl
line will be less than the swr of the squares of ühe vertical deviations
from the poÍnts to any other l,ine, no matter how computed. That is,

.n-o
S = .L (yÍ-1i)2 is a.nintmurn, where S is the sum of squares, Yi is thp,

I=I
actuaL yield and 11 is the estÍmated yÍe1d.

:,r,ì
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different leve1s of applÍcation for each fertilÍzer nutrient, N and P2O5,

and (3) at least seven different combinaüions of N and P2O5. These conclí-

tions vrere necessitated in order to obtain rneaningfui parameter estj-nates

when fiùting the quadratic and the square root fr¡nctlons. A, nilrimum of

nine observations was chosen to allow for a.minimum of three degrees of

freedom for the sum of squares of deviations for these two functiorrs.5

the seeond and third condítj.ons are necessary because the two funcüions

have five ind.ependent variables. In one of the fertilizer experiments,

there were twenty-six observations, but there were orùy sjx different

combinations of N and PZO'" Therefore, there are only six actual obser-

vations in the experiment. .[lthough there nay be five observations with

the sane co¡rbination of fertilizer nutrients, in regression analysis they

are üreated as one observation. Hence, with only six actual observatÍons

there are zero degrees of freedom associated with the sun of squares of

deviations for this e>çerinent.

PôO(. For these experiments, the functions were fitted only to those¿)
observations in which potash was not appÌiecl, because this stucly was noü

designed to estimate ühe effect of potash on yields. fn addition, there

were 35 elcperfments in Alberta in whích potash, KrO, lras applied at the

same level to all plots including the check plot. Since the level of KrO

uas the' same for aill pIots, the l,'ÍeId increases over the check were due

to the applications of N and/or ,2o5. The 35 experiments, however, rrrere

excluded from further,analysis in this study because the yields obtained.

5 The
devia'tisns 1s,
fs the number

number of degrees of freedorn f,or the sum of squares öf
n- k- I ¡¡herne n is the total nr¡nber of observations ancÌ k
of independent variables in the fiurction.
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ln these experiments are not comparabl-e to those obtained when potash is
not applied. In a nurnber of experÍ.ments, sulphur $¡ae also applied. These

observations were included in the estimation of the regression equatÍonsr.

since sulphur !¡as assumect not to have an apprecÍable effect on yields.

Ottt of a total of 4385 fertilizer experiments, there were ortl:y J2l,

or one in five, which lrere acceptable for regression analysis. Of |i,he 92?

experiments, ? per cent were in Manitoba, 66-per èent were in Saskatchewan,

and 27 per cent in .[Iberta and the Peace River area of BrÍtísh Co]-u¡nbÍa,

(taUte 3.2). The corresponding distribution for the totaÌ nurnber of fertl-
lizer experiments uas 12, 54 arrt 34 per cent for .Manitoba, Saskatchel.ran,

and ühe ^Llberta area, respectively. Þccluding those observatÍons in which

potash was applied., the 927 experiments had a total- of 131239 observations.

The average number of observations per e)cperiment utilized rvas 14.3, as

conpared to average of 6.8 for all ercperiments.

The four frrnctions, linear, Cobb Douglas, quadratic and square

root, v¡ere fÍtted to the observations in each of the 927 terLllizer experi-

ments. Mathematical (regression) equations were obtaíned for each of the

four functions for the 927 exper.iments.

SEIECTTON OF TI{E FERTILIZER PRODUCTTON FUNCTION

&lthough regressÍon equations were obtained for the 927 experiments,

there r*ere only 93 e:cperiments in which the signs of the regression co-

efficients for the fou¡ derived equations were the sarne as h¡pothesizeci.

The hJpothesized signs of the regression coefficients for the linear, Cobb

Doug1as, quadratic and square root functions are shovrn in the followÍng

equations:

1= bO+bIN+b2P



TebLe 3.2
Nrr¡nber of Fer{f1lzer Þçerfneltg Acceptable for Regressf.on Analyels Ln the Pralrle prorrlnees

and Nu¡aber of Observatlons Acceptable 1n These Þ<perinents

ïear

L959

r960

1961

L962

L963

L96t+

L965

]l966

l967

L968

Total

Man.

Nunber of Þrperfunents
Àlta.

Saslc, and B.C.

10

Lg

9

68

62

35

53

58

59

h7

63

87

80

,b
t+

7

IO

52

3I

11

r4

t5

L5

36

?4

41

13

Total-

130

JJz

'55

67

73

7h

87

91

L35

103

ldan.

Number of Observatlons
^lta¡Sask. .*

anC B.C;

L50

232

]..26

1r36

1028

542

i',867

798

?to

627

792

1005

918

252

76

s4

91

lt+z

814

480

16b

2t2

187

23l.

t+97

379

66r

300

927

2100

L740

832

1079

985

94r

1r_90

1255

L757

t360

t3239t:8t+23 39L5
\¡) !u):
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1.
at^

P- b^N'-b. Pt+b-NP)4

I = uol¡bt pbe

î= OO+blN+b2

1 = oo- br N -bz p+ ur-lÆ+ ufÆ+ ur7rw

If the regression coeffj-cients, bit", for the quadratic and the

square root equations had only positive signs, then there woul-d only be

Lncreasin! rnargl-nal physical productivity. Horvever, since some of the

factors are fixed such as land and seedi-ng rate, it is logical to expect

a decLining marginal physical productivi-ty. Hence, the h¡rpothesized signs

are negative for b, and bU of the quadraùic equation, and for b, and b,

of the square root and either positive or negaüive,for b, of both equations.

Ttre negative signs for these regressJ-on coefficients also pernrit a dirnin-

lshing total.yield aü high rates of fert,ilization. ff the signs for the

regression coefficients ?¡ere negative for the LÍnean equation, then the

highest yield wouÌd occur r¡here the rate of application of fertilizer is

zeroo If the signs of the regresslon coefficients, b, and brr for the

çq6þ Douglas equation were negatÍ-ve, then the yields gould decll-ne

for all rates of fertilizer applicatÍon greater than zero. Alternat5-veÌy,

1f one coefficient is positive and the other is negative, but the sum of

ühe t¡¡o is less than zero, then yields. wiIL decline as the rate of fertl-
lization is'incfegsed.. TlíëÈêfõfe, the 'signs of the two regression coêf-

ficients shoulrl be positÍve. The sum of the two coefficients should be

Iess than one. If it is greater than one, then there is increasing

marginal physical producüivity as the level of application of N and PaO,

is Lncreased.

In mosü of the experiments that were reJected, the signs of the

regress.ion coefficienüs for the deríved quadra,tic upd/or square root

equations did not comespond to their hypolhesiaed values. Likewise, a



35

nunber of erçerÍ:nents were reJected because, of 'conflicüing signs for the

regression coefficients of the derived linear a¡rd Cobb Dor.rgl-as equations.

There Ì¡ere a nunber of experiments reJected in which none of the derived. 
.

equations coresponded wiüh the expected signs for the four functions. .

Of tlre 93 experiments whose regression equations were not rejected,

9 were located in ldanitoba, 35 in Saskatchewan, and 49 in .Alberta and the

Peace Rj.ver area of British Co}¡nrbia (taUte 3.3) . The percentage distri-
bution of ùhese u experiments a¡nong the three regions was 1o, 37 and 53

per cenf, respecüively. For the tJ experlment,s giving acceptable results,

ühe nrxrber of experiments in each year for the Prairies as a whole ranged

from a low of one in l:963, to a high of 20 Ín 196? (taUle 3.3).

After selecting those e>cperinents r+hich were acceptable for

further analysis, the next step was to determine which of the four func-

tions provided thetrbest fit" to the observations for the ÇJ experiments.

the fi,¡ncùion selected is assumed to give the best estimate of the ferti-
lizer-crop, inputloutput relationship. The selection of one such equation

1s difficult to make, however, because there is no direct or objective

test for conparing the ttgoodness of fitrr among the four firnctions.

Heady, Pesek and Brown fitted three'functions with two variable

nutrÍents to the observations in each fertilizer experiment.6 These

rrere the Cobb Douglas, the quadratic and the sguare root frrnctions. The

function which they selecterC as having the besü fit uas the square root.

The selection of this function was made by (1) comparing the ttregression

statisticsil for ea-ch functionr. (2) conparíng single-nutrient response

ó n rI O. Heady, John T. Peseþand
tion v*lth Tenne,ssee Valle¡¿.Authorj-t}¡, Crop
_OptÍma in FêrtiLizer Usg, (.Ames, towa:@I

co-opera-
Economic

tural ftperi-rnent
lfarch, L955).fowa, State Collegeo Research Bulletin 424,

Will-iam G. Brown, in



Tab1e 3.3

Nu¡:ùer of Fer.tll1zer. $çerLmenta 1n the PraLrie Prorrinees vrith .â,cceptable RegressJ-on
Coefficlents ard Nr¡mber of Observations 1n These Þ<perlments

Yea¡

1959

1960

19ór

1962

\963

L964

L965

]966

ltg67

rg68

Man.

Nu¡nbei of hperiments
AIta.

Sask. and B"C.

I

2

3

5

5

I
1

5

5

9

2

1'

3

2

Total

2

l+

2

9

L6

,,.5

10

I
10

4

Ir
20

7

:i5

l+

I
L3

3

Men.

Nu¡ber of Observatlons

AIta.
, Sask. and B.C.

I7

æ

35

48

91

8¿l

L32

16

89

l+9

7l+

144

32

2t

h7

22

r27

L39

255

84

L,6t+

r6

L69

5I'
t76

296

L27

JJ+T7

27

41

2l+

Ë80

5L

128

208

81

552
tu)
O¡
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curves derived by the three two-r'ariable functions with a sinilar curve

esti¡rated from the best fitting single-vari-able function, and (l) conparing

the response curves and yield isoquants esti¡re,ted from the two-variable 
_

functLons w-ith scatter diagrams of ühe observations. Gilson and. Bjarnarson,

ln 1958, fitted these three functions to Manitoba d.aüa.? They concluded.

that the quadratic function provided the best fit for their data. Ttreir

selection r,¡as nade on the basi-s of the coefficient of determination and

the t-tests for the regressÍon coefficients. Tolton, Gilson anC Hedlin,

Ln a study to deternine the y:ie1d response of barley on süubb}e land to

application of fertilizer, fitted ühe Cobb Douglas anrl quadratic functions

to their data.8 Ttre quadratic function was again selected to express the

logical physical relationshlp between the ferüilizer nutrients and the

crop yÍelds, because it provided a better fit to the data than the Cobb

Doug1as. The selection was made on the basis of the coefficient of deter-

mination and the t-values for the regression coefficients for each function.

In this study, the selection of the fertilizer producti.on function

was nade on the basis of the coefficient of deùernination, the t-tests for
the regression coefficients, and the F-ratio for each f¿nction.9 The

sverage"values of the various statistics for each fi¡nction for the 93

expeiinents are gíven 1n Table 3.4.10 The regression statistics for the
7 J. C. Gilson and V. W. Bjarnarson, ttEffects of Fertilizer Use

o¡: Barlelr in lforthern Manitobatrr. _Journal of Farm Econonics, xL (No. 4,
November, Lg58), gjT- hI" 

- 

--

av H. E. Tolton, J. C. GÍ}son, and R. A. HedLin, ttPhysical and
Economic RelationshÍps Involved in Fertilizer Usetr, Canadian Journal of
4ericulü p1 EegærÀi,cs, V (No. Z, IgjT), L- B.

9 Fot an e>çtanatfon of these üerms see George Î¡tr. Snedecor and'
William G. Cochran, Statistical Methogs (Ames, fowa: for.¡a State Univer-
sity Press, 1967), pp. EI:TÏã,

1O Th" averages were found by adding up the values for each functÍonln each e)çeriment and then dividing the sums by 93, l,,he nunber of e4periments,
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lndividua} oçerÍments are given in Table 4.5.

?ab1e 3.t+

Average.;Values of Regression Süatistics by Function for the 93 ExperÍments

Value of t-test for the regression
coefficients of the following termsValue of

Function f N ,P tvzorffie2 or]./F lue or]zffi F-ratio

Linear

Cobb Douglas

Quadratic

Square Root

2.3?-x 2.61'lr

4.l}Ox-F 1r.86;rx

2.83x 3.18-px 2.6?*

L.67+ 1.76+ z.oz+-

2.?7-x L.32

2.O9# 1.81++

o.528

o.736

0.803

o.916

9'38'*x

l+1.62x-:*

16.21*F

2\.3Ç*:r

Note: The average number of observations for the ÇJ e>çeriments was !5.9.

{++ Significant at the 1 per cent leve1.
It Significant at the 5 per cent level.

*-|. Significant at the 1O per cent leve1.
+ Significant at the 20 per cent level.

Ttre coefficients of determÍnation (R2¡ 
"toro 

considerable differ-
ences in percentages of yield explained by the variable nutrients. For

exa,rnple, in the linear 53 per cent is e:iplained by di.fferences in the.

application of N and PZO., wtrile utilizing the square root they explain

82 per cent. Ttre t values show that over one-half of the regression co-

ëffÍôién-t'S äre si$nificant'at the 5 per cent leveI of probability. Ttris

leve1 of signif,icance indicates a probability of .o! of rejecttng the

h¡4pothesls urder test.Il At the 2o per cent leveI of probability, all
regression coefficients but one are significant. Tt¡e F-ratÍo, which is
the tesü of signifÍcance for the coefficient of deternLnaüÍon, was signi-

fÍcant at the one per cent level_ for aI1 four functj.ons.

ÏI For additional Ínfornation on tests of significance, see
Snedecor and Cochran, op.cit., pp. Z6-3]-, 3g]--92,



39

The Cobb Dorglas and ùhe linear functions rrere not selected as

the besü representatj-on of the physical relationship between the fertilizer
inputs and the crop yíeld.s. although on average the t values for the

regressÍon coefficients in the Cobb Douglas and ùhe Linear functions were

significant at the one per cent and five per cent Ìevels, respectively,
the R2 vaLues were somel¡haü lower for these two functions than for the

quadratic and square root functions. ïn add.ition, since these two func-
tions do not allo¡v di-qúnishing total yierds, they êan be reJected on

logical grorrnds for e4periments w:ith high fertilization. The linear iso-
quants of ùhe linear function ancl the constant narginal rate of.substi-
tution aì-ong a scale line of the Cobb Douglas functionrmake these two

funcÈions less desireable than the quadratic and square root functions,
in deternining the econoraic relationships involved in fertilizer use.

There was litüle basÍç to distinguish between ühe quadratíc and.

square root functÍons. Ttre t values for the regression coefficients in
the quadratic function were on average higher than those for the square

root funcüion; whereas, the square root frurction had slightly higher co-

efficients of determÍnatlon. However, on the basis of the higher t values,

the quadratic functicn was considered. to provide a ttbetter estimaterr of
ühe'-yie1d'rêsþons'bs to feftilizer inputs. The quadratic function is
therefore used as the basis for discussion of fertílizer use in the re+.

r¡ainder of this thesis.

fn the first seèüion

economic optima in the use of

year. fn the secord sectÍon,

locattons and among years for

of the next chapLer, we lrill exanine the

fertilizer for a partlcular location and

the economic optima in fertilizer use among

various crops will be expÌored.



Chapter l¡

PHTSTCAL AND ECONOI,trC RETATIONSHIPS ÏNVOLVED IN FERTÏLIZER USE

ÏIELD RESPONSE SURFACE AND ECONOI"ÍIC CPTN'TA TN F'ERTTLIZER USE FCR BARLEY
GROTI{ ON PEACE HITLS FT¡E SANDY LC¡J,Í

The purpose of this section j.s to ill-ustrate, through the use of

a particular fertilizer experiment, the methodological procedures and the

equations involved in determining the ¡rield response sr¡¡face and economic

optire in fertilizer use, usÍng the quadratic form of the production func-

tion. The economic optÍ¡re in fertilizer u6e for the various fertilizer
erçeriments are presentecl in the next section and in Appendices A and- B.

However, the equations used to derive the economic optÍma are not. included,

éince the equations are the sarne for every e>çerÍment e:ccept for the regre-

såion coefficients and the crop prices.

The experiment v¡as barley seeded on stubble on Peace Hil1s fine

sand.y loan at Lacombe in 1967. There were for:r levels of applÍcation of

each nutrient, N and PoO., at 0, 30, 60 and 90 ,pound.s per acre for a total¿)-
of L6 ùreatments, w'ith three repli-cates for each üreatment. The different

conbinations. of, N and P.rOc and. the corresponding average yields of bar.Iey-.¿>
from thnee'replicates are presented ín Table [.1

Table 4.Ì
Actual Yields per Acre of BarÌey for Specified Levels of

N and ,2O5, Lacombe, 1967

---..-.Pounds of
PrO¡ Per Acre

Pounds of N Per Acre
30 60 g0

0
30
60
90

33.r
l+h.l+
40.'6
41.0

-bushels-
h,O.4
55.4
56.7
5r.0

L5,2
50.l+
58.1
56.5

l+L.5
l+6.7
50.6
,2.1
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The Production Function

A quadratÍc.function of ühe general fo¡rn:

I = b^+ b, N+ b^P + u^lÊ + u, p2+ u-ltrp- -o' -r-' ' -2' ' :,3" ' -t+' ' -5-'
¡ras fitted by least squares regression to the fertilizer-yield observations

lin Table l+.1.* The resulting ecluation r^¡as:

1 = 33.66L6 + O.4553N+ O.3t+3gp - O.0044N2 - O.O)zgp2+ O.OOO6M

The regression statistics for the quadratii function ancl those for three

other functions, that were fitted to the data, are given in Table l¿.2.

In this particular e>çeriment, the t vaÌues and the coefficienti.of deter-

nination were both higher fcr the quadratic function than for the square

root function.

Tabtre 4.2
The Coefficient of Determinaüionr. the t-Tests fcr the Regression

Coefficients and. the F-Ratio of ühe Fou:r'Equations

Value of t-test for the regression
Value coef.ficients.of the following terms

Equation ot R2 N p N2orJÆ e2or]F NporlÆF F-ratio

Itinqar O.l+33 1,94# 2.1+8'x' 4.97x
Cobb Douglas 0.798 5.A3-:t-'", 5.L2*x' 25.74'x-,r.

