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ABSTRACT

CROP YIELD RESPONSES AND ECONOMIC OPTIMA IN FERTILIZER USE
\ AT VARIOUS LOCATIONS IN THE PRAIRIES, 1959-68
by | |
Craig Victor Fulton

In the period 1945 to 1969, fertilizer sales in Canada increased
from 575,107 tons to 1,909,496 tons, an increase of 332 per cent for the
twenty-five year period. Because of this large increase in the use of
fertilizer, there is anvincreasing need for more information on the physi-
cal and economic relationships involved in the optimum use of fertilizer.
With this kind of informaticn, the farmer can then decide how much ferti-

lizer to use,

With'this goal in mind, the objectives of this study were:

ll. To determine the yield response to varying levels and combina-
tions of N and P205 for the crops, wheat, oats, barley and-rye seeded on
summerfaliow and stubble, at various locations in the Prairie Provinces,
for the fears 1959 to 1968.

2, To derive the least cost combinations for specified crop
yields and the maximum profit positions for selected crop prices, and
to compare these economic opfima among 1ocatiphs, émong years at given
locations and among the different crops in a given year and location.

The data used in this study were the results of fertilizer experi-
ments in cereals that were conducted in the Prairie Provinces and the Peace
River area of British Columbia in the ten yeaf period, 1959 to 1968. Of
the 4,385 fertilizer experiments whose resulté were taﬁulated, 3,458 of

these experiments were excluded from further analysis in the study. Most
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of the experiments were excluded because they did not have a sufficient
number of observatior;sto‘estimate ayield response function to fertilizer
inputs., |

F;ur different production‘functions were fitted by least squares
regressign to the observations in each of therremaining 927 experiments.
Although régression equations were obtained for the 927 experiménts, there
 were only 93 experiments in which the signs of the regression coefficients
: f&rvthe four derived equations were the same as hypothesized. The hypo-

thesized‘signs of the regression coefficients fof the linear, Cobb Douglas,‘

quadraticvand square root functions are shown in the following equations:

T=1p +pN+D

1 2
? = b NP1 NP2
: [)
R L,
? = b_+byN+b,P- b3N2-th +b NP

2 =1, -bN- b,P+b i+ b /P +b /i
- —Thg quadratic'form of the production function was selected as the
tbest estimate" of £he physical relationship-between the fertilizer inputs
and'the crop ylelds, The selection was made on the basis of certain
regression statistics obtained for each function. Because there were 93K
experiments involved, the selection was based on the averége vélues for
these statistics for each function.

The'quadfatic production equatiéns derived for each of the 93
experiments were then used to obtain the least cost nutrient combinations
for specified crop yields and the maximum profit position for selected
- erop price for each of thése ekperiments. However, the least cost nutri-

ent combinations and the maximum profit positions for only 56 experiments
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are presented in the thesis. The economic optima for 36 experiments are not
présented, because in most of these experiments the most profitable appli- -
cation of N and/or P205 was hegative.
The maximum profit positions of N, P205 and yield were compared

among years at given locations and among locations for a given price.
These comparisdns could not be made for every crop, because in some cases
there were only one or two fertilizer experimenté for the crop. There
wés considerable variation in the maximum ﬁrofit yields for1both wheat on
summerfallow and barley on stubble, while in the case of wheat on stubble,
most of the_experiments had optimal yields which fell within the fange of
25 to 35 bushels per acre. The combinations of N and P205 for both the
maximum profit positions and tﬁe least cost combinatiéns for specified
yields were élso quite variable among years for given locations and among
locations. -Cémparisons of the economic optima for different crops could
only be ﬁade for two locations, |

- The regressionyeqnation approacﬁ not only expresses the physical
relationships between fertilizer levels and yiélds, but‘iﬁ also permits
one to determine thé'ecbnomic optima in fertilizer use. The fertili;er4
input crop -output relationships, however, apply to particular soils for
certain years; production surfacés obtained under other rainfall gnd soil

conditions can be expected to differ from those obtained in the experiments

reported.,
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Chapter 1
INTRODUCTION
THE PROBLEM

Fertilizer use in agriculture in Canada and in the Prairie
Provinces has increased significantly. Between 1945 and 1969 sales of
fertilizer in Canada increasedzfrom 575,107 tons to 1,90?, 496 tons, an
increase of 332 per cent for the twenty-five year period (Table A.1l of
Appendix A). Fertilizer sales in the Prairie Provinces increased by
2037 per cent for the sameﬁperiod. The increase in the Prairie
Provinces has notibeen continuous, however. Fertilizer coneumption.
fell off sharply in the period 1954 to 1958 and again 1969. 1In 1970
ih the Prairie Provinees, it was estimated that farmers intended to use
30 per cent less fertilizer than was.used in 1969.1 The reduction in
fertilizer use in these two periods is due in part to the reduced crop
acres and therdeclinevin wheat exports as comoéred with the immediately
preceding periods (Table A.2 and Table A.3). |

‘One -of the reasons why fertilizer use has increased in the period |
il9h5‘£0‘1969, particularly'in the‘Prairle Provinces, is that\farmers are
‘mov1ng towards more intensive, rather than extensive, production. The
disappearance of the land frontier has tended to place greater premiums
on the existin° land resources. Consequently, as land prices increase,
farmers often find it more profiteble fo invest their limited capital in
more intensive production throﬁgh the use of fertilizer than in additioﬁel

land., The éxpansion in livestock production in this period has also

Dominion Bureau of Statistics, Agriculture Division, Crops
Section, "Intended Acreage of Principal Field Croos in Canada, 197 ",
- Field Crop Reporting Series, (No. 2, 1970).



increased the use of fertilizer in the Prairie Provinces. In the last
ten years an increasing proportion of the coarse grains, oats and barley,
were grown on stubble land which require higher rates of applicatien of

~ fertilizer than crops grown on summ.erfallovl.2 Also, fertilizer use in-
creased as a result of the increase in the acreage of the major field
crops (all wheat, oats, barley, all rye, mixed grains, flaxseed, rape-
seed and tame hay) in this period (see Table A.2). In 1945-46 in the
Prairie Provinces, the acreage of these crops was 41,732,000 acres. In

' 1969-70, there were 50,126,000 acres of these crops. Although the 1969-70
acreage was down from that of the previous crop year, nevertheless, it is
still substantially larger than the 1945-46 aereage. Because of the
large amount of money presently beingxexpanded‘on fertilizer, there is
an urgent need for expanded research into the physicel and economic |
relationships involved in determining the optimum combinations and levels
of fertilizer use,

Initial research in feriilizer in agriculture has been concerned
with determining whether or not there is a significant response in crop
yield from the epplication of fertilizer, However, once responses have .
been found to eﬁist, the farmer-‘needs to consider fertilizer along'with;
other farm inputs'and practices'in his farm manageméné decisions. First,
he must decide whether or not to use any ferfilizer; While yield responses
to: fertilizer may be certain, he must ‘decide whether or not a dollar put
in fertilizer will return more than the same dollar 1nvested in livestoc&,
eeeed, chemicals, land or other investment alternatives. If he décides to

use fertlllzer, he must then decide: (1) where to use fertilizer in

2Domlnlon Bureau: of Statlstlcs, Agriculture Division, Crops
Section, "Summerfallow and Stubble; Acreage and Yield &f Specified Crops’
Prairie Provinces", Field Crop Reportlng Serles, (Ne. 1, 1963-1970).



terms Sf which soils and crops will give the highes£ return for eaéh one
dollar invested; (2) what combination of fertilizer nutrients to use; and
"(3) how much of a given nutrient combination to apply on a given crop.
Thése decisions can be made only if fertilizer iﬁformation is provided
in the form of iﬁcremental response data, that is, data which show:the
sgccessive additions to yield resulting from successive fertilizer“appli-
cations, Acgordingly, if the initial research shows that crop yields do
~ respond to fertilizer, the next stepé in fertilizer research are to derive
(1) the incremental yiélds forthcoming from various rates of fertilizer
application under specified crop and soil conditions, and (2) the economic
optimum quantity of fertilizer, considering crop -and fertilizer prices.
 The economicvoptimnm quantity of fertiiizef and the corresponding
opﬁimnm yield will not be thé same for every year in a particular area
or location., The yield responses to the various rates of fertilizer
application are affected by such factors such as weather, soil moisture;
and soil fertility which change from one year to the next., In some years,
vthe optimum rate of fertilizer application may be quite'high; yet the
.optimum yield may be -quite: low because of the low'soil'fertiliiy, réinfall'
and soil mqisthré. In other years, the-exac£ opposite:may be the case.
If the optimum yieids and quantities of fertiliéer were obﬁained for a
numbér of years, the farmer would then be in a better position to decide‘
" how much he should invest in fertilizer. The farmér with the limited-
capital will tend to fertilizevatv-é loWer,raté than the farmer with the
unlimited capital, because of the gréater risk and unceriainty associated
with the'heavier,rates of fertilizer application. The farmertwhosé‘
capital is limited is'not only concérned with the risk involvedfih a lérgé

investment in fertilizer, but also whether or not a higher return could



be obtained if the capital was invested elsewhere in the farm business.
The farmer with the unlimited capital can afford to take a greater risk
‘and is therefore able to apply the heavier rates of fertilizer.

The economic optimum in fertilizer use will also differ among
locations., Differences in soil moisture, soil fertility and weather as
well as differences in soil type will affect thegptimwnuse of fertilizer
among the various locations, Because these differeﬁces iﬁ the optimunm

"use of fertilizer do exist among locations, it is not advisable for a
farmer in one area to fértilize on the basis of the results obtained in

- another,  He may be apélying too much fertilizér, particularly if, he is
lbcated ina drier area and in a different soil zone, 'For-examplé, if a
‘farmer in the Swift Current area of Saskatchewan were to apply the optimum
quéntity of fertilizer derived for the Melfort area, then he would be
~applying in most yearé.too‘much fertilizer. On the other hand, a farmer
-may be applying not enough fertilizer if the area in which he is located
has a wétter climate and a more productive soil. If the economic optimum
in'fertilizérbuse were derived for a number of locations, then the farmer
would be able to choose the optimum quantity of fertilizer which is the
most'appropriate fbr-his farm.

, | This, in part, summarizes the problem facing the fafmef‘in deter-
mining.what is the optimum quanﬁity of fertilizer to apply, given certain
crop and fertilizer prices. The problem is further complicated by thé |
faét that thé'optimum guantity of fertilizer changes from one year to,thg

" next and from one location t6 another,

OBJECTIVES OF THE STUDY

7Thewmajor objeétives of this study are:




1., To determine the yieid response to varying levels and cqmbina-
tions of the fertilizer nutrients, N and P 05, for the selected crops;
wheat, oaté, barley, and rye seeded on summerfallow and on stubble, at
various locations in the Prairie Provinces, for the years 1959 to 1968.

2. To determine the least cost combination-of N and P205 in
producing specified yields for each of these crops for thé various loca-
tions and years; |

-3, To determine the most profitable application of N and_P205 for
- five §e1ected prices of each crop for all locations and years. o

Because the optlmum appllcatlon of fertlllzer and the corresponding
yield are not the same for every year at a partlcular 1ocatlon, and be-
cause they also differ among locations, two further objectivgs of the
study are: ‘ _ B

1. To compare the maximum profit.position:of,N, P05 and yield
among years at given locations. ‘

2, To compare the maximum profit position of N, P205 and yiéld
among locatlons.

- The least cost combination of fertilizer nutrients for specified
yieldS‘will also vary5among years at each location and among locations,
Therefore,-twp additional objectives of the study are to compare the
_ igaét cost cémbinations of N‘and P205 for the éame crop yield among. years
-and among locations. | | | ‘

Another objective is to compare thé return per dollar invested in
fertilizér for the different crops in a given year and location. |

Since several of the objectives involve econémic prodﬁdtion

» princlples, these prlnc1p1es w1ll be dlscussed in the next chapter. A

rdescrlptlon of the nature and source of the fertlllzer yield data and an




evaluation of the different typés of functions that can be used to
estimate the yield responses to fertilizer inputs will be presented in
Chapter 3. Thé methodological procedures and the equations involved in
determining the economic optima in fertilizer use will be examined in the
first section of Chapter 4. In the second section, the economic optima

" for fertilizer experiments conducted at various locations in the Prairies
will be presented and cémpared. Chapter 5 will be a summary and

“conclusion: -




Chapter 2

THEORETICAL CONSIDERATIONS INVOLVED IN

ALLOCATION OF FACTORS OF PRODUCTION

_;Thére ére three basic relationships in production economics.

. These are the factor-product, the factor-factor, and the product—product
 relationship. They provide the framework within which economic efficiency
» is determined, whether the choices relate tg an individual farm, the
agricultural industry, or the nation as a whole.1 In the factor-product
type of relationship, one is concerned with the transformation of a sing?e '
variable factor of production into a single product. In the second type,
one is looking at the relation between two vériable factors of production
and a single product. In the product-product type of relationship, one
is concerned with the substitutiohvbetween two prdducts for various leiels
of input. In this éhapter, only the first two will be dealt with in

detail.,
THE SINGLE VARIABLE FACTOR-PRODUCT CASE

. This'first section~wi11 examine the production principleg associ-
atediwith the input of a single variable factor of production, with all
6£hér factors held constant aﬁ sémevlevel, tb yield a single product.
Many farm decisions fall within the framework of a single variable factore‘
product type of relationship. The problem involved is usually one of |
intensity of production. For example, how much fertilizer to apply per

acre is a decision that has to be made by many farmers. Similarly,

1 Earl O, Heady, Fconomics of Agricultural Production and_Resource
Use (Englewood Cliffs, New Jersey : Prentice-Hall, Inc., 1965), p. 26.




decisions have to be made on the amount of feed to be fed per animal, the
amount of labor 6r capital to be applied per acre_of to a farm of a given
size, The problem of intensity can also apply to output. The decision
as to what level of production per acre, pér animal, or for the farm is
most profitable, is dependent upon a factor—product relationship, |
The term production function refers to the-physical relationship
between the input of a factor or féctors and the output of a préduct.
It can be expressed in mathematical terminology as:

Y=2(x | X, » X))

3, L ] L
This expression states that the output of product Y is a function of, or

is dependent on, the input of the variable factor Xl, with factors X2, X3

to Xn fixed at some level., For example, the yield of wheat per acre is

~ a function of the input of fertilizer. As the use.of fertilizer is varied,

the seeding rate, land, labour and machinery inputs are’likely to remain
constant.

A particular level of output may be produced from a number of'
different combinations of inputs (non-variable inputsrincluded). AMter-
nétively, the same.combination of production inputs may give different
amounts of output, depehding upon how efficiently the productive inputs
are organized. For instance, the hay yield per acre obtained when ferti-
lizgr is broadcasted in the fall méy be higher than that obtained when

fertilizer is broadcasted in the spring., Therefore, if the production

function is to give only one value for the output from a given input

combination, the function must be so defined that it expresses "the

maximum: product attainable from the combination at the existing state of

technical knowledg.g;e"'2

2

Sune Carlson, A Study of the Pure Theory of Productlon (New

York New York : Sentry Press, 1965), pp. l4-15,




The production function can be plotted on a graph in which the

total physical product curve, TPle, represents the total output of the
product for various levels of input of the variable factor, with the othér
factors held constant at some specified level. The total physical produét
for variable input Xl, TPle, can: (1) increase at an increasing rate,
(2) increase at a constant‘rate, (3) increase at a decreasing rate, and
(h) decrease with increases in the variable factor Xl. These rélation—‘
ships are shown in Figure 2,1. It is not necessary that any particular
productioﬁ function should exhibit all situatioﬁs‘descfibed above.

The average and-marginal physical products can be derived
from the total physical product. The average physical product'curve,
APle, denotes the amount of product per unit of the variable input. The
marginal physical product curve, MPle, represgnts the addition or reduc=
tion in the output of the product resulting from an additional unit of
variable factor Xl. In other words, it denotes tﬁe changgszin.the slope
of the total physical product curve.

Production functions can beidivided into three segments called‘
stages of production, which are distiﬁéuished.ﬁy whether their marginal
phyéical products are increasing, decreasing or negative. The classic
production function which is chéracterized by all three stages is illus-
trated in Figure 2.1. Stage 1 extends from the origin to the 1evel_of
1nput where the average physical product curve reaches a maximum, The
marginal physical product first increases and then decreases in thls
stage. Stage 2 extends from the input level denoting maximum average
A physical product to the one where the marginal physical produc£ becomes
zero.j The manginal physiéal_product becomes zero when thé total physi¢a1

product'reaches a maximum, Stage 3 includes all input levels which have
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a negative marginal physical product and a déclining total physical
product.
| In stage 1, the average physical productivity of the variable
factor increases continuously as additional units of the factor are ap- ’
plied to the fixed factors, since in this stage of production the marginal
~ physical product is always greater than the average physical product. |
Any level of resource use falling in stage 1 is considered to be uneconomic
or-irrational because an additional unit of iﬁput yields a higher -output
fhan the.previous input. As production is pushed to the limits of stage
-1, a greater product is also forthcoming from the fixed factors as‘well
“from each unit of the variable factor. Therefore, if it is economical
to produce any outpuﬁ, it is economical to produce at least up to the
limit of stage 1, where the average physical product is equal to the
marginﬁl physical product. |

Stage 3 is also an area of irrational or uneconomic pfoduétion
because each additional unit of input of the variable factor reduces the
total physical product. In this stage of production, the marginal physié
cal7produCt‘is less than zero. The third stage signifiesrconditions of'
resource‘wasté'because the'samé amount of broduc£ could be produced with
a smaller numbéf of units of the variable input. Therefore, if the
entrepeneur is rational he will never intend to produce in the third
stage. Even if the variable input is free he will only go to the end dff
the»second stage. l .

‘In-stage 2, the marginal physical product decreases continuously
-and is always iess than the average physical product, but greater than,
or'eéggl to,;zero. Stage 2‘islqonsideréd to be the rational area §f |

production because each additional unit of input of the variable factor
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results in a smaller and smaller addition to total output. Therefore,
if it is profitable to produce any output, thehmaximum pfofit position
will be somewhere in stage 2. The level of input of the variable factor
which will maximize profits, depends on the productivity of the variable
factor as wéll as its price and the price of the product.

The m#ximum profit position in a single variabie factor-product
relationship can be determined by equating the marginal physical product
vto the factor/bfoduct price ratio. The maximum profit position occurs
-where the,pricé ratio line is tangent to the total physical'product curve
(Figure 2.2). At this point, the slope of the price rétio line, le/Py
is equal to the slope of the total physical product curve, dY/HXl. The
slope of the total physical product curve is the marginal physical product.

The discussion to this point has involved the relationship known
in prodﬁction economics as the factor-product relationship. The concept
of a single factor-product relationship has been used to set forth the
basic principles of resource allocation. The discussion which follows
in the next section deals with the factor-factor relationship. This
ecdnomiciconcept is concerned hot only with'the transformation of
resources into products, but:also the substitution of one resource for

another.
THE “TWO VARIABLE FACTOR~PRODUCT CASE

This section will examine the production principleé associated
with the input of two variable factors of production, with all other
~factors at some fixed level, té yield a single product. There are many -
»_fafm_decisions which fall within the framework of é factor-factor or

resource substitution relaﬁionship.Fbr example, what combinations of forage
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'and grain should be used in a f;ed rétion for a feeder steer; or what.
levels of nitrogen and phosphate should be applied per acre for a'specific
crop; or what should be the substitution of labour and machine capital
for all animals or acres of a farm which is fixed in terms of acres and
other resources? These are all decisions which involve substitution
between two'factors of production,

| In a factor-factor type of relationship, the adjustments in the

3

variable factors can be divided into three distinct types.” These are:
(1) both factors can be increased in the same proportion, (2) oﬁe factor
" can be held constant while the other is increased, and (3) output can be
held constant while one factor is increased and the other is decreased in
quantity. A1l three types of adjustments have important implications in
resource use, The first type of adjustment can be»used to determine
whether there is increasing or decreasing:returnsﬁ(marginal physical
productivity) to both factors. The second type can be used to determine
whether high levels of application of one factor will have adverée,effects
on output. The third type of adjusiﬁent is essential in determining the
optimum dqmbination of two factbrs iﬁ producing a given oﬁtput or yield.'
The pfoducﬁion fﬁnction’for a single output produéed-by two vari-
able factors, with other factors held constant, can Be expressed
-glgebraicaily as: ‘ |
Y=, Ky | X K, oe o, X)
- :where ouﬁput Y is a function of the variable factors Xl and X2, with;thé
inpuﬁsvx3, Xh to Xn‘held constant at a given level. The production

“funetion presupposes,techni¢a1~efficiency,,that is, the factors‘(variable

and fixed) are combined in such a manner that they cannot be rearranged

3 Heady, Op.Ci;b., pp. 133-31&.




to give: (1) a greater physical product with the same level of inputs,

or (2) the same physical product with less of one or more factors. There-
fore, the function states the maximum qutput obtainable from every
possible input combination.

The geometric form of a production function with two variable
factors and a single product is called a_production surface., Many types
6f production surfaces aré possible, depending upon the underlying
production function. Some production surfaces will have increasing and
decreasing returns (marginal physical productivity) to both factors,

' Othefs, such as in Figure 2.3, will have only decreasing returns to both
factors.v

In Figure 2.3, if a vertical slice is made through the production
surface, parallel to the X1 axis,_then the resulting curve ab expresses
the input-output relationship between the variablé factor Xl and thé
product Y, when the variable fact.or-VX2 is fixed at a level of 20 units,
Many such vertical sliﬁes are poséibie. In fact, a different input-output
curve, showing the output fpr every level of Xl’ exists for each constant
levelxof X2¢ These input-output curves §an be represented in two dimen-
~-sions as in Figure 2.4. Alterﬁatively, vertical slices can be made
-through the production surface parallel to the X2 axis to express the
" input~output relationships for X2 and Y with'Xi held constant. Theislopes |

of the>individual input-output curfes indicate the marginal physical
products of the variable input. The mérginal physical products indicate
the am;unt added to total product by each successive unit of the variable
resource. These marginal physical products will be used later in applying
econgmic principleS'in specifying optimum resource use. ' ‘

The contour line, cd, on the production surface in Figure 2.3 is
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called an iso-product line or iéoquant since it indicates all of the
possible combinations of the two variable factors which will produce the
same level of output. Many such isoquants can be derived for a particﬁlar
"~ production surface. These isoqﬁants can be represented in two dimensions
as in Figure 2.5.‘ The curves Y15 ¥os and ¥ are isoquants for three
different levels of output and various quantities of the two variable
factdrs.. |

| The slopes of each isoquant indicaﬁe the rate of which oné factor
 substitutes for, or replaces the other, if output is to be maintained at
. @ specific level. When the isoquants are curved such as in Figure 2.5,
the rate at which one factor substitutes for the other, declines as the
given output is producedeith more of the former and less of ﬁhe latter.
Indeed, these slopes are crucial in specifying'the"optimum'combinations

of labour and capitai in farming, the optimum proﬁortions of feeds in
livestock production, the optimum proportions of nutrients in crop ferti-
lization,etc.h If the isoquants are straight lines with a constant slope;
then generally only one factor should be used in producing the specified
'outputik If the input-output curves are llnear, there is no limit to the
level of 1nput and output which is profltable, if 1t is profitable at all,

-The lines indicated by k1 k2, k3, and kL in Figure 2.5 are

isocllnes in the sense that they connect points of equal slope on suc--
cessively higher: ¥soquants, Hénca, tﬁey connect points on the isoquants
' which denote equal marginal rates of substitution between variable factors.
. Isocllnes are also called expansion paths, since they show the path whlch

.'the(mlx of inputs should follow if output is to be expanded. If the

% Farl O, Heady, and John L. Dillon, Agricultural Production
Functions (Ames, Iowa Iowa State University Press, 1961). p. 36.
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isoclines are linear and intersect the origin, the proportion of the two
factors inputs will remain the same as output is expanded, If the iso-
clines are curved or if they are linear and do not pass through the
origin, then the factor mix will change as output is expanded.

The isgclines represented by kl and kh in Figure 2.5 are‘also
termed ridge lines since they denote infinite énd zero rates of substi-
tution between factors, The.ridge line kl connects points on the iso-~
quants which have an infinite slope while the ridge line ka joins points
on the isoquants which have a zero slope. Production in.the areas outside
the ridge.lines ié irrational because the same level of output can be
produced,in thé area inside»the ridge lines with less variables resources.,
In Figure 2.6, an oﬁtputvof 30 units can be produced in the rational area

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

1 2
irrational area with 5 units of X1 and L0 units of Xz.

If the préduction surface rises.to a distinct peak, then the
isoclines will converge-to a siﬁgle point as in Figure 2.5. The marginal
r#tes of substitution and the marginal physical productivitiss are zero
at fhis poiht. Alternatively, if fhe pfoduction surface slopes to a
plateau then the isoclines will ﬁbt converge to a single point.

The optimum or least cost combination of the variable factors
for a given level of output is determined by eQuatihg the marginal rate
of substitution to the inverse price ratio of the two factors. The least
cost combination can be illustrated geometrically. Just as the isoquént
lindicates all possible combinations of the two factors thdh producé a
'givenvlevel of output, an iso-cost or iso-outlay line indicates all
possible combinations of the two factors ﬁhich can be purchased with a

given outlay of funds. The iso-cost lines are linear for a farm or other
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‘competitive firms which do not éurchase enough of the factor to affeét
thé’market price. The slope of the isoquanﬁ represents the marginal rate
of §ubstitution of X2 for Xl, Xm/HXé. The slope of the iso-cost line
indicates the rate at which one factor substitutes for the other, if the -
cost outlay is to remain constant, The rate at which one facton:substi-
tutes fdr the other depends on the relative pfices of the factors. Hence,
the slope_of the iso-cost line is indicative of the ratio of factor ’
prices. For example, if the prices of Xl and X2 are $1.00 and $.50 per
unit, respectively, then 2 units of X2 can be exchanged for 1 unit of Xl,
without changing the amount spent. Therefdre, the slope of the iso-cost
liné is 0.5, which is equivalent to the inverse price ratio of the two
factors, ,50/1,00. When the slope of the isoquant is equal to the slope
of the iso-cost line, cost is at a ﬁinimum; In Figure 2,7, the least |
cost combinations of Xi and X2 for three specifieé levels of output occur
where the isoquants are just tangent to the iso-cost lines, C1s. €p and
cB;f At the points of tangency, the marginal rate éf substitﬁtioﬁvof X2
for Xl is equal to the slope of the iso-cost line, sz/le.

