ECOKCMIC ANALYSIS ©
FITUIF B

INPUT-QUTBUT DATA FR

CAUCA VALLEY, COLC




LIBRARY

Michigan State
University




PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

5/08 K:/Proj/Acc&Pres/CIRC/DateDue.indd



ECONOMIC ANALYSIS OF FERTILIZER
INPUT-QUTPUT DATA FROM THE
CAUCA VALLEY, COLOMBIA

By
KEANAK BERTOLOTTO

AN ABSTRACT

Subnitted to ths College of Agrioculture of
Michigan S8tate University of Agriculture
and Applied Scienoce in partial fulfillmen$
of the requirements for the degres of

MASTER OF SCIENCE

Department of Agricultural Economics

1989
APP ROVED%%




Bertolotto
1l

ABSTRACT

Current fertilizer recommendations generally reflect
inadequate attention to eoconomic considerations.

Farmers are being supplied with fertilizer information
from whioh, implioitly or explicitly, the conclusion 1s
being Adrawn that the most adequate level of fertilization
18 the one at whioh maximum yilelds per acre are attained.
+ThHid- is seldom oconsistent with the more important conocern
of maximizing profits. Profits are increased only so long
as the 008t of adding fertilizer inputs is less than the
added return derived from their use.

The experinmental work to detmrmine fertilizer input-
orop output relationships and to provide information for
making more dependable recommendstions to farmerswvas
eonduoted eooperatively by the Colombia Projeoct of Michigan
State University, the Pacultad de Agronomia of the Universi-
4ad Naolonal de Colombia at Palmira (Colombla) and a
Colombian farmer, Senor Edgardo Patino, during 1957.

The ereps studied are corn and beans. The variable
nutrients studied are nitrogen, phosphorous and potassium.

The analysis of the data produced by these experiments
permites more adequate analysis of fertilization rates and

of the reocommendations which are given to farmers.
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The analysis of these data are based on the concept
of a continuous mathematiocal production function. Yield
responses to different fertilizer nutrients are dependent
upon the levels of the variable nutrient inputs. The
economio optima 2re determined where the marginal value
productivity of a nutrient input is equal to the ocost of
adding another unit of suoh input of fertilizer,

Two two-variable functions were fitted to the
experimental data for corn Patino Lower and com Patino
Upper Fileld. After applying various statistical tests
it vas deo0ided that a oross produoct produotion funoction
of the forws

YoS adbN & oP & aN2 4 P2 ¢ £NP

where Yo is Yteld and N and P are per acre appliocations of
nitrogen and phosphoris acid was considered a better
representation of the funotional relationships involved
than a square root equation whioh was the slternative
produetion funotion fitted to the data.

For eorn Patino lLower Field data, nitrogen was found
to exers the predominant influence on yleld, even though
response was also obtained from the applications of
phosphoric acid.

For oorn Patino Upper Fleld data, ohly phosphorie aold
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applications were found to influence Yield.
Three three-variable functions were fitted to the
experimental dats for bean Patino 1957/58. After applying

statistical tests a Cobb=Douglas funotion of the form:

Yo® ax,Pl x,P? x,b3

‘vas oongidered & more appropriate fit for this set of
experimental data, ‘than the square root and oross product
production funotions the alternative equations fitted %o
the Adata.

The economic optima conditions are based both in the
physical funotional relationships and in the price con-
ditions for fertilizer inputi and product output existing
at a given moment.

If the price relationshiﬁa involved change, & new
optimum amount of fertilizer inputs and nutrient
combinations to apply dbecome profitable as determined by
ths new nmutrient-orop prics ratic existing after the
ohange.

This study shows that turthsr experimental work in
ocorn, beans and other orops 1s needed in the ZTauca Valley.
The experimental design used in this study has proved
useful to obtain thes kind of experimental data needed
to make sound recommendations to farmers.

In view of present agricultural Gevelopment projeots
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under way in Colombia, this kind of research work may be
the best way to promote an effioclent reallocation of
resources and oan make an important contributiom %o

inoreased productive ocapacity of the Colombian agrioul fure.
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CvaTaR L

THs THT il IR OHTES GF AGIRAHGIIL ALY LOHIGHEIC
CLitClw%y I8 FosT XTIl jutadsaiksd

The Tvrpa of Inforsation Naalsl hy iaprarng,=

(ne aspeot of
fortilizer ressaarcn deals with the presenoe or esbsance of
responas in erop yiells to fertilizer appliontions.

ilowaver, onog rajponaes have bsan found to exiat, the
farnor noeds to oconsider Tertillzar anlong witik other
reacurces nnd pruactloea in rds furm managerent decislons,

Tr.ao9 deciciona onn be wade moat officliently if
fertilizer information ia provided in the form of incre=
wantal responge detae

Inorezental res;onse Axta show %The auocassive &llitions
to yield resulting from succeznive fertilizer appliontions..
Agcordingly, ongs resesaroi hes shown that orop yields do
respond to fertilizer, tie ngxt atens in resc.roh are %O
estinmetal
(a) t2o inorenentzl ylelda fortiagouning fros Alffurent
rates of Fartilizer applicztions unter aneoified arop and
¢0ll conditiona, and
(v) the eooncmis optlsws quantity of fertilizer, considering
erop andi fertillzer prices and rroduction oosts.

Farners osn he divided into &wo groupst thoss who






have ample oapital and thnse who hsve linited capltal.

They are seldon interested in meximizing ylelds per acre,
and not even the farmer with unlimited oapital is interested
in na;xmun per acre ylelds] he &3 intereated in higher aore
yields only to the extent thmk grecter production adls more
to returns than to costs.

The extsnt to which highar ylelds inorease profits
depend oni
(a) the rate at which inputs are transformed into crops,
and
(b) the prioce ratio.

Maximum profits oome when the orop/fertilizer trans-
formation ratio is equal to the fertilizer/crop price
ratioj the transformation ratio dsclines with heavier
fertilization ratss under diminishing returns. The
slope of the responass function rapresents the inorsmental
or marginal ylield due to small inoreasses in fertilizer
use. The farmer with linited capital nesds this information
in determining how much fertilizer to applye.

For lnotanool. suppose that a farmer with limited
capital can earn 32.50 return on funds spent elaewhore
in nhis business (such as traotor fuel, orop seed, or hog
supplement).