Ouadratic O.gQl+ 5.93',¿* h.ln9'x"'t- . 5.80-)'r)i 3,.83-,vr- 1.O2 18.95x+'

Square'Root 0;884 3.9l',.x 2.OO+F 4.4ln-)e$ 2.g}.;t O.67 1-5.zJ':t'^'

+x- Significant at the I per cent level.
' lt, Signif,Ícant aù the 5 per'cent leveI.

*|- SignÍficant at the 10 per cenü IeveI.
* I the liriear, Cobb Douglas and square root functions were also i'

fitted to the data given in TabLe 4.1. The resulting equàtions were:

f = 39.o163 + o.os5trN + c.rog6p

1 = 3t+.Ol+3 N0'0540 PO'05¿19

î : 33 .2O7 4- 0. 3 2I2l¡ - O .t6t+W + 3 .Tå,61N + 2. ht¡2-tF+ o. 03961m
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Production Surface Esüimates

Tl¡e barley yields estiurated fron the quadratic equation are shovm

in Table 4.3,for different applications of N and P.,0..2 It will be ob-¿)
served thaù the estimated yields in Table 4.3 conforrned very elosely to

the actual yields in Table 4.I. Both di¡ninishing marginal physÍcal product

and dininishing toüa} physical product can be observed from the data in

labIe l¡.J. For exanple, with PaO, held constant aL 30 poúnds per acre

and N increasing fron O to 90 pounds per acre, barley yielcl increases at

a diminishing rate from 41.3 bushels to a maximwr yield of 53.9 bushels.

Ttre yield drops back to 48.2 bushels with N at 90 pounds per acre. Sini-

lar1y, Ïrit'h N held constant at 30 pounds per acre and PaO, varied from O

to 9O pounds per acre, barley yield increases aü a diminishÍng rateo

These estinaùed yieJ-<ls are the tabular counterpart of a production

surface. They represenü distinct points on the surface corresponding to

the P^0- and N quantiüies in the rows and columns. The nature of the4)
. Table l¡.1

Tields per Acre of Barley Þredicted by the Quadratic Function for
Specified Levels of N and PZO', Laeombe, 1967

Pounds
PrO, Per

of
Acre

Pouncls

30

of N Per Acre

6o 90

o

3o

6o

90

33.7

l+I.3

43.8

40.9

I+5.L

53.9

57.4

55.7

38,8

1r8.2

5213
:

5l.l

-bushels-t$.3

5t.6

5l+.6

52"3

4
'TÍelds

were not Lncluded
can
Ln

also be estiurated for fertilizer treatnents which
the actual experiment.
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production surface is expressed in Figure l¡.1. Ttre estinrated ¡naxiroum

yÍeld which corresponds to the highest point on the production surface

is 5?,6 bushels wíl,jh 56.2 pounds of N and 65i1 pounds of P.,0..3 This. ¿)
mæcimrrn yield occurs at point na in Figur€ 4.1.

Each colunn in Table 4.3 is the cotu:terpart of a vertical slice

through the production surface, parallel to the PaO, axis. The yields

corresporrl to points on a single variable input-output curve Ìrith P2O5

as the variable input r¡hiLe N is fjxed in the amount shovm aü the top of

the column. The rohls on the öther hand represent a vertical slice

through the surface, paralle1 to the N axis, lrith N vari.able ancl PrQ,

fixed" Figures lr.2 and 4.3 are input-output curves or yield response

curves with one fertÍlizer nutrfent variable and the other fÍxed at some

specified level. Figure 1r..2 shows the input-output curves for nitrogen

fÍxed at O, 30, 60, and 90 pounds per acre while F5grre l¡.1 shows the

¡rield response to N lrith P2O5 fixed at O, 90, 60 and 90 pounds per acre.

The input-output curvee in both figures show di¡ainishing total

¡rield for all four leve1s of the fíxed nuürient. A1so, the curves are

steeper between the O and 30 pound levels of application than between the

30,and'60 pound levels of application of the variable nutrient, indicating

that there Ís a declining narginal physical prorluct. Tn both figures, the

3'The estirnated marcimum yield was obtained in the following manner,.
Ttre narginal physical product equatlons for both nu+,rients were set equal
to zero and solved sinultaneously for the q'rantÍties of each nutrient
r'¡hich rvould maximize yield. The nargS-nal physical product equations are
the partial derivatives of Y w"ith respect to N and P.

ày/aN = o.h553 - o.oo88N 
j+ 

o.ooo6p = o
zl/ap = o.3t+38 - o.oo5gp + o.ooo6N : o

These quantíties were substituted baek into the original equation
and the naximum yield r.¡as estimater:l accordingly.
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curve for the t0 pound application of the fixed nutrient is below the 60

pound applicatÍon curve. In the case of niürogen, higher levels of nitro-
gen tend to result in èxeess leaf growbh, delayed maturity and 1odging,

thus reduci.ng yÍeì-ds. .A,s for r2O5, the reduced yields are more Ìikely the

result of 
.an 

Ínnbalance between the leve1s of the two nutri.en'r,s.

Tield Isoqrrants-

Ttre yield isoquant expresses aII combinations of N and Pro, which

rril1 procluce a specified yield. the varíous combinations of N and. pZO5

w?rich may be used in producing yields of àc and 50 bushels of barley are

given in Table h.L.4 These yield isoquants are presented in Figwe l¡.d.

The urarginal rates of substitution of N for prO, at the various

conbinatÍons of the two fertilizer erements are given in columns 3 and 6

a Ïhese resrrLts were derived from the following isoquant equation:

q

P å -(0.3.{n38lo.0006l¡)üo.¡¿¡Bio.ooo6N)2ro.ott6 (3i.66t6n,4553}i-o.oo44rf:1)

This equation was derived from the qua<lratic regression equation:

1= B .6t6L6 + O.h553N+ O .3/-38p- O.OO/ 4tÉ - O .O}zgp2 + 0.0006ITID

quadratic formula: X=-B*
2A

converting the abor¡e equation to the standard forn of tx?+Blr+c: o,
)have -o.ñ29p1+ o.3438p + o.ooo6Np + 36.6616+ o.t+5i3N- 0.004¿rñi2- I = o

The
the

values for A, B, and C were substituted
isoquant equaticn.

c

into the formula to obtain
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Table le.{
Fertilízer Combinations anrl Corresponding lufarginal Rates of Nutrient

substitution (tt for P2o5) for Barrey Yierds-of l+o and 50 Bushel-s
Predicted by the Quadraüj-c Funct-i.on, Lacornbe, 1962

NN

/¡O Bushels of Barley
M.R.S.

5O Bushels of Barley

P zo5
Pzo5 of N for

P 
zo5'*

M.R.S.
of N for
P 

zo5o

(1)

o.o
l.o
2.O

3"o

4.0
5.O

ó.o

7,O

8.O

9'O

10.0

11.0

12"0

13.0

14.o

15.o

16.0

(z)

22.9

20.8

18.8

L6.g

!5.2
13.6

12.1

Ì0.ó
9,3
8.0
6.7

5.6
I+.5

3.4
2.4
l.r+
o.5

-2.4+
-2.06
-1.91
-1.78
-rt67
-L.57
-1.48
-r.40
-]-.32

-L.26
-1.19
-1.r4
-I.O8
-1.03
-0.98
-O.91+

-0.90

15.O

16.O

17.O

18.0
19.0

20.o

2L.O

22.O

23.O

2lþ.o

25.O

26.O

27.o

28.0

29.O

30.0

3l.o
32.O

33.O

3l+,O

ß)

53.r
h7.3
I+3.5

40,5

38.O

35,8

33.9

32.1

30.5
29,r
27.8

26.5

25.1+

?J+.3

23.4

22.4

2r.6
20,8

20.L

L9.l+

(6)

-9,35

-h.4h

-3.3L
-2.72
-2.33
-2.O5

-1.83
-!.65
-r.51
-1.38
-1.28
-1.18
-l.lo
-L.O2

-o.95
-o.88
-o.82
-o.76
-0.7Ì
-o,66

-pounds per acre -e) (¿)

o.. lÍegative numbers índicate the pounds of P2O6 replacecl by one pound of N,
at each of the fertilizer combinatlons llõtéd.
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of TabIe 4.4,5 The narginal rate of substitution designates the slope

of a given yield isoquant at a particuLar poinü. It will be noted that
I

a dir¿inishing rrarginal rate of substitution exisüed between the two

fertilizer elements. In column 3, for example, at the point where zero

pounds of N and 22,9 por¡nds of PrO, are used to produce l¡O bushels of

barley, one addiüional pound of N wilt replace 2.2[ pounrls of PrOr.

At the point yrhere 1l¡ pounds of N and 2.1¡ pounds of PrO, produce l¡0

bushel-s of barley, one pound of N vnilL replace only o.!8 pounds ol pror.

The isocline, bd., in Figure l¡,.1¡, illustrates all combinations

where the marginal rate of substitution of lrl for PZo5 GP/ilN) is -L.tn3.6

9o the 50 bùshe1 isoquant, for exa.nple, where N is 23.6 pounds and PaO,

Ls 29,f pounds, one pound of N r,rill subsüitute for l.fiJ pounds of pZO.-.

Ttre narginal rates of substitution at all points on isoclines a,l and cd

-

): 'Ih" marginal rate of substitution of N for PrO, was derived.
from the following equation:

gE = _0.4553 - q.OOgSN + O.OOO6PdF--
This equation can t¡e ob,tained. by taking the'derivative, dP/dN, of ühe
isoquanù equation, sÍ.nce the slope of ühe isoquanü 1s the marginal rate
of subsüi-tution. It can aLso be obtainect by differentiating implicitly
the production fr¡nction. The marginal rate of substitution is also
equÍvalent to the inverse ratj.o of the two narginal physical products,
that ís, I'r.R.s.#=SÊ$ where ?r/am: o.t+ii3-o.oog8u+0.@o6p and

èthp = o.SLtJB- õlæiðþî o.ooo6l,t.
the values obtained b¡r the marginal rate of substÍtution equation are the
substitutÍon or repfacement rates at the exact nutrient combinations
shown¡ the¡r are not averages betv¡een nutrient combinatlons.

6 An lsocline indicates conrblnations of N and P205 wtrich have the
sa¡re narginal rate of substitutÍon. The combinations were-determinecl f¡:om
the following isocline equation:

p :,\(o.3438)-o.h.553 - @l -,'-@*@!N
this equation was deriveC by settÍng the marginal rate of substitution
equal- to a consüant k, to represent a given narginal rate of substitution
and solving for one input in terms of the other.
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n
are -2.O0 and -L.OOr:frespectively.' Table 4.5 gives the various combina-

tions of N and PrO, nhich have marginal rates of substÍtution of -2.0C,

-l-',43 and -1.OO. The three isoclines converge to a single point v¡hich

comesponds to the point of ma:<imum yield on the production surface.

Table l+.5

Conbinations of N and P205 for Specified fsoclines Predicted by
Quadratic Function, Laconbe, 1p67

k= -2.0o k= -I.43 k: -1.O0
NN Pzo j 'zo5

Pzo j

o.o
10.o

20.o

30.o

40.0

'ão.o

19.0

?7.2
35.4

h3.6

51.8

60"0

-pounds
0.0

10.o
20.o

30.o
¿lO.O

50.0

per acre-

4.1
15.o

25.9

36.9
l+7.7

58.6

-18.0
- 3.5
ll.4

. 26.L

40.8

55.5

o.o
10.o

20,o

30.0

40.o

50.o

Least Cost Nutrient Combination for a Specifierl Yield

ltre change Ín the slopes of +.he yield isoquants (a1org a scale

line) sgggests that the combination of the two nutrlents which will give

the lowe'st cost, for a stated yÏeld, changes with the levé'l of yield.

The nutrient combination which is optimrrrn for a 50 bushel- yielrt Ís not

also optinrum for a /aO bushel- yield. This point also is illustrated with

the Ísoquant ancl subsüÍtuti.on data of Table 4.4. The least cost nutrient

combination for a given yield is attained w?ren the nrarginal rate of

'7 
the values, -Z..OC, -ir.t+3 and -1.00 for k, are the inverse price

rãtÍ'os, Pn/Þp, of thá'fêrtiifzer nuùrients when N is .îO.1n-2, $o.IZi6 ena
$0.0856 per pound and P2O5 is $0.0856 per pound.
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substitution of the two nutrients is equaì- to their inverse price ratio,

that is, 1,1.R.S. = ap/at¡: Pn/Pp. ÌJith the price of N at $0.1226 per pound

ancthepriceofP,0,at$O.o856perpounc,theinversepriceratio

Pn/Yp, is -1.43. The least cost conbination of these tv¡o elements there-

fore lies along the isccline bC Ín Figure l¡.[.
The least cost combination of N anC PrO, for the 40 and 50 bushel

yields of barley are given in Tab1e 4.6.8 For the 40 bushel yie1d, the

least cost combination occurs where 6.6 pounds of N and 11.2 pounds of

PrO, are used. Ttre narginal rate of substÍtution at this point on the

yield isoquant is -I.43. For the 50 bushel yielrl, the least cost

nutrient combinati-on is 23.ó pounCs of N and 29.7 pound.s of Pr}rrçith a

¡.f.R.S. of -I .tr3.9

Fro¡n Tabl-e 4.6t it can be seen that as yields increase nitrogen

I
deternined
w[ere k is

o :I.bj (9.3t*38) - o.tnSrt * l-1.43(0.@06)_!o,o n,t:m-@r'
AB

This value for P was then substituted for P in the productj-on equation
to obtain the value for N

and P2O5 by the itera.tive method for
pounds-per acre, respectively, Fôr
2/¡.0 and 2t.1. pounds'for N and P"Ot,
substitutíon were -1.4O and -1.38./

In this study, the least cost co¡nbj-nation for a given yield was
by first solving for P in terms of N in the isocline equation
set equal to -1.{¡,1"

.)õ
1 : 33.66t6 + O.4553rr+ O.3438(A+ BN) - O.OO44N¿ - O.3O2g(A+ nU)z + O.OOO6Iù(¡,+BN)

The ,value for ,N was then substituted back into the isoclÍne equation to
obtain the value for P. the values obtained for N and P are the least
cost nutrient combinations for the specified yield.

Ttre method first used in this study gave only an approxirnation of
the least cosü nutrient Combination. Ttre rnarginal rate of substitution
was calculated for each one poun<t increment in N starting with lËÐ, for
each specífied yie1d. The combination cf, N and P205 which had a marginal
rate of substitution closest to 1.43 was assumed to-be the l-east cost conp
bination for that y'ield. If, however, the N had been increased by an incre-
ment of O.L pound, then this iterative method would be almost as accurate
as the exact nethod given above.

9 Tt" values obtained for N
the 40 hushel. ¡rie1d are 7.0 and 10.6
tAê lO"bushel yleld, tlie values were
respeotivel¡r. The n'ra-r:g:inal rates of
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Tabl-e l+.6

.ConbinatÍons of N and,P2A5 to t[inimize Fertilizer Costs per
ïierd Level for a constant-Price Ratio Predicted by euadratic

Lacombe, 1967.

Speeified
Function,

ïield
leveI

M.R.S.
dPldN ù 

R¡,tÍoN Pzo5

bushels

40.0

50.0

-pounds-

6.6

23.6

IL.2

29,7

-.r..43

-L.l+3

o.59

o.79

becornes relatively more Ímportant. The ratio of N to pro, in the least

cost combination increases from .59 for the /lO bushel yíeld þö .Tg for the

5O bushel yield.

The significance of finding the least cosü combination of ferti-
lizer nutrients rnay be illustrated by comparing the cost of two different

combÍnations of N and Pro, in producing 50 bushels of 6arrey. rn one

case, lJ.o por:nds of N and, 53.1 pounds or Pro, coulcl be usecl. the total
cosü of fertilizer in this instance, with the price ofi':N at $0.1226 per

pound and. the price of PrO, at $0.0856 per pound, would be S6.38. On the

other hand, the least cost conbinaüion oî 23.6 pounds of N and 29.7 pounds

ot PZO', lrlüh the same nuùrient prices, would. ha\re,'a,,ccs:t of 65.lrtn. Thus,

the difference in cost'per acre between the two fertilizer combi.nations

Ís $0.94.. Similar cost caLculattrons could be made for ar¡y other combina-

tions of N and PrO, in produclng a given yield of barley.

A farmer Ìrt"ith timited capitalrmay be more interested in knor+Íng

the naximurn yield that can be obtained. from a gÍ,ren capital,ouüÌay, rather

than the conbination of fertilÍzer nutri.ents v¡hich r,rill produce a specÍfied

yield at least cost. The $5.38 expenditure per aere for the least cost
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conËination of nutrients for the 50 bushel yield rnay be more than the

farmer can affo¡'cl. He nay want ùo lmow what is the highesü yie1d. that

can be aütained w1th an expenditure of $2.J0 per acre for fertif_izer.

Assuming the same nutrient prices, the highest yield that can be attained

with an outlay of $2.50 fcr fertilizer is 42.3 bushels of barley per acre.

Ttre combination of fertilizer nutrients'nrith a total cost of ô2.5C that

r,'l.rr produce this yield is 1o.o pounds of N and 1&.9 pounds of Þ ^ 
Lo

'2"5'
This nutrÍent cornbination is also the least cost conbination for that
particular yield. Ttre combinations of N and PrO, and .the comespondÍng

yierds for outlays of ôo.00, $2.5o, $5.o0, $2.50 and glo.oo for fertilizer
per acre are given in Tab1e 4.2.

It can be observed fron Table 4.2 that each $2.50 increase in
fertilizer erçenditure results in a snaÌler and s¡naller lncrease in yield.

Table l+.7

Bar1ey Tields, and N ard. P20q Co¡nbinations Preclicted for Lil¿ited
capiüal situations by thã 'Quadratic Function, Iacombe, L967

Capital Barley
yield PzoS M.R.S.

dPldN
N Ratio

Pzo5

$^o.oo
2;5,O

5.OO.