In Figufe 2,7, the expansion path, E, has beeﬁ drawn thréugh'the
points of taﬁgencylénd indicétés the change in the proportion of the two
factors as output is increased at least cost, In this pérticular case,
since ﬁhe expénsion path has an upward curvature,.a greater proportion
of~X1 shéuld be used as output iS'éxpanded. If the expansion»path is
>linear aﬁd passes through the‘origin, then the proportion of the tw§v.b
vfactors wi11 remain constant as output is increased. Output should bé
expanded as long as the marginal value of the product (price of the
produét times the marginal physical préduct) is'greatervthan or equal to

the margihal cost of thé resources added, |
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Having determined the l;ast cost combinations for a number~of
output levels, the next step is to obtain the maximum profit position.
In the single factor-product case, the maximum profit position occurred
where the marginal physicai product of the variable factor was equal to
the factor/product price ratio. In other words, it is profitable to
expand oufput 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 maximum profit position ié found by setting the marginal physical
products of the individual factors equal to £heir“respective.féctor/broduct
price ratios, . and thenvsolvihg the relatiénships ﬁPin ==Px1/Py and
MPPxé = sz/Py simultaneously:to obtain the optimum combination of factors
-and'output. This combination of the factors is- also the least cost
combination for the.associaied level of output.
In this section, only the production prinéiples associated with
two variable factors were examined, The principles are basically the

same, however, for relationships involving three or more variable factors

with a single product being produced.



Chapter 3
METHODOLOGY

THE NATURE OF THE EXPERIMENTS

The data used in this study are the fesults of fertiliéer experi-
ments in-cereéls that have been conducted in the three Prairie Provinces
in the ten year period, 1959 to 1968, In addition, fertilizer experimenﬁs
conducted in the ?eace River area of British Columbia were also included
in the study since the type of agriculture in this area is very similar
to that of the Prairies. These experiments are located in all crop
districts of the Préiries although not nécessarily for.every year. Most
of the experiments were designed to illustrate the Yield response to variohs
applications of nitrogen and-phosphate. In-others, the yield responses
- to various rates of application of potash were also examined. The latter
experiments were generally located on the lighter textured soils found
in the Prairie Provinces, |

Tﬁe major sources of the fértilizer data were the annual reports
compiled by the fertilizer committees in each province.1 Thesé reports
contain the results of fertilizer trials conducted by various agencies
in each province. The fertilizer data for the Peace River area of
British Columbia were collected from the Alberta annual reports (see Foot-
note 1). In 1968, howefer, the format of presentation for fertilizer test

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

1 Manitoba Soil Science Society, Papers Presented at the Annual
Manitoba Soil Science Meeting, Annual Reports for 1959 - 1968 (Assembled -
and Distributed by the Publications Branch, Manitoba Department of -
Agriculture); Saskatchewan Advisory Fertilizer Council, "Results of Ferti-
lizer Experiments in Saskatchewan, Part I, Cereals", Annual Reports for
1959 - 19683 and Alberta Soils Advisory Committee, "Soils and Fertilizer
. Test Results in Alberta", Annual Reports for 1959- 1967.
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compiled into a single rgport, only a summar& of the results was presented,
However, some fertilizer data were obtained for Alberta in 1968 from a
report put out by the Alberta Départment of Agriculture.2 Fertiiizer
data for the Prairie Provinces were also obtained from a report published
by-ﬁ fertilizer company on its 1968 experim.ents.3

invthis study, the experimental results were tabulated for wheat;
oats, barley and rye seeded on summerfallow and stubble., The data were
collected for locations throughout the Prairie Provinces and the Peace
River area of British Columbia for the years 1959 to 1968, 1In oﬁe year,
there may be‘sevéral experiments for a particular crép and -location, In
the ﬁext year, there may not be any experiments for that location. Some
lpcationSMmay have fertilizer test:results for several crops for all ten
years, while others may have test results for only one crop for one or
two years, These data were recorded on computef cards to facilitate the
handling of a lérge quantitj of data. The kind of data that were recofded;
on each card‘are.given in Apperdix A,

In some fertilizer trials, the results of certain plots were
- omitted} These plots received special‘treatments which the other plots
in thé tfialjdid not receive. For example, the results of plots which
were.sprayed with wild oat sprayé were not included-in the study.» The
‘yield fesponses obtained in these plots were due to more than just the

application of fertilizer. The results of plots which received

2 Alberta Department of Agriculture, "1968 Fertilizer Demon- -
stration Results", .

3 W. E. Janke, - Crop Responses to Fertilizér in Western Canéda,
(Fprt Saskatchewan, Alberta : Research and Development Division, Sherritt-—
Gordon Mines Limited, December, 1968). :
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_applications of lime or where the fertilizer was placed in bands six and
twelve inches below the seed were also excluded from the study for the
same reason.

In those experiments where the individual replicate yields were
gi#en, the average of these yields were used for each level or combination
of nitrogen and bhosphate. This was done in order to maintain consistency,
since in most experiments only the average of the individual replicate
yieldsvwas reported. |

In this study, the results of 4385 fertilizer experiments were
collectéd (Table 3.1). Of the 4385 experiments, 12 per cent were located
in Ménitoba, 54 per cent in Saskatchewan, and 34 per cent in Alberta and
the\Peace River area of British Columbia. The 4385 eXperiments had a
total of 29,883 observations for an average of 6.8 per experiment. The
range in the number of observations in these experiments was from one to

thirty-five.

DERIVATION OF FERTILIZER PRODUCTION FUNCTIONS

N

A major objective of this study is to derive mathematical equations
(production functions) which express the physical relationships between

varying levels and combinations of N and P and the corresponding crop

2%
yields. Such an equation defines the production surface and the relevant
quantities of fertilizer nutrients associated with it. The derivatibn of
 the production function equation is itself complex, Secause a number of
forms of production functions can be used to estimate the physical
relationships betweén the fertilizer nutrients and yields. In this‘study,

fourbfunctionwaith two variable nutrients were fitted to the observation57

in each experiment. These were the linear, the logarithmic or Cobb Douglas,




Table 3,1

Nutber of Fertilizer Experiments Tabulated in the Prairie Provinces
and Number of Observations in These Experiments..

Number of Experiments Number of Observations

Yéar | Man_.1 Sask.' arﬁil tBa..C . Total | Man. Sa'sk.‘ aﬁ}itg:c . Total
1959 59 275 133 167 BEAY 1801 1315 3531
1960 78 257 121 456 49 1821 830 3147
1961 A 144 63 28 260 1125 619 2004
1962 12 221 %9 332 46 173 2 2571
1963 18 228 128 37 SR 1646 @38 2578
1964 82 279 102 w3 29 153 678 24,60
1965 2 266 208 500 216 1415 1347 2978
1966 3 205 253 489 231 1336 1535 3102
967 o 259 2% 616 4 1988 28 4663
1968 85 234, 91 410 521 i 1685 643 281,9
Total 5266 2368 w9 4,385 3019 . 16103 10761 . 29883

8e
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the quadratic and the square root functions, The respective algebraic
) forms of these functions are as follows:
¥ =1, +bN+bp

f = bON‘F’l pP2

L ' ' 2
2 = by+byN + b2P+b3N2+ b,P* + bP

¢= b0+“anN + P+ b+ bl:l/i3 + o)
In the functions, P refers td P205 in poﬁn&s per acre, N refers to nitro-
gen in pounds per acre and Y refers to total yieid in bushels per acre.

The linear production function cannot be applied to experiments
in_whiéh there is.a diminishing total yield because the function has no’
maximum., Also, the function assumes a cénstant marginal physical product
for each hutrient for all levels of input, Hence, the isoduants for this
fuﬁction will be iinear.

The Cobb Douglas function also cannot be applied té data indica-
ting a diminiéhing total yield because the maximum output for the func-~
tion is undefined. The isoquants of this production function are
‘asymptotic to the input axes. Thereforé, there are no ridgelines iﬁ the
vnormal sénse. Instead, the ridgelines, denoting zero and infinite
‘marginal rates of substitution between factors, are identical with the
“input axes bf a two dimensional isoquant map (Figure 2.5). Also, the
Cobb Douglas function forces the yield isoquants to have a constant slope
along a fixed nutrient ratio liﬁe, that is, it does not permit the
‘marginal rate of substitution to change along the scale line és higher
vields are attained. Therefore, the same hutrient combination should be-
uged férﬁall'yield'levelsg, In addition, the function assumes each

nutrient to be limitational and that the yield is zero when the input of




30

elther NorP O5 is zero., However, in the actual experiments, there were
positive yields even when the application of both nutrients was zero.

The quadratic and squaré root funcﬁions can be used-for fertilizer
experiments which have a diminishing total yield because the functions
allow both declining and negative marginal produéts. Although both the
quadratic and the.square root functions permit a diminishing total yield,
the quadraﬁic function has marginal products which decline at a constant
| rate, whereas, the square root function has marginal produéts which
decline at a diminishing rate. Unlike the Cobb Douglas function, these
two functions allow the yield isoquants to change in siope along a fixed
nutrieht}ratio line., Therefore, the quadratic énd the square rooﬁ func-
tions permit the ratios of N and_ons to chaﬁge as higher yields are

obtained., Also, they permit the interaction of the two fertilizer nutri-
entsjin the production process. In addition, the two variable inputs in
the quadratic and the sduére root functions are not assﬁmed to be limita~
tional. Certain yieids can therefore be obtained even when the input of
N and/or P205 is zero, |

The four functions were fitted to the experimental fertilizer data,

L

utillzlng least squares regre851on andly51s. Functions were not fltted
for all of the 4385 experlments. Data were utilized only from those
-~

experiments which had (l) nine or more observations, (2) at least three

4 Bernard Ostle, Statistics in Research, (Ames, Iowa: Iowa otate
University Press, 196.), pp. 161- 62. Least squares regression is one of
a number of methods that can be used to fit a line (function) to the
data. The method of least squares, however, assures us that the sum
of the squares of the vertical deviations from the points to the fitted
line will be less than the sum of the squares of the vertical deviations.
from the p01nts to any other line, no matter how computed., That is,

S = z: (Y’ ? ) is a minimun, where S is the sum of squares, Yi-is the
actual yield and €; is the estimated yield..
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different 1evels of applicetionifor each fertilizer nutrient, N and P205,
and (3) at least seven different combinations of N and P205 These condi-
tions were necessitated in order to obtain meaningful parameter estimates
when fitting.the quadratic and the square root functions. A minimum 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 functions.5
The second and third conditions are necessary because the two functions
have five independent ﬁariables. In onevof the fertilizer experiments,

_ there were twenty-six observations, but there were only six different
combinations of N and P205 Therefore, there are only‘six actual obser-
vations in the eXperiment. Although there may be five obeervations with
the same combination of fertilizer nutrienﬁs,Jinvregression-analysis they
are treated as one observation. vHence, with only six actual observations
vxthere‘afe zero degrees of freedom associated with'the sum of squares of
deviations for this experiment.

: . In a number of experiments, potash was applied along with N aﬁd
P205. For these experiments,‘the functions were fitted only to those
observatlons in which potash was not applied, because this study was not
d351gned to estlmate the effect of potash on yields, In addition, there

-were 35 experiments in Alberta in which potash, K_0, was applied at the

2

- same level to all plots including the check plot. Since the level of KZO"
was the same for all plots, the yiéld‘increases over the check were due
tgathe applications of N and/br.P205. The 35 experiments, howe#er, were

excluded from further analysis in this study because the yieids obtained:

5 The number of degrees of freedom for the sum of squares af -
deviations. is n- k-1 where n is the total number of observations and k
is the number of independent variables in the function.
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in these experiments are not comparable to those obtained when potash is
not applied. In a number of experiments, sulphﬁr was also applied; These
observations were included in the estimation of the regression equations,l
~ since sulphur was assumed not to have an appreciable effect on‘yiélds.

| Out of a total of 4385 fertilizer expefiments, there were only 927,
or one in five, which were acceptable for regression analysis. Of the 927
experiments, 7 per cent were in,MAnitobé,'éé*per ¢ent were in Saskatchewan,

2

-and 27 per cent in Alberta and the Peace River area of British Columbia,

(Table 3.2). The corresponding distribution for the total number of ferti-

lizer experiments was 12, 5 and 34 per cent for Manitoba, Saskatchewan,
' and-the Alberta area, respectively. Excluding those observations in which
potash was applied, the 927 experiments had a total of 13,239 observationé.
The avefage number of observations per experiment utilized was 14.3, as
compared to average of 6.8 for all experiments. |

-The four funcﬂions, linear, Cobb Douglas, quadratic and sQuare
root, were fitted to the observations in each of the 927 fertilizér éxperi-
ments., Mathematical (regression) equations were'obtained for each'of thev

four functions for the 927 experiments.,
- SELECTION OF THE FERTILIZER PRODUCTION FUNCTION

Although regression equations were oﬁtained for the 927'experiménts,
. there wére only 93 experiments in whichrthe signs of_thevregression”co—- |
efficients for the four derived equations wére the same as hypothesized.
_The hypothesized signs of the regression coefficiénts for the linear, Cobb.
Douglas, quadrétic and square root functions are shovm in the following
equatibns: |

g = bof b N+b,



Table 3, .2

Number of’ Fertilizer Experiments Acceptable for Regression Analysis in the Prairie Provinces
and Number of Observations Acceptable in These Experiments

Number of Experiments Number of Observations
Year Mﬁn. Sask. aﬁétg:c. | Total Man, Sask. égfiic; Totsl
1959 10 68 52 B0 150 1136 81, 2100
1960 19 62 31 112 232 1028 1,80 1740
1961 9 35 1 55 126 54,2 164, 832
1962 - 53 o 67 - £867 212 1079
1963 - 15 m - 798 187 985
1964 - 59 15 W - - 7o 21 941
1965 b L7 36 87 76 627 87 1190
1966 L 63 21, 91 " 792 379 1255
1967 7 87 e 135 o 1005 661 1757
1968 10 o 13 103 Cu2 98 . 300 1360
| Total 63 612 252 . 927 _ 901 284,23 3915 13239

g€
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£ = b "1 PP2

€= by+by N+b, P b, N° -, P2+ b Np
? = by=by N=b, P+b N+, B+ b5'V'N'13

If the regression coefficients, bi's, for the quadratic and thel
sqﬁare root equations had only positive signs, then there would only be
increasing marginal physical productivity, However, since some of the
factors are fixed such as land and seeding rate, it is logical to expect
a declining marginal physical’productivity; Hence, the hypothesized signs
are negatlve for b3 and bh of the quadratlc equation, and for bl and b2
of the square root and elthe?,positive or negatlvelfor b5 of both equatlons.
The negative signs for these regression coefficients also permit a dimin-
ishing total yield at high rates of fertilization. If the signs for the
regression coefficients were négative for the linear equation, then the
highest yield would occur ﬁhere the rafe of applicaﬁion of fertilizer is
zero. If the signs of the regression coefficien.f_:s,Abl and b2, for the
Cobb Douglas equation were negative, then the yields would decline
for all rates of fertilizer applicﬁtion greater than zero. Alternatively,
if one coefficient is positive .and the other is negatlve, but the sum of
the two is less than zero, then yields will decllne as the rate of ferti-
“Yization is increased. Th”e'i‘éf‘o"f"e N 'th‘e”’Sigﬁs of "‘t’h"’e' two f‘égreséiOn coef -
‘ficients should be positive, The sum of the two coeff1c1ents should be
less than one, If it is greater than one, then there is 1ncre331ng
marginal phy51cal product1v1ty as the level of application of N and P205
is increased :

“In most df‘the eXpéfiments that were rejected, the signsAof the |
regression coefficients for the derived quadratic and/or square root

equations did not correspond to their hypothesized values, Likewise, a
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number of experiments were rejectedvbecause;Oﬁ1conflicting signs for the
regression coefficients of the derived linear and Cobb Douglaé equations.
There were a number of experiments rejected in which none of the derived
equations corresponded with the expectea signs for the four'fuﬁctions.

Of the 93 experiments whose regression equations were not rejected,
9 were located in Manitoba, 35 in Saskatchewan, and 49 in Alberta and the
Peace River area of British Columbia'(Table 3.3). Tﬁe percentage distri-
bution of these 93 experiments among the three regions was 10, 37 and 53
per cent, respectively. For the 93 experiments giving acceptable results,
the number of experiments in each_yéar for the Prairies as a whole ranged
from a low of one in 1963, to a high of 20 in 1967 (Table 3.3).

| After selecting those éxperiments which were acceptable for

furthér analysis, the next step was to determine which of the four func-
- tions provided the "best fit" to the observations fdr the 93 experiments.
The function selected is aésumed to give the best estimate of the:ferti-
lizer-crop, inpufgoutput relationship. The selection of one such equation ‘
is difficult to make, however, because there.is no direct or objective
test for comparing the "gcbdness of fit" among the four functions.

ﬁeady;'Pesek and Brown fitted thfeeffunétions witﬁ two variable
nutfients to the observations in each fertilizer.e'xpezfiment.'6 These
were the Cobb Douglas, the qﬁadratic and‘the square root functions. The
functiéh which they selected as having the best fit was the square root.
The-selection of this function was made.by (1) coméaring the "regression'

statistics" for each function, (2) domparing single-nutrient response

6 Earl O. Heady, John T. Pesek, and William G, Brown, in co-opera-
.tion with Tennessee Valley Authority, Crop Response Surfaces and Economic
Optima in Fertilizer Use, (Ames, Iowa : Agricultural Experiment Station,
Iowa. State College, Research Bulletin 424, March, 1955).. -




Table 3,3

Numbef of Fertilizgﬁ Experiments in the Prairie Provinces with Acceptable Regression
Coefficients and Number of Observations in These Experiments

' Numbef'of-Experiments Number of Observations

Year  Man.  Sask.  am Bo. ol Man.  Sask.  and B.C. Total
1959 1 3 5 9 17 48 % 139
1960" 2 5 9 16 20 91 14 255
1961 - 5 - <5 - 8L - 8L
1962 - 8 2 10 - 132 32 16,
1963 - 1 - 1 - 16 - 16
96, - 5 45 10 - 29 80 169
1965 - - 4 b - - s 5L
1966 1 8 ‘n a2 21 1@ 17
1967 3 - 13 20 L7 11 208 296
968 2 2 3 7 a2 A s 12
'rotz;l_ 9 | 35 9 -’ 127 552 798 1477

9¢
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curves derived by the three two-variable functions with a similar curve
estimated from the best fitting single-variable function, énd (3) coﬁparing;
the respbnse curves and yield isoquants éstimated from the two-variable
fundtions with scatter diagrams of the observations., Gilson and Bjarnarson,
in 1958, fitted these three functions to Manitoba data.7 They éoﬁcluded
that the quadratic function provided the best fit for their data. Their
selection was made on the gasis of the coefficient of determination and
the t-tests for the regression coefficients. Tolton, Gilson and Hedlin,
in a study to determine the yield response of barley on stubble iand to
application of fertilizer, fitted>the Cobb Douglas and quadratié functions
to their data.8 The quadratic function was again selected to express the
logical physical relationship between the fertilizer nutrients and the
crop yields, because it provided a better fit to the déta,than the Cobb
Douglas. 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 étudy, the selection of the fertilizer production funétion
was made Qn ﬁhe basis of the‘coefficient of deﬁermination, the t-tests‘for
the regression coefficients, and the F-ratio for each fﬁnction.9 The
average values of the various statistics for eaéh functidn for. the 93

 experiments are given in Table 3.&;10 The régression statistics for the

7 J. C. Gilson and V. W. Bjarnarson, "Effects of Fertilizer Use
‘on Barley in Noerthern Manitoba", Journal of Farm Economics, XL (No. L,
November, 1958), 932- 41, ‘

® H. E. Tolton, J. C. Gilson, and R. A. Hedlin, "Physical and
~ Economic Relationships Involved in Fertilizer Use", Canadian Journal of
Agricultural Economics, V (No. 2, 1957), 1- 8. ' an

Fdr:an«explanation‘of these terms see George W, Snedecor and
William G, Cochran, Statistical Methods (Ames, Towa: Iowa State Univer-
sity Press, 1967), pp. 381 - 4,18, o o

0 The averages were found by adding up the values for each function
in each experiment and then dividing the sums by 93, the number of experiments.
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individual experiments are given in Table A.5.

Table 3.4
- Average:Values of Regression Statistics by Function for the 93 Experiments

— —— ]
—_— e e

- Value of t-test for the regression

, ‘ Value of : coefflclents of the follow1ng terms
Function R? N LP N2 orT’P orl/P NP or{/NP F-ratio
Linear 0.528  2.37% 2.61% o 9.38%
Cobb Douglas 0.736 L LOses ) 8630% _ 41,623
Quadratic 0.803  2.83% 3.8 2,62% 2,77% 1,32  16,20%x

Square Root 0.816 1.67+ 1,76+ 2,024+ 2,09+ 1,81+ 24.36%¢

Note: The average number of observatlons for the 93 experlments was 15,9,

% Slgnlflcant at the 1 per cent level.
# Significant at the 5 per cent level.
++ Significant at the 10 per cent level.
+ Slgnlflcant at the 20 per cent level.

The coeff1c1ents of determination (R ) show cons1derable differ~
ences in percentages of yield explalned by the varlablelnutrlents, For
example, in the linear 53 per cent:is explained by differences in the
applicetion of N and P205,'while utilizing the square root they explain
82 per cent. The t values show fhat over one-half of the regression'eo—
“efficieénts dre éighificanﬁ'at the 5 per cénﬁ level of prebability. This
level of significance indicates a probability of .05 of rejecting the
V hypotheéis*under'test.ll At the 20 per cent level of probability, all
‘regression coefficients but one are significant. The F;ratie; whieh is-
fhe.test of significance for the eoefficient of determination, was signi-

'fieant'at the one per -cent level for all four functions.

For additional information on tests of 31gn1f1cance, see
Snedecor and Cochran, op.cit., pp. 26-31, 391-92.

.
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The Cobb Déuglas and the linear functions were not selected as
the best representation of the physical relationshiﬁ between the fertilizer
inpﬁts and the crop yields. Although on éverage the t values for the
regre551on coefficients in the Cobb Douglas and the linear functions were
31gn1flcant at the one per cent and five per cent levels, respectlvely,
the R2>values were somewhat lower for these two functions than for the
4quadfatic and square root functions. In addition, since these two func-
tions do not allow dlmlnlshlng total yields, they can be rejected on
logical grounds for experiments with high fertilization. The linear iso-
quants of the linear function and the constant marginal rate of substi-
tution along a scale line of the Cobb Douglas function, make these two
functions less desireable than the quadratic and square root functibns,
in determlnlng the economic -relationships involved in fertlllzer use.

There was little b331s to dlstlngulsh between the quadratlc and
square root functlons. The t values for the regression coeff1c1ents 1nA
the quadratic function were on average higher than those for ‘the square
rpot function; whereas, the square root function had slightly higher co-
efficients of determination. However, on the basis of the higher_t>values,
the quadratic function was consiaered to providé_a "better estimate" of
"the*yiéid”?ééﬁbﬁsés'tb”Téftiliéer inputs. The quadratic function is
therefore used as the basis for discuséion Qf feriilizer use in the resx’
méinﬁer of this thesis,

~In the first seétion of the next chapter, we ﬁill examine the
economic optima in the use of fertilizer for a particular locatlon and
year. In the secord section, the economlc optima in fertlllzer use among

locations and among years for various crops will be explored.




Chapter 4
* PHYSICAL AND ECONOMIC RELATIONSHIPS INVOLVED IN FERTILIZER USE

- YIELD RESPONSE SURFACE AND ECONOMIC OPTIMA IN FERTILIZER USE POR BARLEY
.GROWN ON PEACE HILLS FINE SANDY LOAM
The purpose of this section is to illustrate, through tne use of
a particular fertilizer experiment, the methodological procedures and the
equatione involved in determining the yield response surface and economie
optima in fertilizer use, using the quadratic form‘of the production func-
tion, -The economic optima in fertilizer uee for the variens fertilizer
experiments are presented in the next section arnd in Appendiees A and B.
However, the equetions used to derive the economic optima are not. included,
since the equetiens are the same for every experiment except for the regre-
ssion coefficients and the crop prices. |
" The experiment was barley seeded‘on stubble on Peace Hille‘fine
‘sandy loam at Lacombe in 19%67. There were four levels of application ef
each nutrient, N and P205, at 0, 30, 60 end 9Qppounde'per acre for a total
of 16 treatments, witn‘three replicates for eech treatment. The different
comblnatlons of N and P205 and the corresponding average yields of barley.-
from three=rep1icatessare‘presented in Table L.l
Table 4.1
Actual Yields per Acre of Barley forvSpecified Levels of

N and P205, Lacombe, 1967
Pounds of Pounds of N Per Acre -
P205 Per Acre ‘ 0 .30 60 90
; - _~bushels-
-0 33.1 LO.L L5.2 - 41.5
30- Ly .L 55.4 504 L6.7
60 40.6 56.7 58.1 50.6
41,0

90 51.0 56.5 52,1




The Production Function

A quadratiévfunction of the general form:
¥ = vy +o N+ b2P+93N2+b4P2+ b NP
was fitted by least squares regression to the fertilizer-yield oBservations'
in Table h.l.l The.resulting-equation was:
$ = 33,6616 +0.4553N+0.3438P = 0.0044N>~ 0.0029P>+ 0., 0006NP

" The regression statistics for the quadratic function and those for three
other functions, thai were fi£ted to the data, are given in Table 4.2,
vIn this particular experiment, the t values and_the cdefficientsof deter-
mination were both higher for the quadfatic function than for the square

root function,

Table 4.2

The Coefficient of Determination,. the t-Tests for the Regression
Coefficients and the F-Ratio of the Four Equations

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

Jl

Value .
Equation of B° N P N2 or /N P2orF NP orJiP F-ratio
Linear 0.433 1.94++ 2.48% ‘ o L.97*
'Cobb~DouglaS~O.798 5,033 §5,12%% _ 25, Th¥¢

Quadratic ~ 0.904 5.93%* L Lg%t  5.80%¢ 3.83%: 1,02 18,95
‘Square ‘Root 04884 3.9L%* 2,00+ L.A4EE 2,90% 0,67  15,23%¢

% Significant at the 1 per cent level.
* Significant at the 5 per cent level.

++ Significant at the 10 per cent level,

- 1 The liﬁear, Cobb Douglas and square root functions were also
fitted to the data given in Table 4. 1 The resulting equations were:

? = 39.0163 + 0.0851N + 0.1086P
2= 3,03 D050 0059

T = 33.207; - 0.3212N- 0.1647P + 3. L6V + 2. L43ZYF+0 0396V'—




Production Surface Estimates

The bafley yields estimated from the quadratic equation are shown
2

2%:

served that the estimated yields in Table 4.3 conformed very closely to

in Table 4.3.for different applications of N and P It will be ob-

thé actual yields ianable L.l. Both diminishing marginal physical product
and diminishing total physical product can be observed from the data in
‘Table 4.3, For example, \.with‘on5 held constant at 30 pofiinds per acre
and N increasing from O to 90 pounds per acre, barley‘yield increases at
a diminishing rate from 41.3 bushels to a maximum yield of 53.9. bushels,
The yield drops back to 48.2 bushels with N at 90 poundé per acre, Simi-~
larly, with N held constant at 30 pounds per acre and P205 véried from O
to 90 pounds per aére; barley yield increases at a diminishing réte°

| These estimated yields are the tabular cdunterpart of a production

surface. The& represent distinct points on the surface corresponding to

the P205\and N quantities in the rows and columns. The nature of the

wor

. Table 4.3

Yields per Acre of Barley Predicted by the Quadratic Function for
Specified Levels of N and P205, Lacombe, 1967

w

- Pounds of Pounds of N Per Acre
3205”Per Acre 0 30 ' 60 90
: : ~bushels- . ;
[ 33.7 - 43.3 45.1 38.8
30 1.3 516 53,9 48.2
60 43.8 5.6 57.4 52.3
90 o 40.9 523 55,7 51.1
2

Yields can also be estimated for fertilizer treatments which
were not included in the actual experiment.
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Bushels of Barley Per Acre

“

Figure 4.1. Yield'Response Surface for Barley Predicted by Quadratic
- PFunction. : ’ '



production surface is expressed in Figure 4.1, The estimated maxirum

~.yield which corresponds to the highest point on the production surface

3

" is 57.6 bushels with 56.2 pounds of N and 65i1 pounds of PO This

275°
maximum yield'occurs at point m in Figure 4.1,

Slngle Variable Input—Output Curves

Each column in Table 4.3 is the counterpart of a vertical slice
through the production surface, parallel to the P205 axis. The yields
correspond to points on a single variable input-output curve w1th P2 5
as the variable input while N is fixed 1n‘the amount shown at the top of .
the column. The rows on the other hand represent a vertical slice
through thersurface, parallel to the N axis, with N variable and P205
fixed. Figures.h;Z and 4.3 are input-output curves or yield response
curves with one‘fertilizervnutrient variable and the other fixed at some
specified level, Figure 4.2 shows the input-output curves fo; nitrogen
fixed at 0, 30, 60, and 90 pounds'per acre while Figure 4.3 shows the
yield response to N with P205 fixed at 0, 30, 60 and 90 pounds per acre.