1
lieady, E. O., "Methodologlocal Problems in Fertilizer
Use®, (in) Bown, B Lo, “2ndy, 7. 0., Dleokmore, Je,
“¥“ethodolosigal Prooedures in the “cononig Anzlvsis of
i s hmes, Iowa iitate College i'ress,




He 18 given Ainformation showing that one disoretle
level of fertilization, 30 pounds of nitrogen, will increase
oat yleld by 17 bushels. with oatsat 70 centa per bushel
and nitrogen application coasting 18 cents per pound, the
total return 1s $11.80 and the total cost 1a 5440, a net
of 164800

fowevey, the return per dollar spent on fertilizer
(11.901465.40) s only §2.20 and the farmer will allocate
his socarce funda wheare hes cen get 2.00.

Suppose, however, that the farmer i1s given evan three
points from a response function showingt the first 10
pounds of nitrogen has & marginzl yleld of 10 bushels}
the segond 10 pounds has a marginal yleld of 6 bushels,
and the third 10 pounds has a marginal yleld of 2 bushels.

¥ith a unit costing {l.80, the first 10 pounds returns
§3+89 per dollar invested in fertilizer, and the seoond
retumns £1.96.

Honos, s2ince the farmer oan realize only ;2.80
elsevhere in his business, he now 1s encouraged %o
Anvest in at least 10 pounds of nitrogen.

Obviously, then, knowledge of the response function,
aoupled with information on the economics of fertilizer
vge, ozl snoourage a greater investment in this resouroce

on the great majority of farnas with linited eapital.
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The metivnd 9L reseurch and form of presentation, when
the f£indings and recommsndationa ere in tarma of "one
dlsorete level® oun lead the farmer to uae No fertilizer
when fertilization actuaslly represents a profitable
investment within his situation of 1imited oapital.

Knowledge of the response funotion is equally
important for the farmer with unlinmited oapltal.

I$ 13 known that the cptimun or most profitable level
of fertilization for these farwers is defined in aqu;tlon
(1)

a = 2g
aF Py

where the terna to the left of the equality is the marginal
yield or response and the term to tre right is the price
ratio {price per unit of fertilizer divided by the prioe
rer unit of yleld).

The marginal yleld is the derivative of yleld with
respegt to nutrient; 1%t is the slore of the response
function for any particular input levels This 48 the type
of Anformation basio for making recomnendations to farmers
who geak to maximize profits when unlimited capital 1is
avallable to then.

TaononigeAcrononig Intexrntion in Fertillizar Fesserches

As
Jotmaonl points out, “fertilization ressaroh should be

1Johnson. Gele, "Interdisciplinary Considerations in
Deslgning Irperimenta to Ltudy the Profitabllity of Fertilizer
Uae.' 1“ Bam' E,’L.. He&dy. E.o.. Blacmoro. JQ’ ﬂ. gl'..p' 220



looked at from the polnt of view of an agrioulturist

rather than from tha confined viewpolnts of the farm
manageaent speoialist, the soll specialist, ths marketing
specialiet, the mathematlioal statistlelian, or the specialist
in leguminous nitrogsn fixatlion®.

Agronomiagts and economists recognize tnat fertilizer
reoonmmandations siould ba based on data ani primeiples
drawn from both sclanced.

Firad, it 1s necezsary thet agmomonio findings be
available for application of the relevant economio
prineiples, stating where and how much fertilizer should
be used. The economie priaciple 1s, of oourse, quite
sterile vithout the response data to go with it.

Howevar, agrononic dats alone 4o not yrovide the
basls for effioient fartilizer use.

Soxme of the reasona for the lack of integration of
eocononia end cgronomie prinoipleas in fertilizer research
in the past and at the present time in many caces and
vouniries, us Heady1 peints cut ere the followingt
(a) laox of training of agricullural ecnnonists in
matiemetical economios and statistiocal tseiniques %o

develop the kind of estimates for econorlic analysise

1Baum, Bole, ioady, B.0., *Uver-all kKconomio Considerae
tions in Fertilizer Use®, (in) Baum, E.L., Heady, E.C.,
Pesek, Jeis, Hildreih, Gels, *fertilizer Innovations ang
Pesouree lUsae%, Ames, Iowa State Collegs I'ress, 1957, pp.l128.
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(b) overspecialization in land-grant colleges and other
resenrch inastitutions has not always encouraged suffiolent
gooperative worke.

(o) Aimproved statistical techniguss for handling multi-
variable fertilizer experiments have heen emphesized only
recently.

(4) in many areas of the United States, fertilirer becanme
an important factor of production only recently.

(e) the roluctanes of egrencniistsg to sonsider econnmie
optina studles as a part of thelr regsarch prozran due,

in parf, to a lack of understanding of the wathemntical
procedures usoed by the economistse

1 had been interested largely &in varianoe~

{f) egronomists
type studies to estadbliah response and relate 1% to soil
charagteristics rather than to dstermine the marginal

quantities and the cptimum use of fartiliger,

lieady, F.0., PeseX, J.T., %A Fertilizer Production
Surfaoce with Speoifications of Eeonomio Optima for Cora
Orown on Calamreous Ida 5ilt Loan®, Jovrnzl of Term
Foonomios, Volume 36, August 1954, ppe. 460.




CHAPTLR 2

Vil PRODUCTION PUNCTIZH Al THL CUHCGAT

OF (aXIMIZATIOH

The Production Function in Paurtilizor Pacanrah,=-

Ag rag been
pointed out by Johnaonl, i3 typloel exparirent 2ssign
investigates a production function of the form of equation (2)
(2) Y B L(H,P,K [ Zyeesenady) 4 u
where Y 1s ylell in buahels per zors; N, P anl ¥ ar2 the
vaually investizated Sndopandent ¥3rlublses or leovals of
fertilizatlon; X .seeseeX, inoludse variables "fixel® at a
cartain level (oultivaticns, insect gontral, rotatlons,

Ph levels, varieties, drainagse, scil unXfornity, etc.)e.
U is the vrriation 4in yleld not ex;lajrned by the

eyperimentrl variations in the inderenlent varisx:les.

The Congept of fHaximization.-

Produation functions express
the functional relationsnip between resource inputs and
produot outpute.

The oonventional procedurs in a production funcilion

lJohnecn, GeL., "Planning Agronorlic=Foonomio Ressarch

in View of Rasvlts Uo Tate", (in) Tawi, B.l., Ezdy, Z.0.,
Pocek, J«T., Hidldreth, C.Ge, "Fertilizer Innovetions and

Aosourga Uaa, Ti.e Jowa State Jullcye ireds, Anes, lova,
1587, Crapter 19, ppe 219. .




study 1s to predicst the total output curve or surface as
an estimating (or regression) equation.