7"50

10.00

busfrels

33.7

h2.3

+9.O
53'.'8'

56.6

-pounds_
o.o

lo.o
2r'.6

33.2

44"8

o:o
1ll.9,,
27.5

40.1

52.6

r,-a¡,
r.b3
l.:l+3

L.l+3

o:lez,
o.?g

o.83

0.85

lO Tt" fertilizer nutrient.combinaÈions were derived frorn the fol-
lowing isocline and cost equati.ons:

p =\.43,(q3438) - o.t+553 -l@oog8] .,^-0.00@'@N
c * 4..L22t+N'+ 0.095óP

where c is the expenditure leve1 per acre.. îhe values dqrivec.fo¡¡ Nand
P2o5 were substiüuted into the original production.f,uncti;; io oui"in----
the corresponrling yi-el-d for each expenditur^e level
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An outlay of $2.50 on fertilizer results in a yield. increaee of g.6

bushels of barley per acre. An aCditÍonal- $2.!O expenditure on fertilizer
resr¡lts in a yield Íncrease of only 6.? bushels. As yields increase from

I+2.9 to 56.6 bushels per acre, the ratio of N to PrO, increases from .67

to .85. Hence, the fertilizer mixture shculd contain relatively nore

nitrogen for higher yield levels, if costs are to be rninimized. Tradition-
ally, this clistinction has not been nade in fertilizer recornnendations;

the same fertilizer mix has, for a given soil and productivity situation,
usually been recoinmended for numerous yield levels.

Profj=L Ma¡.jrylzatÍon

the next step is to deterr¿ine simultaneously: (f) ttre 1east cost

combination of N and Pro, Lo produce a given yield, and (2) the amor,mt of
the tr¡c nutrients to apply to produce the profit maximizing yleld for a

given price of barley. These econornic optí.nna are attained by settíng the

partial derivati-ves (the marginal physical prod.ucts) for both nutrients
equal to theÍr respective nutrient/barLey price ratío and solving simu'l--

taneously for the quantities of N and PaO, whÍch will naxiroize profits.
These quantiti.es are then substituted. baek into the original production

equation to obtain the nost profitable yield.

The mancimurn.profit posltion was calculated for five different
prices of barley (ta¡te 4.8). For example, when the price of barley is
$0.65 per bushel and the price of N and prO, is .g0.1226 and g0.0g56 per

pound, respectively, the most profitable use of fertilizer occurs with an

application of_32.9 pounds of N and 39.8 pounds of pr0, p", 
"""*.I1 The

I1 The most profåtable application of the two nutrients was foundby sinultaneously solving the following two equations:
ðv/aw = o.t+553 - o,oog8¡,l + o.õ0o6p i i"7pu

.ãx/ap: o.3t+38 - 0.005æ + o.o0o6N = pl/þu
whereäry'ðN irs'the'roÀrginal productÍ.vity of ¡¡ anà'òy/ap Ís the nargínaÌpJa-dPqt"Ívily of P2o5t and Pb, Pn and Pp are the respective prices forbarley, N and PZO'.'
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(

corresponding yieLd was 53.? bushels of barley.

The nost profitable application of the two fertilizer nutrients

is important to farmers with linr.i.ted funds ás well as to farmers r+ith un-

lfuLited capital, However, for a farner wtro has lindted capital, a higher

return nay be realized if he Ínvested the capital elsewhere in the busi-

ness. Suppose a farmer ¡rith limited capital can earn $2.00 return per

doJ-lar invested on funds for other lines of his business such as seed,

chenical sprays, livestock or machinery. ff he invests in fertilizer to

produce a yield of 53.7 bushels of barley per acre, his return per dollar

invested is only $1.75. Therefore, the farmer i,cill allocate his scarce

funds where he can get $2.@. If, hovrever, the farmer i-nvests only $2.50

in fertilizer rather than 8?.t+4, ühen his return per dollar invested in

fertilizer is $2.24.

From Table 4.8, it can be seen that the ratio of N to PrQ, is

virtually unchangerl. as the price of barley increases by $0.40 from $0.65

úo $t.05 per.bushel. It rvould appear that at these yield levels both N

and P,,O. shouÌd be increased in the sa,ne proportion, Íf profit is to be¿)
at a marcimum. Holrever, this is contrary to the sitr¡ation for the 1ower

yields rvhere proportionally more nitrogen should be used as yields'increase.

Al-though the"pri-ce of "barLey Íncreases by 62 per cenü, fron $0.65 to $t.OJ,

the íncrease in the nræ<imrrm profit yield is only 4 per cenü, inclicating

that the response surface is comparatively flat at these yield Ievels.

Tr¡o aspecüs of the preceeding analysis should be noted at ùhis

time. ft would not be pracüical for farmers to attenpt to apply the ey.act

anàunts of N and PrO, as inCicated by the optimum. Yields are never that

certain. In addition, Ít is difficult for a farmer to obtain the exact

r.atio of N to PaO, using a rnÍxture of pre specffied fertiÌizer formulations
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'l fab1e l+.8

Relationships Predicted by the euadratic Function, Lacombe, !967r,

Price
relationships

BarIey
yield N =L R¡-tioPzO5 P2O5'*

Barley
BarIey

Barley
Bar.Ley

Barley

$0.65

o.75

0.85

o.g5

1.05

39.8
l+3.L

45.6

47.7

49.3

0.83

0.84

0.84
0.84

o.85

at
at
at
at
at

bushels

53.7

54.7

,5.3
55,7

56.1

-Pounds-

32,9

36.O

38.1+

40.2

hL.7

The prices for N ancl ,2o5, respectively, were È0.:-,226 and $o.ogJ6 per
Powrd.

such as ]:6- 20- O and 11- 48- O, unless he has facilíties for bulk blend.-

ing of fertj-Iizer. Second.ly, the least cost cornbination of fertilizer
nutrients does not necessarily follow a fi.'rced ratio for alL possible yield

leveIs. Therefore, a dj-fferent fertilizer mix would. be required for each

y:ield level.

The objective of the analysis ín this section r.¡as to examine the

nethodological procedures involved in cleternrining the econonic optima in
ferti.l,izer use' gsing, the quadrltt". form of the production function. Tn

the next section, the economic optina for a number of sel-ected experiments

wÍll be examined ancl discussecl. OrÌy ühe econornic optima for each experl-

rnent will be presented. The procedures that are involved in determinlng

the econonic optina will not be presented, since ühey are the same for
every experiment. Also, the form cf the equations used to obtain the

various econcraic optima r,¡j-11 be the sarne for each experinnent. Obviously,

the values for the regressicn coeffÍcients will differ anong experiments.
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ducted in the PrairÍes for locatÍons, years

ECONOMIC OPTN,ÍA II{ FER,TTLTZER I'SE FOB VARIOUS TOCATIONS FOR ÐTFFtr¿ENT

TSARS AND CROPS.

Thë purpose of this section is to examine the least coèt ccnbina-

tions and, the maxi¡nurn profit positÍons tor 5T fertilizer experÍments con-
.12

ano- crops.

Iæasù eost combinations were derived for specific yields for wheat,

oaüs,bar1eyandryeseededonSurunerfa11owandstubb1e.Tab1e4.9

Table t+.g

Specified Tields for Wheat, Oats, Bar1ey, and Rye

I'lheat Oats Barley Rye

-bushels per acre-

12 lt" other J6 experiments were noü included in the thesis for
a'nurnber of reasons. 1\,renty-five e>çeriments were excluded because the
level of N and P205 in the mar<imum profit positíon was negative for one
or more of the pFióe levels of the crop. Ihe leve1 of appl-icati.on of the
nutrÍenü or nutrients was negative because there uas no pòsitive Ievel of
application rshich had" a marginal physical product equal to ühe nutrient/
crop price raùio. Ttre eqlating of narginal ohysical product.and the pri"u
ratio is one of the necessar5r conditions for profiü nraxlr¡lzatj-on. SÍi
experiments were omitted because they were duplÍcates of other experimenüs
included in the thesis. }there there ïras more than one expenÍment for a
partÍcular Location, crop and. year, the experiment which had the best
fÍtting quadratic' equation was,used. The remaining fi.ve e>çeriments nere
excluded because the level of nutrient appfication estimated for the mÐd-
num ¡¡rofit positi-on. was: much, higher than ln" nigh"st application of the
nrrtrients Ín the actual experiment.

20
25
30
35
40

10
æ
30
4o
50
60
7O
80
90

3o
40
50
60
?o
80
90

IO
t5n
25
3o
35
40
45
50
55
60
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gives the specified.yields for each crop- These yields lrere the same

for aLL locations, in ärder to facilitate comparisons anong regions.

The same fertilizer nutrient prices of $0.1226 per pound for N

and $0.081ó per pound for PoO. were used for all locations in the prairies<,)
in order to facíLitate regÍonal comparisons. The prices for the nutri-
ents were obtained fronn a ]196T- 6g fertilizer retail price list for the

l?Prairies.*' Fertilizer prÍcing in the Prairies is dividecl into five zones,

w'ith zone I having the lov¡est prices and zone 5 l,jhe highest. The priee

differential between the zones is $l-.oo per ton. The prices used were

those:=for zone 3

Tt¡e ¡rarcimum profit position was calculated for five separate prices

for each grain. lhe prices that were selected represent the range in
prices receivecl by farmers in ühe Prairies for the varíous crops in the
period L959 ro 1968.14 the prices for the various crops, whlch were the

same for alr Prairie locaticns, are given Ín Table 4.10.

Tab1e 4.1O
serected Prices per tsusheI of lnjheaü, oats, Barrey and Rye

Itlheat Oats Barley Rye

-dolLars-
1,"40

1.,50

1.60

1.70
1.80

0.50
o.55

0.60
o.65

0.70

o.65"

o.75'

0.85

o.g5

1.05

o.g5

1.OO

L.O5

1.10

1.tr5

L3
Fertilizer

tr+

far,m prices
Statii.stics

l{ationa} Grain Company Linri.ted, r]196?- 6g Confidential DealerPrice List", (Ruguètr- L967).

ltre selected prices. for the various crops were based upon thereported ín Table 2 of the ,?uarterl.v Bulletin of Aeriäulturalfor January- Ì4arch, 1964, f
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Economic Optima for l{heat

Economic optina were obtained for 22 e*periments for wheat seed,ed

on su¡nmerfall-ors. The least cosü nutrient combinations for specified

yields and the rnaxirnum profÍt yields for the five selectecl crop prices are

presented in Table B'l of rlppend.Íx B. the naximum profit yields for the

lowest and highest prices of rrheat for the 22 e>çeriments are ill-ustrated
in Figwe {.J. The optinrum fertilizer nutrient leve1s for th,þse yi-e1ds

are shown in Figure l¡.6. Frorn Figure t+.5t it can be seen that, although

the pri-ce of ¡¡t¡eat increases by 4O cents, the increases in the ¡raximr¡n

profit yields of wheat are quite srnall. the.largest yieì-d increase was

2.1 b¡sheIs aü Melfort in 1964. The smallest increase h¡as 0.1 bushels aù

GIasIyn in ]]962 and Bonn¡ruille in 1960. these srnall- yield increases incli-
caùe ühat the marginal physical prod.uctivities of ühe Ínctividual fertilizer
nutrients are almosb zero at ühese rates of nubrienù application, and that
the næcÍmiIn profit yields are approaching the na:cimun yield in each e>çer1-

mento They'also Índ.icate that the application of fertilizer on wheat

seeded on sunmerfal-l-ow is al'vrost as profitable when the price of the grain

is ô1.40 per brrshèl as when the price is consirlerabry higher.

The maximr¡m profit positions for wheat seeded on surunerfal-loi.¡ in
Table .B.1 and.FÍgure.h,5, indicate that for a gÍven, Iocation, the maxim¿,n

profít yields w111 vary considerably among years. At Melforü, for exanple,

wÍth the price of wtreaü at $r.40 per busheÌ, the most profitable yields

of r¡heat on sunmerfallorv are 33.9 busheÌs in l95O , i|,.3 bushels in L)62,
26.2 bushels in lg6t+, and 62.1 bushels in 19ó6. Sinri1arly, for wheat

see'ded'on suquîerfallow at Glaslyn, there is eonsiderable variation in the

yieiOs between the years 1962 and l:963. The ma*imum profit yield for
rvheat at $1.40 per bushel was 29.5 bushels per acre in L96z and, 57,7
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Wheat'yield with the pr5.ce of
nheat at $1.40

ïield increase with a [0 cenü
Lncrease in the prÍce of r¡treat

Figure h:5. I-faxirru¡n Profit Yields for ]lheat on Summerfallow Predicted by
the Quadratic Function for Ïiheat Priced at $I.40 ancÌ $1.80.
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Pounds of N for hlheat Priced aü S1.40

Pounds of frO, for I'lheat Pri.ced at $1.40

Pounds of N for tr'Iheat Priced at $1.80

Poutrds of PrO, for Ïüheat Priced at S1.80
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Figure l¡.6" Optimun Leve1s and
Summerfallow Predicted
at $1.40 and $L.80.

Co¡nbinations of
by the Quadratic

N anl P205 for ltrheaü on
Functlon for ÌJheat Priced
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bushels per acre ín 1963. There are a nunber of factors which wÍLI affect
the yield response to fertilizer. Some of the mcre.important of these

factors are raÍnfall during the growing season, the soil fertility and.

the amount of soil moisture at the time of seeding, and the tillage and

weed conürol practices followecl. In a study done in l(ansas, researchers

examined the effects of the depth cf soil moistr¡re stored at planting

time, ùhe rainfall during the growing seascn, anc the applications of N

and Pro, on the ¡'ierds of 
"orghurn.l5 Ttrey founc that the depth of soil

moisture stored at planting tÍme had. the nost slgnificant effect on yie1d.s.

A!-so, ühe greater the depth of soil moistwe, the greater were the effecùs

of rainfall and nitrogen on ylelds 
_ì

Ïn looking at the mæcimum profit positions for these experiments,

it ÌrilI be observecl that Pao, is applied at a much higher rate ühan N,

Tttis is consistent Ì¡ith the general fertj-lizer recomrnenCations for cereals

seeded cn summerfallow, where the recommended rate of application is much

higher for PrO. than for N" However, as yields increase, the ratio of4)

N üo PoO" does increase slightly, indicating that nitrogen becomes rela-¿ ) 
e---r

tively more irnportant at the hígher yield.s. Ttris Ís the case in most of
the experÍments for wheat seeded on sumnnerfallow. there are, however, one

one or two experiments for summerfal-l-ow wheat, notabÌy at Dubuc and Con-

quest, r'¡here the application of N is higher than it is for ,ao5. The

soLl at these tr'¡o locations may have been Iow j.n nÍtrogen, hence a higher
applicaüion of N than PaO, was needed. to maxÍmize profits.

There are trarge differences Ín the most profiüable yields of

L5 Frank orazem and Roy B.
feçts of, Fertilizer, SoiI Moisture,
in the rsandy landsi of South trfest
(No. 3, August, r95g), 69g, Zog.

Herring, ttEconcnic Aspects of the Ef,-
and llainfaÌÌ on the Tields of Sorghu4

Kansastt, Journal olFaryn Econonics, )(L
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y¡treat on su.nmerfallow among locations for the same year, even when ühe

locations were found in the sane,.crop district. lhe most profitable yields

in 1967 for Spring Coulee and Corvley, in Crop District nurnb"" 3 il Alberta,

were 2).9 and 38.3 bushels per acre wj-th the price of wheat at $1.1¡O per

bushel (see eçeriment 19 and 20, lable 8.1). The difierence in yielcts

corrld be attributed to one or more of the factors mentioned previously.

They are, however, two additional factors wt¡ich nay account for the dif-

ference Ín yields. Firsty,the soil at Spring Coulee is a dark brovrn,

whereas, at Cowley it is a thin b1ack. Second1y, the ¡¡heat grown at

Spring Coulee is the spring variety, whiLe at Cowley it Ís a r+inter th"at.16

There are also differences in the maxímr.m profit yields for the

Bême year for experiments located in the same soil zone. Dubuc and Mel-

fort, v¡hich are both located in the black soil zone of Saskatchewan, had

in 1966 nraxÍ¡rwr profit yields cf 4O.3 and 62.1 bushels per acre, respec-

tively, (experiment 1 and 11, Table 8.1). On the other hand, at G1aslyn

and l,oon L4ke, wtrich are both located on grey r,¡ood.ed soils, the most

þrofitable yietrds for wheat ín1p62 were 29.5 and 2!.6 bushel-s per acre,

respectivellr (experinent 15 and 18, Table B.l-). Even the optinum ap-

plications of the fertilizer nuürients were very similar for the two

locations. '

Ttre malcimu,n profit yields for wheat seeded on stubble (Table 8.2)

a.re not nearly as variable as they were for v¡heat seeded on swnmerfallow.

The maximr:m profit yields for wheat, priced at $1.40 anC S1.80 are illus-

trated in FÌgure h.? for the ÌO stubble wheat experiments. Ttre optimurn

16 Th" fertilizer experiment conducted at Carmangay in 19ó5 rn'as

the, only other e:çerÍrnent which involved winter l'¡heat rather than sprÍng
v¡heat. The years T965'and1:967 refer to the year in which.the crop was'
harvestecl. -
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Ïlheat yield w'ith the price
of rr¡heat at $1.40

ïield increase with a 40 cent
increase in the price of
wheat

Figure 4.7. I4aximun Profit Tields for tfireat on StubbÌe Predi-ctecl by the
Quadratic Function for Ìr,iheat Priced at $1.4O anct S1.8O.
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combination of N and PrO. for these yields are shov¡n in Figurre l¡..g. rn¿

most of the e>çeriments the mæcimurn profit yields faIL into the 25.0 to

35.0 busheÌ range. The most profitable applications of N and p^O- also¿)
tend to be less variable than they were for summerfallow wheat.