. The input-eutput curves in.both figuresAshow diminishing total
 yield for all four levels of the fixed nutrlent. Also, the curves are
steeper between the O and 30 pound levels of appllcation than between the
v“30’and“60 pound levels~ of -application of the variable nutrient, indicating

that there is a declining marginal physical preduct. In both figures,_the

3 The estimated maximum yield was obtained in the following manner.
The marginal physical product equations for both nutrients were set equal
to zero and solved simultaneously for the quantities of each nutrient
. which would maximize yield. The marginal physical product equatlons are
the partlal derivatives of Y with respect to N and P,

' RY/3N = 0.4553 - O, 0088N + 0,0006P = 0
'aY/aP = 0,3438 - 0.,0058P + 0.0006N = 0

. These quantltles were substituted back into the original equation
-and the maximum yleld was estimated accordingly.



Bushels of Barley Per Acre

«esbes N at zero lbs.
wwe N at 30 lbs.

26-- ~ews N at 60 1lbs.
e N at 90 1bs,

Bushels of Barley Per Acre

0 3 t . 3
) 30 60 90

Pounds of Péos Per Acre

Figure 4.2, Yield Response of Barley
to Pp0s with N Fixed at 0, 30,
60 'and”90 Pounds, Predicted by
Quadratic Function.

L5

evseer P50r at zero lbs.

20+ —a—_p P205 at 60 lbs.
— P205 at 90 lbs,

104~

o A . [ 1 Senny
0 30 %) 99

Pounds of N :Per Acre

Figure 4.3. Yield Response of Barley
to N with P,Og Fixed at 0, 30,
60 and 90 Pounds,. Predicted
by Quadratic Function.
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curve for the 90 bound application»of the fixed nutrient is below the 60
pouhd application curve. In the case of nitrogen, higher levels of nitro-~
. gen ﬁend tq fesult in éxcess leaf growth, delayed'maturity and.lodging,
thus reducing yields. - As for P205, the reduced yields are more likely the

result of an imbalance between the levels of the twq'nutrients.

Yield Isoquants

| The yield isoquant exbresses all combinations of N and P205 which
will produce a specified yield., The various combinations of N and PZOS,
~ which may be used in produéing yields of 40 and 50 bushels of barley are
.given in Table h.h.h These yield isoquants'are presented in Figure L.,
The mafginai rates of substitution of N for P, 0. at the various
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combinations of the two fertilizer elements are given in columns 3 and 6

b These results were derived from the following isoquant equation:

P = -(0.3438+0.0006N)1/(0.:3438+0.00068)240.0116(33 . 6616401, 553N-0., 004 N2-T)
- 20.0058

This equation was derivéd‘from the quadratic regressioh equation:

B= 33,6616+ 0.4,553N+0.3438P - 000441 = 0,0029P> + 0,0006KF

quadratic formula: X = -B+ l/B2_ L AC

24

Converting the above equation to the standard form of AX2+-BX4-C = 0, we

have =-0.0029P%+0.,3438P +0.0006NP + 36.6616 + 0.4553N~ 0004482~ T = 0
LB ¢

The values for A, B, and C were substituted into‘the formula to obtain
the isoquant equation. '
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Fertilizer Combinations and Corresponding Marginal Rates of Nutrient
Substitution (N for Pp05) for Barley Yields of 40 and 50 Bushels

Predicted by the Quadratic Function, Lacombe, 1967

40 Bushels of Barley

50 Bushels of Barley

M.R.S. M.R.S.
N P20 5 ogzg5§or N P20 5 c;)f2 ON5 -)for
-pounds per acre - , '
(1) (2) (3) (%) (5) (6)
0.0 22,9 -2.2), 15.0 53.1 -8.35
1.0 20.8 -2.06 16,0 47.3 =Ly bl
2.0 18.8 -1.91 17.0 43.5 -3.31
3.0 16.9 -1.78 18.0 40.5 -2.72
4.0 15.2 -1.67 19.0 38.0 -2.33
5.0 13.6 -1.57 20.0 35,8 -2.05
6.0 12.1 -1.48 21.0 33.9 -1.83
7.0 10.6 ~1.40 22.0 32.1 ~1.65
8.0 9.3 -1.32 23.0 30.5 -1.51
9.0 8.0 -1.26 24,.0 29.1 -1.38
10.0 6.7 -1.19 25.0 27.8 -1.28
11.0 5.6 -1.14 26.0 26.5 -1.18
12,0 L.5 -1.08 27.0 25.4 -1.10
13.0 3.4 -1.03 28.0 2,.3 -1.02
. 14.0 2.4 ~0.98 29.0 - 23.4 -0.95
15.0 1.4 -0.94 30.0 22,4 -0.88
16.0 0.5 ~0.90 31.0 21.6 -0.82
32.0 20.8 -0,76
33.0 20.1 ~0.71
34,0 19.4 -0.66
® Négétivé numbers’ ihdioate ‘the 'pounds of P50 féplaced by one pound of N

at each of the fertilizer combinations listéd,
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of Table A.h.5 The marginal rate of suﬁstitution designateslthe slope
ofva given yield isoquént at a particular point. It will be noted ihat
a diminishing marginal rate of substitution existed between the two
fertilizer elements. In column 3, for example, at the point where zero
pounds of N and 22,9 pounds of P205 aré used to prbédcelho bushels of
barley; one additional pound of N will replace 2.2, pounds of P205.

At the point where 14 pounds of N and 2.4 pounds of P,O0. produce 4O
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bushels of barley, one pound of N w1ll replace only 0.98 pounds of P2 5e
‘ The‘lsocllne, bd, in Figure 4.4, illustrates all combinations
where the ﬁarginal rate'bf substitution of-N for,P205 (dP/dN) is —1;&3.6A
On the 50 bushel isoquant, for example, where N is 23.6 pounds and P,0,
is 29.7 pounds, one pound of N will substitute for 1.43 pounds of PZOS’

The marginal rates of éubstitution ét all points on isoclines ad and cd

5:'I'he marginal rate of s&bsiitution of N for P205 was derived
from the follow1ng equation:

dP _ _0.4553 - 0 .0088N + 0.0006P
dN = 70,3438 = 0,0058P ¥ 0.0006N

This equation can be obtained by taking the derivative, dP/dN, of the
isoquant equation, since the slope of the isoquant is the marginal rate
of substitution. It can also be obtained by differentiating implicitly
the production function., The marginal rate of substitution is also
equivalent to the inverse ratio of the two marginal physical products,
that is, M.R.S. =M= ;% 21 where ¥/aNi=0.4553 - 0,0088N+0,0006P and
DYAP = 0.34,38 = 0,0058P + 0, 0006N. :

The values obtained by the marginal rate of substitution equatlon are the
substitution or replacement rates at the exact nutrient combinations
shovn; they are not averages between nutrient combinations.

6’An isocline indicates combinations of N and P50s which have the
same marginal rate of substitution. The combinations were determined from
the following isocline equation:

 %(0.3438) - 0.4553 . [K(0.0006) +0.0088
'0.0006 +k(0.0058) ~ | 0.0006 +k(0.0058)

ThlS ‘equation was derived by setting the marginal rate of substitution
equal to a constant k, to. represent a given marginal rate of substitution.
and solving for one input in terms of the other,

p=

+ N
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.are ~2.00 and -l.OO,rrespectively.7 Table 4.5 gives the various combina-
tions of N and P205 wﬁich have marginal rates of substitution of -2,00,

~1.43 and -1,00, The three isoclines converge to a single point which

corresponds to the point of maximum yield on the production surface.

Table 4.5

Comblnatlons of N and P205 for Specified Isocllnes Predicted by
Quadratic Functlon, Lacombe, 1967

k= -2,00 k=-1.43 . k=-1.00
N P05 o N P,0; N P,05
‘ -pounds per acre-

0.0 19.0 0.0 5.1 | 0.0 -18.0
20.0 35.4 20.0 25.9 20,0 O 11.
30.0 43.6 - 30.0 36.8 30.0 -26.1
40.0 51.8 40.0 477 40.0 40.8
50.0 60.0 ~ 50.0 58,6 50.0 55.5

Least Cost Nutrient Combination for a Specified Yield

The change in the slopes of the yield isoquants (aloﬁg a scale
line) suggests that the;combinatioﬁ of the twovnutrients which will give
the lowest cost, for a stated yield, chanées with the level of yield.

The nutrient combination whiéh is optimum for a 50 bushel yield is not :
: aISOJOptimum;for a 40 bushel yield. This point also is illustrated with
.thé isoquant and substitution data of Table 4.4h. The least cost nutrient

. combination for a given yield is attained when the marginal rate df

7 The values, -2.00, -1.43 and -1.00 for k, are the inverse price
ratios, Pn/Pp, of the fertlllzer nutrients when N'is $0.1712, $0. 1226 and’
$0..0856 per pound .and P05 is $0.0856 per pound.
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~ substitution of the two nutrients is equal to their inverse price ratio,
that is, M.R.S. = dP/dN = Pn/Pp. With the price of N at $O.i226 per pound
and the price of P -2 5 at $0.0856 per pound, the inverse priée ratio
Pn/?p, is -1.43, The least cocst coﬁbination of these two elements there-
fore lies along the isocline bd in Figure 4.4.

The least cost combination of N and P205 for the 40 and 50 bushel
'yields of barley afevgiven in Table h.é. For the 40 bushel yield, the
least cost combinati&n occurs wﬁere 6.6 pounds of N and 11.2 pounds of
P205 are used, The marginal rate of substitution at phis point on the
yield isoquant is -1.43. For the 50 bushei yield; the least cost
nutrient combination is 23.6 pounds of N and 29.7 poundé of P205 with a
M.R.S. of —l.l¢3.9

From Table 4.6, it can be seen that as yields increase nitrogen

8 In this study, the least cost combination for a given yield was
determined by first solving for P in terms of N in the isocline equation
where k is set equal to -1.43. :

p = L:b3 (0.3438) = 0.4553 + 1.43(0.0006) + 0,008¢ N
0.0006 + (1.43)(0.0058) ~ 10,0006+ 1.43 (0.0058)
A B
This value for P was then substltuted for P in the production equation>
to obtain the value for N

? 33. 6616+o 4L553N+0.3438(A+BN)=-0 oow\l -0 3029(A+ BN) + 0,0006N( A+BN)

‘The value for N was then substituted back into the isocline equation to
obtain the value for P. The values obtained for N and P are the least

cost nutrient combinations for the specified yield.

The method first used in this study gave only an approx1matlon of

the least cost nutrient combiration. The marginal rate of substitution

was calculated for each one pound increment in N starting with N=0, for
each specified yield. The combination of N and P505 which had a marginal
rate of substitution closest to 1.43 was assumed to be the least cost com~
.-bination for that yield. If, however, the N had been increased by an incre-
~ment of 0,1 pound, then this iterative method would be almost as accurate
as the exact method given above.

? The values obtained for N and P05 by the iterative method for
the 4O bushel yield are 7.0 and 10.6 pounds per acre, respectlvely, For
the 50 bushel yield, the values were 24.0 and 29.1 pounds for N and P Og,
respectively. The marginal rates of substitution were -1.40 and -l,3§.
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Table 4.6

.Combinations of N and'P205 to Minimize Fertilizer Costs per Specified
Yield Level for a Constant Price Ratio Predicted by Quadratlc Function,
Lacombe, 1967.

Yield ' "~ M.R.S.

N .
——— Ratio
level N P205 | dp/ dﬁN P205
bushels ~pounds-
0.0 6.6 11.2 o -lu3 0.59

50.0 23.6 29,7 - 2143 | 0.79

becomes relatively more important. The ratio of N to P205 in the least

coét combination_increases from .59 for the 40 bushel yield §65.79vfor the
50 bushel yield,

The significance of finding the least cos£ combination of'ferti—
lizer nutrients may be illustrated by comparing the cost of two different
combinations of N and P, 05 in producing 50 bushels of barley. In one

case, 15,0 pounds of N and 53.1 pounds of PO, could be used. The total

2%
cost of fertilizer in this instance, with the price of “N at $0.1226 per

pound and the price of P 0, at $0.0856 per pound, would be $6.38. On the

275

:other'hand, the least cost combination of 23.6 pounds of N and 29,7 pounds

of P205, witthhe”samewnutfient pricéS;TWOuld*have*ayCOStvofv$5.hhx ‘Thus;
the difference in cést-per acre between the two fertilizer combinations
is $0.94. Similar cost calculations-could be made fér any other cdmbinan.
--tlons of N and P O5 in produclng a glven yield of barley.

A farmer with limited capital ,may be more interested in knowing
the-maXimﬁm yield that‘can'be obtained from a given capitaljoutlay, rather .
than the combination of fertiliéer nutrients_which will produce a specified

- yield at least cost. The $5;38 expenditure per acre for the'least_cost
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combination of nutrients for the 50 bushel yield may be more than the
~farmer can afford, He may want to know what is the highest yield that
can be attained with an expenditure of $2.50 per acre for fertilizer.
vAssuming the same nutrient prices, the highest yield that can be attained
with an oﬁtlay of $2.50 for fertilizer is 42.3 bushels of barley per acre,
~ The combinatién of fertilizer nutrients with a total cost of $2.50 that
will produce this yield is 10,0 pgunds of N and 14.9 pounds of P205.10
This nutrient combination is also the least cost combination for that
particul;r yield. The combinations of N and P205 and_the corresponding
yields for outlays of $0,00, $2.50, $5.00, $7.SQ and $10.00 for fertilizer
per acre are given in Table 4.7.

It can be observed from Table 4.7 that each.$2;50 increase in

fertilizer expenditure results in a smaller and smaller increase in yield.

Table 4.7 ,

Barley Yields,and N and P205 Combinations Predicted for Limited
Capital Situations by the “Quadratic Function, lacombe, 1967

e s T T

. Barley ' M.R.S. N Ratio
Capital vield N P05 . ap/an F,0;
‘ bushels -pounds~“
$0.00 33.7 0.0 0,0 - -
2.50 4223 10,0 4.9 1.53, 0,67,
5.00 49.0 26 27 143 0.79
7.50 53.8 33.2 40.1 1.43 0.83
10,00 56.6 L4 .8 52,6 1.43 0.85
10

The fertilizer nutrient. comblnatlons were derived from the fol~
lowing isocline and cost equations: _
p = 1:43(0.3438) - 0.4553  [1.43(0.0006) + O'OOSﬂ .
= 0.0006 + 1.43 (0.0058) T|5.0006 + 1.43 (0.0058
€= 0,122,N+ 0,0856P S - . ST e :
where C is the expenditure level per acre.. ”he values . derlved for V and
P205 were substituted into the original production .function to obtaln
‘the corresponding yleld for each expendltu”e 1eve1 -
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An outlay of $2.50 on fertilizer results in a yield increase 0£‘8.6

bushels of barley per acre. An édditional $2.50 expenditure on fertilizer
results in a yield inprease of only 6.7 bushels; As yields increase from
42,3 to 56.6 bushels per acre, ihevratio of N to P205 ipcreaées from .67
to .85, Hence, the fertilizer mixture should contain relatively more
nitrogen for higher yield levels, if costs are to be minimized., Tradition-
ally, this distinction has not been made in fertilizer recommendations;

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

Profit Maximizatidn

~ The next step is to determine simultanéously: (1) the least cost
combinatiop of N and.lf’zo5 to produce a given yield, énd (2) the amount of
the two nuirients td apply to produce the profit maximizing yield for a
given price‘of bafley. These economic optima‘are éttained by setting the
bartial'derivatives (the marginal physical products) for both nutrients
equal to their reSpective nutrient/barley price ratio and solving simul-
taneously for the quantities of.N and P2O5 wﬁich will maximizé profiis.
These quantities afe then substituted back into the original production
eéuation to obtéin the most profitablé yield.

| The. maximum profit position was calculaped for five different

. prices of barley (Table 4.8). Fér example, when ﬁﬁe price of barley is

$0.65 per bushel and the priée of N and P is $0.1226 and $0.0856 per

2%
pound, respectively, the most profitable use of fertilizer occurs with an

application of 32.9 pounds of N and 39.8 pounds of P205 per acre.11 The

11 The most profitable application of the two nutrients was found
by simultaneously solving the following two equations: '

dY/3N= 0.4553 - 0,0088N + 0,0006P = Pu/Pb

aY/aP = 0.3438 - 0.0058P + 0,0006N = Pp/Pb
whered¥/oN is:the marginal productivity of N and 2Y/5P is the marginal
productivity of P205, and Pb, Pn and Pp are the respective prices for

barley, N and ?205.'
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corresponding yield was 53,7 bushels of bafley. ‘ -

The most profitable application of the two fertilizof nutrients
is important to farmers with limited funds as well as to farmers with un-
vlioited capital. However, for a farﬁer who has limited capital, a higher
return may be realiied if he invested the capital elsewhere in the busi-
ness. Supposo a farmer with limited capital can earn $2.00 return per
dollar invested on funds for other.lines of his business such as seed,
‘chemical sprays, livestock or machinery. If he invests in fertilizer to
produce a yield of 53.7 bushels of bar;ey per acre, his return per dollar
invested is only $1.75. Therefore, the farmer will allocate his scarce
funds where he can get'éZ.OO, If, however, the farmer invesﬁs only $2.50
in fertilizor rather thon $7.44, then his return per dollar invested in.
fertilizer is $2. 2. . | |

From Table h 8, it can be seen that the ratio of N to P205 is
virtually unchanged as the price of barley increases by $0.40 from $0.65
/ to $1.05 per_bushel. It would appear that at these yield levels both N
and P205 should be increaéed_in tho saﬁe proportion, if profit is toAbe
at a maximum. However, this is contrary to the situation for the lower
yields where proportionally more nitrogen should be used as yieidsxinorease.
Alﬂhough'thewprice-of*bariey iﬁcreases by 62 per cent, from $0.65 to 31,05,
 the increase in the maximum proflt yleld is only 4 per cent, indicating
that the response surface is comparatively flat at these yield levels.

Two aspects of the preceedlng analysis should be noted at this
time, It would not be practical for farmers to attempt to apply tﬁé exact
Eamounts of Nand P 05 as indicated by the optimum. Yields are never that

certain., In addition, it is difficult for a farmer to obtain the exact

ratio'of N to P205'using a mixture of pre specified fertilizer formulations
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Table 4.8

Optlmum Combinations of N and P205 for Specified Price
Relatlonshlps Predicted by the Quadratic Functlon, Lacombe, 1967

=1

Price Barley : X
relationships jield N S X T X% Ratio
bushels- rpounds-: .
Barley at $0.65 53.7 32.9 39.8  0.83
Barley at 0,75 54.7 . 36.0 43,1 - 0.8
Barley at 0.85 55.3 38.4 . 45.6 0.85
Barley at 0,95 55.7 40.2 L7.7 0.84
Barley at 1.05 - 56.1 41.7 49.3 0.85

The grlces for N and P 05, respectlvely, were $0,1226 and $O 0856 per
pound,

such as 16- 20-0 and 11-48-0, unless he'has faciiities for bulk blend-
ing of fertilizer. éecondly, the least cost combination of fertilizerl
nutrients does notlnecessarily follow a fixed ratio for‘all possible yield
levels, Therefére, a different fertilizer mix would be required for each
“yield level..

~ The objecti&e of the analysis in this section was to examine the
methodological procedures involved in determining the economic thima in
fertilizer use; using. the quadratic form of the pfdduction function., In-
the next section, the economic éptiﬁa for a number of selected experimen@s
will.be examined and discussed., Only the eéonomic optima for each experi-
ment will be presenﬁed. The procedures that aré involved in determining"
the economic optima will'not be ﬁresented, since‘ﬂhey are the same for
every>experiment Also, the form'of the equations used to obfain the
-various economic optlma will be the same for each experlment Obviously;

the values for the regre551cn coefflclents w1ll differ among experiments.
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ECONOMIC OPTIMA IN FERTILIZER USE FOR VARIOUS LOCATIONS FOR DIFFERENT

YEARS AND CROPS. | ' B

The purpose of this section is to éxamine the least.cdét combina~-
tions and the maximum profit positions for 57 fertiliéer experiments con-
ducted in the Prairies for locatlons, years and cropo.lz

Least cost. comblnatlons were derived for soeclflc yields for whéat
oats, barley and rye seeded on summerfallow and stubble. Table 4.9 ..

Table 4.9 .
Spe01f1ed Yields for Wheat, Oats, Barley, and Rye

e v — e —— o ———— —
— — — o it e ettt ——

Wheat Oats Barley Rye

. , ~bushels pér acre-
10 ' ) .30 10 , 20

15 30 ’ 20 - 25
20 ' 50 , 30 | 30
25 | 60 | L0 35
30 - o 50 LO
35 | 80 . 60 :
L0 ' 90 70
L5 . : 80
50 . - 90
55 ,
60 | . ]

12

The other 36 experiments were not included in the thesis for
“a-number ‘of reasons. Twenty-five experiments were excluded because .the
level of N and P,0- in the maximum profit position was negative for one

~ or more of the price levels of the crop. The level of application of the
nutrient or nutrients was negative because there was no positive level of
appllcatlon which had a marginal physical product equal to the nutrient/
erop prlce ratio. The equating of marginal physical product and the price
ratio is one of the necessary conditions for profit meximization. Six
experiments were omitted because they were duplicates of other experiments
included in the thesis, Where there was more than one experiment for a

‘ partlcular location, crop and year, the experiment which had the best

fitting quadratic equation was used. The remaining five experiments were
- excluded because the level of nutrient application estimated for the maxi-
mum profit position was much higher than the highest aopllcatlon of the
nutrients in the actual experiment.
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”“gives the‘speEified'yields'fer each crop. " These yields were the same
for all locations, in order to fac1lltate comparlsons among regions,

The same fertlllzer nutrient prices of $0,1226 per pound for N
and $0,0856 per pound for P205 were used for all locations in the Prairies
inuorder to facilitate regional cembarisons. The prices for the nutri-
ents were obtained from a 1967~ 68 fertilizer retail price list for the
Prairies.13 Feftilizer pricing in the Preiries is divided into five zones,
with zone 1 having the lowest prices and zone S.the highest Tﬁe price
differential between the zones is 31,00 per tén, The prlces used were
“those “for zone 3,

The maximum profit'position was ealpulafed for five-sepafate prices
for each gfaiﬁ. The prices that were selected represent the range'in
prices received by farmers in the Prairies for the various cropé in the
period 1959 to 1968.1ZF The prices for the various crops, which were the
same for all Prairie locations, are given in Teble A.lO.

~ Table 4. 10 .
Selected Prices per Bushel of VWheat, Oats, Barley and Rye

et t— s

Wheat . Oats - Barley - _ ~ Rye
' o ~dollars- ‘ ';

1.40 10.50 0.65 o 0. 95"

1.50 0.55 - 0.75 _ 1.00°

1.60 _ 0.60 . 0.85. 1.05

- 1.70 0,65 0.95 - 1.0

1.80 o 0.70 1.05 1.15

13 National Grain Company Limited, "1967 68 Confldentlal Dealer
Fertilizer Price List", (August, 1967).

., The selected prices for the various crops were based upon the
farm prices reported in Table 2. of the Quarterly Bulletin of Agrlcultural
Statistics for January- March, 1964, 1966 and 1969.
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Economic Optima for Wheat

Economic. optima were obtained for 22 exberiments for wheat seeded
on summerfallow, The léast cost nutrient combinations for specified
ylelds and the maximum proflt yields for the five selected crop prices are
presented in Table B.l of Appendix B, The maximum profit yields for the
lowest and highest prices of wheat for thé 22 expe:iments are illustrated
in Figure 4.5. The optimum fertiliger hutrient levels for thkse yields
are shown in Figure 4.6. From Figure A.é, it can be seen that, alﬁhough
the price of wheat increases by 40 cents, the increases in the.maximum
profit yields of wheat are’qﬁite small. The largest yield increase was
2.1 bushels at Melfort in 1964. The smalles£ increase was 0,1 bushels at

Glaslyn in 1962 and Bonnyville in 1960, These small yield increases indi-

cate that the marginal physical productivities of the individual fertilizer

nutrients are almost zero at these rates of nutrient application, and that
the maximum profit yields are approaching the maximum yield in each experi-
ment. They alsq indicate that the-épplication of fertiliger on wheat
seeded on suﬁmerfallow is almost as profitable when the price of the grain
is $1.40 per EuShél‘as:When the-priqe is considerably higher. |

The maximum profit positions for wheat seeded on summerfallow in
Table B,l -and Figure-4.5, indicate that for a givenulocation, the'maximuﬁ
profit yields will vary considefably among. years. At Mblfort for example,
with the price of wheat at $l 1O per bushel, the most profltable yields
of wheat on summerfallow are 33.9 bushels in 1960, 55.3 bushels in 1962,
26.2 bushels in 1964, and 62.1 bushels in 1966, Similarly, for whea
“seeded' on summerfallow at Glaslyn, thére is considerable vafiation ih ﬁhe
yields between the years 1962 and 1963. The makimum profit yield for

wheat at $1.40 per‘bushel was 29.5 bushels per acre in 1962 and 57,7
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bushels per acrg in 1963. There are a number of factors which will affect
thé yield respoﬂse to fertilizer. Some of the more important of these
factors are rainfall during the growing seéson, the soil fertility and

the amount of soil moisture at the time of seeding, and the tillage and
weed control practices followed, In a sﬁudy déﬁe in Kansas, researchers
examined the éffgcts of the depth of soil moisture stored at planting
tiﬁe, the rainfall during the growing season, and the applications of N

15 They found that the depth of soil

and P205 on the yields of sorghum.
moistufé stored at planting time had the most significant effect on yields.
jAlso, the greater ihe depth of soil moisture, ﬁhe greater were the effects
of rainfall and nitrogen on yields. )
In iooking at the maximum profit positions for these experiments,
it.will be observed that P205 is applied a£ a much~higher rate thén N.
This is consistent with the general fertilizér'recommendations for cereals
seeded on summerfallow, where thé recomﬁended raterf application is much
higher for P205 than for N, However, as yie}ds‘increase, the ratio of
N to P205 does increase slightly, ind;cating that nitrogen becomes rela-
tively more important at the higher yields. This is ﬁhé case in most of
the experimenfs for wheat seeded on summerfalldw. There are, however, one
one or two experiments for summerfallow wheét, notably at Dubuc and Con-
quest, where @he'apblication of N is higher than it is for P,0s. The
soil at these two locations may have'begn low in nitrogen,‘hence a higher

application of N than P205 was needed to maximize-profits.