Mrximization concepts help locate such economio
optimum as the quantity of ¥ to produce maximum profit
and the least coset combinaticn of fertilizer Fy anfl_re
to use in producing that amount of produoct output Y, and
also how these optima shift with prioce ohanges.l

In a function such as equation (3).

in whigh

Y, % yield of crop
P, ¥ prige of orop
Py ¥ fertilizer input
F = fertiliszer input
= price of fertilizer input ry

‘Pro = price of fertilizer input

X3eesaseXy * dnputs fixed at specified conditions.
T 2 prorit

when !‘2 .1a constan$®

4 ar -
(4) _a_i-o

1*".namur.m, G. L., "Interdisoiplinary Considerations in

Destgning Experiments to Btudy the Profitability ef
Foertilizer Use", (in) Baum, E. L., Heady, E. 0.,
Blackmore, J., Op. oit., Chapter 2, p. 27.



defines the nost profitable amount of P, to uze with the

1
conatant anount of Fa. Under ordinsry competitive cone
d1tions, the coniition for maximlzing profits 1s defined
as in equation (5)
(5) dfr = 4vs }yo'yfl s O
Ty

If the most profitable combinution of Fy and F, in
produclihg ' a given amount of Yo is desired, ejuation (3)
defines the least ooat ocmbination of Fy and F, to use in
producihg’ the amount ¢f Yo under conslderationt

(8)

4¥g
bt} - n
a¥e Tz
aF,

As the oondltion defined in equation (5) is, for Fy
- and rg respectively, the slope of the production function
defined in equation (3), these conditions permit deter-
mination of the most profitable (least-ocost) combination of
F; and Fy to use in obtalning a given ylald (where Yo 18
held constant).

When it is desired to determine the most profitable

anounts of F; end P to use and of Yo to produce, the

2
derivatives for profit with respest to F; and F, are set

equal to gero, and solved asinultaneoualy for Fy and Foe
Raving seoured F, and F_ 1n this way, the values are

1l 2
subatituted in eguation () and solved for Yae.






10

CHAYTER 3

STATIGTICAL MirASURFNENTS

Introduction.=

When the values ssgsuned by one variable (Y)
dspend on (i.es., are a function of) the values taken by
one or more other wariables {Xj,Xsess..X,;) a functional
relationship 1a dsfined.

Y is c2lled the *dependent variable® and the variables
on which Y depends are referred to as "independent variables".

Corrslation analysia gives a neasures of how the
dependent variable ohanges with a given change in the
variable or variables on which 1% depends.

This nessure 18 an "estimating equation® which makes
possidble estimates of the dependent variable from ths
independent variable or variables.

Correlation analysis £lso provides a measure of the
agourasy of such ¢stinates - *the standard error of estimate®;
and finally, "the coeffiocient of correlation’ tells the
degres of correlation.

¥hen the analysis 1s lirmited to two variables the
methed is ocalled "gimple correlation® but it is often
neoessary to inolude the influsnce of several independent
variables to explain the variation in tha depenient variable

and this s known as "nultiple ocorrelation®.
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Graphig Anrlyais of Functionsl Relstionships.-

A method of
plotting the data and a metlod peculliasrly sulted to the
analysis of functional rolationships ig that of the soatter
dlagram,

Here one variasble 1s soaled on the X axls, the gecond
on the ¥ axis, and the palred values of the two variadbles
are plotted on these soales.

Bsoause of the charaoteristioc of the dats, the tendency
of the points 1s to seatter diegonally moress the diagran
from the lower left hand to the upper right.

When two varisbles are plotted in the scatter dlagran,
ones ordinarily should be oharaoterized as independent
(in the present study 4t 1s fertllizer input) &ndi the
other as dependent variadle (being output of erop yleld).

The independent variable is the one upon which the
variation in the second geems to dspend, The independent
varisble is ordinarily plotted on theX axis and the dependent

variable on the Y axis.

Tre Fatima Equatione=

ﬁathnmationlly computed lines may
be paesed through the data, whioch are ocalled "lines of
average relationship®, or "regression lines", because they

reveal the typiecal ohenge in thas dependent variable Y which



has accompanied & glven onenga in the indepondent varisble
or variables.

This sverage relatlonshl)p nay be determined mathe
enatiocally by the methwd of least squares.

In ocomputing the squation for an estlnatlng; esustlon,
an *a" vazluas nuat be seoured wanich will ba the value of the
regression line at its origin, anl & *H* wvalue, which will
describi the aversge ohange in Y with a given change in X.

When these two values ars obtained, a complete
desaription of a regression line 13 secured, the matnenatical
charaoteristio ¢f whioh may be desoribed in equation (7)
for fungtional relationships with one indspsndent variable.

(?7)
Yo ® a 4 bX

To obtain the "a" value, the following equation is
uaed:

(8) a3 IX*EY XX EXY
¥ ZX® - (£X)°

The formula for "b", ghowing ths average change in Y
for a given change in X 18 given in (9)

9
o) pbS XN Xt~ Zx &Y

R Zx> - (EX)2

If two or more independent variables ars used to explaln
the ehanges in a dependent wariasble, 1% heoomes ypossible to
measure the influsnce of eaoh of these (xg and Xs, for
example) when the influence of the otier (x2 and xs) is

congidered.
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The 3tanlard Frror o0f Fitimita.=

urror nmust be exmpected in
all estlizntes made froa rogresslon egquationa. I there are
variableas which have baoen ignored in computing the regresslon
equation and they are important, the estinates mede may be
vory poor and the aotual cbservationsg muy soatter widely
sbout the re;ressiocn lina.

Since ths departure of the observations fron the line
of re:ression is due to sucgh "otiaer" fsctors a3 hauve been
sug:-ested, thess deviastions are known &s "realdusls®,

They are residuala in the serize, thsn, that after X has
bean used to explain the wvariation of Y thers tay remain
a residual variation whieh 18 Aue to a large number of
foroes which has been ignoreld 1a1 the correlation.

If, on the othsr hand, the residuals in slmple
correlation are not due to a mass of other influenoces,
but oan de explained by the introduotion of one or more
adiitional &ndependent varisblea, tlie analysis should dbe
converted to a precblen in multiple correlation.

The new funotion with sesversl lndepaﬁdent varlabvles
may provide a betlter explanation of the varlation in X,
and one evidenge of this will bo a reduction in the
residuals.