Tt¡ere ùrere, howeverr significant d.ifferences in the mosü profiü-
able yields for ]tg6t+ and 196ó at Glenv¡ood (experiment 33 ancl34, Table 8.1).
For wheat at $1.40 per busher, the nost profitabre yield for 1964 was

18.8 bushels per acre and for 1966 it was 33.3 bushels per acre. The rtif_

ference in yields may be due in part to the fact, that the 196[ experiment

rras located on a clay textured'soil, whereas, the 1966 experiment r.¡as

conducted on a silt loam üexùu¡ed soi1.

Eqononic OptÍna for 0ats

There are only three fertilizer experÍments.for oats, two on sum-

merfallov; and one on stubble. The least cost nutrient combinations for
specified yields and the rnaximum profit posiùions for various price re-
lationships for these three ex¡reriments are given in Table 8.3 and Table 8.4.

rn one of the experiments for oats on surunerfarlow, (experiment 44), the

least cost combination of N and PoO^ for the various specified yields¿)
required only the apprication of pro, for yielcts as high as go bushels per

acre. Both of the sumrnerfallow oats erçeriments were at }felfort, cne in
1961 and the other in 1962. Atthough t9ó1 was considered to be a dry year,

the 3.56 inches of rainfall during the growing season is only slightly
belov¡ the l¡.16 inches for the same time period in L962.L7 Nevertheless,

the maxi¡num profit yields for oats at ô0.50 per brrshel. v¡as 28.1e bushels

17 no*irrion Bureau cf statistics, Agriculture DivisÍon, crops
9-u-9ti:1, 

rtTelçBraphíc Crop Report, Calalarr.Flgld Crop Reporting_Qer:res,
lltlo. I?t 1961); andì Dominfon; Bu¡eau or stali ,Quarterly Bulletin of Agricu-ltural statistics, (.roty- seotenber , 1962). '
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II
a
N

Pounds of N for !¡heat priced at $1.40

Pounds of PrO, for wheat priced. at $1.¿lO

Pounds of N for wheat pri_cerl at $1.80

Pounds of PrO, for wheat priced at $I.80
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Figure 4.8. Opti.mum Ïievels anC Combinations of N and P20q for Uheat on
Stubble PrecÌicted by ttre Quadratic Function ¡6¡ ñtréat PricerÌ at
$1.40 and $1.80.
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per acre Ín Ì961 and 92.5 bushe.ls per acre in ]rg62. It would appear thaÈ

the leve1 of soif noistwe ancl/or the level of soil fertility at the ti¡¡e
of seeding lrere not the same for boüh ¡ze¿¡s. The tÍme}Íness of precipi-
tation will also affect yÍelds. rn r}62, it would appear that the crops

did receive rain during the critical periods of the grorring season.

the economic responses of fertil-izer for wheat'and oats seeded on

sunrnerfallorv, in L962 at, Melfort wj-II be 
"orp"r"d.18 A comparison of the

refurns per clollar investecl. in fertilizer for wtreat and oats ¡rill enable

the farrner with linit,ed capital üo decide r¡¡hich crop he shoulct fertilize.
The return per dollar Ínvesüed in ferùi1Ízer for the least cost combina-

tions of the varj-ous specifie<l yields of the two crops are presented 1n

Table À.11. The price cf N ard prO, is fio.Lzzí and $0.0gg6 per pounc,

lable l¡.Ì1
Betr:rns per Dollar fnvested in Fertilizer for !þeat and gàts Seeded

on Summerfallow, Melfort, I962LY

Ìrlheat on SummerfalÌolç

Wheat lryheat
yi aì ¡t Fertilizer at at

cost $l.io $l.go

Oaüs on Summerfallow

Oats 0ats
yi at rt Fertilizer al, at

-gost $c.50 $0.?o
bushels

35.O

40.o

h5.o

50.0

55.O

-dollars-
o.41 7.85

2.91+ 5.86

4.86 t+.98

8.O7 3,87

10.10
g.g2

7,53

6.lr].
I+.97

bushels

50.o

60.0

70 "o
80.0

90.0

o.59

!.28
2.15

3.1+L

6.2+

: d.oliars -
8,3I 1Ì.63

7.73 10.83

6.93 9.7o

5.tl+ 8.I7
3.gg 5.59

Ï8 flre econornic responses of fertill'zer or the returns per doItrar
invested in fertilÍzer are deterrni-ned b¡'diviCÍng the value of thè yield
increase by ùhe cost of the fertilizer require,l to produce this j.ncr.ease
in yÍeld.

19 fhe optimum corùinations of N anrl PaOq used in the calcula-
tions of the ret,u:r: per doLlar investect in fertÍf il,er for the various spe-cified yields fn this table Ì¡ere taken from,experiment 9, TabLe B.l and
e¡çerÍment {/¡, TabLe B"J. The'yields fcr wheaù and oaùs v¡hen no fertilizer.ts aþplied '.¡ere 32.7 an¡l l¡0.2 bushels per acre, respectively.
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respectivel¡r; with the price of wheat at $1.40 and $1.80 per bushel, and

the price of oats at $o.5o and. $o.Zo per bushel. For example, with oats

at $0.50 per busheL and wheat at $Ì"40 per bushel, the return per dorrar

invested in fertil-izer to produce 5o.o bushels of cats is ô9.22, while.

the return per doIlar invested to produce 35.0 bushels of wheat is only

$?.85.

> yield response to the

application of fertilizer is quite high. consequenüly, the return per

dollar investecì- in ferüilizer wiII also be high.

Si.nce there was only one experiment 'for

d.irect comparisons cor¡ld be made w.ith regard to

for dÍfferent locations and years.

Economic Opti¡a for Barley

There were three e:çeriments for barley seeded on surrunerfallow.

ft¡e least cost nutrienü combinatÍons and the ¡rarcimum profit positions

for each experiment are gÍven.in Tab1e 8.5. Ttre three experiments were

conducted at scott, saskatchewan, and Fort'Mcleod and Lacombe, Alberta,

ín IJ62, L9&, and LJ6l, reepectively. the ma¡<imum profit yields are

approxinately the same at all three locations. fn the enperinents at 
t

scott and Fort Mcleod, Pro, is applied aù a much higher rate than N for
the næcim'¡m profít yields. rn the experiment at Lacombe, N is appried

at a higher level than PrOr, vt'ith proportionately more N being appliect

as the price of barley inôreases. The high applicatÍon of N indicates

thaü the soil was very 1ow in nitrogen.

t?¡€,.;€corrottlic optima of fertÍIÍzer use for barley on stubble are

presented in Table 8.6. the rnaximum profit yields for the 17 experinents

for barle-y seed.ed on stubble are il-lustrated in Figqre 4..9 for barley

oats on stubble, no

differences ín yield levels
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priced at $0.65 and $1.o5 per bushel. The optÍmun nutrient combinations

for these yields are sho'",¡n in Ffgur.e 4.10. Fronr Figure L,9r it can be

observed that there ls tremendous variation in the ma¡ci¡rum profit yields

of barley a.mong the various Locations in the Prairie ProvÍnces. With

barley at $0.65 pel bushel, the nra¡<inrrm profit yields var¡r from 22.2

bushels per acre at Ner¡ Dayüon, Alberta, in l_960, to 94.1 bushels per

acre at Red Deer, Alberüa, in 196?. Ttre yteLd increases for barley on

stubbre for a l¡0 cent increase in prlce ranged from a roy¡ of 1.4 bushers

per acre at Dorl-ntosh in 196O to a hlgh of 1I.3 bushels per acre at Bo1and.

in 196?. The average yÍeld increase was 3.8 bushels per acrer For whreat

seeded on stubble, the average yield j-ncrease was o.? busheLs per acre

for a 40 cent Íncrease Ln the price.

Ttre returnÊ per dollar lnvested fn fertillzer for stubble wheat

and barley can also be compared. The comparison is nad.e between wtreat and

barley both eeeded on stubble in 1964 aü Glenrrrood. The retwns per d.ollar

lnvested in fertillzer for the various specifled ylelds of each crop are

presented in Table 4.12. For example, lrith barley at $0.65 per bushel and

r*heat at $1.40 per bushel, the return per dol}ar lnvested in fertflizer
to.produce 2O.O bushels of barley, is $2.42; whereas, the return pen

dollar Ínvested in fertilizer to produee 15.0 bushels of r¡?¡eat is only $Z,i¡O,

lherefore, at these yield leveLs and prr-ces, barley gJ-ves a higher retwn
for each dollar lnvested in fertillzeî.

Ttre returns per dollar invested. in fertilizer for the two ferti-
}[zer e>çerinents a,re not as high as they were for w?reaü and oats on

st'n¡nerf,allow at Melfort Ln 1962. Tt¡1s is to be expected because the leve1

of fertillzer nuürlents in the soiÌ, particularly nitrogen, ie generally

roner for la¡rd. that has been Ln crop than it ie for rand that
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Bar1ey yield r^rith the prÍce
of barley at 90.65

Tie1d increase .ryit,h a leO cent
increase in ühe price of

barley

Figure l¡.!. l'faNirnurn Prof,it TieLds for Barley on Stubble predicted by r,þs
Quadratic Fwrction for Barley priced at $0.65 and $1.05.
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Table 4.12
Reür¡rns per Dollar Invested in Fertilizer

Seeded on Stubble, Glenwood,
for Ïjþeat and Barley
19642o

Wheat on

t'ertilizer
üerd cost

stubble
!'Jheat

$1.40

ülheat

$r.Bo

Barley on stubble
Fertilizer Barley Barle¡'

Tierd cost $0.65 $r.o5
bushel-s

r5ro 3,16
2O.O 9 ,3O

-dollars-
2.30'
L.54

bushels

20"o

30.o

40.0

2.96

L.97
O.7+'

h.3l+

lJ-.2l+

- dollars-
.' 2.h7 . '4.0o

L.92 3.10
1,32 2.L3

has been in su¡.r¡oerfallo'n¡. Consequently, the amounü of fertilizer that

has to be applied, rceteris pari-bus,, to achieve-the same yíeJ-rl response

for st,ubbre crops as for surnmerfallow crops is much higher. Hence, the

return for each dol-lar invested in fertilizer will be rower.

Economic Optima for Bve

There were only two erçeriments for rye. rn both exper-iments

the crop was falI rye seeded on summerfallow. These experiments were

conducted in 1960 and 1964 at Indian Head. The economÍc relatÍonships

of fertilizer use for these trvo e>periments are presented in Table B.?.

For r¡"s at $0.95 per bushel, the estimated marcj.mum prcfit yiè1d in 1960

was 25.2 busheXs per acre and i.n 1964 it was h2.4 bushels per acre, 1.?

fimes higher than the 1960 yield. rn both e:çerinents, there are only

slÍght Íncreases in the maxinum profit yielcls as the price Íncreases from

$0.95 t'o $1.15 per bushel, thus indicating that in each year the yield.s

"' Th" optimun combinations of N and P2O5 used in the cal.cula-
ti,on of the retur:n per ctotrlar investecl in fertiÍiáer îor the various spe-clfied yierds in this table r¡ere taken from experimen| 33, Tabre B.z and
gxperÍment 69t Taþ]e 8.6. The yields for rvheal and barrãfr rulr"., zu"ofertiliz,er: is appliecl, were p.8 and rZ.2 bushers per acre, respectively.
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are approaching their rnaxifium. The ratio of N to p^0, is less than 1.0z)
in both ex¡:eriments. In one experirnent, ít rernaÍns constant as the most

profitable yields increase. Therefore, in this parbicular case, the two

nutrients N and PaO, shouLd be increased in the sane proportion as yields

increase.

In srJnmary, it is noted that the l-east cost combinatíon of N and

PrO, for producing a given yield of a particular crop varied considerably

anong locations for the same year ancl- among years for the same location.

sinilarly, the naxÍmum profiü position of N, poo. and ¡rie]-d changed con-4)
síclerably from one location to the next and from one year to the next for
each of the crops. Consequently, reco¡n'nendations of fertilizer use ¡naCe

on' the basis of the resulüs of any one e>iperiraent will have a high degree

of uncertainty associated with them.



Chapter 5

SUM¡,ÍARÏ AND CONCLUSIONS

fn the perlod L9L5 Lo 1969, fertilizer sales in Canada increased

trom 5751107 tons to 119091496 Lons, an increase of )J2 pec cent for the

twenty-five year period. Because of this large increase in the use of

fertillzer, there is an increasi.ng need. for more infornation on the

physical and the econornic reÌationships Ínvolved in deterurini-ng the opti-
mum combinations and levels of fertÍlizer use. Wfth this infonraticn,

the farmer can then decide r"¡hether or not a dollar invested in fertílizer
wiIL return more than the sa¡re dollar invested elser¡here ln his business.

rf he decides to use fertilizer, he must then decide: (l) v¡here to use

fertillzer in terms of wt¡ich soils and crops r+iIL glve the highest reüurn

for each one dollar Ínvested; (2) what co¡nbination of fertilizer nutrienüs

to use; and (3) ho,¡¡ much of a given nutrient comblnaüfon to apply on a

glven cropo

Irlith thÍs goal in mind, the obJectives of this study were as

follows

1. To deùernine the yierd response to varying ì.evels and

combLnations of N and PrO. for wheat, oats, barley and rye seeded on4)
:.-

sunmerfallow ard strrbble, at various locations in the Prairie Provinces,

for ühe years 1959 to 1968.

2.. To deternine the least cosö nutrient conbinations ln producing

specified yields for each of these crops for the various locatlons and_ years.

3'. To deternine the most profítable appÌicatíon of N and poO.
<,' )

for.ffve selected prices of each crop for all locatÍons and years.

I+. To compare the least cost nutrienù combinations for the same
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¡¡ield and the maximum profÍt positions of ll, pro, and yÍeld among years

at given locations.

5. To compare the least cost nutrient conbinations for the sìne

yield and the rnxÍmrrm profit position of N, PrO, ard yieLd a.ncng lòcations.

6. To compare the return per dollar invested Ín fertilizer for
the different crops in a given year and. Iocati-on.

Ttre data for this stu,ly were obtained fron the results of ferüi-
lizer experÍments or trials in cereals that were cond.ucted in the three

Prairie Provinces in the ten year period, Ig5g ro 1969. The results of

ferti.lizer trials conducted in the Peace River area of BrÍtish Co}¡¡nbÍa

were also included in the study. 0f the l+r395 fertilizer ercperiments

r¡hose results,were'tabulated t 31458 of these experiments were excluded

from further analysis 1n the study. I'{ost of t,he e:cperi¡ents were exclucled

because they did not have a sufficient nr¡rùer of observations to estimate

a yield response function to fertilizer Ínputs.

Fotrr different pro.Juction fi¡rcüions ?¡ere fitted by leasü squares

regression to the observations Ín each of the remai nirl 92? e:çerÍments.

Althongh regression equatlons l¡ere obtained for the )21 exper.iments, there

were only 93 erçeriments in ntrich the signs of the regression coefficients

for the four derived eqi:atfons Ì{ere the sarne as h¡pothesized. The h¡po-

thesÍzed signs of the regression coefficients for the Ìinear, Cobb Douglas,

quadratic and square root functions are shown 1n the following equationsl:'

? = OO+blN+b2P

I = oo tr¡bt pbe

t\^Áï = bo+blN+bzp- o3t.- b'p¿+o5M

1=,bo- brN- brp+btÆ +aff+br,l4F
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Ttre negative signs of the regression coefficients for the quaclratic and

squâre roct eguations alIol'¡ for a total di:iúnishing yield and a negatS-ve

nargÍna} physical prod.uct for the indÍvidual- fertilizer nutrients, N and

P^O-,¿)
In this study, the selection of the fertilizer production function

was nade on the basis of the coefficient of deterrnination, the t tesüs fo!'

fhe regression coefficients, and F-ratio for each fi¡¡¡ctj.on. Because there

were 93 erçeriments involved, the selection was based on the average value

for these statistics for each frrnction. The quadratic form of the produc-

tion function was selected as ühe rrbest estimaten of.the physical relation-

ship between the fertilizer inputs and the crop yields. The Cobb Douglas

and the ÌÍnear forns of the production function u¡ere not selected because

t
the R- values r.¡ere somewhat lov¡er for these two functions than for the

quadratic and. the square root functfons. AIso, the linear and Cobb Douglas

functions do not perurit dininishing total yie1d. . There was liütle basis

to distinguish between the quadratic and square root functions. The t-

values for the regression coefficients in the quadraüic function were on

average higher than those for the square root function; whereas, the

square root function had a slightly higher average coeffÍcient of deter-

mination. Horn'ever, on the basj-s of the higher t-values¡ the quadratic

fi:nction was considered to provide a Itbetter estimaüetr of the fertiÌizer

fnpuü crop-output reïationshfp. Ttre quadratic function was therefore

used as the basis for determining the yield response to various levels

and combinaüions of N and PrO, for wheat, oats, barley and rye seeded on

surnnerfallow and süubb1e, at various locations in the Prâiries, for the

years 1959 to 1968.

' The. prod.uc.tion surf,ace and the single varieþIe Íaput-qulput curves
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with one nutrient variable and the other constant at specified l-evels

r¡ere derived for a particular e>çer5-ment. ïÌris experiment was barlêy

seeded on stubble on Peace Hills fine sandy loam at Lacombe ín 1967.

These relationships were estimated frorn the following productlon function

eqrration:

î - 33.6616+ o.à553N +o.3L3Bp- o.oo4/+I\f - o.oo29p2+ o.ooo6Np.

the yÍeld isoo.uants for specifÍed yields, ühe marginal rate of substitution

of N for PoO. at the various combinations of the tr^¡o nutrients to produce<)
these specified yields, and the i.soclines for different constant values

were also derived for this e>çperiment. These relationships were esti¡nated

from equati-ons that were derived frorn the precedÍng equatlon. Tfre least

cost combination of N and. PrO, for tuo specified yields of the crops and

the næcimum profit position with respect to N, P2o5 ancl yield for f.ive

different prices of barley were also determined for the experi¡nent.