There are large differences in the most profitable yields of

15hFrank Orazem and Roy B, Herring, "Economic Aspects of the Ef-
fects of Fertilizer, Soil Moisture, and Rainfall on the Yields of Sorghum
in the 'Sandy Lands' of South West Kansas", Journal of Farm Economics, XL
(No. 3, August, 1958), 693, 708. T




6l

wheat on summerfallow among locations for the same year, even when the
‘locations were found in the same . Crop district. The most profitable yields
in 1967 for Spring Coulee and Cowley, in Crop District number 3 in Alberta,
were 23.9 and 38.3 bushels per acre with the price of wheat at 31.40 per
bushel (see experiment 19.and 20, Table B.l).. The differenée in yields
'couid be attributed to one or more of the factors mentioned previously.
They ére, however, two additional factors which may account for the dif-
ference in yields. Firstj,the soil at Spring Coulee is a dark brown, |
whereas, at Cowley it is a thin black. Secondiy, the wheét grown at
‘Spring Coulee is the spring variety, while at Cowley it is a winter wheat.l6
There are also differences in the maximum profit yields for the
same year for expefimehts located in the'samé soil zone. Dubuc and Mel-
: fbrt, which are both located in the black soil zone’of’Saskétchewan, had
in 1966 maximum profit yields of 40.3 and 62.l\b£3hels per acré, respec-
tively, (experiment 1 and 11, Table‘B;l). On the otﬁer hand, at Glaslyn
ﬁnd Loon Lgke, which are both located on grey'wbédéd'soils,'the most
profifable yields for wheat'in 1962 were 29,5 and 29.6 bushels per acre,
respectively, . (experimen£A15 and 18,rTable B.l). Even the optimum ap-
Eplications of the fertilizer nutrients were very similar for the two |
locations. } ‘ |
The maximum profit yields for wheat seeded on stubble (Table B.2)

are not ﬁeariy as variable és,thej were for wheaf seeded on summerfallow.
The maximum profit yields for wheat, priced at $1.40 ahd $1.80 are‘iilusn

~

trated in Figure,h;7_for the 10 stubble wheat experiments. The optimum

16 The fertilizer experiment conducted at Carmangay in 1965 was
the. only other experiment which involved winter wheat rather than spring
wheat. The years 1965 and 1967 refer to the year in which the crop was
harvested. : . C
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Wheat yield with the price
of wheat at $1.40

Yield increase with a L0 cent.’
increase in the price of
wheat

30~

15

Bushels of Wheat per Acre

Kindersley, 1967
Glenwood, 1964
Glenwood, 1966
PincherACreek, 1959
Nanton, 1965
Mazeppa, 1960

Grandview, 1959
Wapella, 1967
Acme, 1960

- Dubuc, 1967

»Figure 4.7. Maximum Profit Yields for Wheat on Stubble Predicted by the
: Quadratic Function for Wheat Priced at $1.40 and $1.80.
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combination'of N and P205 for these yields are shovn in Figure 4.8. 1In

most of the experiments the maximum profit yields fall into the 25.0 to
35.0 bushel range. The most profitable applications of N and P205 also

tend to be less variable than they were for summerfallow wheat.
| There were, however, significant differences in the most profit-

able yields for'l9éh and 1966 at Glenwood (experiment 33 and 3&, Tabl¢ B.1l).

For wheat at $l.40 per bushel, thé ﬁost profitable yield for 1964 was

18.8 bushels per acre and for 1966 it was 33.3 bushels per acre. The dif-

.ference in yields mayibe due iﬂvpart to the féct that the 1964 ekperiment

was located on a clay textured-soil, whereas, the 1966 experiment was

conducted on a silt loam textured soil.

Economic Optima for Oats

There are only three fertilizer experiments er‘oats, two on suﬁ-
merfallow and one on stubble. The least cost nutrient combinations for -
specified yields and the maximum profit positions fof various price re-
lationships for these three experimenté are given in Table B.3 and Table B.,. -
In one of the experiments for oats on swmerfallow, (experiment L4), the
least cost combination of N and P205 fof the varioug'spécified yields
required only the application of P205 for'yields as high as 80 bushels per
acre. Both of the summerfallow ocats experiments were at Melfort, one in
1961 and the other in 1962. Although 1961 was considered to be a dry yeér,
the 3.56 inches of rainfall during the growing season is only slightiy
below the 4.16 inches for the same time period in 1952.17 Nevertheless, .

the maximum profif yields for oats at $0.50 per bushel was 28,4 bushels‘

S 17 Dominion Bureau of Statistics, Agriculture Division, Crops
Section, "Telegraphic Crop Report, Canada", Field Crop Reporting Series,
(Mo. 17, 1961)3 and Dominion: Bureau of Statistics, Agricultural Division,
Quarterly Bulletin of Agricultural Statistics, (July- September, 1962).
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‘per acrevin.l961 and 9215,bushelsuper-acre in 1962, It_would abpear that
the lgvel of soil moisture and/or therlevel of soil fertility at the time

- of seeding were not the same fof both years. The timeliness of precipi-

tation will also affect yields. In 1962, it would appear tha£ the cfops

did receive rain during the critical periods of the growing season.

The economic responses of fertilizer er wheat and oats séededion
summerfallow, in 1962 at Melfopt will be compared.18 A comparison of the
returns per .dollar invested‘in fertilizer for wheat and oats will enable
the farmer with limited capital to decide which crop he should fertilize.
The return per dollar invested in fertlllzer for the least cost comblna-
tions of the various SpGleled yields of the two crops are presented in

275

Table 4 11

Returns per Dollar Invested in Fertilizer for Uheat and Oats Se°ded
on Summerfallow, Melfort, 196219

‘Table 4.11. The prlce of N ard P,0, is $0,1226 and $0.0886 per pound,

Srmr———— poarssasms s ——
et

e

Wheat on Summerfallow . Oats on Summerfallow
Wheat . Wheat Oats = Oats
. Fertilizer at at . o Fertilizer at at

eld "eost 10 1.0 0 HeM U O s0.50  $9.70
bushels - -dollars- - ~ - _bushels = " _dollars-
35.0 0.41 7.85  10.10 50.0 0.59 . 8,31 11.63
400 1.9 6.86 8.82 - 60.0 1.28 . 7.73  10.83
45.0 2.9, 5.86° 7.5 70,0 2.5 6.93  9.70
50,0 L, .86 4.98 6.41 80.0 = 3.1 5.8,  8.17
55.0  8.07 3.87 497 90.0 6.2l 3.9 5.59

18 The economic responses of fertilizer or the returns per dollar
invested in fertilizer are determined by dividing the value of the yield
increase by the cost of the fert1117er required to produce thls increase
in yield.

"~ 19 The optimum combinations of N and P O used in the calcula-
tlons of the return per dollar invested in fertlilrer for the various spe-
cified yields in this table were taken from experiment 9, Table B.1l and

experiment 44, Table B.3. The yields for wheat and oats when no fertilizer

is applled were 32 7 and 40.2 bushels per acre, respectively.
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respéctively; with the price of wheat at $1.40 and $1.80 per bushel, and
the price of ocats at $0.50 and $O°7O per bushel, For examplé, with oats
at $0.50 per bushel and wheat at $L.40 per bushel, the return per dollar
invested in fertilizer to produce 50.0 bushels of oats is 38,22, while,
the return per dollar invested to produce 35.0 bushels of wheat is only
$7 85. /

In these two particular experiments, the yield respoﬁse ﬁo the
application of fertilizer is quite high. Consequently, the return per .
dollar invested in fertilizer will also be high.

Since there was only one experimenﬁﬁfor oats on Stubble; no
* direct comparisons could be made with regard.to differences in yield'levels
for different locations énd years. |

Economic Optima for Barley

There were three experiments for barley séedéd on summerfallow.
The least ;ost nutrient combinations and the maximum pfofit positions
for each’experiment are given in Table B.S. The three experiments were
conducted ét Scott, Saskatchewan, and Fort McLeod and Lacombe, Alberta,
in 1962, 1960, and 1967, respectively. The maximum pf&fit yields are
approximately the same at all thfee”locations. In the experiments atv I
Scott and Fort MbLeod P205 1s-app1ied at a much higher‘rate than N for
- the maximum profit yields, 'Ih the experiment at Lacombe, N is applied
 at a higher level than P,0g, with proportionately more N being applied
as the price Oflﬁarley increases. The high,application of N indicates
that the éoil was very low in nitfogen. |

‘The:zeconomic optima of fertilizer use for barley on stﬁbble are

presenﬁed in Table B.6. The maximum profit y1e1ds for the 17 experlments

for barlpy seeded on stubble are illustrated in Flgure h 9 for barley
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priced at $0.65 and $1.05 per bushel. The optimum nutrient combinations
for these yields are shown in figure 4.10. From Figure 4.9, it can be
observed that there is tremendous variation in the maximumvprofit yields
of barley among the various locations in the Prairie Provinces. With
barley at $0.65 per bushel, the maximum profit yields vary from 22,2
bushels per écre at New Dayton, Alberta, in 1960, to 94.1 bushels per
acre at Red Deer,'Alberta, in 1967. The yield increases for barley on |
stubble for a 40 cent increase in price ranged from a low of 1.4 bushelé,
per acre at Dorintosh in 1960 to a high of 11.3 bushels per acre at Roland
in 1967. The éverage yield increase was 3.8 bushels per acre. For wheat
seeded on stubble, the average yield increase was 0.7 bushels per acre
for a 40 cent increase in the price.

- The returns per dollar invested in fertilizer for stubble wﬁeat’
and barley can also be compared. The comparison is mAdg between wheat and
 barley béth seeded on stubble in 1964 at Glenwood. The returns ﬁer dollar
invested in fertilizer for the various specified yields of éach crop are
presented ianable 4.12, For example, with barley at $0,65 per bushel and
wheat at $1.40 per bushel, the return per dollar invested in fertilizer
to produce 20.0 bushels of barley, is $2.47; whereas, the return per
doilar invested in fertilizer to produce 15.0 bushels of wheét is only $2.30.
Therefore, at these yield levels and prices, barley gives a higher return
for each dollar invested in fertilizer.
| The returns per dollar invested in fertilizer for ihe ﬁwo Perti-
lizer experiments are not as high as they were for wheat and oats on ;

- summerfallow at Melfort in 1962. vThis is to be expected because the level -
of fertilizer nutrients in the soil, particularly nitrogen, is generally

lower for land that has been in crop than it is for land that
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Table 4,12

Returns per Dollar Invested in Fertilizer for VWheat and Barley
Seeded on Stubble, Glenwood, 1964

e e, T,
e — e o

Wheat on stubble : Barley on stubble
Fertilizer Wheat Wheat Fertilizer Barley Barley
vield ©%  §.0  $1.80 vield  ©% 065 .05
bushels . .=dollars= . =~ ° bushels . -dollars— T
15,0 3.16 2,300 2.9 20,0 . O ' 247 4,00
20,0 9.30 1.5 1.97 30,0 434, 192 3.10

40,0 11.24 1.32 2.13

has been in surmerfallow, Consequently, the amount of fertilizer that
has to be applied, 'ceteris paribus!, to achieve . the same yield response
for stubble crops as for sﬁmmerfallow crops is much higher. Hence, the
. return for each dollar invested in fertilizer will be lower.

Economic Optima for Rye

There were only two experiments for rye. In both experiments
the4crop was fa11 rye seeded on summerfallow. These experiments were
.cdnducted in 1960 and 196/ at Indian Head. The economic relationships
of fertilizer use for theseifwo experiments are presented in Table B.7,
For rye at $0.95 per bushel, the estimated maximum profit yield in 1960
wWas 25.2 bushels per acre-and in 1964 it was AZ;A bushels per7acre,'1.7
times‘higﬁer than the 1960 yield. In both experiments, there are‘only
slight increases in the maximum profit yields as the price increases from -

$0.95 to $1.15 per bushel, thus indicating that in each year the yields

< The ~optimun combinations of N and P20s used in the calcula-
tion of the return per dollar invested in fertilizer for the various spe-
- cified yields in this table were taken from experiment 33, Table B.7 and
experiment 69, Table B.6. The yields for wheat and barley, when zero
fertilizer is applied, were 9.8 and 17.2 bushels per acre, respectively..
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are approaching their maximﬁm. The ratlo of N to P205 is less than 1.0
in both‘experimenté, In one experiment, it remains constant as the most
profitable yields increase, .Therefore, in this particular case, the two
nuirients N and P205 should be increased in the same proportion as yields
increase. |

In suﬁmary, it is noted that the least cost combination of N and
4P205 for producing a given yield of a partiéular crop varied coﬁsiderably
among locations for the same year andramong years for the same lobation.

2

siderably from one location to the next and from one year to the next for

Similarly, the maximum profit poéition of N, P 05 and yield changed con-

each of the crops. Consequently, recommendations of fertlllzer use made
- on. the basis of the results of any one experiment will have a high degree

of uncertainty associated with them,




Chapter 5
- SUMMARY AND CON LUSIONS

In the period 1945 to 1969, fertilizer sales in Canada increased
from 575,107 tons to 1,909, 496 tons, an increase of 332 per cent for the
twenty-five year perlod. Because of this large increase in the use of
- fertilizer, there is an increasing need for more information on ihe
.physical and the economic relationships involved in determining the opti-
~ mum combinations andhlevels of fertilizer uee. With this information,
the farmer can then decide.whether or not a dollar invested in fertilizer
will return more than the same dollar invested elsewhere in his business.
If he decides to use ferfilizef, he must then decide: (1) where to use
fertilizer in terms of which soils and crops will gi&e the highest return
for each one dollar invested; (2) what combination of fertilizer nutrients
to use; andv(B) how much of a giveﬁ nutrient eombination to apply on.a
given crop. | g

With this geal in mind, the objectives 5: this studj were as
follows: ; | |

| 1. To determlne the yield response to vafylng levels and
‘combinations of N-and P205 for wheat, oats, barley and rye seeded on
summerfallow and stubble, at various locations in the Prairie Prov1nces,
for the years 1959 to 1968,
| 2. To determine the least cost nutrient combinatioﬁs in preeﬁcing
_ epecified yields for each of these crops-for the various locatiens and years.\

, 3. To determine the most profitable applieation of N and‘PZO5

for five selected prices of eech cropvfor all locations and years.

L. To compare the least cost nutrient combinations for the same



yield and the maximum profit positions of N; P205 and yield among years
-at given locations, |
5. To compare the least cost nutrient combinations for the s;me

yield and ﬁhe maximﬁm pfofit position of N, P205 and yield among locations,

' 6. To compare the return per dollar invesfed in fertilizer for
the different‘crops in a given &ear and location. |

The data for this study were obtained frbm the results of ferti-

iizer experimenﬁs or trials in cereals that were conducted in the three
Praifie Provinces in the ten year period, 1959 to 1968, Tﬁe results of
fertiiizer trials conducted in the Peace Rivér area qf British Columbia
were also included in the study.’ Of the 4,385 fertilizer experiments
whose fesultvaere>tabulated, 3,h58 of these experiments wefebexeluded
from further analysis invthe study. Most of the experiments were excluded
because they did not have-a sufficient number of observations to estimate
a yield response function to fertilizer inputs.

| Foﬁr different production functions were fitted bylleast squares
regression to the obsef#ations in each of the remaining 927 experiments,
Although regression equations wére obtained for the 927 experiments, theré
were only 93 experiments in which the.signs of tﬁé regression coefficients
for the four dérived‘eqUaﬁidns were the same as hypothesized. The hypo-
thesized signs of the regression coefficients for the linear, Cobb Douglas,
quadratic and square root functions are shown in the following equatlons.

IR SR AN SR,
?- boNble2
= 2 2
Y = by + by N+ byP - byN*- b P2+ b NP

"".:bo.‘ ByN-DbP+ bB'VxTI +bh_V}'7+ b VP

5>
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The negative signs of the regression coefficients for the quadratic and
square root equations allow for a total diminishing yield and a negative
marginal physical product for the individual fertilizer nutrients, N and
P205. |
| In this study, the selection of the fertilizer production function
was made on the basis of the coefficient of determination, fhe t tests for
fhe regression éoefficients, and F-ratio for each function.: Becéuse there
were 93 experiménts involved, the selection was based on the avefage value
for these étatistics for each funbtion. The quadraﬁic form of the produc—
tion function was selected as the "best estiméte" of the physical relation-
: sﬁip between the fertilizer inputs and thevcrop yields. The Cobb'Douglas
and thé linear forms of the production function were not selected because
the'R2 values were somewhat lower for these two functions than for the
quadraticAand the square foot functions. Also, the linear and Cobb Douglas
‘functions do not permit diminishing total yield. There was litile basis

to distinguish between the quadratic and squafe root functions. The t-
values for the regression coefficients in the qu;draticAfunction were on
averége higher than those for the square root fundtion; whereas, the

square root function had a slightly higher average coefficient of deter-~
‘mination. HoWefer, on the basis of the higher t-values, the quadratic
function was considered to provide a "better estimate"'of the fertilizer
"input crop-output relationship. The quadrafic‘function was therefofe
uséd.as‘the basis for determihing the yield response to various le§els

- and combinations ofAN and P205 for wheat, oats, barley and rye seeded on
.summerfalloﬁ-and stubble, at various locations in the Préiries, for the

years 1959 to 1968.

The. production surface and the single variable input—qgtpqt curves




79

with one nutrient variable and the other constant at.specified levels
were derived for a ﬁarticular experiment., This experiment was bafléy
seeded on stubble on Peace Hills fine sandy loam at Lacombe in 1967,
These relationships were estimated from the following production functioﬁ
equation: ,

T = 33.6616+0.4553N+0.3438P - 0.0044N° - 0,0029P7 +0,00061P.

The yield isoquants for specified yields, the marginai rate of substitution
of N for P205 at the various combinations of the two nutrients to produce
these specified yields, and the isoclines for different constant values
were élso derived for this experiment. These relationships were estimated
from equations that were derived from the preceding equation;i The least
cost combination of N and P205 for two specified yields of the crops and
 the maximum profit poéition with respect to N, P205 and yield for five
different prices of barley were also determined for the experiment.

The purpose for doing the preceding analysis for only one experi-
ment was td illustrate the methodological procedures and the equatiohs_
involvéd in determining the economic optima in fertilizer use, using the
quadratic form of the production function, The least éost nutrient com=
binations and the maximum profit positions for 56 fertiliéer experiments
“é&%ﬁﬁ?éSéﬁt@d‘in the’tﬁesish However, the equations used to derive the
values for ﬁhese two relationships are not included, since the equations
are the same for every experiment except for the regression coefficienté
and the croﬁ prices. The economic optima for 36 experiments are not pre-
sented, In most of these experiments the most profitable application of
N'and/PzOs Involved negative Ievéls of the two nutrients.

Thé rmaximum profit’positions of N, P205 and yield werg gompared

among years at given locations and among locations for a given price.
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These comparisons could not be made for every crop, because in some cases
there were only one or two fertilizer experiments for the crop., There
was.considerable variation in the maximum profit yields for both wheat

on summerfallow and barley on stubble, while in the case of wheat on
stubbie, most of the experiments had optimal yields which fell within_'
the range of 25 to 35 bushel; per acre, The combinations N and P205 for
both the max1mum profit p051t10ns and the least cost combinations for
specified yields were also quite varlable among years for given locations
and among locations. In comparing the return per dollar invested in
fertilizer for'specified yields of different crops in a given year and
location, if was found that the return was higher for oats on summerfa;low
than for wheat onlsummérfallow at Melfort in 1962, and higher for:barley
‘bn stubble than for wheat on stubble at Glenwood in 1964, when the lowest
pricé was used for eaéh_cfop. However, the relative position of the crop,
with respéct to the return per dollar invested in feftilizer, changes if
the price of one crop increases relative to the other,

The overall objective of this study was to detérmine the physical
and economic felationships involved in the use of fertilizer in the
Pralrle Provinces and at the same time to examine the methodological pro-
cedures involved in the analysis of fertlllzer data. The regress1on—
equatlpn approach to the analy51s of fertilizer-yield data is an extremely
useful device. The regreésion equation not only expresses the physical
relatlonshlps between fertilizer levels and yields, but 1t also permits
. one to determine the least cost comblnatlon of fertilizer nutrients, as
well as to determine the most profitable application of fertilizer. The

fertlllzer-lnput crop-output relationships, however, apply to particular

SOllS for certain years,productlon surfaces obtained under other rainfall and
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soil conditioﬁs can be expected to differ from those obtained in the
experiments reported. Therefore, the crop yield responses to‘fertilizer’
inputs obtained in this study should not be used to make geheral recom-
mendations in the optimum use of fertilizer either at a particular locé—

- tion or for the Province or Prairieé aé a whole. There are, howevef, a

" number of inférences ﬁhich can be drawn from these experiments, For
example, one can determine whether or not a particular soil or area does
respond io the épplication of fertilizer, From thesebexperiments, one

can also get an indication of the yields that can be obtained in ah aréa
withithe application of fertilizer. Also, the experimenté show the effect
of a changé in the price of the crop on the optimum leveis and combinations
of the fertilizer nutrients, N and P205. In addition{.they indicéte.the
change in the level of fertilizer needed to increase yields by a specified
number of busﬁels. The experiments also point out that the ieast cost
combination of fertilizer nutrients does not necessarily follow a fixed
ratio for all possible yield levels.

There are a number of problems whiéh arise when using the regres-
sion-éQuation approach. One of the biggest problems is fihdingexperiments
with a sufficient number of observations'tb estimate the yield.responses
Yo fertilizer inpiuts, Out of the h;385 fertilizer experiments tabﬁlatéd,
only 927 experiments were found suitable for this method of analysis., A
}econd problem is selecting the type of function to use, ﬁhat is, whether
~a function such as the Cobb Douglas or functions such as the quadratic
and square root more adequately describe the fertilizer—inputlcrop-output -:
relatioﬁships.'. | '

The sign of the regression.coefficients for the function is also

important. For example, if the quadratic function has the following form:
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® = by + 0N+ b P+ b0+ b P4 b
then there is only increasing marginal physical productivity. Hence, the
maximum profit position is undefined. If the function is of the form:
£ = by + by N+ b P by - b, P%+b P

_then there is both declining and negative marginal physical productivity.
Thus, it is possible to determine the maximum érofit position in fertilizer
use, |

In this study, there were no variables for seasonal rainfall and
soil fertility and soil moisture at the time of seeding. In future studies
these variables should be ihcluded in the estimation equation. Data for
 seasonal rainfall could be obtained from other soﬁrces, if it is not pre-
sented alohg with the fertilizer—yield reéults. Aithough‘data on precipi-
‘tation is not available for every location, the closest location for which
precipitation is recorded could be used. Data on soil fertility has be-
come available in the last few years with the advent of soil testing‘
facilities in éach province, However, daté on soil moisture is available
‘for only a few experiments in each province and only for recent years.
Alfhough the three additional variables would increase the minimum humber
" of observations needed to estimate the fertilizérsinpuﬁ crop~output rela-
“tionships, it may be possible to combine several.experimeﬁts-fOr the same
soil fype for different years with different amounts ;f rainfall and
levels of soil fertility and soil moisture. In additioh, the inclusion
of these three variabies would place the farmer in a better position to
decide~whether or not to apply a certain level of fertilizer, because at
the-timevof‘éeeding~he knows what thg éoil fertility and the soil
moisture.levels are. In the case Of-rainféll, he could assume the average

~ for the growing season. Ir his capital is fairly limited, he could_aséﬁﬁé




a lower rainfall; but which has a highe,r probability of being obtained.
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= P | }‘fTabié, AL o e
' Sales of Fertilizer Materials and Mixed Fertilizers in Canada and the
Prairie Provinces During the Years Ended June 30, 1945 to 1969.