The next step in the analysis will be to measure the
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residual variation. If it proves to be suall, the foroces
ignored in the funotion as etated hove little influence on
Ye

In order to galn some 1dea of tiue adqauacy of the
regression equatlon as an explanatlon of tha varistions
in ¥, 1t 18 necessary to have a nathematical device wliich
will meagure the scatier of the points around the regression
lines If the regressicn line 43 a good f£it and the z2otual
data plot close to 1t, there 18 indlcation that tihe values
of Y are related to thoge of X in the manner deszoribed
by the regression equation.

In this case, the derived mathiematioal measure of the
residual variation should give a low value.

Should the points soatter widely from the regression
line, the use of that estinating equation as an explanation
of the variations in Y must be quastioned and any estimate
of Y based on 1ts functional relationship to X nust de
oexpested to be inacourate.

In this oase, the mathenatioal moasure ol the residuals
would have a relatively large value.

The measure of the scatter of the points 1s known as
the "gtandard*error of estimate®s If Yo is used to symbolize
the eomputed values of Y, and Y to symbolize the actusl
values of Y, this process of caloulating the stendard error
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of estimate 13 &s follows in equation (10), whers S8y
gynbolizes the standard error of estim:=te:

10
(10) By 3V E(Y=¥o)>
]

The interprelation of tha staniard error of estiaate
13 elmilar to that ol the standard deviation. IU may be
sald that epproximately 633 of the points in the socatter
dlagran will be within the range of tha ragression line

plus and minus one standard errcir.

Koagurenen of Correlstion.=

The estimating equation reveals
the ehange in the dependent warisble which typloally
agoompanies a given change in X.

The scatter of points around a regression line gives
a first visual impression of the extent to whioh the
independent variable, or variables, actually succeed in
explaining the variation in the dependent variadble, and
whether useful estimates of it oan be made from those
relations. The atandard error of estinate gives a measure
of this socatter.

Now, 1%t is desired to obtain one swmary figure whioh
will indionte the "extent® to which two or more variables
are oorrolated.

This should be a purs nunmber, so that the unitas in
which the values are guoted will not affect it.

It should have known limits so that 1t may be readily
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interpreted. Thes “coefficient of sorrelation® (symvollized
by ®r®* for sinmple corrslation ani by "R" for multiple

oorrelation) 1s such a measure,

Variation Tomlained = The Coefflelent of Nefeormin-tion.-
The

procedure in correlation analysis is to sompute the per cent

of the variation of ¥ whieh 1s explained by the lndependent
variables.

iraditionally, this result is obtained by first comphting
the per aent wariation of Y which is not explailned by the
independent variable or wariables.
(a) ZThe Variation of Y-The Value of G y*:

£ince the variation
of ¥ oan be defined as the standard deviation squared, the
oaloulation 1s made substituting the values for Y, Y and
N in the formula (11)¢

(11) 2 o
6_ : x‘u - ( x)h
o e

(b) Ihe ¥ariatdon of ¥ not oxplainei by X-The Value of Sy®:

Just as the variation of Y ia the standard deviation
squared, the wvariation of ¥ not explained by X 1a the
standerd error of esstimate squared (By~). If tho variation
of Y were conmpletoly explained by X, all observations of ¥
would f£all on the regression 1line and the value of Sy and
Syz would be zero.
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Yhe larger the value o 8y wnd ayg tha leas perfeot the
exzlanation of the wvarlation of Y by the indepsndsnt varlable
or variaobles, and the more important in detemmining ¥ are
othar factors, which were not inoluded in the function.

Tharalore, the larga» Syg the gre«tar the per caat of
the veriation of T nut explelned Yy X.

(12} 2

sy* & ZY* - [ag(Y) 4 bEXD]
N

{c) Zng Per Cont of the Varietion of Y Ixplainaed by X.-

Ths
variation not explained hy X ig divided by the variation of
Y, that 11, Syz/y2 and by subtrnotion then from one results
the per cent of the variation of ¥ explained dby the inde~
pendsnt weriahble or varishles, which i1gs one of the most
useful results in oorrelation analysis, and is known ag
trs *coefficient of latemination®, as shown in (13)

(13)
coefficient of deatermination S ] « Syz

=
ey~
The per cent, 872/6Y2 13 tnown nas the "ooafriolent of
non determination® bocause 4% rao:resents ths per oent of

the variation of Y not explained by the independent variable.

Tne Goefficlent of Correlation.-

¥hen the standsrd error of
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estinmate 18 zero tihere 1s perfeot oorrelastion. If the
standard error of estimate 1a zaro, asotual and estimated
values of Y are identical,

That 1s, the regrsasion equalion provides a perfest
fit to the aotual values of X, and the varlatlion of Y 1s
complately exnlained by ths Independsnt vurioable end
completely 4dspondent wyon 1t

1 Vet ccse %The vilua of Sys C and the ratio

Srz/G'yg will be zoro indicating zero per ocent of the
variation explained by the indgpendent voriashle or variables,

If the standard error 1s eguzl to, or nearly equal to
tiie etandard deviation, there 1g no sorrelation. Under this
eondition tlie value of ths ratio Sy’?/(;"yz would be one,
or approximateliy one, tie ;er cent of the warliation
uwnexplained would be neer 100 rer oent and the variation
explalined would ne near zero. In tihis cass, the coslriclent
of determination will approxinate zero,

The "coefriolent of correletlion” 1g teased on the
coeffioient of dotermination, tioat 1g, tho par cent o2
the variation explalned by tiie independent varisblas Thus,
when ths stanlard exror of esiimate is zaro and the explained
variation s therefore 100 yper ocant, tW.e vcefilcicnt cf
correlation hag a vzlue of onve

If the variution wnexplained (oy?) shoulld Lo s large
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should bs &s large a3 t.e total variation Gy~ then the
unexplained variation 1§ 100 per cant, the explained
varistion 4s zero, and %he coefficient of correlation s
algo zero,

The coefficient of correlation 1s a rure number not
influenced Ly the unita in whlea the dxta are quoted &nd
it is computed as in e uation (14)

(14)

rE 1- sy?
W
)

ihign more than one independent varishls 13 uged to
explain the variation of the derendent varictle, "°* is
veed to syrholize the coefficlent of multiple ocorrelation,

being ooncentually the same as the coefficient of correlation.