Ïhe purpose for doing the preceding analysis for only one experi-

ment was t''ò illustrate the methodological procedures and the eqrrations

lnvolved in detern-inirrg the economic opti-re in fertilizer use, using the

qrradratic form of the production function. The least cost nutrient com*

b:i-nations ancl the rnaxi.mum profit positions for 56 ferüillzer experirnents

re'lrôipresentëd':in the'thesÍS. Ilovrever, the equations used to derÍve the

values for these two relatÍ.onships are noü included, since the equations

are the sa:ne for every e:çerimenù except for the regression coefficients

and the crop prÍ.ces. The econornic optina for 36 erçeriments are not pre-

sented. In most of these e:çerÍ:nents the most profiüable application of

N and P.r0. Ínvolvecl negatÍve levels of the two nutrients.¿)
The mavinum profit positions of N, PrO, ancl yield rvere compared

among y-egrs aù given locations and araong locations for a given prì-ce.
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These comparisons could not be nacle for every crop, because in some cases

there were only one or two fertilizer experÍments for the crop. There

was consiclerable variation Ín the nraximum profit yields for both wheat

on sumnerfallow and barley on stubble, while in the case of wheat on

stubble, most of the experinents had optimal yields which fell within

the range of 25 lo 35 bushels per acre. The combinations N and pro, for
both the maximun profit positions ancl the least cost co¡nbinations for
specified yields were also quite variable among years for given locations

and among locations. In comparing the return per dollar investecl in
fertílizer for specified yields of different crops in a given year and

location, it was found that the return was hÍgher for oats on sumnerfallow

than for wheat on sulnmerfallov¡ at Melfor þ in 1962, and higher for barley

on stubble than for wheat on stubbÌe at Glenwood in J:964, when the lowest

price vras used. for each crop. Hovrever, the relative position of the cro¡r,

r'rith respect to the retu¡n per dollar i.nvested in fertilizer, changes if
the príce of one crop increases relative to the other.

Tt¡e overalJ- object,ive of this study was to clel,ernine the physical

and econo¡nic relationships involved in the use of ferüilizer in the

Prairie Provinces and aù the same ti¡re üc exarrine the nethodological pro-

cedures involved in the analysis of fertilizer data. The regr'essÍon-

equation'approach to the analysis of fertilizer-¡r-ie1d data Ís an extremely

useful device. The regression equaüion not only expresses the physical

relaüionships between fertilizer levels and yields, but it also perm:its

one to determÍne the least cost combination of fertiÌizer nutrients, as

well as to determine the most profitable appì-ícation of fertilizer. The

ferüilizer-input crop-output relationships, honeverr apply to particular
soils for certain years; producùion surfaces obtained under other ralnfall and
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soil conditions can be e>qpecüed to differ from those obtained in the

e:çerinents reporüed. therefore, the crop yield. responses to fertilizer
inputs obtained in this study shoul-d not be used to nake general recom-

mendations i.n the optirnum use of ferüil-izer either at a particular loca-

tion or for the Province or Prairies as a who1e. There are, hovrever, a

nul¡ber of inferences v¡hich can be drawn from these experiments. For

example, one can determine wtrether or not a particular soil or area does

respond to the applÍcation of ferüi]izer. From these erçeriments, one

can also get. an indication of the yields that can be obüained in an area

r,rÍth ùhe application of fertilizer. A1so, the experiments show the effect

of a change in the price of the crop on the optimun leve1s and conbinations

of, the fertilizer nrrtrients, N and PrOr. In addition, they inclicate the

change Ín the level of fertilizer needed. to increase yields by a specified

number of bushels. lhe experiments also point out that the least cost

corrbinati-on of fertilizer nutrients does not necessarily folÌov¡ a fixed

raüio for alÌ possible yield leve1s.

There are a nu¡tber of proble¡ns which arise when using the regres-

sion-equation approach. One of the biggest problems is finding experiments

uith a sufficient nr¡nber of observations to estimate the yield responses

to fertÏlieer- ihputs. Out of the hr385 fertilÍzer experinents tab,rlátect,

orùy 927 experÍments were found suitable for this method of analysis. A

second problem is selecting the type of function to use, that is, whether

a fixrction such as the Cobb Douglas or functions such as the quadratie

and square root more ad.equately describe the fertilizer-input crop-output

relationships.

the sign'of the regression coeffj-cienÈs for the furction is also

important. For exampLe, if the quadratic functÍon has the followir¡g form:
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I = bO+ btN+ b2p + urll2* u¿2* urwe

then there Í.s onl¡r increasing marginal physical productivity. Hence, the

¡¡aximr¡m profit position is undefined. If the function is of the form:

I : oo+btN+ bzp- o3r'- u¡2+ urr,re

then there is both declining and negative marginal physical product,ivì.ty.

T?tus, it is pcssible to determine the ¡naxi¡num profi-t position in fertilizer
use.

In this study, there were no variables for seasonal rainfall anrl

soil fertility and soil moisture at the time of seeding. In future studíes

these variables shorrld be incluCed in the esti¡nation equation. Data for
seasonal rainfall could be obtained from other sources, if it is not pre-

sented along wÍth the fertilizer-yield results" Aì-though data on precipi-

tation is not available for every locatÍon, the closest location for whích

precipitation is record.ed could be used. Data on soil fertÍì-ity has be-

come available in the last few years with the advent of, soil testÍng

facilitíes in each province. llowever, data on soil moisture is available

for only a'few e>çerimenüs in each province and only for recent years.

Althor.rgh the three additional variables ¡¡ould inerease the ninimr:¡r nunber

of observations needed to esti¡rate the fertilizer-5.nput crop-output rela-

tionsh-ips, Ít ma¡r be possible to comòine several experiments for the sare

soil t¡4pe for different years with different amounts åf rainfall and

Ievels of soil fertility and soil moistr:re. fn addiüion, the inclusion

of these three variabl-es v¡ould place the farmer in a better position to

decide whether or not to apply a certain level of fertilizer, because at

the time of seeding he knows what the soil fertility a¡rd the soil
moisture levels a,re. fn the case of rainfaIl, he coulrt assune the average

for the grovdng season. If his capital is fairly lirnited, he corrld assume
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a lower rainfall; but which has a higher probability of being obtained.
'
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.Table A.I
Sales pf FertlLizer Ìfaterials .na l.fi*"¿ Ferttlizers

Prairie Provlnces During the Tears Erded.June lO,

Pralrie
Provinces

l-n Canada and the
1945 to 1969.

ïear Canade
Sales ln Pralrle
ProvLnces as per
cent of total
Canadian sal-es

t945
L946
L9t+7
1948
L9t+9
r;950
195r
L952
L953
L954
t955
L956
L957
1958
L7)7
ryóo
1961
L962
L963
l:9'6t+
L965
1966
L967
1968
L969

2g'8gg
3Lr2O2
41,489

- 5Lr2t't
67 rgo2
85,45t
9OrO2O
86rtrg6

1O1r476
75rL22
5t+rggo
62'7l:-
Tbr7e6
85,677

lì^ 
^!-LL',YLL

L37 r2J+3
LT3rt+8o
2o9 r$ot+
28g r83r+
l+O3r3TL
463r86t+
684r211
8b5rg?4
953,9L9
58t+r7A2

-shorü tons-

575,LO?
632r9t+3
660r?2J
672rr7r
7l+I'?26
764'5gt
??Or5O7
76815;45
81918O3
8ltr64L
79Or77l+
80or6g0
8081251
81Or53g
9A8,2Ir+
9351¿+28

ltÙ77 tl+Iz
111rû4r0oo
11256rg4].
Lrl+51+1332
Lr5g3r5g3
LrgL? rg6t+
21183,bt+t+
212921723
Lrgog,t+96

per cent

5'O
l+.9
6.3
'l'6
9.2

1r.2
II.7
IL.3
12.l+
9.3
6.9
7.8
9.3
9.8

7-2,5
14.7
16.1
18.3,
23.r

'27,7
29.r
35.?
38.-7
41.6
30.6

Source: cul isllcs, January-lfarch,
\?.\? : r?!8, Dominion nrr@ricr¡nure DirrÍsíon,
and Fertilizer r?ade , rgt+7 - 48 to 1969- 69, ño¡dnion Bureau ofStatistics, .t'lanufacturi.ng and Pri¡:ary fndustrles Division,
forrerly Industry ar¡d Merchandising DivlsLon.



Prairlé Acrsages of AIL t'lheato Oats, Barley,
Sulnnerf.allow, for

).9t+5-t+6

,L9tþ6-t'7,
]t9t+7-t+8
1948-49
1949-50
]-95o-5t
L95t-52
L952-53
L953-5b
t954-55
]955-56

'L956-57
L957-58
t958-59
1959-60 .

1960-6r
1g6r-62
l962-63
t963-64
]À96t,-65',
t965-66
t966-57
L967-6s
19ó8-69
L969-70
19?o-TLp

22rt+3O
23,73L
23 1357
22,r82O
26r52t+
261382
2t+1385
25,372
25r5r7
241707
2r,g6L+
22rQ64
20r881
21r480
23,970
23rgOO
241639
26r?37
261996
29.080
27,790
29rl.66
28r57o
28,860
24/+OO
12r00o

9785
8tr7O
781,8
7lL6
7355
?520
83tz
7560
6t+go
67t5
7788
T+22
5633
58LO
5626
63M
5t22
7f52
6260
505l+
5645
5450
5090
53t+O
563o
5390

Table A.2
AIL Ryen l,ftxed Graf.ns,
Crop Years 19r+5- l+6 to

65ts
5788
7035
6082
56L?
6205.
7530
8145
8599
7568
9638
8181
9æ9
91o4
7700
6680
536t
5097
5922
5247
571+I
7010
76oo
8330
9CO0
9500

b22
643

1124
2225
1095 r

ro4t:
LOt+7
tL53
Lt+3L

687
665
452
t+55

43r
l+58
tl90
b93
556
583
620
691
67L
628
619
859
9t+4

ousand âcres-
,64
48
l+2

78
91

11ó
u2
t32
L37
t77
228
305
350
411
b93
520
667
616
535
548
606
T+7
667
676
705
875

seed

Hlaxsêed, Raþeseedr.lane Hay and
L97O- TL

8¿8
865

L724
1880

290
54L

r.o86
LO27

908
ru+8
1809
3010
3l+6,2
2526
2026
248r
205t
t396
1629
1916
2265
1883

998
].502
2320
3350

crops, canactat, Fier-d crop-þpçr¡b:!_ng_gerÍgg, (No. 13, Lg63-rg7o,
No. 2Õ, rg¿r-rÞ¿ eau of stattstlcei

Less than J00 acres
Prell¡¡rinarl¡eetimates ..ì, | ì.

seed

It
p

Prlncipal Field Crops, Canada, I
mates of Crops end Sqr,:meããflowlsr€agoq

ncipaI Fi.elct Crops, Canada, I9ZOtrr and nNovember Estlnate of

13
24
58
80
20
J+

Tame
Hay

L654
1650
r?74
r775
r874

.2o7r
2r77
228I
2265
2586
2777
2895
3429
3680
3813
l+IM
h533
t+69L
466t+
l¡816
5432
jzJ+g

5027
l+?80
5r00
6L60

7
19
30,'
40

138
352
618
626 i

2)J+ '' ''
763
7]-:o
37J-
l+78'
NL

u35
]"525
1620
LO52
20t2
3950

lr\rT3Z
t+Lr2lg
42,932
ln2rb56
t+2r966
l+3'876
441685
451689
I+51366
l+3 1628
t+5roo7
44r681
44,037
l&1068
U+1339
b5,322
l+3 r566
l+6t].].7
l+7 tO67
l+8r1l+2
t+9 r2O5
5]-'7ot
5]-r2OO
5Lrr59

,50r]-26
42r].69

?c16l+0
20,39â
19 rTtnt*
20r7O4
2t1763
2Lr606
2L'569
är¿+60
22,96O
25,630'
2t+r5)-'t+
2L,LL3
25rogt+
26,399
26,59h
26,893
27 1860
2.7 r1+95
27 rzr]-
26,375
26,59O
25r22J+
25,950
261660
28r800
36,9OO

(March, 1964) ; ilPrelirni-nary
Forecast of rroductLon of

ProductLon of Prlncipal Fle1d
No. 14r Lg6z, No. 19, L97o,
Agriculture Dlvlslon, Crops Sectlon,



Crop
ïear

Ca¡radlan I'lheat

1945-t+6
].946-t+?
l9ti7-4e
L9tr8-49
L949-50
1950-5r
L95t-52
L952-53
L953-54
l.954-55
t955-56
L956-57
]-957-58
]-958-59
L959-60
1960-61
Lg6L-62
tg62-63
1963-6t+
]-964-65
1965-66
].:966-67
1967-68
1968-óg
1969-70-
]t970-7rv

Totel Stocks at
Beginning of

Crop Tear

, : Table A"3 , ,

':

Supplles and DlsposltLon for Crop years Jlg!j.h6

258
7lt
s6
78

102
IL2
lSg
?J7
383
6L9
537
580
?3t+

' 6bg
588
600
608
39L
h87
b59
5L3
420
57?
666
852

1r011

Stocks
Farns Productlon

29
27
26
39
l+3

T2
.22

1,9

9lþ
232
138
20I+
323
UL
L69
Itú
lUr

59
65

I21
109
100
205
236
372
5b3

3L6
t+Iz
339
381
366
466
55t+
702
63t+

332
5r9
5?3
393
398
445
518
283
566
724
60L
6trg
827
593
65o
ó84
33o

-niLLion bushels-

Total
Supply

574
l+85
l+25
I+59

. 468
579 .

743
9r9

1.r017
95r

lrQ56
].rI53
r,126
1'046
Lro33

" 11118
892
957

1r2L[
1r060
11:-:62'
11247
Lrl7O
r13L5
Lr536
Ir3lù

Þrport of
Wheat and

Flour

Canada, I97O, FieL{.Crop Repo{Þine SgCþg (No.
culturä, croisffiñ.

P PreLimlnary ootimatos.

to Lg6g-70.

340
2J+3

L95
232
225
24r
356
386
255
252
3t2
261+

320
291+
277
353
358 .

33L
59h
400
585
5t5
336
?o6
3t*zP

Donestic
Dlspositf.on

of l''lheat

16r
L56
L52
].25
131
148
r.70
150
u4
]".62
16r+
L55
158
164
t56
t56
rh3
L38
r57
)J+7
r57
t56
168
15Ê
iisp

TotaI
DlsposJ.tlon

of l'trheat

ember, L97O), and rt

501
399
3+7
357
356
389
5?6
536
399
l+l!.
l+76
419
h?8
l+58
1+33

509
501
t+69
75L
5l+7
T+2
67A
50l+
l'6L
525p

Forecast of
19, 1970),

-ve-st -¡.v rr¡avq9 ¡üvv4vna

Protluctlon of Princlpal Field Crops¡
Dontr¡lon Bweau of Süatistf.cs, A€ri-

eat Board¡ at üe\Áew



The t¡pes of data codect on each card were as follows:

CoLumns Item

Lr2, o . .9 EERTnESP

10, 11, 12 Begion Nr¡nber

)3, LI+, . . 32 Location

33 . Crop (wheat - 1r oats :3)
(barley = 4, rye = 5)

35 Summerfallol¡ = I, Stubble:2

37' 38' 39 SoiI 1lpe

I+O, 4L SoiI Texbure

t+3 Soil Textr:re Group

l+5, 46, tfl, l+8 Tear

5O, 5J, 52 Nutrients Applied in Porrnds per Acre N

53, 54, 55 r r n " P2O5

õ6, 57, 58 rr rr í n; K^O
.4

59t 60 r tr n n

6L, 62t 63, 6tj Ïields in Tenths of Bushels per Acre

66 Control = 1, Noncontrol : O

68, 69, 70, T Þrperimenü Nr¡nber

73, 7l+ ToùaL mmrber of Cards for Þçeriment

75, 76 Number of this Card



ÐqP!
llo.

1
2
3
h
5
6
7
I
9

10
LL
L2
L3
14
L5
L6
t7
18
19
20
2J
22
23
?4

-2526
27
28

lable 4.4
Data PerAahfne to the 93 Fe¡tiltzer Þrperf.nents Ineh¡ded in the Study

Dubue
0onquest
Kindersley
Scott
ArcherrrrllL
Melfort

' Melforü
Melfort
Melfort
Mel-fort
Me.Lfort
Glenbush
Hafford
Snowden
GlasL¡rn
Glaslyn
Turtlefc¡rd
Loon Lake
Spring Corrlee
Cowley
Fb. McLeod
Carmangay
Borut¡ruille
McLennan
Grandvlew
Moosomln
WapeILa
WapelLa

LocatLon
Crop

distÈict Province

5^
qB
7A
?s
8A
8B
8B
8B
8B
8B
8B
9n
9t
9A
9B
9s
9B
9B

3
3
3
2
6
7

1I
1B
1B
TB

Sask.
tl

n

tf

ll
tl
n

tf

tl
tl
tl
It

n

tl
il
n

n

tl

AIta.
ll
tl

Soil zone

bLack
dark brown
broun
dark brown
thick black
black

tl

tl
n

tl
It

th*.ck black
black
grey wooded

t?