- : Sales in Prairie

Year Prairie Canada Provinces as per
.- - _.-Provinces . cent of total o
o ' ‘ ' S Canadian sales SR

o . -short tons- per cent
© 1946 31,202 632,943 4.9
1947 L4890 . 660,721 6.3
1948 . 5,211 ' 672,171 7.6
- 1949 67,902 741,726 9.2
1950 85,451 | 764, 581 11.2
1952 86,496 768,515 11.3
1953 100,476~ . - 819,803 12.4
195 75,22 811,641 C 9.3
1955 . 54,880 790,77 6.9
1956 62,71 - 800, 680 S 7.8
1957 U,786 808, 251 9.3
3553 113,911 f 906,214 12.5
- 1960 137,243 - 935,428 147
1961 173,480 - . 1,077,412 16.1
1962 209,804 , 1,144,000 - 18.3
1963 289,834 1,256,841 S 23,

o 196L 403,370 . . 1,45,,332 277
1966 684,211 - 1,917,864 35.7
| 1967 815,92, 2,183,440 38,7
1968 953,319, 2,292,723 41,6
1969 IR 581;,702‘ : 1,909,496 30.6

- Source: Quarterly Bulletin of Agricultural Statistics, January-March,
~ . 1947~ 1948, Dominion Bureau of Statistics, Agriculture Division,
.and Fertilizer Trade, 1947- 48 to 1968- 69, Dominion Bureau of
.~ Statistics, Manufacturing and Primary Industries Division,
- formerly Industry and Merchandising Division. '

-



" Table  A.2

* " Prairie Acveages of ALl Wheat, Oats, Barley, All Rye, Mixed Grains, Flaxseed, Rapeseed, Tame Hay and

- Summerfallow, for Crop Years 1945- 46 to 1970- 7L ;

TCrop  Wheat . Oats . Bardey AL o Ixed o e Tame o " Summer=
o : Rye Grain seed seed Hay ) fallow - .~
o ) ' S o ~thousand acres- - ' ‘ SR
1945-46 22,430 - 9785¢ 6516 - 422 - .64 - 8,8 13 1651, 41,732 20,640
. L9M6-KT 23,731 BL70 - 5788 643 - 48 865 2, 1650 . 41,219 20,398
- 1947-48 23,357 7818 7035 12, . 42 1724 58 177 42,932 19,744
1948-49 . 22,820 7516 6082 - 2225 78 1880 - 80 1775  A2,456 20,704
1949-50 ' 26,52, 7355 5617 . 10955 - 91 . -~ 290 20 187 . .. 42,866 21,763 |
11950-51 26,382 7520 6205 1041t 116 5Ll % 2071 43,876 21,606 .
S 1951-52 2,385 8312 - 7530 © 1047 - 142 . 1086 7 2177 - 44,685 21,569
-0 1952=53 - 0 25,372 . 7560 - 85 1153 . 132 7 1027 19 - 2281 45,689 - 21,460
- 1953-54, 25,517 6490 8599 1431 137 C. 908 30 . 2265 - 45,366 22,960
Lo 1954=55 © 24,707 . 6715 T 7568 687 177 148 - KO 2586 143,628 25,630
- 1955-56 . 21,9k . 7788 . 9638 665° 228 1809 - 138 2777 . 45,007 24,514, .
(1956-57 22,064 . 7422 818l - 452 . 305 - 3010 352 2895 . 44,681 24,113 .
S 1957-58 ¢ 20,881 T 5633 . 9209 . 455 . 350 3462 - . 618 3429 44,037 25,08,
0 1958-59 21,480 5810 9104 1 431 . K1) Y2526 U626 3680 44,068 26,399
- 1959-60 - 23,970 5626 - 7700 458 . 493 2026 . 2L, -7 3853 4,339 26,59,
o, 196061 23,900 . 6344 6680 490 . 520 - 2481 . 763 - B 45,322 26,893
196162 24,639 - 5122 05360 493 - - 667 . 2051 70 4533 - 43,566 27,860
o 1962-63 0 26,237 m52 0 5097 556 616. - 1396 371 . 4691 W6, 117 27,495 .
0 1963-6L . - 126,996 - 6260 5922 . 583 535 1629 A78° 466 . 47,067 27,201
S 1964~65" 29,080 5054 5217 620 - 548 1916 . 9L . 4816 48,042 26,375 i, 0
. 1965-66 27,790 5645 5741 691 . 606 2265 - 1435 5032 - 19,205 26,580 o0 Tl
. 1966=67 . 29,166 5,50 7010 671 77 1883 1525 - 5249 . 51,701 25,22,
1967-68 . 28,570 5090 < 7600 628 667 998 - 1620 . 5027 51,200 25,950
o 1968-69 . 28,860 53,0 - 8330 - 619 676 - 1502 1052 4780 51,159 26,660 R
" 1969-70 2,400 5630 9000 859 705 2320 2012 5100 . .50,126 28,800 .
1970-71P 12,000 . 5390 - 9500 944 875 - 3350 . 3950 - 6160 - 42,169 36,900 - '

~ Source: Handbook of Agricultural Statistics, Part I, Field Crops, 1908-63, (March, 1964); "pPreliminary -
Estimates of Crops and Summerfallow Acreages, Canada', "September Forecast of Eroduction of v ,
Principal Field Crops, Canada, 1970%, and "November Estimate of Production of Principal Field = ~ .
. Crops, Canada", Field Crop Reéporting Series, (No. 13, 1963-1970, No. 14, 1962, No. 19, 1970, _ ST
. No. 20, 1963-1969, No. 23, 1962), Dominion Bureau of Statistics, Agriculture Division, Crops Section, - .
- ¥ Less than 500 acres . I ’ C Lo hE
& Preliminary estimates B S




Do T o Ey o Table A3 0T
© Canadian Wheat Supplies and Disposition for Crop Years 1945+46 to 1969~70.
| " Total Stocks at ' Stocks Total Export of -T-Ddaéstic Total
Beginning of - Production Suppl Wheat and Disposition Disposition .
Crop Year . PPy Flour : of Wheat of Wheat

e ———— —

Crop
Year Farms

‘ : -million bushels-
1945-46 ' 258 29 A 316 574 330 161 - 501

3f5'- 1946=47 7 27 L12 L85 24,3 156 ' 399

©1947-48 86 260 . 339 425 - 195 152 347
1948-49 78 . - 39 . 381 h59 . 232 - 125 - 357
1949~-50 - 102 43 T 366 - .- 468 . 225 131 © 356

L 1950-51 . 112 12 - L66 579 21 148 389

1951-52 189 - . .22 55 %3 3% - . 10 526
1952-53 27 . 19 702 919 386 - . 150 536

0195354 - 383 9L 63h 1,017 255 WL 399

1954=55 - 619 . . 232 332 951 . 252 62 Ry
1955-56 0937 o 138 0 519 - 1,056 . 312 - w16h o o 476
1956-57 .. 880 204 573 1,153 26, 155 419 ‘
1957-58 - . ML 323 393 L1266 320 158 478
1958-39 . 6w 21 398 L0460 294, - 16, o Lsg -

. 1959-60 . 588 169 . 445 1,033 . 277 . 186 . 133

1960-61 . 600 oML 518 el 118 353 156 .. 509 o
1961-62 .~ 608 - - ol 283 0 0 892 ' 358 3 - 501 R
0 1962-63 3L 39 566 9570 T 331 138 W69 Tl
11963-64 487 65 m2L 211 59 - A
. 1964-65 - L59 - - 121 .. 601 1,060 . 400 AT . 5hT7
©1965-66 T 513 : 109 . 649 1,162 585 . . 187 . o M2
1966-67 .. 420 - 100 - 827 1,247 - 515 L 156 671
1967-68 5T .5 593 L1700 - 33 168 . - 504
- 1968-69 666 S 236 650 1,315 306 - 158 A6
. 1969-70 - 852 _ 372 684 ' 1; 536 347}) IR 178p : 525p. '
1970-71P 1,011 . Bh3 . 330 1,341 T L T ’
- Source: 1968-69 Annual Report of the Canadian Wheat Board, Canadian Wheat Board; The Wheat Review, = = .
August, 1970, September, 1970), and "September Forecast of Production of Principal Field Crops, .
Canada, 1970, Field Crop Reporting Series (No. 19, 1970), Dominion Bureau of Statistics, Agri-
, culture, Crops Section. . ' , : ~
P Preliminary estimates.




The types of data coded on each card were as follows:

Columns

1, 2, .

10,

13,

33

35

37,

10,

43
h5 3
50,

53,

56,
59,
61,
66

68,

n,

75,

11,

14,

38,
41

46,
51,
54,
57,
60

62,

69,

T

76

* . 9
12

39

L7, 48
52
55
58

63, 64

70, 7

Item

FERT RESP

Region Number

Location
' Crép (wheat =1, oats = 3)
(barley =4, rye =5)
Summerfallow = 1, Sﬁubble =2 , ;f};
Soil Type
Soil Texture

'Soil Texture Group
‘ Year

 Nutrients Applied in Pounds per Acre N

n L n n P

| - PO
” n 1 1 D
K0
n n " " S

Yields in Tenths of Bushels per Acre

Control =1, Noncontrol = 0

- Experiment Number

~ Total Number of Cards for Experiment

Number of this Card



Data Pertaining to the 93 Fert

epumam——

Table A.L4

ilizer Experiments Included in the Study

——

r—————

a———

m——

——

—

n——e

S———

———

Wepella

Exp.. o Crop’ Soil , No. of

no. Location “district Province Soil gZone  texture Crop Year the exp.
1 Dubue 54 Sask., black " loam wht.on smf 1966 2,62
"2  Conquest 6B " dark brown sandy loam " 1961 4027
3 Kindersley TA " brown clay " 1961 4029
L Scott 7B n dark brown loam " 1964 3221
5  Archerwill 8A " thick black " " 1968 2089
6 Melfort 8B " black clay n 1959 L858
7 Melfort 8B n " " " 1960 4327
8 Melfort 8B " " " " 1960 L4TO
9 Melfort 8B " " " " 1962 3759
10 Melfort - 8B " " " n 1964, 3127
11 Melfort 8B " " n " 1966 2504
12 Glenbush 94 " ‘thick black loam n 1960 1,528
13 Hafford 94 " black o " 1962 3821
14 Snowden 9A. " grey wooded . " 1964 3144
15 . Glaslyn 9B " " " n 1962 3823
16 Glaslyn 9B n on " n 1963 3472
17 Turtleford 9B " thick black " " 1962 3822 .
18  Loon Lake 9B oo grey wooded " " 1962 3824
19 Spring Coulee 3 Alta. dark brown " " 1967 5415
.20 Cowley 3 " thin black clay loam " 1967 5453
21 Ft. McLeod 3 n .dark brown " " 1960 7198
22 Carmangay 2 " " sand " 1965 6023
23 Bonnyville 6 n - black loam _ n 1960 - 7185
2L McLennan 7 " dk.gr.wooded clay loam " - 1959 7313
25 Grandview 11 Man, . black on wht on stb 1959 955
26 Moosomin 1B Sask, n loam n 1964 3097
27 Wapella 18 " " " " 1967 1766
23 1B n " " " 1967 1767



Table A.L (continued)

': Crop

5

Exp. : Soil No. of
no. " Location district Province Soil zone texture Crop Year the exp.
29 Dubuc 54 _ Sask. black loam wht on stb 1967 1769
30 Kindersley 7A " brown clay n 1967 11999
31 Scott 7B " dark brown loam " 1961 4039
32 Milk River 2 Mta.  brown " " 1960 7200
33 Glenwood 3 " thin black  clay " 196, 6388
34  Glenwood 3 " " loam " 1966 5767
35 Pincher Creek 3 " " clay ‘ " 1959 7431
36  Nanton 3 " " loam " 1965 €015
37 “Acme 2 " " " " 960 T
38 Mazeppa 3 " " n n 1960 7201
39 Ft., Saskatchewan 5 " black sandy loam " 1968 5003
L0 Bonnyville 6 " " 4 loam " 1959 711
L1 Blueberry Mbth. 7 om dk.gr.wooded clay loam n - 1959 - 7322
W2 Melfort ' -8B Sask. black clay oatsonsmf 1961 3992
L3 Melfort . 8B " " " " 1962 3766
L Melfort 8B " " " " 1962 3767
45  La Corey 6 Alta. dk.gr.wooded loam oatsonstb 1965 6041
46 Minnedosa 9 Man, black clay loam bly on smf 1968 61
L7 Scott 7B Sask. dark brown loam n 1962 3816
L8 Ft. McLeod 3 Alta. " clay loam n 1960 . 799
49 Harmatton 3 " dk.gr.wooded loam " 1960 7.53
50 Laconmbe 5 " black " " 1966 5749
51 Lacombe 5 " " " " - 1967 54,29
52 High Level 7 " dk.gr.wooded sandy loam " 1959 7433
53 Sanford 3 ~ Man, black " clay bly on stb 1960 804
5l Sanford 3 " n .oon " 1966 204,
55 Portage 3 " LI loam " 1960 807

Roland 3 " n sandy loam n 1967 101
57 Elie 3 " " clay n 1967 107



CAal
—

Table A.L (continued)

Cﬁbp'

No. of

: Soil
no. Location district Province  Soil zone texture Crop Year the exp.
58  Rossendale 8 Man, black sand bly on stb 1967 111
59 Bagot 8 " " L " 1968 51
60  Loverna 7A Sask. brown clay loam " 1959 L8L9
61  Melfort 8B " black clay " 1968 2098
62 Turtleford 9B " thick black Joam " 1959 4850
63 Turtleford 9B " n ‘ " " 1961 LO43
64 Dorintosh 9B " grey wooded " " 1960 L5041
65 Walsh 1l Alta, dark brown n n 196 6377
66 New Dayton 2 " brown " " 1960 7204
67  Barons 2 " dark brown n " 1964, 6375
68 Welling 3 " " " " 1962 6772
69 Glenwood 3 " thin black clay n - 1964 6389
70 Glenwood 3 n " loam n 1967 0 5LL7
7L Ft. McLeod 3 " dark brown clay loam " 1962 6776
72 Nanton 3 " thin black  loam " 1964 6391
73 . . Chedderville 5 " dk.gr.wooded - M n 1966 5717
/N Chedderville 5 " " " " 1966 5718
75 .Chedderville 5 " " " n 1966 5719
76 Chedderville 5 " " " " 1966 5720
77 Chedderville 5 " " " n 1967 54,09
78 Chedderville 5 n " " " 1967 5411
- 79 Condor 5 " " n " - 1967 5,02
80 Condor 5 " w n " 1967 5403
8l Condor 5 " " " " 1967 5,05
82 Red Deer 5 n black n ‘ n 1967 5395
83 Lacombe 5 " " sandy loam " 1966 5721
-8l Lacombe 5 . " " " ' " 1967 5389
85 ° Lacombe 5 " n " " 1967 5390
86  Lacombe 5 " " " " 5391

- 1967




Table A.4 (continued)

t  Cf6p | S Soil No. of

' no, Location = district Province Soil zone texture Crop Year the exp,
87 Ponoka 5 Alta, black loam bly on stb 1948 5005
88  Myrnam LB " dk.gr.wooded @ m " 1965 6009
89 . Lamont - i 4B " black n : " 1960 7155
90 Bluesky 7 o dk.gr.wooded clay loam n 1968 5007
91 ° Indian Head 24 Sask, .black clay rye on smf 1940 4275
92 Indian Head 2A " .o n " 1964 3082
93 Carmangay 2 Alta, - dark brown sand " 1966 577




Table A. 5

The Regression Coefficients, the t-Test for the Regression Coefficients, the Coefficient of
' Determination, and the F-ratio of the Linear (A), Quadratic (B), Cobb-Douglas (C), and
Square Root (D) Equations in each of the 93 Experiments

‘The'regreSsioh coefficients and the value of t-test for
the regression coefficients of the following terms .

Exp. ' ' Value

\ , 2 2 . No. of
no. FEquation b, N P NorVYN P°or /P NP or /WP of g2 F-ratio "0 ”
1l A 22,7213 0,1316 0.1791 ‘ 9
3.00% 2.13++ , 0.785 10,963
B 21,7625 0.2102 0,3819 -0.0029 -0,0131 0.0084 - ‘
0.97 1.62 1.20 1.03 . 0.62 0.87, L.16+
C 20,21, 0.0915 0.,0469
, 3.18% 1.7+ ‘ ‘ 0.829 14,53#%
, 1.05 1.20 1.34 0.7L 1.32 0.898 5.30+
2 A 14.2925 0.1477  0,0036 : o : : ‘ : ' 16
. B 13.8994 0.2590 0.0445 = -0,0087 -0,0007 0.0020 . »
: 1,66+  1.14 - 1.26 S 1.63+ 1.1+ 0.657 3.84%
- C 13.379 0.0692 0,0128 _ ;
v - 3,62 1,00 o : 0.520 ° 7,06%%
D- 1,.8076 ~0,0121 -=0,0539 -  0.0766 0.2061 0.1389 _
' : - 0,12 2,184+ 0.16 0.83 327 0.812 8,62
3 A 16,7600 10,0994 0.,0777 - ' : 16
. ' 197+ 6,15 0,762 20.84%%
B -15.7342 0.,1632 , 0.1896 -0,0056 -0,0015.- - 0.0015 - ‘
143+ . 6.63%¢ 1,12 © - L.80%¢  1,.84 0.935 28,66%*
- C 15.307 0,032, 0.0792 o CT
S 3.87e 1), ,25%% - ' . 0,944 - 109.043%%
D 16,0434 =-0,0042 ~0,0390 ).0873 0.9095 . 0,082, -

0
0,06 T 2,07+ 0.23 kB2 2.54% . 0,961 49.37



© Tabls A5 (continﬁed)'

The regﬁéssion cOéfficiéhts énd the value of t-test for
the regression coefficients of the following terms

‘No. of

. Exp. o
F-ratio obs,

e, 'Equation | bo ;‘ N ' P N2 of?ﬂ? P2 or_Vﬁ_ NP or VNP 'of R

0.073, ' : : . : :
5,80 : 0.728 17,38
0.2213 ~0.0040 ~0.0018 0.0002 '
1, 173 147+ 10.L9% 0,31 0.978  87.85%x.
0.1390 . ; ‘ -
20,7236 , ‘
=1.955, . 0,2205 1.1605  0.027, , ,
3.39me 0,67 7.08%¢ 0,97 (0.966 57.4,9%¢
0.1675 : ‘
S 5,10 o T
©0.41520 0 =0.0103 - =0.0045 0.0019 - . : -
e : B.73e 0,98 0 3.38% - 0.5L 0 T 0,951 19,37
C. - .36.355 .0.0102 0.,0628 . . o i o o
LT 2,64 18,76 ‘ . R
~ D 36,9721% -0.0285 --0.0863 = 0.0235 -1.9068 . 0.0876 - - e
i LR 017 1,98+ S 0.0L T 6.00%E 1L 70,985 . 65,72
o6 A LBuL5A8 00,2959 O.LA3Y | L
SN Iy L CLo69+ 0 6.8
OB 36,4939 1.0433 1,082, - =0.0
. C . 3.05% 10,07 2.6
C. 0 37.362°0.0.0399 - 0.1322
R ' 5,273k - 22,970k e
- =0.3759  ~0.2997 2.5 05,6117 00,1260 : :
e . - _11.67_,_ . 3‘[4_97‘(—)% 2.2k : ' 7,83** -.-_.1‘05- v 0,967 . 8]_.35—);—)({ . - S
7 A 28,7217 0.0085 0,108 : R I 20
T 0.10  L.opse ' S 0.491  8.,19x -
B .. 27.348,  0.1213  0.2520 © =0,0069 -0.0026  0.0011 o
SR 0.42 2.7 0.56 = L1.89+ - 0.20 0.6l h.A5*

16

(OS]
=

. -

b A 9.0025

'...J
I..J

B 7.4105

DR
LS e I

c 7. 5640
S 0.971  219.25%

’f._J e

o
Q
L
S\
23
o+
[
WO OO O

DN N ~FN fw Y

s S A 3s.ss

MO D OWOND IO

B AR

.+ [

ANy N
. |
00
Ut

B 36.843)

~ O
N

<

10,980 197,29

0 2L e
32 =0.0109 . 0.0014 - o
0686 L 033 0947 50.41%

0.9 277.75%

I

D ' &/36.7612




_ - Table A5 (cgnﬁinued'), S

k The'regféésibn coefficients and the value of t-test for
the regression coefficients of the following terms

Value

No., of o

D

27.2,09

1.33;060h

S 33.3477

31.566.

.9

i 3@.1400'

* 32.7&25;fa
32020

33,0620 =0

" 20.6260

9.1,

17.9%

’ 19,1623'

20,0353
/'Qféh E

5.83%k
0.86

0.04,91

2,004+

0.0914

S99
0.0250.
C2.89%
=0.0679"

0.99

01961 T

B
0.48L8

© 5363
0.0916
11.00%e -

)y =0.1021

1 1.36

10,1032

5 L0

0.2191

3, bt
0.0809

~0.0161

O.BO .

0.2556

o
1

- -0.0018
2.63%

82
50+

90 -

- 0.0466

0.40

- 0.0062
2.10++

C0.2003

0.0678
1.24

0.669 .

0.64L4

L oums
39 - 0.0018 ¢
> ‘ l§lh ' O.90h"
. 0.910
-o0.08, . 0
* 1.9 0 -0.909
S o
0.0009. .
1.48+  0.689
| 0.675

0.680

1707

B O

2,52+

2,89+

ST

3,60%

j 16.30%¢
18,810
6597

20,043

15,33k

9. 76%3¢

C25,96%%
9.37%

. Exp, R _ - S— -
~ no, . Equation be N P N?' or YN P or /P NP or NP of R2 F-ratio obs,
7 ¢ 26.915 0.0562 o

20

| 16



,.Tabie A5 (continued)'

" The regre¢516n coefficients and the value of t-test for
- the regression coefficients of the follow1ng terms '

o L : Value o . B
Exp, : - : ST, No. of .
' ﬁq. ~ Equation = bg N P N orj/N P orT/— NP or V of R ‘F-ratio.  obs.

"57.2129-

>

1 97 0.0746 . B o . 18
| 2.8 3 | L
93 0.1383  -0.0043 - -0.0018 0

N 0.76 1.20 - 1.
25 .0.0186 ,
4 326k ‘ , o - 0.478 . 6,880
L3 =0.0151 0.5258 . 0.4435  0,08,8 1 .

016~ 0.48. - 0.56 0.85 - 0.512 2,524+

8 . .
345 0.0u68 o b B 17
)

O
-

W
O
(928

4

2.90++

{
i,

00 G A
(&
.\
&~
3

. C. 556817
,n'; 57.0117

L O

.0
3
2
.6
0
.0
S22 A 30469110 0.0
L . TS : s .6

%

oo <3<3}4~J~D~344<3

g - 0 3.2mee T 0.0 B9%
B . 29,3472 1149 0.1586°  © -0.0037 ~ =0.0013 - ~.0.0000 |
: o 58 1 3.22%E 043 ¢ 2.50% . 0,00 0 00647 - L.,02%
G 29.369  0,0090 - 0.0310 - T B T
- R 0,90 . Lobbsae oS T 0.617 11,27
D 729.7220 =0.0376 <0.0402° - '0.1750° . 0.7430 ~ 0.0396" S S
| AT 0.23 . 0.97 1 0.21  L.76+.  0.53 0,629 3.73% | ,
13 oA - 15,1178 0.1395 0 0.0312 I T R B VA
U 23 23k% S 072 L 6.26
B 14,0575 0,382 00,0896 . =0.0140 <0.0008 - 0.0014 R
oo R29% 2054 1,924 - L.87H 0.9 0,703 5,21%
e 13 875 00,0627 - 0,0397 . . - o -
e ,t. 3.06ME 3gmer o g e 16 gk
CUD L1547 -D.0905° =0.0332 . 0.8507 . 0.4908 0.052%° :
S 0.63 ~ 0.92 ° 1.7 - 1.35 0.8

N e]

0.087 L.83%

B T 19,2576 10,0162 20,0802 . 20

SRR 02,08 e T o S 0.500 8.5 L
B 8.6993 00,1133 0.1751 . =0,0025 | <0.0012 - o SR
S - 0.0 2,53 0.80 COL.63+ 0 0.27 0 0LA0L L.28%



- Table A5 (continued)

E—
The regreosion coefficients and the value of t-test for
o the regression coefflcients of the ’ollowlng terms - : : .
- : ‘ - - Value . : '
“Exp. s . No., of
'no.  Equation be N P N2 or1/~ p? or /P NP or /NP of R® P-ratio  obs.
1L c 8,212, 0.0237 0.1341 o :
‘ 0.7, 5.093¢ o ) - 0.609 13. 23
D 8.882,  -0.0559 ~0D,N197 0.312, 0.8013 3.0483 ’
) o 0.50 0.35 . 0.38 140+ 0.5 - 0.635  f.@mee
K S A 1 23.2359  0.1503 . 0.0066 o _ o 17
‘ g . 13L 0.2y . | - 0,117 0.93 o
- B S 19.4512 0.7007 - 0.2603 - ~0.,0300 = =0.0033 0.0022 e
T L05ee 603 3 o T 6,063 1 L0+ 20,880 16,13t
C 19.970- | 0.06L6 ~ 0.0336 L - |
S 2.55% 2,004 A 0429 5.26%
D 19.5130 -0.L408 -0.2230 = 2.3585 1.9573 = 0.1003- ‘
S _ 2.95% L 5,96%¢ T 3.138 0 519w 1514 - 7 0.87) 15,23t ;
o160 A T051,9093 00,0535 0 -0.0607 - o o [ “ R
L ' S 0.50 2,37 L : L 00324 2,884+
B 49.897,  .0.305, 0.2373 -0.0150  -0.,0023 0.0015 . o
S 0860 2,93 0 1,00 2.5L% 0 0,52 0,643 3,24+
- C 7. 49,703 0.0080 0,0281 - - S L _ L
L © 0 0.80 0 L L.60%E S T 0.6L6 10097
D 4906566 0=0,1211 ~0.1471 ' 0.611L - 1.8999 . 0.02L6
S : Lo 0.7 R.224+ 046 ©R2.94% ¢ 0,23 . 0,708 L.37% ‘
17 A 26,8325 0.1869 0 0.0553. S 1 - - LS
L SRR 1.32 0 1.56+ 0 ' . 0.230 2.09+
B 25,0419 ¢ 0.6730_-'0.1983; -0.0362 - " ~0,0025 0.0077 " - R '
ool O L.80+ 0 2,13+ 2.22% .0 2,,8% 2.27% 0.698 - 5,07%
'C. 23,488 0 0.062 - 0.0489 - o | | - - - .
o et CR.26% 2 6% ' o S 0.468  6.15%
"D R6.5452 =0.5472. =0.1467 . 1,6052  -0.9758 . 0.3913

2.3% 0 2.60% LI+ 10724 3,91 0.8n, 11.93%¢



 Table A5 (continued) -

B,

no.

The regression coefficients and the value of t-test for

the regression coefficients of the following terms

-Equation = by

N

P

F-ratio

No, of ’i_ ‘
. obs. G

18

..: ‘- B 19

':..20 - |

A

B

o

21,1826
23.3572
22.718

21,.1233

15.0212
1337
:'12;€;A :
1212,
  19§2606’ ’ .
~ 15;465o f
L7581
161218
:'?120.4987“{

‘”l§.7870:‘

0.,2003
2,813
0.3351,
1,984+
0.057,

3,62
-0.,0502

0.33

0.0945
1,624
10,0139 .
16,26
=0.1526

2,82

1.12

-0.0945
;_1.75+
10,0218
. 0.65
0.1149

0.91

0.0155

. 0.87 -

0.1155
2.38%
0.0211

2.,0] 4+ .
-0.0980
2.60%

- 0.0728
3.0l

SRR A Rt

/i

0.0910 -
6,923
=014
L9236

0.1
579w

0.6389

0.2026

10,0772
2,91%

0.1800
R 2 ol{,?f“‘

W or /N _fz or VP NP or VP,

-0.,0141
111.66+

0.5589
C2u,0%

| 20,0016 -
10,763

2.,38%

2 0.88

0.4757

' 20.0030
1,060

-0.0015

2.89%

0.69L5
1.83++

. =0,0024"
L.

1 0.1400
2.1,0%

L 0.0013
Sl

10,1197 1
EXTE

0,001
R

o0.1222
¢ : 4.2.63.)‘1. . ‘v

L3
6,23
8,60

- 7,80

7,343

16

19.89%¢

BT -t

0.90m

16,876

'5l61;'_: v.

'64.Qoﬁ%>, A

Coss.eeme
o BRI V

175+

. 132.75%¢



S Tabl«?‘ A.5 (coﬁtinﬁed-)-,f _

—— -—

I ' The regression coefficients and the value of t-test for
-~ the regression coefficients of the following terms

Value

5 No. of

“BXp. ' :
2 F-ratio obs.