Tests of Onrrslntion Pegilis.w

3L ly besause & Hig:k value
of P 1g obtain~d in a esrraistlon annlysis, 4% ounmwot be
ggsumad tlat & valid, relianls, ani sulitable funstion heg
been establisgtad.
Thers sro ecme further tosts RS chould Le nuds %0
establish the reli:bility cf thc reaults fria correlsation
ennlralsg,

(2) V2li34ty Tost,.-

Tro wlidlty %cst consists of a critieal



&ppralsal of rasults to assure the resecsrciter that the
reintions assumed in the function zre correct; tiwt the
relationships do not violate : canons of reaacnablenesgsg
trat the obszerved results are conslstent unong trercelves
and thot the torms included ectually reflect tlie variables
they are intendel to roprecents

Tha vilidity tozi resgts partly on theory, puarily on
e;parimontetion wita ot.er alternative funotions, and partly
on the guriparicon of the attalned resulte with thoss achieved
in other sinilar studlese.

Trie test &8s irportant because wiien the relations
revealed are not valid, in the sanae the term ig used here,
they likely will not be stable over a pariod of tinme wither,
80 very poor estimstes mey result. Furthernore, wrong
anavers mzy be suggeateld for analytieal and operational
problems and esasy satiafaotion wit!i Lhigh R's valucs may
dlscourags fwothor research whien would produce much better

resulta,.

(b) Felilabllity Test.-

Another reagon to take a second
oritioal lcool at corrslation results is that they rnay lack
reliabllity.

The moet obvicus cnsge is when randonm gav;13s are used,



If nany such samples were token from the same population,
one osn be surs that the regression coefficlent, for
example, would differ from sample %o sample; that a sanpling
distridbutiosn gould be ocnstructed 2nd the standard error

of the regreassion coefficlents estimstad.

CP course, Sy (%ha atandard error of estimate) and Oy
ruat slego ba expectel *o d12fer zomawhst, from aample to
garple, zo thot *3% »1ioh depends on them, will also have
a sampling dlstribution snd 1%sg own siandard error,

Taots of signifionnce 0f the rerransion coefficlient
can be rade under & null hypothasise The hypothesis ia
tihrt the populstion welue of the rogression coeffioclients
ere zoro anl that the estimated value 18 due to sampling
error or other chance eleranta in the experimaent.

As Tintnert pointa out, the logioc of the tansts of
slgnifisanca asnsists in dcternining wiwt 48 the provabllity
thnt certaln deviations from a yostulsrtad Fyrothestia (oalled
the null lrypothasis) could rave arisan by chances If this
pro®tarility s emall, then, the chancas are %t.wt the null
ryrothasis d7ea not rolde

¥hat 13 needed to test tlils hypothesls 1s & critical

ratlo gubjest o probability distiliutlons For thia tess,

1Tlutnar, G., *5ignificance Teeta in Production Funotion
Reaearch®, (in) Hesdy, E.C., JoMnnon, G.L., !'ardin, LeSe,
m. °1tc. Ghapter 14. PPe 178,
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the atandard errcy of the gampllng Alstribution of the
regreagion coefficients 13 as follows:

(15)
2y?
resreasion coefficlent < ‘

Q2 D
x (n=2)

e oritlical yatlu ia tie Ai{ference betuvsen tiw
hypotnetiocal ruysressiosn -odSilclent zoro anl tie observed
value of regrsssion goefriclent over the staniard srror of
the regression coefflolent as shown below in (15)

(158)

t & rocrasgion conrficlent
stundnic er10P G rsLrcesion ecaifielent
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CHAPTER 4

EXPiRIN M TAL WO AND BaOinCE OF DAYTA

The experimental work to dsterning fertilizer input-
orop output relations'ips was conducted eooperztively by
the Colombia Project of idchigan Ytate University, the
Facultad de Agrononia of the Universidad Kacional de
Colombia at Palnira {Colormbla) snd a Colombian farmer,
senor Eigardo Patino.

Doctor Laonard Krle and dr. (orald Trant from the
Agrioultural Economls lepartzent; Dr. Kirk Lawton from the
Soil Department, at Hiollgan state University, and members
of the staff from tie Michigan Agricultural Xxperiment
8tation, partiolpated in the deslgn of thoe experinment and

colleotion of the experimental data.

The Corn Dnta.=-

The corn experiments were developed at
Senor Fatino's farm nesr Florida (Colonbia) on a well
drained clay loams soll.
The experiments inoludel all tiwee of the primary plant
nutrients, nitrogen, phoasphorio scld and potash, the first
two in varying combinations and the last generally constafit,

The ocorn experimenta wore conducted in two fields whioh
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will be oslled Patino Lower Field and Patino Upper Fleld
respectively.

Both experiments had the sare design and in hoth the
sane treatmant levelas of fertilizer were used.

EApht treatment levels wers incluiled for nitrogen,
saven treatment levels for phosphoris acid, with potash
grnerally constant.

Thega treatinent levels measursed in pounds per acre are:

H - 0 c0 40 60 80 100 1720 140

P - 0 20 40 60 80 100 120

Except for the zero treatment levels, potash wag held
gongtant at 60 pounds per acre.

The levels of fortilizztion for corn are shown in detall

in Table 1, and the design of the experinmant in Table J.

The Bean Datac~

The objeotive of thls experiment oconducted
algo in Patino's farm from Ootohaer 1357 to January 1858, was
to evaluate the responsas of beans to different comdbinations
of fertilizer inpulse.

Five treatnent levels were incluied for nitrogen, five
treatment levels for phosphorio meild, with potash generally
constant,

These treatment levels measured in poundis per acre aret

N « 0 ph 40 60 80

P « 0 8 60 75 100

Exgept for the zaro treatment levels, potash was held

congtant at 40 pounds per acre.



TABLE 1

LEVELS CF FPOlTILIZATION PCR THY o L ~diiNT3, PATIHO
IOWER AND PATIRO UPPvR FIELD, 1357,

Plant Nutrients Flant Hutrienta
(Pounds per Acre) (Pounds per Acre)
N PQOG KZO H P205 1:20
(¢ 0 o 60 éo 80
o o 60 60 100 60
0 20 60 60 170 80
0 40 80
o 60 60 80 0 60
4] 80 60 80 20 60
) 100 60 80 40 60
0 1720 60 80 80 60
80 120 60
20 o 60 -
20 20 60 100 0 60
20 40 60 1c0 20 60
20 60 60 100 80 -]
20 80 80 100 10C €0
20 100 60 100 120 860
20 120 €0
120 ¢/ 60
40 0 60 1720 40 60
40 2 éo 120 80 80
40 40 60 120 120 60
40 60 60
40 80 60 140 0 60
40 120 €0 140 20 60
140 40 60
60 0 60 140 60 680
60 20 60 ' 140 80 60
60 40 60 140 100 60
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TARLE 2

EXPERIMENTAL DEJIGN OF THE CORHN EXWVGNTI, PATING LOWER

.
AtD PATINO UPPHER FIFLD, 1657.