?t

thick black
grey woodect
dark brown
thin black
dark brown

,t

bÌack
dk.gr.wooded
black

ll
il
tl

SotI
texfure

loa.n
sandy loaní
clay
Loam

tl

clay
tf

tf

tl
il
tl

Crop

wht,on snf
ll
n

n

tl

tl
n

ll

lfan.
Sask.

tl

fl

loa¡l
.tl

r!,

lt
n

.tt.

|t

Year

]966
19ór
T96I
t96h
19ó8
t959
1960
r-960
]962
t964
]966
19ó0
L962
]t96t+
]962
].963
L962
L962
]t967
l967
1960
1965
1960
].959
]-959
L964
L967
t967

ft

Îf rl

tt

It
ft

lf
tl

No. of
the exp,

2t+62
r+o27

ho29
322L
æ89
4858
t+322
bI+?O

3759
3tz7
250h
4528
38?J
3ll+4
3823
3l+72
3822
3824
5t+45
5453
TI98
6023
Tr85
nL3

955
3097
L766
]-767

tf

clay loa,n
tl

sand
Ioam
clay loa,rn

It

tl
tl
lt
tf

.lt
It

n

L

tl

fl
tl
n

wht on gtb
L

tt

ll

loa.m
tl

tl



Ðçp.
llO o

29
30
3L
32
33
34
35
36
37
38
39
40
4I
l+2

43
l+l+

l+5

46
47
48
b9
50
5L
52
53
54
55
5i6

,t7

Locatlon

I Dubuc
Kl-nd.ersley
Scott
Milk River
Glenwood
Glenwood
Pincher Creek
Nanton l

Acme
Mazeppa
Ft. Saskatchewan
Bonn¡rui11e
Blueberryr Mùn.
Ifelfort
Melfort
Melforü
La Corey
Minnedosa
Scott
Ft. Mcleod
Harmatton
Lacombe
Lacombe
High Level
Sanford
Sanford
Portage
Rolarrl
ELie

0rop
dlstrict Provlnce

,5A
7t
7B

2
3
3
3
3
2
3
5
6
7

8B
8B
8B

6
9

7B
3
3
5
5
7
3
3
3
3
3

Table A.tr (conttnued)

- Sask.
n

tl

ALta.
tt

ll
n

n

It

It

ft

n

ll

Sask.
tl
ft

Alta.
Man.
Sask.
AIta.

tl
It

n

ll

I4an.
|l
n

n

ll

Sol-1 zone

black
brown
dark brown
brown
thln bl,ack

tl
ll
tl
L

tf

black
It

dk.gr.wooded
black

tl

It

dk.gr.wooded
black
dark brov¡n

n

dk.gr.wooded
black

tl

dk.gr.wooded
black

ll
tt-
il
tl

So11
texture

loam
clay
tî,tt

clay
loam
clay
Loan i

tt'
il

sandy Loarn
Loa¡n
clay loarn
clay

It

n

Ioam
clay loan
loan
cJ-ay loam
loan

tl

ff

sandy loam

"1,""
loam
sandy loa.n
clay

wht on stb L967n 1967t' 196Ln t96Or ].96b
" 1966

, ft 10<o
L/ / /¡t 1965n t96ort 1960tt 1968n Lg5gn 1959

oats on snf '1961
n 1962,, 1962

oats onstb ].965
bly on snf 1968

" 1962r 1960rr 1960* L966rf 1967n ]1959
b1y on stb 1960il 1966n 1960n t967r L96?

ïear
No. of

the exp.

r?69
)rgg9
ha39
7200
6388
5767
743r
6015
TL9T
72OI
5oo3
7411
7322
3992
3766
3767
6oLr

61
3816
7t99
7153
5?49
5b29
7433
804
20b
807
101
107



58 Rossendale
59 Bagot
óO Loverna
61 Melforü
62 Turtleford
63 Turtleford
6t+ Dorintosh
65 Watsh
66 New Dayton
67 Barons
66 trlelling
69 GLenwood
70 GLenwood
7l Ft. Mcleod
72 Nanton
73 Chedderville
7t+ Chedderville
75 Chedderville
V6 Cheddervl].le
77 Chedderville

. 78 CheddervllLe
79 Condor
80 Condor
8I Condor
82 Red Deer
Sj Lacombe
84 Laconrbe
15 Lacombe
86 Lacombe

Location
Crop

dlstrict Province

I
I

7A
8B
9B
9n
9e
I
2
2
3
3
3
3
3
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Table 4,4 (contlnued)

Man.
il

Sask.
tl

ft

tl

tl

Alt,a'.
It

tl

SoÍI zone

black sand bly on stb 1967 11In r rr 196g 5l
brown clay 3.oan " ].959 l+81+9
black cLay " 1968 2098
thick black Loa¡r ¡t 1959 4850n rr rr 1961 I+o43
grey wooded n tt 1960 h5t+L
dark brown rr rt I96b 6377
brown rf r 1960 72OI+
dark,,brown T 196l+ 6375u 1962 6712
thin black clay rt 1964 6389rf loam rr L967 5l+l+T
dark brown clay Loa.n , It 1962 6776
thin black loam ff L96t+ 639L
dk.gr.wooded i: :: \g1t ifrfr! fr ¡t 1966 57Igrfilil196657n

ttinn1967|,t+Og

:: :: r, re67 541rff ]-967 5bo2fr,iltt]..9675l+o3
ff , fr ]967 5l+O5

black fr n l967 5395rr sandy loau n 1966 572Irr rt ].967 5389rfilnLg6753gO
fr n il 1967. 53gI

SoiI
texture

ll

n

il
lf
tl
tf

tl
tl
il
tt

tl
It

fl
tl
n

.tl
il
tl
n

Crop
No. of

ïear the orp.



&rp.
'llo.

8V
88
89
90
9r
92
93

Locatlon

Ponoka
t4yrna.u
T.¡mont,

BLuesky
fndia¡r Head
ïndian Head
Carnangay

Çrop
dlstri.ct

5
4s
4¡

7
2A
2A
2

Table .â,.4 (continued)

Province

Àlta.
It

tt black

^ 
t'. dk.gr.wooded

ÐasK. black
lfn

ALta. dark brown

SoÍl zone

black
dk.gr.'rooded

So11
tortr¡re

loa¡l
It

clay J-oam
clay

tl

sand

Crop

bly on stb
,t

n

ft

rye on smf
It

fl

Year

19ó8
].965
1960
1968
1960
]-96t+
]-966

No. of
the exp.

5oo5
ó0og
7J.55
5oo7
t+275
3082
577r



I?re Regresslon Coefftclents, the
Deüer¡ninatlon' 

tLi:"-i;i"tii

ÞqPt
110. Frquatlon

The regredsion coefficients ênd the value of t-üest for
the regression coefficients of the follow"ing terurs

A

B

c

D

Tab1e A,.5

t-Test fo:: the Begresslon Coefflclents, the Coefficient of
of the Linear (a), Qu"¿ratLc (g), couu-Douglas (C), ancl
Equations ln each of the 93 Þqperl¡rents

bo

22.72L3

a-.7625

20.214

2r.6350

rt+.2925

L3.8991+

t3.379

Itl.80?6

16.7ó00

-f5.73b2

L5.307

J..6.Ol+31+

2

o.t3t6
3.oo*
o.2IO2
o.97
o.og15
3.18*

-o.2677
l.o5
o.u77
3.2o+*
o.2590
1.ó6+
o.0692
3.62x-*

-o.0121
o.L2

o.0gg4
1.97#
Q.1632
I.l+3+.
o.o3u
3 "87-;t*

-p.0042
0.0ó

A

B

c

D

0.179r
2.L3+r
0.3819
L.62
O.0I+69
I,7++

-o.5121
I.20
o.0036
o.32
o.otil+5
I.14
o.0128
1.00

4.0539
2,18#
o.0777
6.15+er
o.Lgg6
6.63xx
o"a792

Lll.25se*
-0.0390
2,O7#.

,3

tt2 or ffi e2 or1ft NP or lÆ

A

B

0

D

-0.0029
1.20

L.9Ol+7
L.3b

-0.0097
L.26

o'0?66
0.1ó

-O.O056
l.L2

o.o8?3
o.23

-0.013I
1.03

1.r[96
0.7l

-0.0007
I.63+

0.2061
0.83

-0.0015
4.$Q.ltJ'r

o,g;og5
4.82"P*

0.0084
o.62

o.5919
L.32

o.oo20
1.41+

0.t3gg
3.27**

0.0015
1.48+

0.0824
2..5b*

Value

of R2

o.785

0.874

o.g2g

0.898

O.li+3

o.657

o.52O

0.8I2

o.762

0.935

o,gli+

o.g6l_

F-ratlo

I0.96*+

4.16+

u.53{JÉ-

5.3o+

5.L7

3.84x

7.06x+

8.62#-*

20.84**

28.66*x

109.04*+

l+9.37w

No. of
obg.

16



Exp.
r.lO.

Lr

EquatJ.on

The regnession coefficients anC I he
the régresslon eoefficj.ents o.f the

B

I

n

bq

a ôô2() . ':'..,¿ '
7.1+1-O5

,7 É,4ì,A
| . / ",9\'

.l c,Ena
I . // lr''

?Ê ((l'ì
2rr a / 2-e

aA Qt.a,.
-rv an4)r+

?Á ?ÃÃ

2A Q''?1 /,
¿-J. / l.,L \.

'ß.trstng

36.t+939

37.362

36.?6]..2

28.7217

27.31+g!+

ô ñ(?r.
)..oú
ô 1?t1

'.rJL_

2.1o++
rì ô?] ô\r . rt -! LrJ

j.o7+r;¡
-1.O212
ñ"2

0.131I
I I <,¿-

ô 2'r Ê(v . È----r /

:t_.1ó
0.0102
2.61r+t

-o.0285'ñ 1.7

n 2q<a
v.-/ / ¿

I Aa-r

I.Ot+33
? rì q-)s)$

ô n?oo
E, Un)êþ

-o.3759
1 Ant

o.ocs5
ô lrì
ô 1?1 ?1.. . L--.¿-)

O.lr2

Tabl,: 4.5 (continued)

ô ô??1.\". .i 
-ci( Rô-)êç

o.2213
"l ,. I 7-)(-)S

ô 'ì ?onr.-!¿, /\.

20,J2->'->t

-1.155t!.
3.39"'e!'
n 'ì 1-?(\Ì . L\) L)
( I ôJ(+{-

n ,.1 (t\z.Lþ¿/-

.5.7y?:(
o.0628

1A 7Á-)íJÊ

-0.08ó3
] QQ-L

o.|tß|+
6.8/r-:e+
l-.0s2r+

10.07->er
^ 

lô1^v oL)11
22;)f).et,
-o.2997
3.l+Y!r>(

0.1081
,, ôr, -)íir

o.2520
2.7L->ç

n2 o"lff v2 or1ft M orl/lF

TJ

.n

value of t-test for
fo1J-o'.uing ter¡ns

-0.0040
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Table 4.6 :

Ttre Nr¡nber of Regressl.on Statlstlcs Slgniflcant at the Different Levels of Slgnlficance
for the 93 mperlments for Each 1Ype of F,quatLon

F4lratfon

IÅnear

Quadratlç

Per cent
leve1 of

sÍgnlficance

Cobb Douglas

1

5

10

29

L

5

lo
20

The nr¡mber of signiflcant t
coefficÍents of the

2l+

39

5T

ó1

3o

l+3

56

69

Square Root

P tt2 orffi e2 orlF

I
5

lo
20

t
5

10

20

32

48

57

ó6

3?

50

6l+

72

tests for
following

48

65

7t
77

9

26

38

l+9

the regresslon
ùerrns Nunber of

52

65

70

79

r4
25

39

L6

23

l+6

56

69

sienificant
NP or-[fF F-ratios

2?

50

57

67

b9

73

79

86

59

76

84

89

3

12

2L

36

19

33

39

52

2J

3o

3l+

l+5

77

88

89

91

66

78

84

88

L2

22

37

l+5
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Table B.l
Econonlc optltra Ln FertllLzer use for lfheat on sumnerfallow predlcted by the Quadratlc Ftrnctlon

,prperlnent
LocatLon:

Least

YleId

Nu¡nber c I
Dubuc, Dlstrlet 5,A,

bughels

25.Q
ìt0.0
3r.o
40.0

Cost CombÍnatlons for Specifled yietds

N PzAS M.$.:S.
dP,/dN,

Year: 196ó
Saskatchewan

Price

-pounds-
3.3

Lg.5
39 6
69.1

dollars
1.40
1'50
r.ó0
l'70
r.80

Proflt l,fa¡<{ nf zation
ìtfeld N pZO,

bushels
I+O.3
l+O.6
l+0.8
4r.0
41.1

8.6 -L.!+315.0 -L.h322.8 -¡ .I+j34.3 ËI./+3

Þcperlnent
Locatlon:

Least

Yield

Nrrnber: 2 year: L96L
Conquest, Disürlct 68, Saskatchewan

72.O
7h.3
76.3
78.1
79.6

Cost ConbLnatlons for Speelfied yletds

bushels

15.0

-pounds-
35.4
36.3
37.L
37.8
38.4.

Nw

N P^05 |{.R.s;4 
dpldtrl

2.O3
2.O5
2.06
2.O7
2.O7

-pounds-

5.L o.o _3.10

dollars
1.40
1.50
1.60
1.70
1.80

Profl.t Maxlmlzatlon
Yle1d N

bushels

15.8
1ó.1
].6.3
L6.5
].;6.7

I0.L
10.9
rl.ó
!2.2
L2.8

Pzo j
-pounds-

2.4
6.1+

9.9
13.0
r5.8

4.25
l.7L
T.L7
o.gh
0.91



Ðrperi.urent Nu¡rber: 3 Tear: 19ó1
Locatlon: I(indersley, Df.strict, 7 A, Saskatchewan

Least Cost Comb:fnations, for Specified Tie1ds
M-P.S"Yie1dNPzojåi7aru

bushels =pounds-'2O;O 2.7 ?J+.7 -L.b3

'Price

dollars
1.40
r.50
Ì.60
1.70
I.80

lab1e B.l. (contlnued)

Profit
Tteld

busheLs

23.6
23.7
23.9
?J+.o
2J+.L

Þcper:lnent
Locatton:

lula¡d.¡rlzatLon

N

Least

Tleld

Number: l+ Year: f,964
Scott, Dlstrlct 78, Saskatchewan

L3.3
t4.l
f.4.7
L5.3
15.8

Pzo j

Cost CorûbinaüLons for Specified

Npzo;

busheÌs
10.o
15.0

-pounds-
l+9.2
50.9
52.4
53.Ê
55.O

N

Ws

-pounds-
0.0 13.1

I0.2 5O.-7

o.27
0.28
o.28
0.28
o.29

Price

do].lars

1.40
1.50
1.60
Ì.70
1.80

Profit tr4a¡dnlzation

Tle1d N

Tlelds
M.R.S'
d'PldN

bushels

u.h
f'l+.5
u.7
u.7
l¿.8

-o.77
-I.l+3

6.3
7.L
7,7
8.3
8.8

Pzor

-pounds-

hh.7
b5.9
46.9
l+7.8
48.6

0.14
0.15
0.17
0.17
0.19



bcperÍ-nent Nunber:
Loqatlon : Archézrrill,

ïield

Leasü Cost Conbinations for Specified Tlelds

bushels

4o.o o.o
l+5,0 0.9

5 Tear: 196S
DLstrlcù 84, Saskatchewan

Price

Table B"L (cont,lnued)

-pounds-
8.t+ 4.69

26.9 -L.t+3

doLlers
'1.40

1.50
1..60
1.70
1.80

Þ f\ M.R.S.
'2"5 dPr/dN

Profit l{axL¡rlzation
IleLC N ,ZO5

bushels

48.3 10.1
bg.h 10.5l+8.1+ IO'T

-48.4 'll,o
l+8.5 1L.2

ExperÍrrrent
Lccatf.on:

Least

ïield

-Number: 7 year: ].:960Melfort, District BB, Saskatchewan

Cost Conbinaùions for Specified Tlelds

N Pzos i;};fr.

bushels

30.0

-pounds-
tù.6
42.L
l+2.6
l+3.o
I+3.3

N

q%

-pounds-

o.o L2.o 4.?O

Price

ci.
o.2
o.2

dollars
1.40
r.50
1.60
1.70
1.80

o.
o.

Proflt
YteLd

bushels
??o
34.O
3l+.L

,3l+.2
3l+.2

l,fa:dnlzatlon

N

5.h
5.9
6.3
6.7
'l.O

?zo j
-pounds-

38.5
39.h
ho.2
l+o.g
bL.5

N
Þ /-\'2"j

o.l4
0.r5
o.L6
0.16
o.17



D<periment Nur¡ber¡ g Tear t L96Z
Locatlon: Melfort, Di.strict 88, Saskatchewan

Least Cost Conbinations for SpecÍ.fÍed Ïfelds

bushels

35.O
/+0.0
l+5.O
50.0
55.O

Price

0.0
o.o
3.O

11.2
2l+.9

-pounds-

dollars
1.40
r.5A
L.60
1.70
1.go

lable 8.1 (continueC)

Pzo1

Profit Maximization
Iield N

4.8
l.7.4.
30.0
40.7
58,6

buehels
55.3
55.h
55.,5

, 55.5
55.6

M.R.S.
dPldN

Experinent
Location:

-0.92
-L.LI
-r.43
-L.43
4.t+3

-poun0s_
26¿7 ó'L.1
27.2 6!.?
27.6 62.3
28.0 62.9
28.b 63.2

Nr¡¡rber: IO
Me1fort, District

Least.Cosü Conblnatlons for Specified Ïlelds
Yield

N

'ror æ

bushels
20.o
25.O
30.0

ïear: 1964
88, Saskatchewan

-Pound5.-
o.o (

o.o
49.2

0.44
O;M

Price

0.

dollars
1.40
1.50
1.60
1.70
I.80

0.4
o.b5

Pzol,

Profit l,fardrlu"tton
liel-d N

3.6
37;8
65.8

bushels
26.2
26.9
27.5
27.9
2ê.3

M.R. S 
"d,P/dN

4.27
-1.02
¿L.l+3

6.tr
]..2.6
L8.o
22.9
27.r

Pzat

-pounds-
l+6.6
l+9.4
51.8

'54.O

55.9

N
Pzo j

0.14
o.26
0,3',5
o.h2
0.48



Experiment Nu¡¡ber: . 1l Tear: ].:966
Location: Melforùr'DistrÍct BB, Saskatchewan

Least,. Cost Co¡¡blnations for Specified Ïields
lÍeld N . p,n M.B.S.

2"5 dp/dN

bushels -pounds-60.0 j.g ' ----- 
r9.o _L.t+j

PrÍce

doLLars
1,40
1.50
1.60

'1'70
1.80

lable 8.1 (contlnued.)