“'no. Equation by - N P N or U P2 or[F NP or /WP of R

21 C . 19.271 . 0.0218 0.0397 . - - L
' C1.52+ 0 2.78% | C0.435 5,01
D 19.1609 -0.1520 -0,0129 1,099, - . 0.5350 0,02 :
o O luub+ 0012 1.49+ 0.72 0.2
L2200 LA 34,4012 0.1094 0.0682 '
- . 1.95+ 1.22 - _ .
B 29.8725  0.3132  0.4569-. =0.0034  -0.0056  0.,0022 : -
o 2.38%  3.Lgwe 0 2,33% 0 3.88w 0 1854 0,790 7.5l
~-7C 29,081 . 0,0567 - 0.0586 L R »
o s ope s 3 A e :
D 031.2368. =0.1153 0 =0.3644 0 11769 03,1606 - 0.1956 - , o
o 10 3uee 120 ) 3.,00% 2,06+ 0,815 0 8,83k g e L .
230 LA T 29,2000 0.0909 - 0.3720 . e ' o , 6 L
e 0090 3l e 0,520 Tk
B 24,7613 0 0.4320°  1.1074 - 0 =0.0106 - -0,0201.  0.0055 - . ¢ R -
S LS RO 175+ 30330 0 10130 0,813 - 8,68%
S0 23,38, 0 0.0hLL 0,151 S : 0
 , ST 91 6,50 R A R R
D 23,4500 1 =0.3440  =0.4675 - 2.3780 . 5,106l 0.1588 o _
BIRRNL T S S L.80+  2.45% 0 1,76+ o 30T 00,96 0 0 0,875 13,97 o
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R~ 026 « S . 12 A o K 0330 3.9
< UBN: 24,9189 0.2206 ¢ 0,1280 . -0,0025 . ~0.0014 . 0.001 . :
U 2% LR+ 2,09+ 119 0 1.76+ 06L6 LJT5F
UG 23,542 0 0.0538°. 0.0385. . O o
R e 3.esImE 2.79%. R R o 0L563 10,308
‘D - 24,8969 =0.0961° -0.008L : = 1.1717 0.2859 .- 0,0936 ' :
: 1060 0.09 LT+ o 036 140+ - 0,622 h.27%

L] ? ’
23 0.503 2,02+
- ’ 16
N0.290 - 2.65+

. 0.601 ‘,'9‘,'77'-x—ee v

C0.779 2.9




_ 4 - Table AS (continued) | _
' The regression coefficients and the value of t-test for ' '
the regression coefficients of the following terms -

B ' . : : Value
UExp. | | 2 2 . S e 2
‘ no. Equation be N P Norl/N P°or /P NP or /NP- of R

25 & . 23,7088

"F-_-ratid, . obs,

0.0661 0.09N . - ' , 17 '

2,033 2.32% _ . ' 0.522 YIRS o

0,2635  0.,2661 . ~0,0023  ~0.00L6 0.0002

3,15 2,084+ 2.L6% 1 AL+ 0.14 0.7,8 . 653w
o 19.572 0.0838 0.034,8 - ' - '

C 559
N
1

B 20,6849 .

3 08 o . S 0.793 2679w
W66 =0.0640 - 2.2822  0.6437 | -
M0 295 . 07

o260 A 21,5722 0.0548  0.1692
oo T L 2024 R o |
‘B! 206145 0.0750 - 0.1621 . =0,0010 . .=0.0020 - 0.0020+ o
st 0,20 TT00 0,39 0 08 0,26 0L601 T 1.3
C 020,929 0.0670 . 0.0218" , L o 2 o
= . 1.83+ 0.0 - R Lo 0682 0 o
Co DU 214582 =0.1407 0 -0.0753 7 U 0.5861 0 0.0106 - .0.3599 . . . -
S om0 00T 00070 0009 0,09 0,30 0,728 1.1
27 A 18,4523 0,0523° 0,1410 . o R SRR S0
Sl e 2,79 o L 0.681 0 7.uE o
OB 17.0552 el

D 18,5971 '
» S 0.7 7.0me

. 0.657 5.7&’* .

12000 0.3407. =0.0017° -0.007, 0
L, 2077 L6+ 2,05+ ., 0,

B 1. DN 5L
LC 160759 0.0 o & .
R 2.1
1.2

]
L75 . 0.0642 - T e
R . Stk 3.23% - o o 0,828 16,8l
Do 17.4285 0 <0,2552 0 <0.3L4L 0 1.3726 0 0,904 T 04465 IR
T T P L2220 2.30+F . 2,07+ 1.2, 0 240+ 0,922 9,,3%
SR8 A 15049530 0,073, 0.1720 BN
R R SR 78 5 )8 oo S R
CUB 15,5303 0,058, 0.2392 | -0,0008 & 10,0038 0.0039
3 L 0.AL 2,26+ 0,93 1.26 1.2 0 0,933 11.°

© 0,807 30,62

‘No. of -



R SR  Tablie A.5 (continued) T
—
The regression coefficients and the value of t-test for ‘ : o
the - revression coefficients of the ’ollow1np terms

S e _ ’ Value C .. ’
Exp. , , : 9. : : No. of -
no, FEaquation ° be - N P N‘ or1/ﬁ P or1/- NP or VNP oP R F-~ratio obs, .-

e BT ¢ 14,419 0.053, 0,080 s
~ N , L 2.62% 00 I : . 0.879 25 L8308
n 15,5056 =0.0A17 =0.0341 0.4400 0 -
S 0.52 . 0,21 0.62 - 0,

29 A 24,3099 0.0946  0.1073 ‘ ~ _ SRR : - 10
: e A5 po3gk o - . 0.781, 12,49
©B 22,958, 0.2013 0,242, . -0.0021 -0,0061  0.7031 - :
i S 2.5THE 2,754 2.85% 2,384 1,02 - 0,945 12.68%
S UG 22,1070 0.0708 . 0,0267 o . N - .
N E W90 2,084 . - : : T 0.895 7 29,75k
D 22,8799 =0.2168 -0,2657 .. .1.7312. . 0.3963° . 0.3780 S
: e : 2.38++ 2,17 LT 3.20% < 0,67 259w 0,955 17,14 |
300 LA 28,0646 0,0222 KL S T o1
SRR 035 - o BT - B
"B 26,8000 “0.3545
1,02
C 26,977 0.0

63 .-0.0064 . =0,0051  0.0037

067 12779

1

S i S f i 3

D - 26,8000 -0,5289 -0.60

AR S 5. 770,19
s

It

[N
.
N ~3

w3 A 17.887, - 0,0019 26 . L S s18
B 1606517 0051, 0 160&_ C.o=Ni0018 T -0,0015 . .0.0008 P
T 0.52 0 13 3 0.81 0 2.8 0,97 - 0k, 5.10%% ..
G 16,089 - 0,0077 - 0.0635 Co , -
o 0. TR PRt P c S 0675 15, 5k
=D 17.3668 =N,0685 ~0.0613 - 0,05,1 - 0.7613 " 0.0060 © , ,
- 1.05 1.874+ 0,12 CL2.30% 0 2.30% 0,793 9,19
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fo Téb1e'A.5'(¢ontinued) .

- Nno.

Equation .

" The regbession“cdefficients and the value of t-test for
. the regression coefficients of the following terms

be N

P

Value

'of R2

F-ratio

No., of -

obs. .

2

A

B

" B.6370 k

9.2342 . 0.0301

B.5121 0.1149

3yt
8.2235  0.9749
» K, 5t
0.064,2
2.775%

11,2425 0,0936.

4335

C-9.7811 0.2682
T 7,08

9.1977  0.1429

Q.43

10,7358 =0.0914

b 72560

26,1625 0.0052

0,19

23,6711 - 0.098)"

1 .:.’.;,8—!-

 ‘,23!363 ; 0.0087. -

0.92

21,1807 =0.0803
- 1,964+ .

22,4103 0.0188

1.26

20,9108 0,1290

2.3

- 0.0159
A2

0.0402

"0.59 -
.N.0187
1.15

- =0.,0321

0,69

1.25

- D067
2,004+

0.0338
2,0%%

24T
0.0919

VL - SRR
0.3190.

N i}.c 8]."_,‘
0.0766
8,06%¢
=0,1539

- 0.0710
2,60
N.1176

© 1.

0.0271 .

3. ISSS

N or VF . P or YF NP or /NP

3,073

~-0.0026

6,903
\J @ FalI .

' 1.85++ |

- .0.,0005

n.79

0.04,23

’ 10[4»94‘ i

0,001

3, 5848¢

0.10m.

A 238

00704

2.00++ -

0.0008 -

.89 -

- 523

16,7123

8,07

1017

37. 520

LA Q) 30t

8, 560

5.84%

9.4 -

32,883

20,0736

ZL . 1#9*

1A

1‘16_

16
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o Tabl'é,.A-5_ (continued)

K

The regression coefficients and the value of t-test for
the regression coefficients of the following terms

o . v Value . : e
. Exp. ; 5 D : . : 5 . No, of -
no. Equation - = by N P N™ orw P or-Vl-S' NP or VNP of R F-ratio obs. ..
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201 =N.0200 1.5012 0,152 0.0421, L
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Exp.
no.

Equation

“f'The régression'coefficients and the value of t-test for

- Table A.5 (continued)

the regression coefficients of the following terms

N

P

"N2 or]fﬁ Pg or |/P

Value

NP or V/WF.  of R?

F-ratio

1!

Mo, of T

obs,

5

A
R

- C

o

1,.077 .

-13.7070

21,559
204468 |
20021
92,4800

o008

0.014,0
1,854+
0.05234
AR
0.,0495
§ 2,08k
=N.NE25
1.A7-

0.0225
06D,
n.Mny
0.19
0.0123

1.16

9 - =0, ONEE

C0.07

n.naNg
D.25%
0.3299
2,63

0,051

1.452v

20115

n.85
0.3336

ASEL
2.004820
6,79%%
' 0.1207 .
9, 513%%
=N, 2700

- 2.02%+

. 0.008L. -

0.h2
0.0223
0,41

LLUPuMA3
1.6L

o078

0.17

N46D 0

6,590

0.2957

339

~-0,NNN2
1.50+

o0

0.9321
0.98

2.0,
.94

0,621,
0.8
0,770

0.9,

APREL
5,386

15 6%

5 07

10,8733k

21,793

15,921

13.91**

1.05
0,554

£.06%

.:21;7h**

10,8250

L.06++:‘

el

T

10



. Table A.5 (continued)

v'_"Expe

no,

Equation

" The regression coefficients and the value of t-test for

~the regression coefficients of the 9ollow1ng terms

N

PN 0516?

P 0"1/- NP orl/N

 P-ratio

No. of B

obs.

2

a3

o

C

D‘

21,055 .

21,5069

55,3875

502772
_k'aé,ééu'
- 5.9
47,9550

: ad;2536.
3.0
BNANIES
C 150
- 39.2569“
37.968

L0.2200 .

1,70+

0.0217

oL

01702

045

0.0090

0,50
-N.2912

AR S

0.29
0.2593

- 2,80%

0.5276

R VR
00,0816

2.79%
=0.2/,76
0.57

n,0923

AR :
-0.00,3 0,881
oo'* n,an

03550
L A T

N.0662 . —0.0112

4,03 1.30°
0. 0060 L
0.30
=N,5117

0.1225
7,283

1
L2084+ 07
0.565, -

5T .
L5046 <0,0076

7.96%¢ 0,92
n.0922
2 N 82’)(“7(- '

i

0.2891

"«::L|-+ L . i
1.4290  =0,0079
N S W

0.0552 -
235+

-1.0728 - 2,6767
. '....2 . 79* : O . 98

=N.3LA6 - 04397
RO 019

-

1.1922
177+

-0,0082

L .09

- 1,9857
3,213

7.2300

/ L().VL'

~0.0483
IR/

1.0388

1.38 .

=0.0127
6113

N.04AR
0.6

0,0069
- 1,964+

.0.3953 -
2,16t

S N.0045 .
1.0 14

~ e 74T

0,012 '

0.735
1.77+

n.7M3
‘0.9/4-‘5

0.2
0204

2,104k 0943

23,210

~ EIN N
20,07

. 50-‘/«-)(—
13 .80t
26, BT

17,6130

S 16.1mee :
2y, .00
an. o5
22,0035 .

RIS

ZETRGETE

Q ’ 8 EYXYS
£33t
7« OO0

10.,45%

16

‘1o'f



| Tabie A.5 (continued)

- Thé.regreésion coefficients and the value of t-test for

the regression coefficients of the following terms -

be

Pz or]/?, NP or VNP

Valﬁe
2

No. of

4 S v 2 AP T
no. - Equation N P . N® or /N of R F-ratio obs,
[ S 32,0995 0,0,82  0.1186 - | 11,

R

a9

5+

B

- 3,.0529

35,3225
‘ '32;4054 |
""f32.523'
32,4550
" 32,3600
30,5955 |
20.7
ﬁ  30.6117
us.kms

41,0088

1,994

0.1339

2,28+

- ("005)1'rl+ .
2%,

=0.1042
1.17

0.0266
.31

CL.58+
=0.1972
"R

00174
0.3

10,0140

=0.2697

2.28%

0.2147

2,094+

0.8117 .

2.63%

0.2977.
2.33%
0.0086 -

- 1.27

0.704L8
2,314+

S0.0237

R/
-0 .,683),

“1.744

0.0952
Lo 50
0.2313

10,383t

0.0565

15,723

=0.,1241

6.6l

0,213)

e l+ . 11;.')("’:2
0.225Y
C1.58+ .

0. LR%A
340,

=0.0263

: 20.73 N
NLLE

L3338
N.9568

3.10%

-0.0068

S 2264

o L2208
/oS

-0.016) -
C2.0%

20,0158
2,234+

-

N,004
.0.81

"0,1805 -
‘ 1;0&»

C0.0001
Coar

.0
1

»

0 .0041

1.63+

0LILTO
T

0.001,8

0.82

372
A'.

0.497

0.8L5

" 0.950

L 0.972
B 00571.

n.825
‘ 0,711;8

0.831

0,640

0.829

2,944k

5.L5%

7. AR

3,964+

10, 1ae

124,77

R7.09%:#

R

CIART

19.333%%

9.90%%5"

9. ASiBtE

11,55

U L0.05

16
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et

  ‘6.8588>
2.3000.
398

38550

o 22,0642

22,2857

21210

21,7265

L hb+

0.1073

2.,33%

©2,56%

0.1006 -

L0.1987 .

0,39

. 0.1800

0:6092
5.833%

11,5293

9,128

0.5315

‘llbcgh-"(“)“_ .
20,3761
NI
- D.0932

0.1420

1,12

fa. b, 7h3E

n.980
“0.752
0.966 '
0,948

0,986
= 0,499

C0.61 ;
0.619

0.636

98,61

IR

,‘ - . Table A_.5' '('continued); -
' - The regression coefficients and the value of t-test for :
‘the regression coefficients of the following terms »
' Exp. ; . _'? o ‘Va‘lug No. of
~ no, Equation’ by N P N orN P or /P NP or VWP of R F-ratio obs.
49 C  A0.713 0.0555  0.nong | | | '
| 260 6.0k N.79,  25.00%x
D 41,9139 -0.4179  =0.0307  3.4317 2.2833  n,ou28 -
_ S S 0.12 1,864 1.29 1.08° n.833 9,953
50 CA T 18,1163 0.1685 0 0,430, PR 16
. ‘ e . 1.99'*'?" ) 5.13** . ) : ) . r)‘ 7()0 ! 1.5.13.)9{.
. B CANLT50 0 0308 0 01,1155 . -0.0N28 =0.0077 . 0.,0027 - ’
| 1.9+ 628k ],80+ LoOLIR207HE 0,920 26,21
~C 11,635 00716 0 0.3322 o ' R
— L3.053¢ 1), 16 : C e 0.942° 104, 913¢
-D 13.5630.'—0.1154'fﬁO.BQAA J1.0032 A.0657. 0.3668 K

117,758

12,77

: [4‘0"4»8*

2,14+

2,10



. Table A.5 (continued)

W

S
nos

' Equation

The regression coefficients and the value of t-test for

the regression coefficients of the following terms

be

o

Value

of R

‘ F-ratio

"No. of
obs, -

ook o

5{ -55 :

A
B

c

15,6720
14,1000
13,365
© 14.1002
- 5.2553

5.,9001

5. 9001,

om0
Af'25.5000;

2,935
- 25.5004
~ }@1,4150
”ff41.1999

. - 1
HOWwO WD ONIODWD
L] »
O OwunrHHwns Wi~

0.2029

20,057
"1..00

0.1,18

loé7+
0.07,8

.55

=0.3904
1 . :Uw'r

0,149

7 8134

0.2012

C2,80%

.99

2.80%
‘OPBBQZF

0.2915

N? or /N p? or |/P. NP or /WP

3,97

n.6201

3.60%

0.1511 -

766
-0.4350
8,233

©0.2916
2,78
06612

L.Bg++
'0.1690
366k

=0,4L530 7

0.94

0.2367

3 . 59%“):‘
0.4782

2,204+

~0.00L5
L7+

3.1967
L O3%*

~0.000}

S 2.48%

L 0.0839

157+

045775
Loy

- 1.0560 7

C2.16%

5,863
-0.280)

-0,010),

2.0.219
3.85%

00166

©1.53+

o 2;22&8;
OB

- =0.0060
o 1.36

00045
1.50

T0.448Y
5.95%

,.6;0035'
O LabdE

0.3005
2.06++

.0.0013
0.26

0.3499 -
11.38

0.0051.

1924+

n.89

0.9,9

n.959

15,876¢

15.00%

81.213%%

28,205t

. ’28.93935

12, 223s¢

L5 e

. B0, 536k

L9, 3¢

29,57

1

21

10 .

13,57

25



.ATablé A.5 (cbntinuéd)

3.3

"1, 52+

" The regression coefficients and the value of t-feqt for
: " the regression coefficients of the ”ollow1ng terms o
CExp. o Valug : No. of = .
" no. - Equation be N P N or}/' P orT/_ NP or /NP - of R F-ratio obs,
56 c 35.235 . 0.1225 - 0.0507 . ,
708wt 2 5gi . 0.802 Ll 52%%
D 41,200 =0.1387 -0.5,82 2.5072 1.878,  0.5729 .
: S 1.90+ - 0.99 - 2.80% 0.60 3.6 N0.909  37.85%F¢ :
57 A 53,0503  0.0495  0.0979 ‘ | o
| .0 N Oy \0.637  7.00%
B 52,4222  0.0873 0.P630 . =0,0006 . =0.0067  0.0027 ,
, 1.99+ - 1.15 294 0 1,27 179+ 0.880 . 7.31%
CC. o T49.1520 00,0320 0.0175 ' s : . ‘ B
B T 3a9% 15y BT Y I WS
"D L 52,571, -=0.1368 =0.3017  1.4282 - 04499 -~ N.3353 : '
S = 3.18% 159+ 3.18% 0,36 2.81% 0,935 139w
58 AT 26,0394 0 0.0167 0 0.3391 . - o o1
,‘ o ©0.83 439w o 0,754 12,25
B 23.7936 0.0962 0.5806‘ -0.0006 0.778  0.0020 T _
B L 204 2,37 3,08% 1.37 1.23 0.929 13,07
C. 23.251 n.0389 o 1077 L o : :
Co 200 5, 76w . AR E 0.862 2,06t
D 24,1372 - -0,1755 -0,1126- 1.7268 0,987  0.2986 o L
Sl T S2.70% . 0.39 2. 504 - 0.52 224+ 0,92, 12,13
59. . A 34,9706 0.1175  0.0707 ' ' | 1
o SRR S O5.6TEe 0089 L ‘ 0.833 19.923¢ .
B -30.8089 . 0,2520 0.235) -0,0006 -0.0041 - 0.0003 i
SR S 629k 1113 3.52% 0.8l 0.21 0.967 29,514
G L 27,232 00,1294 0.0099 S .
R C10.75%% . 0.85 . . S o N0.9L5 - 68,00
D 29,5266 =N.096, ~0.1938 R.6585 - 1 0.,2729 n.1888 :
B 8,823 . 0OL5 3.20% 0.990 103, 513%



© Table A.5 (continued)

The regression coefficients and the value of t-test for

the regression coefficients of the following terms

£, 2%

: , Value N e
: ; . 5 5 S o No, of .
no, Equation bo N P~ N orlN P or[/f NP or/lF of R° F-ratio  obs.
40 A 18,0157  0.0242  0.0200 ‘ : _ : 1
‘ 0.56 0.69 _ N.072 . 043
B 14,6236 0.,1437  0.1,19 -N.0N54  =0,0017  0,0019 - -
0.6  T.1,. 1.05 1.35  0.68 0.290  0.£5"
C 1A.499  0.0236 = 0.0325 - , ' C _
. 0.81 . 1.3 : 0.157 ~ 1.02
D 17.8572 -0.1627 -0.,0408 0.6831 0.L060 - D,0218 _
- : » 060 0.42 0.33 0.26 0.34 -0.192 0,38 o
61 A 2 55.4118 0,104  0.0958 ' o SR 13
L T S13,03% 0.7 ' . 10.522, B L6 '
B 50,1289  0.3115 " 0.469)4 -0.0015  -0.0179 = 0.0002 -~ | '
Voo, o S 2.26H 0,86 146+ 0.98 0.0 0706 3.364++ -/
S C T 49.068  0.0632 0,007 - E T ,
- ‘ CL L% 0,57 R o 0,716 12,588
=D 49.3278 =0.0792 . ~0.50,8 - 2.3570.  2,2807©0,0516 L o
o oo 005 1,07 - 1.37 0462 n0.14 0.721 3.67++ R
b2 A 4.6812. 0,0050 © 0.0091 =~ : : R VA
R : 0,16 0,58 S - N.,037  0.21° ‘
B 03,8890 0.0491 ¢ 0.1210- - -0,004,0  -0,0016 . 0,00200 .
v : 0,79 3.R5% e 2.39% - a2 7l | D ngu 0.686 3.9+
Co 0 3.584L6 0 0.0083 . 0,102), . ’ o
Lo 08 s 201 e - 0,333 2,75+
Do 3941, =0.1525 -0,0862 0 0.4928 . 0.7752 ¢ 0.0680 o
L C 0 1U55+ - 2.46% 0,95 2,26+ 1,26 0.605 = 2,45+
63 AT C17.06LM, - 0.0867 00,0508 ' o : 18
L S o137+ 1,56+ L ' ‘ , S0.226 2,19+ :
S B 1303591 0.2661 0.3535 -0,0058  =0.0041 - 0.0022 o
’ ' C2.29% 4,03 2,154+ 204+ 0,950 13,57



Table A.5 (contimued) ~ .

.Exp.

no, Equation

The regression coefficients and the value of t-test for
the regression coefficients of the following terms

be . N P N> or|/F  $? or /P NP or/NP

L of R

Value

2

- F=pratio..

No. of
obs.*_- 

S AR
N~z

L

C

D

18,2633 0,412, 0,359 40,0132 -

86190 0.1300 0.1510

[17.8787 01202 0.m320

152370 0

.. .5
CoA.783 00 0.0915 0 0.0413

; 6

=0

2

15,945,

13.465  0.0562  0.0927

2.20* : }4..))

14,6561 -0.0856 -0.2372  0.4,215 2,153, - 0.1773
10,92 5.06%t 0,62 L.55wk  o.a7

128258  0.1420 . 0.0957
1,98+  2.58%

Y
I B3k

| - -0.0037 - 0.0026
L.23% 5 15k B B N - 2.0+
Y IR W7 L T
8.5868 - ~0.3097 »0.179L. . .. 2.3538 . 2.0,08 . 0.1759
: R Y o - Y L T Y I 3 .fwt

.02, 107

C2AELTE C0.279L - 0.0820 L =0.0027 . -0.00L, - 0.0018
P S 3,90 1 AL 3408t 173 2.,82%
15.389 0.1127 o270 - . o T T

6.00%¢ 1Ll

17.8508 10,0700 -0.0685 1086 0.2539  0.14,28

Sl 1,05 0 0 A+ 0,39 0 T2, 55% ¢

17.2112  0.0790  0.0725

D0% 138

.
SSOHE L 2.30% o532 DT 2,78%

W23 2’33é3‘f;': IR e
.1280. -0,288L . - 1.5280  © 0.45%
39% . 0.82 . 2.85% - 0,60

NLAQQ

n.867

0.117
- 0.876
- o.09
TR
Co.sm
F:OQ859
‘5V0.7h5

:130.850'1’1;,34%*

: - Co L "',:0.455:
2757...0.2273 < =0.0029 -0.0058 .. 0,0025 ... .
'0,898
LT

0,83,

11, 70

15, 67¢

- 5.37*

16.98%¢

1,71

g bk

13,15

18

19,04

16,

5o3%

17,52

22,128

10,08



',.Table:A}5,(¢On£inued) ‘

‘mﬁEip-
- .nO.

Equation

' The regression coefficients

be.

P

and the value of t-test for
. the regression coefficients of the ’ollow1ng terms

‘ N orj/ﬁ

P orT/-

NP or1/—_

of R

Value

F-ratio

. No, of

obs,

47

'7:~§8.

RN

B

A

B

.Bv

19.5350

14,0379

15.337

13.97,1

19,9737
17.2002
15,900
17,8998
c31.8662

99.6371

0.0533
1,534
0.382},

l, . 853

00766

b J20%%

3,193

50,0171

‘0;97

) .,35

'%")O‘

-

0.0277

Coleo%
~0.0871

2,58

0.21,27

6 .90

0.4,868 -
5,823

O . 18].6 .
NI

1.14 .

“0.3552

7. 1038

C0.6LL2
36w

0
1.
0.

-3

0
3

-0.
2.

0.
2. :
.1781
1,38 |
L0508
163
L0869 -

-0

0

“.50

=0

: lo
-0
J—l

.0L93

30

3009
.81t
L0668
Nt
1952

3¢

3836

L1625
10

gg¥*
0n11

95++ B
- =0.0044,

2.1003

L. 2838k ‘

2,71

-0.0031
3.35%

R

153
ENES

- =0.002)
2.5

00,9641
1974+

20,0017

1.05

0.00N1
0.16

0.0286
0.49

0.0017.

2.03%

0.1518
3 . 6099\‘

Nn,236
0.821,

0,33
0.0

0,26 n.208

oL
0.0135

L0467 o.e1s

0.765
0:937
'..0-935  
0.970

10.808

E  §$909 .

2.01+

9,36%%
] 5 WA-2s
L 0.822 9.2zt

‘3.21++ -

8.L130¢

17. 263
8,96

T I T R
- 21,130 R S

9L, .01
65,00
2710

20,07%%

16

T

P9I

16



. '.;;' i Table A.5. (ébﬁtihued) co

M

© Exp.

n IV’I(‘)."

' ‘The regréssion coefficients and the value of t-test for

the regression coefficients of the following terms

o

of R

Value

F-ratio

No. of -

obs. .« =

27,142

© 29:8022
.»22.6325:
18,6316
18,541 f
197397
 15;2350:
AR TCTIR
12023
13,7586

Comoams

17,363
16,965,

- 0,1513

12.72%%
-N.0148
0.15

0.0806
1.98++
0.4667
7,87

“0.0820°
 5.35
~0.2959 -

5.908¢

01467
3.5h8¢

0.3169
2,21+
0.15L6

Sk

0.70

e
8,133
. 0.1920
- 17,093

26114

0.2031, "
. . 5,8t
© 16,0606

0.0398

335

=0.086),

n.87

0.08L5
2,074+
0.1891
) 3 . 19-)9—)(—

10,0251
0.96

0,78

20,0936

0.0827

1,904+ ¢
A A
0.0486

S
103

L.

-0,0150°

0,14 .