Pounds of Pounds of Tounds of Nitrogen
PO per K O per : per Acre
ASre Acre 0O 20 40 60 80 100 120 140
0 o
o 69 X X X X X X X X
20 60 X X X X X X X
40 60 X X X X X X X
60 80 X X X X X X
60 60 X X X X X X
100 60 X X X X X
120 60 X X X X X X X X

* Each *X* represents an experimental plote.
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The fertilizer carricers used were, nitrogen es annoniun
gulfate (20=-0<0); plwaphorous as ooncontrate auperphosphéte
(0-45-~0)3 and potash as potassiun oidoride.

Individual plots were two rowa by 40 feetl in slze,
with the rows 24 inches epar$. Therse werae two replicates
of each treatnent and tha total area coversd was approxi-
motely 0.2 aore or 62 x 150 feel.

The fertilizer was to be applled as a banded side~
dreasing to the side ani below the seedling rows in furrows,
when the beans were 2 to 3 inchea tells The beans wers
planted approximstely Ootober 21st and harvested January 14,
lo8a,.

The levels of fertilizetion for tha bean experiment
are presented in detail in Table 3 snd the Aesign of the
bean expsrinrent in Tuable 4.



TABLE 3

LEVELS OF FERTILIZATION FOR THR BUAN XFrRRUOUENT, PATINO 19857/58.

Plant Hutrients

(rounds par Acre)

N P0g X0 M PoOg X,0
o 0 0 40 0 0
0 0 40 40 0 40
0 z 0 40 5 40
0 28 40 40 0o 40
0 80 40 40 75 40
0 78 40 40 100 40
o 100 40
20 0 60 0
20 0 40 80 0 40
20 28 40 60 28 40
20 80 40 60 60 40
20 78 40 60 78 40
20 100 40 80 100 40




TABLE 4

LAP ERINNTAL DESIOH FOR THE BIAN RQURININT, PATINO 19857/68.

Pounds of Pounds of Pounda of Nitrogen
Pgoe per K20 per per Acra
asre Aore 0 20 40 60 80
¢ 0 X X X X
0 40 X X X X X
28 o X
2 40 X X X X
50 40 X X X X
75 40 X p 4 X X
100 40 X X X X

% Each "X" represents &n expoerimental plotae



CHAPTER B
DERIVATICN CF PRODUCTICR FUNCTICHG FROHM YIS DATA

After oollection of yleld observations, the next step
in the analysis 1s that of estimeting produstion functiocns,

inputecutput or response coeffiocients.

Proiuction Funetlions Fit%ad to the Duta.-

The production
funotions® fitted to the data included:

(a) a square root equation of the form of equation (17)
(27) Yo=advidordaligof ¢ e
(b) a oross prciuot production funotion of the form of
squation (18)
(18) YoZ adbNdoréaider?s oip

(c) a Cobb=Douglas production funetion of the form of
equation (19)

Previous Froerdmentnl Rggults Usinez thage Fungtiong.-
(a) Square Root Production Function.=

This funotion haa been

lrne author &8s indebted both %o Bernsrd Hoffnar of the
Agricultural Xoononies Dspartnent and to the parsonnel of
the 3tatlstical pool of the sane Department, at liiciigan

Btate University, for fitting the altsrnative production
functions.
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used by Haadyl in fitting yield deta for corn on aalosreocus
Ida silt loanm goil in western Iowa in 1652, anl the results
proved to be satlisfaotlory with 81 per asext of the y1:1a
varianse explained dy tiv varying qusntities of the two
mitrisnts used, nitrogen and phoankoric acid.

This function wagz ssleoted as belng ths most efficient
for predicting the preoduction surface, ylold isoquants, and
marginal quantities for corn.

Heady, working on red clover” ani alralrad on webater
and Nicollet loam in north-central Iowa, explained 64 per
oent. and 77 per cent respsotively of the variance present
in the data using the square root production funotion as
the predloting equation.

Xnetsoh working on oorn? experiments on a XKalanazoo
sanly loam s0il Quring 1958 in Kalamazoo and Calhoun
counties and using all three of the nutrients N, Py Of and
k-0, fitted this funotlon to the dsta. It proved to i

e

Heady, F.0., Pesak, J.T., Brawni ¥.G., "Crop Faasponse
1

zer lUase®, AgricultuE%%
earsh #ulietin 424,

s

1

Surfacea &1l Goonomle Cnltims in Fortl

Zmlg-. P 312

31‘31:1- 2 Do 31"0

‘Knetsoh, Jele, "¥othodologtoal Proosdurss and Applications
for Incorporating Esononioe Considerationas into Fertiliger
Ragommandations®, Unpublished Maater of Bolence, Theoals, Dept.
of Agriculturel Foononmles, Hicligen State Unlveraity, p. 47.
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the datasiequstely for 1o7r eopllostions of nitrogen tut
falled to fit et high levsls, 41 per cont of thoe varisnce
belng explained by thia gjustion.

Thiag function e veed br goma rnscnroharsl

to 71t yleld
data wheon extremcly larga merginal proiducta over small inputs
are follaowed by a long rance of gnoll and falrly conatant
rarginal proluota, 1.es., in cnocs where a chaen curve 1is
espeated at the outset, followed by a flat in the middle.
The sjuars root equation sllows intsrazction of tha
nutrlienta in the production rrocsass #ni algo allove tla
inputs:
() to be substitutes only for amell Jnjutae
(t) to be both substitutes and complements for higher
levels of output, and

(o) to0 be only complements at maximum yleld levels.2

(b Cross Produot Proituetion Function.=

This produstion
fungtion has bean wed in previous studies with variable
resultas,

Jiendy £1%%4 & aross produot equation to corn data

froa caleareous Ida silt loam gocil in western lowa from

1Hoaiy, 2.0., Joknson, G.L., Hardin, L.S., op. oit.,
Chapter 1, ppe }0=12.

“Ibid., rpe 10-12.
aﬁeady, E-O-’ PBSGR‘ J-Tc, Brown, ‘.&0., O Oito, Pe 304.
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experiments conduocted in 1852, ~nd 1t was considered a seoonad
best fitting with 83 per ocent of the variancs in yield ex-
plained by variable quantities of the two nutrisnta nitrogsen
and phosphoric aolde.