Profit lfaxÍ¡izatl.on
Tield p.zo j

bushele
62.r
62.u
62.6
62.8
62.9

nxperiment Nr¡¡uber¡ 12
Location: Glenbush, Distrlct

Least Cost Conbinatlons

lield N

15.1-
L6.6
17.8
19.0
20.0

bushels -pounde-3o.o o.õ

.-pounds-

3l+.O O.tt)+
36.3 0.46
38.3 O.t+7
l+O.1 O.l+7
l+L¿? 0.48

l\l

æ

Year: 1960
9 A, Saskatcherran

Príce

for SpecÍfied yiel_ds

Pzo5 *hi:

dollars
1.40
1.50
1.ó0
1.70
1.80

ProfLt lfá¡cirrizatlon
Tleld N

h.3 4.79

busheLs
33.7

. 33.9
34.O
3h.r
3l+.2

3.7
h.4
5.L
5.7
6.3

'zo5
-pounds-

36.3
37.8
39.2
l+o.3
4L,.Ir

Nw
o.l0
o.12
o.r3
0.14
0.r5



Ðrperi-nent
Location:

Least

YieLd

N¡¡mber: 13 Year: L962
Hafford, Districù 9 A, Sasietchewåh

bushels
15.0
20.o

Cost CombinatÍons for Specifled Tlelds

N Pzo., ,. l;};io'

-pounds-
2.7 0.0 -3.27)J+.6 48,1 -I.t+j

Price

Table 8.1 , (continued)

dollars
'L¿4O .

1.50
1.60
1.70
1.80

Proflt lÍ¿xi¡rizatÍon
ïieLd N

bushels'
18.9 11.g
I9';1 L2.2
r9.2 / L2.5
L9.3 12.8
Lg.l+ 13.0

Experfnent
Iocaüion:

Least

ïieId

Nrrnber: 14 Ïear: ]1964
Snolrden, District 94, Saskatchewan

Pzo j

Cost Combi.hations for Specified Tlelds

N p^0. M.R.s.
¿ ) dP/dN

busheLs
10.0
15.O

-poürrds-
26.7 0.t+4
29.4 O.l+2
31.8 o.39
33,9 .0.39
35.7 0.36

lll\

æ

-pounds-
0.0' 7.9 4.71+
7.3 l+6.2 -1.[3

Price

dollars
I¡4o
1.50
1.60.
1.70
1.80 ,

Profit
ïfeld

bushelE
].5-2
L5.h
15.6' 15.8
L5.9

I,fa¡dnizatlon

¡¡ PzOS

815
9.8

lo.g
11.9
12.8

-pounds-
48,0
49.9
5L.5
52.9
5l+.2

o'1Ê,
0.20
o.2i
0.29'-
o.2+:



kperiment
Location:

Least

Yield

Nur¡ber: L5 Tear¿ ].962
Glaslyn, District 98, Saskatchewan

bushels
20.o
25,O

Cost Combinations for Specifted Tie1ds

N PoO. I'f 'R's'¿ ) dP,/dN

-pounds-
0.9
6.9

Price

dollars
1'40
1.50
1.60
1.70
1.80

Table B.L (continued)

Profit }Íaximization
ïieLd N

0,0
É.8

busheLe'29.5 1r.529.5 11.629.6 11,?29.6 1r.g29.6 11.g

&xperirnent Nr¡¡nber:
LocatLon: GIasIyn,

-2.h9
-1.b3

Least Cost Conbinatlons

ïie1d N

Pzo j

bushels

55,O

16 Tear: Lg63
DÍstrict 9 B, Saskatche¡,¡an

-pounds-
3l+.3 o.34
35.O O.3i,3
35.5 O.33
36.0 o.33
36.5 0.33

Nw

-pounds-
l+.2\ 'zo.g

PrÍce

for Specified YÍelds

P 
zo j i;};fi'

dollars
1.40
r.50
1.60
r.70
r.80

Proflt
ïleld

bushels
57.9
58.0
58.1
58.r
58.r

Martmlzation

Npzot'

9.3
9.6
9.8

10.o
10.2

-pounds,r
4r.4
42.1+ '

h3,2
l+3.9
l+l+.6

Nw
o.4)
o.23
o.23
o.23
o.4i



ÞiperÍment
Location:

Least. Cost Combinations for Specifled TLelds

Yield i Pzoi Í;7;i'

Nunber: L7 Ïear: Lg62î.¡rtlefo¡d, District 9 B¡ Saskatchewan

bushels

30.0
35.O

-pounds-
6.h 9.6 -L.h311.1 35.9 -L.!+3

Price

dollars
1.40
1.50
1.ó0
1.?O
L.80

Table 8.1 (cont,inued)

Profit Maxl¡rlzation
Yield N

bushels
36.2 13.1
36.2 r3.3
36.3 L3.5
36.1+ r3.7
36.1+ 13.8

E:çperlnrent,
Location:

Least Cost

YieLct

Nr¡nber:
Loon lake,

Pzo j

bushels
25.o
30.0

.-pounds-

l+7.3 0.28
48.4 o.2g
l+9.3 O.27
,o.2 o.27
51.0 o.2?

18 Tear: ]":962
Distrlct 9 B, Saskatchewan

ConblnatLons for Specifled Tlelds

$ p ô M.R.S.'2"5 dp/dN

ìt

w

-pounds-

-5.3\ o.o -!.?gr5.5 .39.3 _i.¿r

Price

dollars
1.40
1.50
1.60
1.70
1.80

.-¡_?

Profl.t
Yle1d

bushels
.29.6

" 29.7
29.8
29.9
30.0

M¿irdnlzatlon

II

].li.2
u.6
Llr.9
L5.2
L5.5

'za 
j

-pounds-
32.4
34.r
35.7
37.o
38.2

N
Pzo j

O.¿ll
O.l+3
O.lnz
O.¿+1

0.41



Experiment
Locatlon:

ï,easü

Yield

Nwrber: 19
Spring Coulee,

busheLs

15.0
20 tO
25.o

Cost Combi.nations for Specified Tields

N P"0. ' If 'R'S.- 2-5 dPldN

ïear: L967
Districù 3, Alberta

-pounds-
O.O ?.8 -0.82Lz.l 29.6 -r.l¡45.7 flo. j -t.i3

Price

dollars
'1.l}0.
1.50
L.60
1.70
r.80

lab1e 8.1 (continued)

Profit tr{axüni.zation

IieLd N ,rO j
busheLs'

23.9
24.2
4"4
2+.6
2l+.8

Experlment
Location:

Least

ïleld
i

Nwnber: 20 Ïear: 1967
Cor+Iey, District 3, Alberta

35.5
37.9
40.O
l+1,9
l+3.5

Lrushels

20.o
: ZJ.O
' 30.0

" 

3.5.A
40.0

Cost ConrbinatLons for SpecÍfied

Npzot

-pounds-
t+tþ.z O.8O
45.7 0.93
hT.o o.g5
l+8.2 .0.87
49.2 0.88

ìt

PzaS

-pounds-
o.o 

( 
7.60.0 L7. jo'o . 30.86.9 50.rL59.9 66.6

Pri.ce

dollars
1.40
I,n
1.60
1.70
L.80

Profit lÍáxinrizatlon
ïleld N

ïie1ds
l{.R.S"
dPldN

bushels

39.3
38.5
38.7
38.9
39.o

-o.rg
-o.27
4,1+6
-L.l+3
+L.l+3

29.7
3r.g
33.8
35.5
37.O

Pza j
-pounds-

57.3
58.0
58.6
59.L
59.6

O¡52
o.55
o.58
0.60,
O.'62',



Ðrperi-nenù
LocatÍon:

Number: 2I Tear: 1960
Fort Mcleod, District 3, ^[lberta

Leasù Cost Co¡¿bj.natj.ons for Specifled yields

bushels

20.o

N PIOS

PrÍce

-pounds-
o,o I.2

dollars
1.40
1.50
1.óO .

r.70
1.80

Table 8.1 (continued)

Prof it lufatcinÍ z ation
Yleld N ,ZO j

bushels
23.5 ro.B23.6 Lz.O23.9 13.Ì23.9 l4.r
4.o 15"0

M.R.S.
dPldN

Experlnent
Locati.on:

Least
I

: Yi-erd

Cosü Conblnations for Specified yields

N Pzas , å1;7;i.

bushels

35.O
40.O
l+5.O
50.O

-pounds-
2L.4 0.5022.b o.54
23.3 0.56
4.o' o.Sg24.7 0.61

22 Tear:
Disürict 2,

ilt

w

-pounds-
(

o.o'
7.7

21.0
41.L

L965
Alberta

Price

doLlars
1.40
'1.50
1.60
1.zo
1"80

Proftt l{axtmlzation
TleLd N

r3.4 -l.lz?2.9 -]..t+330'1 -I.t+3l+O.9 -L.!ts

bushels
5L.O t+?.7

. 51.1 4g,g5L.2 49.75L.3 5O.5
5r,3

':. 
I

Pzo j
-pounds-

114.5 I.O7
" l+5.I I.O8

t+5.6 1.Og
46.0 . 1.10
46.1+ I.1O

N
PzoS



Ðrperiment Nur¿ber: Zj _ year: 1960Location: Bonn¡rvi11e, D1s¡rict 6, Aiberta

ï,east. Cost Combinations for Specified

Tield N pzo j

busheLs

30.o
.35.O
40.0
l+5.O

PrÍce

o.o
o.o
2.5

12.O

-pounds-

dollars
1.40
1.50
1.60
1.70
1.80

Table B.l. (contlnued)

Profit }faxinization
ïield N pZA j

5.2
lL.7
]-9.5
23.8

Ilelds
MI]c,..aa9ava

dP/dÌ,¡

busheLs

48.1 2l+.O
48.2 2l+.3
48.2 2t+.6
l+8.2 . 24.8
l+8.2 25.O

Experinent Nr¡nber: U+ Tear: ].:g|igLocation: Mclennanr District ?, Alberta

Least Cost Conbinatione for Specified

Iield N p^O-z)

-0.5r
o.7g

-L.43
-L.b3

bushels

30.o
35.O

-pounds-
29.3 0.g229.5 0.92
29.6 o.g3
29.7 0.93
2g.g o.g4

ll
' ¡\l

Ws

L7.t
39.L

-poUnds-

doLlars
1.40
1.50
1.ó0
1.70
1.80

Profit
Yield

ïfel-ds
M.R.S"
d,P/dN

].5.3
43.o

bushels
35.o

"35.3
35.5
35.7
35.9

l{a¡clmlzation

N

-1.43
-1.43

39.o
40.9
42.5
l+3.9
l+5.2

Pza j
-pounds-

l+2.9
l+5.3
47.3
49.L
50,8

"o'9L
0.90
0.90
o.8g
o.gg



Econonic Optlna in Fertillzer Use

Table B.z
for Wheat on Stubble predicted by the Qr¡adratlc Function



Ð<periment
LocatLon:

Least

ïÍeld

Nrx¡ber: 29
Dubuc, District

busheLs

25.O
30.o
35,O

Cost Co¡¡binations

N

ïear: ].967
54, Saskatchewan

Price

-pounds-
2.2

23,I
67.8

for Specified TleLds

Peoi frlo'f;'

doLlars
'r.40.
1.50
L.60
'1.70
1.90

Tab1e 8.2 (contÍnued)

Profi.t lGximization
ïie1d N pZA j

9.0 _I.t+3
16.8 -I.,1+335.6 -I.43

bushel-s.

33.1+ 4r.)33.6 li:o33.8 Lg.734.O 5O.234.1 5L.6

Experiment
Lçcation:

Least

lield

_.Nunber: 3O Tear: L96?
Kindersley, Distrtct, ? At Saskatchewan

Cost Conbtnations for Specified Tiel_ds

N P-o- Y.B-.S.'2"5 d.p/dN

bushels

30.0

-pounds-
?6.L I.'7326.9 r.7523.6 L.?7
28.2 .1,79
2g.g I.7g

II

æ

-pounds-
Ll.d '0.6 

-1.¿13

Price

dolLars
1,40
1.50
1"60
r.70
1.80

Proflt
Tleld

bushels

33.6
33.7
33.8
33.8
33.9

Maxfunization

N pzol,

21r.9
25.5
26.I
26.6
27.O

-pounds-
u,5
15.1
]-5.7
L6.1
16.6

ìt¡t
PzaS

r.72
1.69
r.67
r.65
I;63



kperi-nent l,h¡rnber: 33 Tear: Lg6t+Location: G1enwood, Dlstrict 3, Alberta

Least. Cost Combinations for Specified

ILeJ-O N p. A
¿:5

bushels -pounds-

.15.0
20.o

25.8
l+8,2

doLlars
1.40
1.50
1.60
r.7o
1.90

Tab1e 8.2 .(cont,inued)

Proflt
ïieId

0.0
39.6

ïields
MÞC..4Lçav a

dP/dN

busheÌs

L8.g
19.1
rg.4
L9,6
19.8

&periment Nr¡¡rber: _31+ Tear: ]:966Location: G1enwood, Dlstrict 3, Alberta

l"faxi¡rization

N ,r05

Least Cosü Conbinaüions for SpecÍfied

Yield N yzos

-r.43
-1.43

LA.g
42.7
l+J+.3

45.7
l+6.9

busheLs -poundE-

-.pounds-

26.6 I.53
29.8 I.t+3
32.6 L,.3,635.r r.3o
37.3 I.26

25.o
30.0
35.O

N

æ Pri.ce

oto
o.o

34.1+

doliars

1.40
r.50

.1.60
1.70
1.80

Proflt l4axinlzation
ïleld N

l+.3
26.3
52,9.

bushels

33.3
'33.6
33.8
34.O
34.r

M.R.S.
dPldN

-o.34
4.69
'r.t*3

].2.g
l'5.2
r7.3
19.1
20.7

Pzo j
-pounds-

t+4.6
45.5
l+6.3
47.O
l+7.6

o.2g
O,33
o.37
0.41
a.43



. ExperÍrnent Number : 35
Locatlon: Plncher Creek,

Least

Yield

bushels

'25.o

Cost Comþinations for Specified Ïields
. N P^O- M.R.'S.- 2'5 dPldN

ïear: L959
Dlstrict 3, Alberta

Price

-pounds-

4L.7 lg.1 _1.43

dollars
1.40
1.50
1.ó0
r.70
l.g0

Table 8.2 (continued)

Profit l,faxlmization
ïield N pzO j

bushels
25.o
25.3
25.5
25.7
25.9

Erperlnent Nr¡nrber:_ 36 Tear: Lg6|.Location: Nanton, District 3, AlUerta

Least Cost Combinatlons for SpecÍfied

YÍeld N pr) j

22,O
24.3
26.3
29.1
29.7

bushels -pounds-

?9.9 r3.3 o.o25.O 36.6 s.z

-pounds-
19.2 1.20r9.7 r.23
2L.0. I.25
22.L. I.27
,23.1 I¿29

N

æ Price

dollars
1.40
1.50
1.60
l'70
1.90

Profft l{axinrlzation
Yle1d N

Yields
M.R.S.
dPldN

bushels
26.4
26.7
26.9
27.O
27.r

-3.50
-r.43

41.6
42.5
1i3.4
44.1
U+.7

'zþ5
-pounds-

16.o
18.3
20.4
22,2
23.8

,2.6L
2.32
2.r3
L.9g
1.gg



hperi-nent
Locatlon:

Least

Yield

Nunber: 37 Tear¡ 1960
Acme, District 3, Alberta

bushels
15.0
20.o

Cost Conbi.natÍons .for SpecifÍed,

N pzoS

-porurds-
r.4 r3.3

34"6 2O.I+

Price

dollars
'r.40 

.

1.50
r.60
1.70
L.g0

Table 8.2 (contÍnued)

Proflt }faxi¡rization
Iietd N pZOs,

ïields
MÞq¡^a¡LaV o

dPr/dN

bushels'
20.o
20.2
20.4
20.5
20.6

Experimenü Nr¡mber¡ 3S Iear: 1960I,ocation: l"fazeppa, District 3, Alberùa

-]-.l+3
-r.43

Least Cost Conbinatlons for SpecÍffed

tield N pzos

3l+.4
36.6
38.5
LO.2
4r.7

bughels -pounds-
1o.O jZ.3\ ':r>.s

-pounds-
20.h r.692O.g r.7621.3 l.g12]..6 l.g62J.-g 1.go

ìl

w Pri.ce

dollars
1.40
1.50

. r.60
1.70
Ì.go

Proflt Ma:du¡ization
ïleld N

Yields
M.R.S,
dPldN

bushels
8.9
9.2
9.1+
9.6I 9,8

-r.43

20.l+
23.2
25.5
27.6
29,5

Pzo j
;pounds-

Ìo.g
12.0
l-2.g
13.'l
14,4

Âi
lìJE

1,97
L.g3
1.98
2.A2
2.0t+



Ð<perimenÈ
Location:

Ec.ononic Optina in Fertilizer Use fdr

Number:
Melfort,

ïield

Le¿sù. Cost Conblnations for Specified Ïields

bushels

30.o

,l+2 Tear; 1961District I B, Saskatche¡,,an

N P^O M.R.S.- 2-5 dP/dN

_pounds_

l+.t+ 35.1+ -L.43

Pri-ce

dollars
O,50
o.55
0.60
0.65
:0¡70

Tab1e . 8.3
Óats on Sununerfallov¡ pred,icted

Profit l,faxùnization
Iie1d N p-ô N

'zu5 Pzo5

bushels -pounds-
28.4 2.7 27.9 0.1029.2 3.5 3I.3 O.Il
??.9 tr.z 3t+.3 o.I239.? ¿+.8 36.9 o:1330.6 53 3g.o o.u

Experirnent Nr¡mber:
Location¡ -l4elfort,

Least Cost Co4binaü.ons

lleld N

bushels

50.0
60.o
70.O
80.0

.90.0

by the QuadratÍc Function

l+4 Tear: l962District 88, Saskatchewan

-Pounds*'
O.d 6.9o.o 15.0
0.0 25.Io'o 39 '8r3.3 53.9

Price

for Specified Tields

Þ ,.., M.R.S.'2"5 dP/dN

doLLars

0.50
o.55
0.60
o.65
0.70

Profit Marinizaüion
Yleld N

bushels

92.5 ].9.6
" 93.L 2L.6
93.6 z3.z
94.O 24.5
9l+.3 .25.7

-0.16
-4,2)+
-o.39
-o.87
-].'.1n3

l,¡

'zo5 æ
-pounds-

57 .5 o.3t+
58.6 oJ7
59.5 o.jg
60,3 0.41
6L.o o.42



Tab1e B.[
Economlc opt'ina fn Fertltizer use for oats on stubble

Predlcted by the Quadratlc Funcü.on

!:cperigent Number: l+j year: Lg6;-Location: La Corey, District 6, Alberüa

Least Cost Conùinations for Speclfied Ïields
Ileld N p.n M.R'S?