. =0.0028
1.80+

~0.0024
6_,13-‘4—% ) L

IR

1.6612
S S

P N? or YN p? or |/P NP or ‘l/.NP'

0.1293
2,224+

0.0013
2. 54

::'0}1093 ff=-
o A1.>06‘

5,930

0.941

n.387
130;762'

0.1335°

C3009% T 0.932

o9
S o0.0008

Tl 0,677
| 0.736

o.6e

0.3
0949
“”i4j.o.960

0,932

L 8A, e

33, 62%%

o6, 79%%

20, 78%¢

C6.36%
L9

BUWAL

..' 15/!» . Ll‘g*—*

27,023

18,823

37,39%

16

[T

18,13

16

27,57



" Table At5 (Cohtinueq)

ThP regreosnon coefficients and the value of t-test for
. ) the revr3551on coefficients of the ’ollowlng terms -
" Exp g ? , . o Value

- no. FEquation bo " N P oW or]&r p? orT/- NP or /NP of R2_ F-ratic  obs.

e A, 23,2500 0,194, 0.,0,89 . o 16
7.0k 1 )b ' 0.808  27.393x¢
B 20,5770 0.3980  .0,0897 -0.0016 = -0.0007 - ~0.0005 ' -
' | L 5.60%¢ 1,01 3.68%% 0,99 119 0,926 25,03
- C 19.552  0.1725  0,0293 ‘ . : S -
o - 15.69%%  2,5)+ - v ' - 0.951 126,09
D 21,2581 =0,066L -0.0685 2.7175 - 0,686, - 0.0868 : :
S , o 1.23  1.02 - 3.813%¢ . 0.86 2,004+ - 0,955 12,343 L s
G A 19.2500 0 0,198, 0 T W%
o ST parsee 2,134 S L 0.676 0 13,53% S
©B- 011,7986 0.5722 0 0.2983 -0.0027 - =0.,0019 0 = L
T 6,97 2,91% © 5 50w R.45% 1.0 0,932 27,00k
LC 140603 0 0.2034 00,0792 Cohoetee T e e T ;

: , . SL7.036 0 632300 T I 0.962 1645,023¢
D7 13.5041 -0.2236=0,1527 - 4.6012 - 2,173 0.1095 - . | ‘ .
S _ COBuLEER 1884 537 o p am 9 noke 0.955  1,2,003%% .

LT A 27,9425 0,1558 .. 0.0702 . S LT .16
T S - T R e B L e :” 0.536 7,50
B o7 22,3971 0 0.4565 ©0.2531.  -0,0023 . <0.0020 = 0,0008 C o
L L,08%1,814 ) 345%% - 1,89+ 1,120 0,827 953
(€ 220255 00,1367 . 0,0535. 0 R N o :
TR . Se2Bee 309 T w0857 39,00%k
S D h23.45230 <0,1993 -0.2138 . 3,7032 0 2.3617 B L
- : ' 19740 1,69+ 277 LU58+ Lt . 0,850 11,33

" No. of |

7 41,7688 0,0297 0,086 . B SRR, e

L 1.25 2, | N oIt . & R TR
"B 39,8746 - 0.1352  0.213)4 -~ =0,0010 = -0,0015  0.0004 : - S
| RIS 2,720 2u5TE L 2057% 1+ 0775 6.89wme
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~+ Table A.5 (continued) - 7‘

' The regression coefficients and the value of t~test for
the regression coefficients of the following terms

C Fxp.

Oy

no, - Equation = bg N P N2 or VX p? or /P NP or [/‘NP of R?  F-ratio obs, -

77 ¢ 37.395 281 0.0511 | | .
' 0,694  1h.75%¢

237 =0.1336 1,501, 1,973  0.0659 ‘ :
Lk 1,850+ 1.9+ 2,27%  1.42F 0.799  7.97w

L

e A 40.8763

0311 . 0.068, . S

e - 3,73 . : - 0.586 . 9,22%%

B 38,0766 0,158 . 0,1415 ~  ~0,0009 ©  =0.0007 = 0,000 . S

- : L8O 3 L3 )y 56 2,224+ - 0,61 0,885 T15.0e
~C . .38.,188 028, 0,03 : SRR L >

A B2 5 pae 0,798 25,4036

-D ., . 38.8999 -0.I1129  -0,003L 1,607, . 0,5770 - 0.0318 4
o : S BueEme 0,090 0 3.9 1,26 0 1,28 - o 0,89, . 1A.80%¢

S 79 e A 3204150 0 0.2613 00,0756 ' ' : :
B SO S5 aee 1,2, L . ~ e - 0.700  15,20%%
B - 24,6336 .0.7215  0.1905 - -0,0033 . =0.0013 -~ .0,0006 »
e 7.27%¢ 1

o . SSht 55T 12+ 0,96 0,932 27,34 -
S0 32 N0.1916. - 0.0383 - . - '
Bt [P peica 0,948 118,00
D 23.6179° -0.2756 ~0.0736 . = 6.L11, 1.2838 0,053 ‘

o : S U35 U 0067 0 5.55E 0,99 . 0.77 - 09 3367
80 . AT 31,7200 0,2578 0,126 e e 1
e G = . IR 0.638 1146 '
© B ...30.6621. 0.,6552 .0,1988  -0,0037 © -0,0020 - O ‘ o
LT C 12,008 DLoh% 11,32 LoO5#¢ - 7

L C 26,171 7 0.,1722  0.0545 - - S
L - 9.7 2,95% . o
D 34,6048 ~0,2067 -0,1045  4.8113 - 0,351
: : ST RO 1AL AT 0.3

00,983 117,218
0,880 52,05

PR

60 0,968 59,723

No. of . =

6



e T a 39,0163

A Tablé:A.Sﬂ(éontinued)x:‘ ;

The regre¢31on coefflclentq and the value of t-test for

- . the revresuion coefficients of the following terms :

‘ ' ' : : Value .

" no, Equation bo N PN orW/ﬁ PP orlF W or Vi  of R ~F-ratio  obs.

@ S A 38,3713 0.2395

' b5 . 0.61L  10.33%¢ )
B 32.3395 0.6750 0,

0.825, 11,69+

L

- c 29,829 0.1705

0.877  Lb. LT

fo)
N
2D
F
WO RFOOOOODO

D _3h.6676 -0.2321 : o
- o 2.61% - 0,61 193+ 0,906 19.34%¢. e
W o . : : . } . 16
e - e L - 0,785 0 23,67 SR
B 'i)? 4962». 0.6436 - 0.4787 . ' .=0,0039. ~ =0,0036 . n,0004,. - - )
T L L3836 T 265 D 0.38 0,907  19.58%%
© ¢ 53,12 0.0817  0.0512- ' S T . o .
d S X v Mo 0,908 6L L5
D™ o 5204241 ~0,0278 -0.1999 . '3 07?5 303747 0.0L93 o T -
R ‘ ! COR39% 0,50 - 0.91L 21,14

P

*
Wi WO OwWO

BT S 3 18 0.3156

S8 A LTe2
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X
kD\o 0
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©
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1
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‘o
Q
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)
*
un
o
<

LC.. 40,920 f‘O L0147 ) - : G v
o C1.58+ Lol L 0,868 4263w

=0.1133  2.4425 1,2060 0,032, - :
0.99 7 2,09+ 1,03. 0,39 L 0.858 . 12, 12w S

S 04086 L I N S S e

S8 e B < I 4.97*‘ R
0.2138  -0,00L,  =0.0 Y ; - o
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i ‘ The regre031on coefficients and the value of t-test for

Téble A;5'(c6n£inued)"

the regression coefflcnents of the following terms

Value

Exp. , , _ _ - . ' 4 5 ‘No. of
no. Equation = .bg N P N' or]/ﬁ P or?/ﬁ, NP orj/ﬁ?\ of R F-ratio obs.
2 ¢ 34L.043  0.05,0 <0.05L :

5,03 5 10 | 0.798 257
D 33.2074 =0.3212 -0.164L7 3.7L16 L2 0.0396 ’
. o .91 2,004+ Ly 36 2,90% 0.47 N.83% 15 93‘”
L85 A L2.4875  0.0663 . 0.0387 _ 16
‘ S 1,554 0.90 : - 0,198 = 1,60
B 374701 0.3341 - 0.2965 ~0,0031. . -0.0020 ° 0,0002 :
L2.73% 2,0 2,54 2.LL% 0,22 0,643 3.60%
C 38,285 00,0422 0.02L,9 . : o T
A C2.81% 1,66+ - o Lo 0.451 . 5,33%
‘D 37.8L45 -0,2276° <0.1736 2.7577 1.9607 - 0,0197. - .

R S Cl.72+ 0 1.32 2 U4+ 145+ 0 0.21° 00559 2.5h4+ i

Lo86 . A 57,2700 00,0292 -+ 0,02,0 o o 14
‘ . i 0.70 ‘ 0958 : RN - 00059 O.L‘—l ‘

- B 53,7116. . 0.1695 © 0.3390 -0.0019 ~-0.0039 - 0.,0008 : o
ST L L7+ 3,12 1.72+ 2.60% 0,93 0.648  3,69%
C . '53.088  0.0178 0,019 | S | o
JERRINE 159+ 18 ' S 0305 2,86+
C D 55,0509 =0.194L  -0,3106 . 1.5486 2.6325 - 01117
! : 1,934+ 3,08% 1.50+ 2.55% 1.54+4 0683 0 ).30% - -
87 A 37.0583  0.0124 02,0520 | | . 27
. o L33+ 127 . e - 0,170 2,46+ oy
B . 28,9573  0.,0867 0,534 -0.0003 © = -0,0076 . 0,0003 ‘ :
o L. R,84me 5 g3 2020 626 21,000 0 0,783 15,1L490¢
Y S 31,731 00,0394 00,0237 : o . :
S e 2.76% 1,08 , o ' 0.498 11,903
D :29.7,08 ~0.09L6 =0,2859 1.4970 2.0017 - 0.1045 ‘ ' :
- S 2.69% 1,834+ 167+ 0 149+ 1,02 0.629 7,133
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Table A e 5 ( Continuéd ) » )
The regreosion coefficients and the value of t-test for
the regression. coefflcnents of the Pollow1ng terms o
Exp. | o .Valug - No. of
no. Equ ation - be N P N or Vi p? or /P NP or[/ of R F-ratio obs.,
83 A 52,0055 . 0,0207 0.1387 9
- 0.41 2.73% : 0.559  3.80++
B 51,1527 0.2710 0,2810 -0,0059 ~0,0038 0.0019
‘ 2,03+ 2,11+ 245+ 1,56 1.19 0.895 - 5,13+
G 50.512 O;OlOl 0.0323 o - :
1.27 27 L 0.719  7.67%
. D 51.5259 0. 3382 -0.0898 2.1529 01,2311 - 0.,0956. O :
R . 2,32+  0.62 2.05+ 1.17 S22 0,902 5.51++
89 A 23,5575 0.344) - 0.2687 _ . T S 16
[ R 50~ N A oz R o . S 00Tl 21,02
B0 23,8635 0.5076 - 0,3603 . =0,0087  -0,0049 . 0.0112 . e .
- ; 3.96%% - 2,81 3,06% L 2.45% ) B 0,95, 41,103
C . 2L.431 0 11g0' 0,0853 " : S
SE . C8,26 - e - . 0,891 53,1k
D 25,2931 -0 .0101 -0,0019 - -0.8131 . 0.2469° 0.4521 . . T
: S .00 0.02 1.8 0 0.36 . 542t 0,96 52.99%¢ .
90 A A43.4752 00,0224 10,0743 - : ‘ 27
: S CRJA4% 0 1,594 : : ‘ 0,300 . 5,15% ,
B 39.7625  0.1086 0.2778  -0,0005 - -0,0047 - 0.0009 o A
R CO2.L4% 10824+ 0 2.66% . 2,05% 1.68+ 0 0,591 6.06%x
“C 39,663 0.0489 - 0,0017 ' ' ' ‘ Lo
R S 3aess 0,07 7 . L 08 9,75
D 39,6258 -0,0895 -0,2736  0.785) 1.36,1 0, ??76'. o :
cerel 1,90+ . 1,31 L 0.65 0.76 1, Qh++- - 0,551 - 5
A 23,7798 0054, 0.0497 | | ‘ 6
- o LL90H 18044 ¢ KRR S 0,365 0 3 7L
B 23,0429 0,198,  0.1260 .. =0,0059 - -0,0021L - 0.0007 . o ,
‘ LT 0.92 .28 0.560 2,64+



‘ . Tabls A.S (cotitinued) o
The regression coefficients and the value of t-test for
‘ the regression coefficients of the following terms ‘
o - ' ' ' ‘ Value : DI
. 'Exp, , ‘ - : SR S ‘ : No., of
~'no. Equation bo N P N2 orl/N P or|fF NP or[/f® of R? F-ratio obs, |
91 C 22,700 0.0175 0,029 ‘ | ' :
‘ 2.0+ 2,30% .50 £ 60
D 22,6179 0,083 -0 ,2790 O.LL5l C.8626 0.0525 ' '
. 0.78 0.65. 0.51 1.09 0.4 0,520 2,17+
" 92 A 37.3419  0.1077 . 0.0993 16
* ’ S 2,05 2,96% S o 0.520 7.32%5%
B 359480 0.3050 0 0.2073 - =0.0073 - ~0.00L5 0.0033 - : :
. L . : . 1073+ : lo7g+ : ) ]-037 e 2.60‘)\‘ . 0.80 - ’ 00767 . 6.60*‘* .
C . 35.498 0,0287  '0.0286" o . - S - '
A 2.95% )88k o S 0.T9L 2y e
: - D L 35,3240 <0,2182 <0,1458 1.7001 - 0 07470 - 0,1759 o
E o 1.20 1.98++ 1.70+ . 0 0,82 1000 0,826 . O, :
93 . A .33.2575 0.0588 0,0378 | T 16
| o CLL T 1,12 | 0L 20U -
'3 31.8990 .0.1713  0,0787 =000l =0,0006 . 0,0002 . o
i . 1.2, 0,57 0.95 0.38 °~ 0,18 ' 0,321 0.95
. C . 3197, 0.0295  0,0175 3 S ' R
‘ g ST 1,15 . SR L0280 2,53+
- D~ 33.7192° ~0,0204 -0.0073 - 0.3578° - 0,0323 -~ 0,0805 " : -
TS 0,17 -.0,06 0.30 0,03 ,..0.80 - 0,235 1.0
Average | A o o.ax R .50 g.ommk 14
B 2.82% 0GR T o for 297r 1,32 0 L 0.8 1401
o Gl gkt o S P T, -
.D 1A+ L.76+ 220240 0 2,094+ 1,814 D814 - Dy, 3

YA
335

S3gnificant at-the 1 per-centnleVel

* Significant at the 5 per cent levsl

++ Significant at the 10 per cent level

4+ Significant at the 20 per cent level




‘Table A 6

The Nutber of Regression Statistics Significant at the Different Levels of Significance
for the 93 Experiments for Each Type of Equation

r—

The number of significant t tests for the regression

Per cent coei‘flclents of the following terms Number of
level of significant
Equation significance . N P N or-V_ P orV- NP or-[/-N_l; F-ratios
_Linear ' l .2l 32 L9
5 39 48 73
10 . 51 57 79
20 61 66 86 .
' Quadratic 1 30 32 23 . 27 3 59
' 5 43 50 L6 50 - 12 7%
10 56 6l 56 57 21 8l
‘ 2 69 72 - 69 67 36 89
 Cobb Douglas 1 48 52 7
- 5 65 65 88
10 7L 70 89
20 7 79 91
Square Root 1 9 1y 19 o2 12 66
| | 5 26 25 33 30 22 78
10 38 39 39 34 37 8L
20 49 L6 52 L5 L5 88
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4 : , Table . B.l" , :
EconomiciOptima in_Fertilizer Use for Wheat on Summerfallow Predicted by the Quadratic Function

—ramenes— — .

Experiment Number: 1 . Year: 1966 Experiment Number: 2 Year: 1961
- Location: Dubuc, District 54, Saskatchewan Location: Conquest, District 6B, Saskatchewan
Least Cost Combinations for Specified Yields Least Cost Combinations for Specified Yields
Yield N P205 M.R.S. Yield : N P205 M.R.S,
dP /dN: dP/aN
'bushélé =pound g- bushels ~pound s~
25,0 - 3.3 8.6 =143 | 15.0 5.1 0.0 -3.10
35.0 39.6 o 22,8 =1.43 .
© Profit Maximization gl - Profit Maximization .
Price Tield N P205 P205 - Price Tield N P205 P205
dollars v. bushels ~pound s- dollars bushels ~pound s-
1.40 40.3 ' -72.0 35.4 2.03| 1.40 15.8 10.1 2.4 4,25
1.50 L40.6 4.3 - 36.3 2.05 1.50 16.1 10.9 6.4 1.71
1.60 40.8 76.3 37.1 2.06 1.60 16.3 11.6 9.9 1.17
1.70 41.0 78.1 37.8 2.07 1.70 16.5 12.2 13.0 0.94
1.80 41.1 79.6 38.4 . 2.07 1.80 16.7 12.8 15,8 0.81




Table B.1 (continued)

Experiment Number: 3 : Yéarz' 1961
Location: Kindersley, District 74, Saskatchewan

Experiment Number: Year: 1964
Location: Scott, Distriet 7B, Saskatchewan

L\éastv Cost CombinafionS' for Specified Yields

Least Cost Combinations for Specified Yields

. M.R.S. M.R.S.
_:_Ileld N P20 5 ap/aN Yield N P205 dP/dN
bushels -pounds- bushels =pounds-
20.0 2.7 2.7 ~1.43 10.0 0.0 13.1 -0.77
- ' ' 15.0 10.2 50.7 =1.43
Profit Mizaﬁibn N Profit Maximization N
f‘Prﬁ.ce Yield N P205 P20 5 Price Yield N P205 P 5
dollafé bushelé / ' ~pounds- =d611ars bushels ~pounds-
1.40 23.6 13.3 49.2 0.27| 1.40 TR 6.3 Lh7 0.
1.50 23.7 4.1 50.9 0.28 1.50 14.5 7.1 45.9 0.
1.60 23.9 4.7 52.4 0.28 1.60 4.7 7.7 46,9 0.
1.70 24,0 15.3 53.8 0.28 1.70 14.7 8.3 47.8 0.
1.80 24.1 15.8 . 55.0 0.29 1.80 1.8 8.8 L8, 0.




Table B.1 (continued)

' Experiménﬁ Number: 5  Year: 1968 EXperiﬁent'Number: -7 Year: 1960

- Loqation:Archérwill, District 84, Saskatchewan Location: Melfort, Distfict 8B, Saskatchewan
: ‘ iéasi Cost Combinations for Specified Yields Least Cost Combinations for Specified Yiélds
. . B MthSo ) .o ‘ S » ’ M.R.S.
| ;Y;eld- . XN P205 dP/AN Yield N | P205 dP/dN
| Eushéls“ | -pounds- . ~ bushels -pounds~
] . ’ . - ho.o . 0.0 8.[} _0069 : }
o k500 0.9 - 26,9 ' -1.43 ‘ ’

~

‘Profit Maximization :. Profit Mhiimization

SR | . N - et N
- ?rice ;5“. Yield . 'AN, : ‘?205 Y-P2-O5 ' Prige Xie;d N P205 P, 5
dollars - bushels- _ -pounds- . déllars‘ bushels , : -pounds-

'l.hO. 48.3 10.1 L1.6 T0.24 1.40 33.9 5.4 - 38.5 0.
1.50 hs.l‘- ‘ 1005 l&zol . 0025 1050 314-00 ’ ) 509 . 390[" O‘
1,60 L8.4 - 10,7 - 42,6 0.25 1.60 341 . 6.3 Lo0.2 - 0.

1,70 - A48.4 : 1.0 43.0 - 0.26 1.70 ,3h.2' : 6.7 40,9 0.

0.28 1.80 o 3L.2 7.0 L1.5 0.

- 1.80 48,5 11,2 43.3

ﬂmmwg__‘




Table B.1 (continued) |

Experiment Number: 9 . Year: 1962
Location: Melfort, District 8B, Saskatchewan

Experiment Number: 10 Year: 1964
Location: Melfort, District 8B, Saskatchewan

Least Cost Combinations for Specified Yields

Least .Cost Combinations for Specified Yields

s ' : : - M.R.S. . : M.R.S. .
Yield N - .P20.5 - ap JAN Yield N P205 ~dp JaN
~ bushels ~pounds- o | bushels -pounds~ _
35,0 0.0 4.8 -0.82 20.0 0.0° 3.6 - <0,27
40,0 - 0.0 17.4 =1l.11 25,0 0.0 37.:8 <1,02
45,0 3.0 30.0 =1.43 - 30.0 49,2 65.8 =1.43
50.0 11.2 40.7 -1.43 : :
° 5500 2‘!—09 58-6 ‘1043 - .
| Profit Maximization . Profit Maximization -
' *‘Price‘ A Yield - N P205 1’205 Price Yield | N P205 P205
- dollars - - .' bushels . ~poundse- ) | ollars * bushels ~pounds=-':
1.40 55.3. 26,7 6L O.4ht - 1.40 - 26.2. 6.4 46.6 0.1
1.60 55.5 27.6 62.3 0.44 1.60 27.5 18.0 51.8 0.3
1.70 - . 55.5 28.0 - 62,8 0.45 1.70 27.9 22,8 ‘54,0 0.k

28B.4

1.80 - 55.9




Table B.1 (continued)

- Experiment Number: 11 ,
- Location: Melfort, District 8B, Saskatchewan

Year: 1966

Experiment Number: 12 = Yeapr: 1960

Location: Glenbush, District 94, Saskatchewan

Least.Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields

62.9

1o 3.2

' M.R.S. . ' M.R.Ss

X.'leld ' N P20 5 4P/AN Yield N . , P205 dp/aN.
- bushels : ~pounds- ’ bushels _ | -pounds~
60,0 5.8 19.0 ~1.43 30.0 0.0 " 43 -0.78
Profit Maximization . Profit Maximization N

Price Yield N P05 PO Price;'u . Yield -  ‘ N P05 P05
dollars ~ bushels -=pound s~ B dollars bushels ~pounds-
140 62.1 15.1 34.0 0. . 1.40 ©33.7 3.7 36.3 0.10
"1.50 62.4 16.6 36.3 0.46 1.50 . 33.9 by 37.8 0.12. .

-1.70 62.8 19.0 40.1 0.47 1.70 34.1 5.7 40.3 0.1
1.80 20,0 417 0.48 6.3 0,15 -




Table B.1 .{(continued)

Experiment Number: 13 Year: 1962
Location; Hafford, District 94, Saskatchewan

Experiment Number: 14 = Year: 1964

Location: OSnowden, District 9A, Saskatchewan

Least Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields

M.R.S.

’ 1080

L] 3 . M'ROSO- ' 4‘ ' ) ‘
Yield : N P205 .f'dPVaN v Yield N. P205 4PN
bushels -pounds- _ : ~ bushels ~pounds~ .
- 15.0 . _. 2-7 ’ OOO -3027 looo . ) Ooo : ' 709 . '00710 .
. 20.0 o 1‘}06 . h801 -1.1&3 1500 7.3 l}6.2 -1.1&3
Profit Maximization Uy _ Profit Maximization N
-‘?rice o Yield N ‘:;N | : P205 -P205 Price Yie;d | .- N P205 P205
dollars - bushels _. " =pounds- | dollars bushels -~pounds=-
"L40 18.9 . 11.9 26,7 0.4 1.0 - 15.2 8.5 ) 48,0 . 0.1
1.50 194 : 12.2 29.L, 042 ~1.50 15.4 - 9.8 49.9 0.2
1,60 _ 19.2 ; 12.5 . " 31.8 . 0.39 { 1.60° 15.6 " 10.9 51.5 0;2
1,70 - 19.3 12.8 33.8 0.38 1.70 15.8 . - 11.9 52.9 0.2
1.80 15.9 12.8 - 54.2 0.2,




Table B.1 (continued)

Experiment Number: 15 . Year: 1962 | Experiment Number: 16 Year: 1963
Location: Glaslyn, District 9B, Saskatchewan Location: Glaslyn, District 9B, Saskatchewan
Least Cost Combinations for Specified Yields . Least Cost Combinations for Specified Yields
e | o M.R.S. - | M.R.S.
Yield N .P205 o aP/dN Yield 4 N | P205 aP/dN
bushels = ~pounds- S bushels -pounds- . o
20.0 0.8 0.0 -2.49 55,0 p.2° 20,9 -1.43
25.0 . 6.8 8.8 "lcl}B :. : : o . o »
' ProfitAMéximization N - f o Profit Maximization - N
Price . Yield o N P205 P2O5 B Price | Yield | N P205 P295{ ff
doilérs - bushels o ’ ~pounds-  dollars bushels fpbundsa
1.40 29.5 11.5 - 3L.3 0.34 1 1,40 : 57.9 9.3 C41.h 0.23
1.60 29.6 11.7 35.5 0.33 1.60 . 58.1 . 9.8 43,2 0.23
1.80 _ . 29,6 11.9 36,5  0.33 1.80 ' 58.1 - 10.2 4.6 0.23




Table B.1 (continued)

ﬁxperiment Number: 17 Year: 1962 ‘| ExXperiment Number: 18 Year: 1962
Location: . Turtleford, District 9B, Saskatchewan Location: Loon Lake, District 9B, Saskatchewan -
Least. Cost Combinations fbr Specified Yields -5? Least Cost Combinations for Specified Yields
s . M.R.S. o | "~ M.R.S.
Yield | N R /Y- apfn’ | . Hield ¥ P05 dp/in
_bushels ~pounds~ - : | bushels - -pouﬁds-'_ 4
' 30.0 by © 9.6 =l.43 | 25,0 5.3 0,0 L <179
..35.0 . 11.1 35.9 -1.43 - 30,0 | 15.5 38.3 =1.43
 Profit Maxinization R Profit Maximization g
Price : Yield N P205 P205 : Price Yield - | N “ P2Q5 o P205',
dollars . bushels - - =poundse- dollars ' bushels ‘ ~pounds- , '
1.40 - 36.2 13.1 47.3 0.28 1.40 - .29.6 4.2 32.4 044
1,50 . 36.2 '13.3 - L8 0.28 1.50 297 4.6 34.1 ' 0,43
160 36,3 13.5 49.3 0.27 | . 1.60 - 29.8 14.9 35.7 0.42 -
1.80 . 36.4 13.8 51.0 0.27 1.80 -30.0 15.5 38,2 0.41 -




Table B.1 (¢ontinued)

Experiment Number: 19 = Year: 1967 Eiperiment Number: 20 Yéar: 1967
Location: Spring Coulee, District 3, Alberta Location: Cowley, District 3, Alverta
Least Cost Combinations for Specified Yields Least Cost Combinations‘for Specified Yields
.. | | ' M.R.S. - ' M.R.S.
,-Yl_eld’ N P205 dp /CiN | Yield N P205 dP/dN
bushels ~pounds-  bushels -pourids-
- 15.0 0.,0. - 7.8 -0.82 20.0 0.00 7.6 -0.19
.. 200 12.1 29.6 -1.43 . 25,0 0.0 17.5 -0.27
W 25,0 L5.7 50.5 -1.43 ' 30.0 0.0 . 30,8 ~0.46
_ ‘ - 40.0 59.9 66. -1.43
rofit Maximization . Profit Maximization v
-'lfrice ineld‘ "N P205 'P2_05 Price Yie}d ) N P205 P205,
dollars bushels _  =pounds- : dollars bushels ~poundse -
1050 2402 : 3709 450 0083 . 1050 ’ SSCS s 3109 5800 0055‘
1.60 21y o4y 40,0 47.0 0.85) . 1,60 38.7 33.8 58,6 0.58
1,70 2.6 41,9 48,2 0.87 "1.70 38.8 35.5 59.1 0,60