Heady £1tted this funotion to red clover™ yield data
.fyom experiments oonduoted on Webater and Nicollet loam &n
north-gentral Iowa in 1952, and it was conslidered a asgond
best fitting with 88 per cent of the yleld variance explained.

Feady, working on alraltuz‘fitted this funotion to
yio0ll data from Webster ani Kioollet loan in north-sentral
Jowa in 1952 and, as in the previous cases 1%t wes oonsldered
the second best £itting equation with 68 per cent of the
varianoe explained.

Fnetsah fitted the eross product production funotion
to com8 data from Kalenazoo end Calhoun counties for
experiments aontuoted on a EKalamaxoo sandy loam soll during
1058, It gave a poor fit as indiocated by only 29 per cant
of the varianoe explained by the fitting equation.

Sundquiast, working on oat? Yield dnta fron experiments

lzbigo. Pe 312,

2Inid., p. 317
3Knﬂt.‘h’ Joxu. Ohe Ulto’ Pe 47,

4Sun ulst, WeB., "An Foonomric Analysis of Some Controlled
Fertilizer InpuG-Output ixperiments in Michigan®, Unpublished

PheDes Thesis, Dept. of Agrioultural Economies, Miochlgzan State
University, 1957, p. Bl.



ocnducted 1: Kaloaazoo awid Collwwuwn counties on a halanezoo
ssndy losn soll durlng lsdb, expleined only 48 per cent of
tiis veriance 1n yleld using tue oross produst production
funoction,

Jundquiet, working om wheatl Yleld Gutu from exparliamenta
conduclied ln Kalanmezco ani Calhoun cocunties o & kulinazoo
sendy loam godl during 1lvud, expisined only 41 per cent of
the variance present in tihe data using this funotion.

Bundsulst, working on corn” data froa esseriments
conunied in Knlamazoo and Cslhoun svunties on a £ulamazoo
srndy loaa sold) duripg 1555, fit%ed this ejguctionf 1% proved
to be higily unsatisfectory with only 8 per cont of the

ariance explalned by the eross product production function.

Sundqulst f1%ted this functlion to eontinuous corn®
vield data from Tusaola county on & tiiener olsy loam soll
for experimente eonducted during 1u83 wnd 1% resulted in
enly 13 per cent of ths variancs explulned. _

Sundquist, working on beans® fitted this equation Vo
data from Gratiot county for experiments oconduoted during
19568 on a usimms loam so0il} 42 per cent of the varliance

pregent in the data was explained.
Sundquist, working cn potat03 ta £3tied this equation

llbsxld » p. 65I
P’. &dc ] p. 73-
albldo. Pe 80,

41v14., p. 83.
5I‘b1g., Pe a2,
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for expsrimaontal data from a Houghton muck soll on the
Fxperiment Btation much farmm of thae ¥ichigan Agrioultural
Experiment 8tation near East Lanasing; tho rograssion eauation
wog eapable of explalning only 25 per ceint ol tha varianoe
areaent in the dntas

The oross proiuct production funotlon allows interaotion
of the nutrients in tie proluction prccess and belng poly=
ncnial with first and eeaond derrgs terms can axcw Loth
diminighing marginal and diminishing total yields.

The cross produot vroinetion funotion haa srrsater
flextbility than the Coht=Douglsa funotion anl alio ellows,
likxe the sgquars root rroluction function, the inputst
(a) to be subatitutss only for s =1} inputs
(b) to le both substitutes snd oumylenents for Liyiwer
leyals of output, and
{c) ¢to be only gommlamentg et maxtimmm yialds.

For marginal products of "rmeddun® moguitude for small
resouroe inpute, f£ollowed Hhy an surly maxlmun Iin tolnl

prodquct, 1t ¢ deairahle to try tlis e7uanticn.

{a) Gobb=Douglss I'roluction Fungtion.-

Thias function assunes

tuat the percentage inorease in yield is constanit and equal
to "b* for all inorements of fertilizer.



This function allows the yleld to inorease gt eithep
a diminishing, oonatant, or incressing rate, althoush the
responss ourve cin be representad by only ona cf tihese and
never by a conbination.

Therefore, if more than one stage of productlion seems
to be present in the data, a Cobb=Douglas functlion ia not
adequate, since it oan aprroximate only one stzgs &t a time.

Another disadvantage of thias functlon is that it takes
on 8 value of zero whesever sny input $s zero. Thig dis=-
advantage las beon solved in thias enalysis by the aliltion
of one-tenth of a uni%t to all zero fertilizer levels.
This introduces an upwsrd bias in the prediocted yleld but
overoomes the problen of having Yo 8 O when any of the
troatments 1s reroe

On the other hand, the Cobbe=Douglas function ig easy
to r£it and work with., lowever, in view of the asy:ptotioe
nature of the funotion, oconsiderable osre nust be used
when drawing inferences from the extrems rangss of the
data.?

This function has been used in fitiing yleld data
in previous raesearch worke Trant fitted this function to

to sornd yield data in the Cauea Valley (Coloubla), using

1Thnt {8, 2 pounda for nitrogon} 2.5 pounds for
phosphorous; anl 4 pounds for potasie

ZAn explanation of the computation of the predicted
yields, high profit point, and narginal proiuctivities
using the Cobb=iouglas function 18 presented in Appeniix A.

5Trant, G.I., "Inplications of Caloulsntad Koonomie
Optima in the Cauca Valley, Colombia, 8.A.", Journal of
Farn Foonomlos, Volume Xi., N« 1, Feb. 1858, ppe L.o=ioae




nitrogen and phosphorous and potassium combined in a 1:l
propestion and obtalned.as per cent of the varlancs ex-
plained in the first expaeriment} 60 per cent in a first
replioation of the aamé experiment; and 495 per cent in a
seoond replication. In a seoond experiment on corn, using
phosphorous ani potassium as the two independent variables,
no statistioal evidence of ocorrelation hetween the
independent variables snd the dependent varisble was

foundj the coeffioient of dultiple determination had a value
of zero.