tu5 dP/ dN

bushels

40.Q
50.q
óo,o

-pounds-
oro or5L.7 10r 5lg.6 14,1

PrÍce

dollars
0;50
o.55
0.ó0
o.6.5
0.?0

Profit
Yleld

bushels

64.-3
64,7
o) j.L
65:t*
6516

l"faxÍmizatlon

N pzo¡

4.39
-r.l+3
-L.43

30,2
3rr8
33.2
3l+ru
35.4

-pounds-
L6.5
16'9
L7..2
LT rl+
L7g

Nw
1'83
1.gg
lr93
L..97
2.OL



lable B, j
Econonic optirna in Fertilizer use for Barrey on surnnerfall_or,,

Drperimenù
tocatlon:

l,east

ïield

Nunber: l+7 lear: l:962
Scoùt, District ZB, Saskatchewan

bushels'

40.0

Cost Conbinations for SpeclfLed

Npzoj

Price

-Pounds-
2.L 2g.o

dollars
'o.6j
o.75
0.q5
,o.95
1.05'

Profit lf¿xi¡¡ization
Iield N po0.¿)

ïie1ds
MÞC¡aa¡Lava

dP/dN

bushols'

l+I.5
l+2.L
42.5
42.7
42.9

Experiment
Location:

Predicted by the Ouadratic Function

-L.43

ï,east

lield

Nrrnrber: l+8 year: 1960
Fort Mcleod, Disürict J, ALberta

4.3
5.2
6.0
6.j
7.O

Cost Combinations for Specified yíeId.s

N Pzo j ft);fr'
bushels

40.0

-pounds-

35.O 0.12
38.0 o.1l+
40.4 0.15
42.3 0.15
h3.8 0,16

. -pounds-
g.g < 2317 -L.43

Price

'dolIars
o.65
o.75
o.85
0.95
1.05

Profit l{a:d¡nization
Yield N

busheLs

40.0
40.6
41.0
4L.3
l}1.5

9.9
:.2.3
14.1
L5.5
tr6..7

PzoS

-pounds-
23.7
25.1+
26,6
27.6
28.1+

o.42
o.l+9
o.53
o.56
o.59



ÐcperÍ-ment Number:
Locatlon: Lacombe,

Least
ïiel-d

Table 8.5 (conüinued)

bushels

I0.o
20.0
30.o
40.0

Cosù Co¡ùinations

N

5L Year: Ig6T
District l, Alberta

-pounds-
o.o 5. j0.0 15.1IL.l 29,5
56.9 3h.5

Price

for Speclffed llelds
p ô M.R.S.'2"5 dP/dN

dollars
o.65
o.75
o.g5
0.95]
1.05

Proflt
Yie1d

bushels

36.9
38.8
4Q?1
41c0".
l+L::7'

Mæçiml zation
N pza5

-o.16
4.29

*'L.l+3
4.1+3

39.7
49.9
57.6
63.7
69.6

-pounds-

32.6
33,8
34.6
35.3
35.8

Nw
I.22
L.4g
L.66
r.8L
r.92



Ðrperimenü
Location:

Econonic Optina in t'ertilizer

ïield

Least Cost Combinations for Specified Tields

bushels

20.0
30.o
40.0

53 Tear¡ J..960
Ðistrict 3, t{anitoba

lab1e
Use for Bailey on

-pounds-

0.0 ll.9L6.9 zL.3
46.4 3t+.6

Price

dollars
'o.6j 

.

o.75
0.85
o,g5
1.05

'zo..

Profit I'faxi.mization

Tield N pZO j

8.6

Stubble Predicted

bushele

38.9
39.7
l+O.t
40.6
40.9

M.R.S.
dPldtl

ExperÍment Nr¡mber:
Location: por.tage 1a

Leasü Cost ConbinaH.ons

Yield N

-r.27
-r.43
-r.43

4r.5
45.O
47.8
49.9
5r.7

by the Quadratic

bushels

30.o
40.0

-pounds-
32.4 I.28
34.O 1.33
35.2 L.36
36,2 .1.39

. 37.o ' Ì.40

55 year: 1960
Prairie, Dlstrlct 3, l{anitoba.

N.-
'Pzo j

F\¡nction

Price

for Specified yieLds

p ô l{.R.S,'2"5 dP/dN

-pounds-

dollars
o.65
o.75
0.85
o.g5
r.05

Profft
Yield

l0.g
26.3

bushels

44.1
l+5.I
45.8
46.2
t+6.6

I'faxirnization

N ,zo5

-1.06
-r.43

32.r
3.6.4
39.7
l+2.3
44.1+

-pounds-
32.5
3l+.4
35.9
37.r
38.O

o.99
1.06
1.TL
1.14
1.17



ÐrperÍment Nunber: 56 Tear: L.g67
Location: Roland, Ðistrict 3, Ì,fanitoba

Least. Cost ConbinatÍons for Speciffed liel_ds

Tie1d N p.ô M.R.S.
z" j dpr/dN

bushele -pounds-
5o.o o.o IL.l -o.Lg60.0 4.8 æ.g _l'.li7o.o 62.I 25. j _i.,*3.8O.0 tOZ.4 3l.I _l.Ui

profit lfaximization
NPrice Yie1d N p^O- F'7-¿ > ,2"5

dollars bueheLs .-pounds-
o-.95, 7g.3 gg.7 3o.o j.zgo.75 82.8 LzZ.6 3Z.g 3.729.q2 85.9 140.8 35.2 4.OOo.95 88.9 ]-5122 3?.O 4.2O1.05 .99.6 166.9 3g.4 4..35

Table Ë.6 (contlnued)

Experlnent Nunberj jg
Location: Bagoü, District

Least

TieId

Cosü ConblnatlonÈ

N

bushels '
40.0 .

50.0

Year: 196S
8, Manitoba.

-poundè-
29.é ' u.3
78.4 l8.l

Price

for Specified Tie1ds

Pzos *i;i.

doliars
o.65
o.75
0.85
o.g5
1.05

Profit l,faxir¡lzatlon
ï1eld N

bushels

45.2 '53.3

" l+9.2 73.851.8 tg.5
53.V 101.9
55.'0 111.9

-L.43
-r.43

I\Ì
- ¡l :

'ro5 æ
-pounds-

r4.5 3.6?L?.l+ 4.2h19.6 4.562r.3 4.7722,7 4.92



Ðrperi-nrent
Locatlon:

Leagt

Yie1d

Nrrnber¡ ó1 Tear: I9óS
Melfort, District BB, Saskatchewan

busheLs

. óo.o

Cost Corobinations for SpecÍfied Tields

N Pzo j f;l;i'

Pri-ce

-pounds-
26.2 9.7 _L.l+3

dollars
,
0.65.
9.75
o.g5
'o.95
1,05

TabÌe 8.6 (continued)

Proflt lfaxinizatlon
Tie1d N pZO j

bushols'

63"?- 41.1
6l+.5 t+9.4
65.,e ii.g
66.6 60.9
6T.1 6l+.9

Experlment
ïocation:

Least

Yieid

Nr¡mber¡ 63 Year: L96I
TurüÌeforct, Dlstricù' 98, Saskatchewan

Cost Conbinations for Specified ylelds

N P zo'. il,äfi'
bushels

20.o

-pounds-

9.6 4,2:Slo.1 4.gg10.5 5.3Oro.g 5.6L

ft
lv

w

-Pounds-
(

' , 3.6', 2O.g -L.43

Pri.ce

doLLars

o.65
o.75
o"g5
o.g5
L.05

P¡.ofit
TfeId

busheLs

23.6
24.4
2L.9
25.3
25.6

lfa¡drrlzation

NP 'zo5

].2.5
]-5.2
]-7.3
18.9
20,2

-pounds-

30.3
33,2
35.4
37.r
38.5

0.4L
O.l+6
a.49
0.51
o.53



Ðrperinent
Locatlon:

Yield

Nur¡ber:
Dorintosh,

busheLs

10.0
20.o

64 Ïear: 1960
District 98, Saskatchewan

Price

-pounds-

dollars
o.65
o.?5
0.85
o.g5
1.05

Table 8.6 (cont,inued)

Pza j

Profit I'fa¡<l¡rÍzation

Tield N

0.0 _I¡45
I9.9 :L.l+3

bugheLs

25.4
25.9
26.3
26.6
26.9

Experiurent
Location:

Least
t

Yteld

Nr¡mber: 66 Year: 1960
New Dayùon, Distri-c! 2, Alberta

19.7
2I.O
2J.g
22.7
23.3

Pzo j

Cost Conbinatlons for Specified

N pzor

bushels
20.o

-pounds-
37.5
40.3
42.1+
bh,r
45.4

tt¡!

æ

-pounde-
L2.4( g.6

o.53
o.52
o.52
o.5r
o.51

Price

dollars
o.65
o.75
o.85
o.95
1.05

Proflt !{á¡dnization
ïleld N

ïieIds
M.R.S.
dPldN

bushels
22.2
23.5
24".1+

25.O
25.1+

20.l+
25.8
30.o
33.3
36.o

'za j
-Pounds-

L2.5
J.5.2
I.7.2
18.8
20.2

Nw
r.63
Ì.70
L.T+
r.77
r.7g



Ðxperiment
Location:

, Least

Yie]d

Number: 67 Year¿ I96h
Barons, DisùrÍct 2r ålberta

bushels

20.o
30.0

CosÈ Combinaùions for Speclfied

Npeoi,

-pounds-

7.7 w.437.3 3g.r

Price

doll-ars
o.65
o.?5
0.85
o,g5
1.05

Tab1e 8.6 (cont,inued)

Profit
ïield

ïie1ds
M.R.S.
dPldN

bushels
27.2
28,1
29.7
29.L
29.5

kperimenü
Location:

If¿xi¡rlzation 
.

Npzal

Least Cost Conbinaùions for Specified

IÍeld N pZA j

Nu¡nber: 69 year¡ Lg6t+
G1enwood, DÍstricü 3, Alberta

-L.43
-I,43

2¡..9
2g.L
30.5
32.5
3l+.L

bushels

20.o
30.0
l+0.0

-pounds-
27.9 0.gg
3O.g o.gl
33.O. o.g3
3l+.8 A.93
36.2 0.91+

N

Vs

-pounds-

6.d o.o3r.9 5.063.2 40.9

Price

dollars
o.65
o.75
0.85' o.g5'
1.05

ProfLt l4a¡dmlzaüion

TieLd N

Yields
M.R. S.
dPldN

bushels
35.5
37.O
38.0
38.7

'39.2

-2.TL
-L.l+3
-1.43

45.6
50.2
53.8
56.6
58.9

Pza j
-pounds-

æ.6
25.9
30.o
33;2
35.9

2.2I
L.g4
r.7g
1¡7C)
1.64



Þ<periment Nu¡nber: 7I year: Lg6Z
Locatlon: Fort Mcleod, District 3r Alberta

Leasü Cost Co¡nbinatÍons for Specified

Tield N p^O-¿)

busheLs pounds-

2O.O 3.O o.o
3O;0 , 24.4 f6.f

Profit l,faxl¡rlzation
Price Ïield N pZO j

dollars
o,65.
o.?5
0.85
o.95
1.05

Table B;'6 (cont,inued)

ïields
M.R.S.
dPldN

bushel-s

32.8
34.O
3l+.9
35.5
36.o

Experlment Nu¡¡ber¡ 7j . Tear: L966
I.ocation: ChedderviJ.Ie, Disùrict 5, Alberta

Least Cosü Conbi.natlons for Specified yields

Yier.d N .pzo.' i;);i.

-2.25
-L.l+3

30.0
33.2
35.6
37 "5
39.L

bushels -pounds-
2o.o r5.5 o,o -r.603o.o 32.1" g.g _1.+l
19.9 48.0 2,5.3. -L.r+350.0 69..0 t+?.2. -l.UZ

-pounds-

26.7
32.7
37.2
40ii8
t+3¿7

N

æ

1.12
r.o2
o.96
'o.92
.0.89

Pri.ce

dollars
o.65
o.75
o.g5
o.g5
1.05

Profit Maximlzatlon
Yleld N

busheÌs

52.6
5l+.2
55,2
56.O
56.5

76.3
81.5
85.5
98.6
91.1

'zo j
-pounds-

5l+.8
6ct,1
6l+.3
6?.5
70.1

L.39
r.35
r.33
1.31
1.30



ÐrperÍ-nent lüunber: 80 Tear: 196?
Locatfon: Condor, District 5, Alberta

Least. Cost Combinations for Specified

Yield N pZA j

bushels -pounds-
40,0 ..5.6
50.0 35.6ó0.0 t+9.7
70.o 66.6
80.0 gg.4

profit l,fa¡ci¡rizailon
Price yiuLA N p^0.

<')

dollars
o.65
o.75
o.g5
o.g5
1.05

labie 8..6 (continued)

Tlelds
M.R.S.
dPldN

o.o
2.3

20.6
l+2.7

bushels

79,6
81.7
83.'1
84.r
84.8

Experlnent
Location:

72.

Least

ïleld

-2.27
-r.43
-L.l+3
-r.43

gg.2
94.4
99.2

103.0
10ó.0

Nr¡irber: 82 lear: Lg6?
Red Deer, District 5, ALberta

Cosü CollbinatLons for SpecifÍed

pza j

-f..

bushels
ó0.0
70.O
80.0
90,0

-pounds-
70.8
'78.9
85.2
90.1
94.r

l\l

Vs

r.25
1.20
1.16
r.14
1.13

-porurds-
5.g '' g. j

L7.5 r7.53L.5 29.4
50.4 b3.L

Príce

doLLars
o.65
o.75
o.85
o.g5
1.05

Proftt l{a¡dmlzation
Yield ¡I

Yields
M.R.S.
dP/dN

bushels
94.1

^ g5.o
95.6
96.1

'96.1+

-r.¿ß
-1.43
-]..l+3
-I,lr3

61.9
65.2
67.8
69.g
?a.5

Pzo j
-pounds-

52,O
54.6
56.6',
58.?
59.5

l.lg
1.19
1.20
L.20
I,20



kperÍmenü
Location:

Leasü

ïield

Nr:¡nber: 83 Tear: 1966
Lacombe, District 5¡ Alberta

busheLs

. 50.0
60.0

Cost Conrbinations for Specified

N P^o-<)

Price

-pounds-

20.6 o.o
53 ?5 l2.o

Tab1e 8.6 (continued)

dollars
0.65
0.75
0.85
o.g5
1.05

Profit Maxirrization
IieLd N prA5

ïields
M.R.S.
dP,/dN

buehels

58..1
59.g
6r.ù
62.O
62.6

Experlurent
Iocation:

Least

ïield

-?.72
-l.43

Nr¡mber: 84
Iaconbe, District

48.6
53.3
56.9
59.7
62.O

Cost Conblnations

N

bushels

-pounds-
3.8 ].'2.76

11.7 4.57L7.7. 3.2222.4 '2.67
26.2 2.36

40.O
50.o

Nw

Iear: 1967
5¡ Alberta

-pounds-
i

6.6
.ââf

4) og

Price

for Specified

'zo j

dollars
o.65
0.75
0.85
o.g5
tr.05

Proflt l.{a¡dnizatlon
Tleld N

ïlelds
M.R.S.
dPldN

IL.2
29.7

bushels

53.7
5l+.7
55.3
55.7
56.L

']-.l+3
-L.l+3

32.9
36.o
38.h
l+O.2
l+I.?

Pza j

-pounds-
39.8
l+3.I
l+5,6

' l+7.7
h9.3

o,g3
0.84
0.84
0.84
0.85



Þrperiment Nu¡lber:
LocatÍon: t{yrnam,

Least Cost Combinations

Tleld N

Tab1e 8.6 (conüinued)

bushels
ó0,0

88 Tear: ];g6f
District 48, Alberta

-Pounds-
1?.0 2g.g

Price

for Spectfied Tie1ds

Þ .ì M.R.S.'2"5 dp/ dN

dollars
o.65
o.75
o.85
o.g5
1.05

Profit
Yield

bushels
'58.2
5g.o
59.5
59.g
60.z

I,faxinizatf.on

N ,zo5

-L.l+3

10.5
13.0
L5.O
16.ó
u.8

-pounds-
22.3
25.3
27.5
29.3
30.9

Nw
o-47
o.52
0.55
o,57
0;58



Ib:per"inent Number: 91 year: 11960
Location: Indian llead, District 28, Saskatchewan

Econonic Opti_na in Fertllizer Use for Rye

Least. Cost Conbinations for Specified yields

Yie1d N p.^ M.R.S.
1"5 dP,/dN

bushels -pound,s-

25,o 6.0 g.7 -I.lß

'Prfce

dollars
o.g5'
1.00
1.05
1.10
1.15

Table B.f

Profit
Yield

on Summerfal_low predlcted by the Quadratlc F\¡nctlon

busheLs

25.2
25.3
25.5
25.6
25.7

Þcperinent Nunber: gZ Ïear: Lg6t+Location: Indian Head, District 28, Saskatchewan

ltaxinÍzation
N ,zo5

LeaEt Cost Cornbinations for Specified TÍel_ds

yield N pza' l;);i.

6.j
7.r
7.7
8.2
8.7

bushels -pounds-

4o.o 8.8 lo.l -1,43

-pounds-

9.7 0.6?10.9 0.66
rl.g 0.64r2,g 0.6413,9 0.63

Nw
dollars
o.g5
1.00
1.05
1.10
I.I5

Profit l,faxtmization
ïleld N

bushels

l+2.4
^ 42.5

42.6
42.7
l+2.9

L6.4
17.0
J.7.5
L8.0
18.5

Pzo j
-pounds-

19.2
20.0
20.6
2J..2
21.9

0.85
0¡85
0.85
0.85
0.85