© Table B.1 (continued)

Experiment Number: 21 . Year: 1960
Location: Fort NbLeod District 3, Alberta

Etperiment Number: 22
Locatlon Carmangay, District 2 Alberta

1965

Year:

Least Cost Comblnatlons for Speclfied Yields

J__‘

Least Cost Combinations for Spec1f1ed Yields

o M.R.S. | ' M.R.S.
Yield N P205 dP/&N~‘ Yield - N P205 dp/dN
bushels‘ ~pounds~ o bushels -pOunds- _
 20.0 0.0 1.2 =0,68 ;.35.0 . 0.0 13.4 o =1.12
45.0 21.0 30,1 =1.43
50,0 R 40.9 =1.43
Profit Maximization N Profit Maximization N
Price Yield - N . P205 _ P205 | Price Yield ) N P205 P205'.
dollars bushels. ~pounds~ | dollars bushels ~pound s-
"1.40 23.5 10.8 2.4 0.50 | "1.40 51.0 A7.7 b5 1,07
1.50 23.6 12.0 22.4 0.54 1,50 51,1 48.8 o 45.1 1.08
"1.60 . 23.8 - 13.1 . 23.3 0.56 1.60 51.2 49.7 45,6 - 1.09
1.70 23.9 1.1 24,0 0.59 1.70- 51.3 50.5 46,0 . 1.10
1.80 24,0 ~15.0 2.7 0.61 1.80 L6.4

. 51.3




Table B.1 ({continued)

: Experiment Number: 23 Year: 1960 Experiment Number: 2L Year: 1959
Location: Bonnyville, District 6, Alberta , Location: Mclennan, District 7, Alberta
o Least. Cost Combinations for Specified Yields ~.;. Least Cost Combinations for Specified Yields
‘ Nrs : ‘ ’ : MIR.S‘ .- . ’ ’ MQR‘So .
.bushelé o -pounds- - ; ' bushels | ~-pound s~ )
30,0 0.0 5.2 -0.51 | 3000 . - 170 15.3 -la3
l‘,o.o 205 1905 -IOAB i ‘ " .
1‘»500 1200 2308 -1.1;3 ' i
o Profit Maximization DU ~ Profit Maximization ”
Price -jb, Yield ) N _ PZOS P2Q5 Price Yield - : "N P205 ’ P2QS‘
dollars . bushels ‘ ' »-poundé; . ‘'dollars bushels - - -pounds-
© 1400 8.1 24.0 29.3 0.82 1.0 35.0 39,0 42,9 ~0,91
- 1.50 - 48.2 2.3 - 29,5 - 0.82 1.50 .35.3 40.9 45.3 0.90
. 1.60 . 48,2 2.6 - 29.6 0.83 1.60 . . 35.5 42,5 47.3 0.90 -
- 1.70 - 48,2 - 24.8 L 29.7 0.83 -1.70 35.7 , 43.9 - 49.1 0.89




. , Table B,2
Economlc Optima in Fertllizer Use for Wheat on Stubble Predicted by. the Quadratlc Function

Experiment Number: 25 .
 Location:

Year: 1959
Grandv1ew, District 11, Manitoba

-Experiment Number: 27 Year:

1967
Location:’ Wapella, District lB Saskatchewan

Least Cost Combinations for Specified Yields A

Least Cost Combinations for Specified Yields

Cgema _ M.R.S. . . s M.R.S.
Yield N _P205 4PN Yield N P205 dP/aN
bushelsi ~pounds- _ . | bushels -pounds~ _

25,0 7.6 11.4 -1.43 | 20,0 0.0 11.5 =0.90
. 3000 2906 1903 a -1-1&3 2500 27.8 ‘ 214.0 "10143
Profit Maximization N - Profit Maximization N
‘PriceA Yield N . POs P05 Price | Yield N P,0; P,0;

i dollars bushels ‘-poundé- E dollars bushels ~pounds-

1.40 31.4 39.6 22,9 . 1.73 1.40 254 . 31.6 25,2 1.26 -

'1.50 31,5 40,9 23.3  1.75|  1.50 25,7 31,0 25,9 1.31
170 31.7 3.0 2.1 1,790 1700 - 26,0  37.9 L 27.2 1.40
1.80 - 31.8 43.9 2.4 1,80 1.80 262 39.5 27.7

lah3 1




Table B.2 (continued)

Experiment Number: 29
- Location: Dubuc, District 54, Saskatchewan

Year:

1967

Experiment Number: 30
Lo¢ation: Kindersley, District 74, Saskatchewap

Year: 1967

Least Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields 5
‘ » . M.R.S' o

.Y 350

' 1.80

. : M.Ro’s. : -c g S
Yield N dfvaN‘ .Yield N‘ | ‘ P205 dp/AN. R
" bushels ~pound s- bushels -pounds-
25,0 2.2 -1.43 30.0 1.0 0.6 -1.43
--30.0 23.1 -1.43 '
6708 o ‘1016-3
Profit Méximization . N Profit Maximization N
- ??ice e Yield 'jN. ,P295 .PéOSA ~Price Yie}d N P205 .?205
 dollars - bushels: 7 ~pounds- dollars bushels ~pounds= . _
L4033 b5.1 26,1 1.73] 140 33.6 249 1.5 1.72
1.50 33.6 . 47.0 26.9 1.75] “1.50 33.7 25,5 15.1 1.69
1.60 33.8 48,7 27,6 -~ 1.77 ) - 1.60 33.8 - 26,1 15.7 1.67
1,70 34.0 50.2 28.2 . 1.78 1.70 - 33.8° 26.6 16.1 1.65
1.80 3. 51.6 - 28.8 1.79 33,9, 27.0 16.6

Cl63




Table B.?lr(continued)

v Experiment.Number: .33 Year: 1964  Experiment Number: 34 Year: 1966
~ Location: Glenwood, District 3, Alberta Lo¢ation: Glenwood, District 3, Alberta
Least. Cost Combinations for Specified Yields Least Cost Combinations for Specified Yields
: | M.R.S. | v ' " M.R.S,
field N P20 dP/dN Tield N P205 dp/dN
bushels : ~pounds- ' ,:' bushels ‘ ~pound s~
15.0 25.8 0.0 1.3 250 . . 0.0 b3 -0.34
.. 20,0 48,2 39.6 o =1.43 - 30,0 0.0 26.3 -0.69
o Profit Maximization e . Profit Maximization y
Price ! Yield N P205 P205 - ?rice ... Yield - j N | P205 | _ P295,”
dollars . bushels -=pounds- '_A dollars 'bushels , . =pounds=
140 ©18.8 40.9 26.6 1,53 | 1.0 33.3 12,9 A 0.29
(160 . 19, b3 32.6 1.36 | .1.60 33.8 17.3 46.3 0.37
,jl.80_“_ - 19.8 46.9 37.3 1,26 1.80 34.1 2.7  47.6 043



(continued)

Table B.2.
.Experiment Number: 35 . Year: 1959 Experiment Number: 36 Year: 1965
Location: Pincher Creek, District 3, Alberta Location: Nanton, District 3, Alberta
Least Cost Combinations for Specified Yields Least Cost Combinations for Specified Yields
s | o MRS, | . | ‘ M.R.S,
Yield . N 4P205 dp/aN . Yield - - N P205 dp/dN
. bushels - =pounds- bushels -pound s~
. . 25.0 36.6 302 —l.l&B
) Profit Maximization N Profit Maximization N
Price Yield . N P205 . P205 Price Yield N P205 P205'
dollars 'bushelsvl ~pounds- dollars bushels ~pounds-~
1.40 25.0 22,0 18.2 ~ 1.20 1.40 26 .4, 4.6 16.0 2,61
1,50 25.3 2,.3 19.7 1.23 1.50 26,7 42.5 18.3 2,32
1.70 25.7 28,1 22,1 1.27 { 1.70 - 27,0 4. 22,2 1.99
v 1080 - ) 2509 _. 29.7 23.1 1029 1.80 27.1 ) 14407 2308 1.88 ‘




Table B.2 (coﬁtinued)

Experiment Number: 37 Year: 1

Location:

Acme, District 3, Alberta

960

Experiment Number: 38 Year: 1960
Location: Mazeppa, District 3, Alberta

Leasp Cost Combinations ‘for Specified Yields

Least Cost Combinations for Specified Yields

. 20.0

20,6 41,7

. . ’ . : ' M-R-So ' '0 X ' - M.R.So
Yleld N 'P2 5 dP/dN Yield N P205 : . dP/dN
‘bushels ~pounds~ bushels . -pounds-
15.0 1.4 13.3 ~1.43 10.0 32,3 15.5 -1.43
3&-'6 20014- "1-1+3 ’ ) o .
Profit Maximization , N Profit Maximization N |
: ?rice L Yield  .:N » P205: -P205 i:Price Yie;d | N | P205 | P205_,
| dollars - bushels- » ~pounds- | dollars bushels ' - ~pounds=- S
1.0 20,0 3. 20.4 1.69 1.40 8.9 20.4 10.9 1,87 7 .
1.50 20,2 36.6 20.8 1.76 1.50 9.2 - 23,2 12,0 1.93
1,60 20.4 . 38,5 21.3 1.81 | .1.60 9.4 25.5 12,9 - 1,98
1,70 20,5 40,2 21.6 1.86 1,70 9.6 - 27.6 . 13,7 2,02
1.80 21.9 1.90 |  1l.80" - 9.8

- 29.5 Uh 7 2,04




. ~Table B.3 _ .
Economic Optima in Fertilizer Use for OatS"on Summerfallow Predicted by the Quadratic_Function

Experiment Number: 42 Year: 1961
Location: Melfort, District 8B, Saskatchewan

Experiment Number: 44 Year: 1962
Location: Melfort, District 8B, Saskatchewan

Least. Cost Combinations for Specified Yields
‘MaR.'So

Least Cost Combinations for Specified YTields

. . ' M.’R.S. L
¥1eld. N P205 . dP/AN Yield N P205 dp/dN
lvbushels : o ~pounds- | . bushels - -pounds=’
'30.0 Loy 354 =1.43 50,0 0.0 6.9 =016
L 60,0 ) 0.0 15,0 =0.,24,
70.0 0.0 25.1 =0.39
8000 . . 0.0 . 3908 ‘0087
90,0 13,3 53.9 =1.43
Profit Maximization N. Profit Méximization 4 N
 Price -“ Yield o N | P205 P205 " Price' m,__ Yield N P205 E P205 ;'
dollars . busheis" ;~poundé- dollars . bushels . =pounds= .
0,50 28, 2.7 27.8 0,10 ] 0.5 92,5 19.6 57.5 0.3
0.55 Sl 29,2 3.5 " 31.3 0.11 0.55 . .93, 21,6 - 58,6 0.37 -
© . 0.60 . 29.8 4.2 34.3 0,12} ' 0.60 - 93.6 23.2 59.5 0.39 =
- 0.65 . 30.2° L.8 36.8 - 0.13 0.65 9.0 2.5 - 60,3 0.4 -
5.3 0.70 o 9.3 ' 25,7

0470 . 30.6 39,0 . 0.13

61,0 - 0;h2f




Table B.l

Economic Optima in Fertilizer Use for Oats on Stubble
Predicted by the Quadratic Function

-—_ﬁ—‘_——-—_—'—-—-————-————__—-—'-——_“_“———_———_____-_—___”
Experiment Number: 45 Year: 1965
Location: La Corey, District 6, Alberta

Least Cost Comblnations for Specified Ylelds

M.R,S,
Yield N PZO 5 4P / dN
bushelsl. | =pound s-
40.0 0.0 0.5 -0.39
50.0 . 1.7 10,5 ~1.43
60.0 _ 18,6 B Y/ -1.43

Profit Maximization

S
?rlce Yield N '. P‘2‘O5 P205
dollars bushels ~pound g~
0.50 643 30,2 16.5 1.83
0.55 64,7 31.8 16,9 1.89
0.60 651 33.2 17,2 1.93

0.70 65.6 354 17.6 2,01




Table B.5
Economic Optima in Fertilizer Use for Barley on Summerfallow

Predicted by the Quadratic Function

Experiment Number: 47 Years: 1962
-Location: Scott, District 7B, Saskatchewan

Experiment Number: .48 Year: 1960
Location: Fort McLeod, District 3, Alberta

Least Cost Combinations for Specified Yields ‘

Least Cost Combinations for Specified Yields

25

. | M.R.S. ’ - M.R.S,
Yield N P05 dp/an Yield N P,0s apfan’
 bushels’ -pounds— bushels | -pounds- .
40,0 2.1 28.0 -1.43 40.0 9.9 23,7 -1.43
Profit Maximization =~ - Profit Maximization .
| »;rice_. R Yield | B P,0; .9'20'5 Price Yield | N Py P50
.dollars - bushels' -pounds=- 1 ﬁdollérs ' bushels -pounds-
0.65. 4.5 4.3 35.0 0.12 0.65 40.0 . 9.9 23.7 0.42
0.75 42.1 5.2 38.0 0.14 0.75 4L0.6 12.3 25.4 0.49
0.85 42.5 6,0 40.4, 0,15 | 0.85 41.0 .1 26.6 0.53 -
42,9 7.0 43.8 0.16 1.05 4l.5 16.7 28.4 0.59

10(.)5’




Table B.5 (continued)

e —————————

Experiment Number: 51 Year: 1967
Location: Lacombe, District 5, Alberta

Least Cost Combinations for Specified Yields

- M.R.S.
Yield N P205 dP/ aN
bushels —pounds-
10.0 0.0 5.5 -0.,16
20,0 0.0 15,1 -0,29
30.0 11.1 29.5 e WYX
40,0 ’ 5609 34.5 ‘l-‘+3

Profit Maximization

Price . Yield ‘ N P205 P205
' dollars bushels ' ~pounds-

0.65 - 36,9 -39.7 32.6 1.22

0,75 . 38.8 49.9 . 33.8 1.48

1,05 BLT . 68.6 35.8  1.92




Economic Optima in Fertilizer Use for Ba

~Table ‘B.6 » ‘
rley on Stubble Predicted by the Quadratic Function

l.qé'.ﬂ

Experiment Number: 53 Year: 1960 Experiment Number: 55 = Year: 1960
Location: Sanford, District 3, Manitoba Location: Portage la Prairie, District 3, Manitoba.
Least Cost Combinations for Specified Yields Least Cost Combinétions for Specified Yields
. - - ‘ M.R.S. e qq M.R.S,
Yield N P205 dP/AN Yield L N P295 - dp/AN
 bushels ~pounds- bushels -pounds~
20.0 0.0 11.9 -1.27 | 30.0 0.0 10.9 -1.06
©o- 30,0 16.9 21.3 =1.43 40.0 18.5 26.3 -1.43
©o 40,0 L6.4 34.6 -1.43, ' -
Profit Maximization , N Profit_Maiimization N,
‘ ?rice L Yield.  j:N P205 ~P205 ' Price. Yie;d'  ‘ | N P205 P205v
~ dollars - bushels -pounds- dollars bushels ~poundse=
- "0.65 . 38.9 41.5 32.4 1.28 0.65 L1 32.1 32.5 0.99
0.75 39.7 45.0 34.0 1.33 0.75 45.1 - 36.4 344
0.85 40.3 47.8 35.2° 1.36 0.85 45.8 39.7 35.9 1.1
. 0,95 - 40.6 49.9 36,2 1.38 0.95 L6.2 - 42.3 37.1 1.1




Table H.6 (contiﬁued)

-Experiment Number: 56 Year: 1967
Location: Roland, District 3, Manitoba

Experiment Number: 59 Year: 1968
Location: Bagot, District 8, Manitoba.

Least.Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields

. | M.R.S. | . ’ , : M.R.S.
teld = N P205 gp/ay, | o Tied N P20s ap/dN
bushels ~pounds- - bushels * -pounds-
' 50,0 0.0 11.1 -0.49 40.0" 29,9 '11.3 -1.43 -
70.0 62.1 25-5 "'1olb3 . .
T 8000 10701& 31.1 -’1043 '.
Profit Maximization ' ‘ N‘A : Profit Maximization N
Price Tield N P20s PO Price . . Yield - | N P,0; i P,0s
dollars ~ bushels ‘=pounds— dollars bushels . -pounds- v
1 0.65 - 78.3 98.7 30.0 3.29 |  0.65 45.2 53.3 4.5 3.67
0.75 -1 82,8 122,6 32.9 3.72 0.75 ~49.2 73.8 17.4 L.2L
. 0.85 . | 85,9 140.8 35.2 4,00 0.85 51.8 - 89.5 19.6 Lo56
- 0.95 88.0 155.2 37.0  4.20.} 0,95 53.7 101.9 21.3 4.77
1,05 . 89.6 166.9 3844 L.35. 1.05 55.0 111.9 22,7 4492




Table B.6 ({continued)

Experiment Number: 61

~ Year: 1968

Location: Melfort, District 8B, Saskatchewan

Experiment Number: 63  Year: 1961
location: Turtleford, District 9B, Saskatchewan

Least Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields

M.R.S. .

0.41

. . M.R.S. e ' ' : ,
Yield N P205 dP/AN Yield ’ N P205->  4p/dN
" bushels- A ' -pounds- A bushels . =pounds-
- 60,0 6.2 8.7 =143 | 20,0 3.6 -1.43
Profit Maximization , N Profit Makimization N.b
- ?ri¢e . Yield N P05 POs|  Price Yield N P,0; P,0,
dollars - bushels- -pounds- : dollars bushels ~pound s~
"0.65. 63.3. 41.1 9.6 4.28 0.65 23.6 12.5 30.3
0.75 6k .8 S h9.4 10,1 4.88 0.75 24 .4 15.2 33.2 0.46
0.85 6548 55.8 10.5 5.30 | . 0.85 2,.9 17.3 35.4 . 0.49
0,95 66.6 60.8 10.8 5.61 - 0,95 25.3 18.9 ' 37.1 0.51L
1,05 671 64.9 11.1 = 5.85 1.05 25.6 20.2

38.5

0.53



Table B.6 (continued)

Experiment Number: 64 .  Year: 1960
Location: Dorintosh, District 9B, Saskatchewan

Experiment Number: 66  Year: 1960
Location: New Dayton, District 2, Alberta

Least Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yields

7 : . : M'R.S. : .
Yield N P05 ab/aN Yield .. | N P05 ap/in
bushels ~pounds- o - bushels =-pounds- - ; .
©10.0 3.0 0.0 O SLiks | 20,0 12,4 ¢ 8.6 ~1.43
Profit Maximization - | Profit Maximization .
Price Yield N P05 . PO, Price | Yeld ¥ © P,0; PO,
 dol1ars_ ~ bushels ~pounds= dollars " bushels ~ =pounds- s
10.65 25,4 19.7 37.5 0.53 | . 0.65 22.2 20.4 12.5 1.63
0,75 25.9 21.0 40.3 0.52 0.75 23.5 25,8 15.2 1.70"
0.85 26.3. 21.9 42,4 0.52| 0.85 2h . 30.0 17.2 1.7
26,8 23.3 L5 0.51 1.05 25.4, 36.0 20.2

M.R.S. . ‘.

s



Table B.6 (continued)

Experiment Number:
Location: Barons, District 2, Alberta

Year: 1964 4

Experiment Number: 69 Year: 1964
Lacation: Glenwood, District 3, Alberta

Least Cost Combinations for Specified Yields

Least Cost Combinations for Specified Yieldé

1.05

: M.R.S. o | o M.R.S.
Yleld N S P © dP/AN Yield N - P205 dp/dN
bushels -pounds- ~ bushels —pounds~ A
20,0 Te -1l.43 20,0 6.0( ' 0.0 -2,71
. 30,0 37. - =1.43 - 30.0 31.9 : 5.0 -1.43
| ‘ | . 30.0 3.2 . 140.8 -1.43
Profit Maximization _ N Profit Maximization N
Price Yield N P05 P,0;| Price Yield = N P,0; P08
dollars’ bushels " =pounds- dollars bushels ~pounds—
0.65 27.2 24,9 27.9 0.89 | ~ 0.65 35.5 - 45.6 20.6 2.21
0.75 28.1‘ 28.1 30,8 0.91 0.75 37,0 50,2 25,9 1.94
0.85 28,7 30.5 33.0. 093 | 0.85 © 38.0 - 53.8 30.0 1.79 -
0,95 29.1 32,5 34.8 0.93 0.95 38,7 56,6 33,2 1.70
' 29.5 34.1 . 36.2 0.9 1,05 39.2 : 58.9 35.9




Table BJG‘i(continued)

Experiment Number: 71 Year: 1962
Location: Fort McLeod, District 3, Alberta

Experiment Number: 75  Year: 1966 .
Location: Chedderville, District 5, Alberta

Least Cost Combinations for Specified Yields .
‘ ' M.R.S.

Least Cost Combinations fopr Specified Yields o
' ' M.R.S.

Tield N PO ab/an Held W . PO, apjin.
 -busheis -~pounds-  bushels ;pbﬁnds- . . :
0.0 3.0 0.0 -2.25 20,0 15.5 0.0 -1.60
300 : 6.1 o 30,0 321 8.8 -1.43
1300 2heb 6.1 w3 40.0 48.0 25.3.. -1.43
50.0 - 9.0 472 <143 .

- Profit Maximization A - | - Profit Maximization i
-, '?riée o Yield o P05 P0;|  Price Yield N P,0s P295_
dollars - bushels-. , -pounds- '.dollars’ ~ bushels ~pounds~ ,
065 32,8 30.0 26,7 112  0.65 52,6 76.3 5.8 1.39

0.75 34.0 33.2 32,7 1.02) 0.75 54.2 8.5 60.1 ~  1.35

0.85 34.9 '35.6 37.2 0.96 0.85 55.2 . 85.5 64.3 1.33

10.95 35.5 37.5 40,8 0,92 | 0,95 56,0 88.6 67.5 1.31

0.89

56,5 70.1




~ bushels

Table B.6 (continued)

. Experiment Number: 80 Year: 1967
. Location: . Condor, District 5, Alberta

Experiment Number: 82 Year: 1967
Location: Red Deer, District 5, Alberta

Least. Cost Combinations for Specified Yields
| M.R.S.

Least Cost Combinations for Specified Yields

g - ’ M.R.S,

‘ ¥1eld. N P205 dP/AN . Yield ) N P205 dP/aN

~pounds- ' bushéls -pound s~

40,0 - 15.6 0.0 =2.27 60,00 5,9° | 8.5 -1.43

. 5000 3506 203 -l-!&3 70.0 . ' 1705 1705 ’1043 .
60.0 49,7 2.6 A =1.43 80,0 31.5 28,4 ~1.43
80.0 89 ol& 72.4 -1014-3 : 2 B

Profit Maximization N _ Profit Maximization N
Price Yield | N P205 P205 | Price Yield 8 N ?205 _.P2 5
 dollars . bushels -pounds~  dollars bushels ~pounds-

0,65 ©79.6 88.2 70.8 1,25 | * 0.65 .l 61.8 52,0 1.19
0.75 81.7 9 .4 - 78.9 1.20 ] " 0.75 . 95.0 65.2 5446 1.19
0.85 83.1. 99.2 85.2 = 1,16 0.85 . 95,6 - 67.8 56,6 1.20-
0.95 84.1 103.0 90.1 1.14 0.95 1 96.1 ' 69.9 58,2 1.20 -

1,05 84.8 106.0 9%.1 1.13 . 96.4, 1.5 .59.5 1.20

11.05-




Table B.6 (continued) .-

Experiment Number: 83 .
Location: Lacombe, District 5, Alberta

Year: 1966

Experiment Number: 84 Year:

1967
Location: Lacombe, District 5, Alberta

Least Cost Combinations for Specified Yields

Least Cost Combinations for Speéified Yields

o , . M.R.S, ‘ ' M.R.S,
Yield N Py,  ap/an Yield | N P,05 dp/an
“bushels ~pounds-~ ' bushels -pounds~ 4
- 50.0 20.6 0.0 -2.722 | 400 . . 6.6 112 -1.43
~ Profit Maximization N Profit Maximization _ N
Price Yield N P205 P205 " Price _Yield - N P205 ‘ P205
dollars bushels | -pouhdsé | dollars bushels ~pounds-
0.65 581 48.6 3.8  12.76 | 0.65 53,7 32.9 39.8 0.83 -
0.75 59.9 53.3 - 11.7 4.57 0.75 She7 36,0 o 431 0.84
0.85 61,1 56.9 - 17.7 3.22 0.85 55.3 38.4 - 45.6 0.84
- 0.95 62.0 59.7 22,4 2,67 1 - 0,95 55.7 40.2 47,7 0.84
o 1,95 : C 62,6 62.0 26.2 2.36 1.05 56,1 41,7 49.3




, Table B.5 (continued)
========================================================‘
Experiment Number: 88 Year: 1965
Location: Myrnam, District 4B, Alberta

Least Cost Combinations for Specified Yields

. M.R.S.
 Yield N : P205 ap /N
bushels ' ’ ~pound g- o

60,0 17.0 29.8 : =1.43

Profit Maximization

N
Price Yield N P205 P205
dollars bushels =pound g-
0.65 58.2 10.5 22.3 - 0.47
0.75 59.0 13.0 25.3 0.52
0.95 : 59.9 16.6 29.3 0.57 .~

1.05 60.2 17.8 30.8 0.58




, Table B.7 |
Economic Optima in Fertilizer Use for Rye on Summerfallow Predicted by the Quadratic Function

ExperimentiNumber: 91 Year: 1960 | Experiment Number: 92 = Year: 1964
Location: Indian Head, District 2B, Saskatchewan Location: Indian Head, District 2B, Saskatchewan
Least.Cost Combinations for Specified Yields Least Cost Combinations for Specified Yields
. M.R.S. , | | 7 M.R.S.
¥1eld- N P205 dP/aN Yield N N _ PZO5 dp/dN
" bushels o ~pounds= o - bushels ./ '-pounds-
25,0 6.0 8.7 O Alu43 40.0 . . g.8 10.1 =1.43
Profit Maximization . N Profit Maximization | N -
Price - Yield - | N P205 P205 Price | Yield - h N P205 ‘ P205
dollars . bushels -=pounds— | dollars - bushels : ~pounds=~
10.95 - 25.2. 6.5 9.7 0.67 0.95 k2.4 :] 16.4 19.2 - 0.85
1.00 L 25.3 7.1 10.9 0.66 1.00 42,5 17.0 - 20,0 0.85
- 1,05 . 255 1.7 11.9 ° 0.64 | 1.05 42.6 17.5 20.6 0.85 .
1,10 - 25,6 T 8.2 12.9 0.64 1.10 42,7 . 18.0 - 2.2 - 0.85
1,15 . 25.7 8.7 13.8 0.63 |© 1.5 42,8 18.5 21.8 0.85 -