Trant, working on sugar oanal An the Csuoa Valley
(Colombla), and using nitrogen as one independent variable
and phosphorous and potassium combined in a 131 proportion
as the other 1nd¢p§ndcnt variable fitted the Cobb=Douglas
funotion to data on naﬁly planted oane. ile found no
statistioal ovidenoo‘of correlation betwean the indspendent
and dependent varlableasa; ths cocefficient of multiple
determination had a value of gzsroe. In fourth cutting ocane,
as a'anoond experiment, the Cobb=Douglas funotion was
capable of explalning only 18 por cent of the variance
presend in the daata.

Knetaoch fitted thias function to oorn2 yield data from

‘rvia.

2‘30‘50}\, Jele, Bhe C Ley Pe 48,
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éxpaerinents conducted during 1955 in Kalznazoo &nl Calhoun
oounties on a Kalamazoo sandy losm godl but 4t was not
oonsidered ths best representation of the data and 1t was
rejedved dbecause of undesiravle ocharsoteristics when the
funotion snd the data were plotted in nzatural numbers, slthough
81 per aent of the varianoe was explained by tils produetion
funotion.,

Choosingz the *Rest® Pitting Function.=-
The sslection of the

best funotional form 1s a problem of considerable importance.
As Masonl states, the problem of chwoslng the "best"
funotion 48 not soluble from a single set of rules.

Evidence presented by ason®

secems %o give no indics=
tion of preferance of one function over the other from a
striot statistiocal point of wview. For using as a *prediotion
eguation® one would seem to work as well as another and the
oriteria for choosing smong them would rest on almpilcity
of oomputation considerations.

By the use of least squares procedures the value of
the oconstants for the equation may be somputsd. These

procedures give the best fit for tha partisular form of

1Hanon, David D., "Funotional ¥adlels and Experimental
Designe for Characterizing Response Curves and Surfaces®,
(ln) Bauﬂl. EOL.. Head’. E.o.‘ Blaﬁkmrﬂ. J’. m °1t'.
Chapter 5, pe 80. -

“Mason, David D., %Statistical Probloms of Jolnt
Rosearoh", Journal of Farm Economiss, Vol. 39, Mey 1357, p.376,




funotional model, in the sense of describing a oﬁrve from
Which the mean of the squares of tha deviantions of the
individusal point®s from tha? ourve is a minimum.

However, the estimating equation is uded as 2
*production function® to estimate optimum rates or levels
of fertilization under verious price relstionshipa, which
is the ultinate end in estinmating theso funotional relation-
ships, and as 1% 1s ahown by Masont oongiderably more
variation exists smong the estimate optima for the varlous
fungtions than between the estimatel values of yleld.

It cannot be elaimed that any of the functions represens
fundamental blologiocal laws of growth, although one may
rationalize She form of a partioular function in a partiocular
sltuation.

It 48 likely that the best fitting function of the
fertilizer production function varies by orop, year, soil,
or other varizbles.>

Dirsot statiastiosl tests (analyasis of variance quan=
tities and P tests) @ro available for determining whether
a significant reduction in variance 1s obtained by including

one more or less terms in equations such ag the oross product

11v14., pe 278,

2Heady, Ee0e, "Methndologlcal Problens in Fertilizer
UBG'. (1“) Baum, E‘L.. ?{Oady, EQQ.. BlﬂOI:morQ, J‘. _92. 013..
cmpt” 1' pp. 6.
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or square root functiona.

However, as Headyl points out, *dlrect® tests are not
available for ohoosing belween csuch wildaly diffarent functions
as the Cobb-Douglas, BSpillman, oroes product or sjuare root
equatione.

Testing the significance of coefflcienta for indlvidual
variasbles in an squation wiich ocontains more than one variable
for a given plant nutrient is a practioce of linited usefule
ness.

The related variables in an equation such &s N, Na,

P, Pz, eto., are obviously highly eorrelated. istinates
of individual parameters may be subjeoted to large
standard errors reflecting theae high intaercorrslations
and 4t might be concluded that since individual parameters
are not statistically significant, no significant effeols
are present.

This 1ine of analysis may be misleading. If the
sgzregate offect af all variables could be tested for
signifioance, the test might indicate & significant
aggregate effect for the nutrient.

One way to approach the problem of aselecting the

1

Heady, E.P., "Tsomicel Conasiderstions in Eatimating
Produotion Funotions®, (in) Heady, E.0., Jommson, G.L.,
Bﬂl‘dln, LOSO. ‘O‘D. gitt. CI“.&thP 1. p. 130



beat funotion has been sugzested by Johnaonl.

1% oonslists in testing the degres tc which t-s elterna-
tive funotions individually rcet ths uasusl assurpltions with
respect to tha distridbution of unsaplainel rezldusls on
whioh objootive statistical tests are basei, &nd rejlsoting
all fungtions that fail %o pass thla tast.

If a oholoe between those funelions whloh do mea$
the assunptions 1s necassary, objeative tesgts are used as
a seocnd step in the selestion of tie beat funotion.

If such testa also fall to reveal gtatistieally
differences betwesn the alternative funotiona, less
objeotive oriteria, such aa the experimenterts Judgment

and expert opinion eculd dbe aprlied, but only if negecsary.

sl ha Detg.-
The results from fitting the above
equations to the yleld data ars presented in this seotion.
The basio statlstics relating to the funotions fitted
are given in Table 8 for Patino lLower PFleld com data}
in Table 8 for Patino Upper Fleld ocorm dats, and in
Table 13 for Patino boan 3data.

~ The meaning and significance of these stAtistlics are

1Johmon, Glenn L., *"Discussion’ Foonomio Immlioations
of Agricultural Fxporiments®, Journal of Farm Ncononigs,
Volune 39, May 19&7, PPs 300-I08a




explained in detell in Ciaplter S.

Analyels of the Patino Lover Field Corn Dnta 1C867.-

{a) Souare oot Irodustison Functliinew

Tha firct formulzatlion
of tie funcotional relationsidp whicii waa 2tfenpted for the
data was & gquars oot funotion of t.w form of ejuation
(17) abova.

This formulation eontalning the estimated paraneters
1s shown in equation (20). Values listed haelow the
estimated parameters and included in parenthesee sre
standard errors of the reapective paramcterse N and F
represent per sare &pplioations of nitrogen and phoa-
phorie aclid respsctively and yleld 1s nmeasured in bushels
per aore.
(20) Yo & 42.734948 4 095727033 N » 376308107 P =
(.064070601) (,C73615241)
- 212685120 {N ¢ 6.096714310 VP « ,043078163 VRP
(.9823413823) ( .©80684688) (.0667038258)
The coefflolent of multiple correlztion for this
squation was «6868. The oveffiolient of multiple determination
indieated thet 43 per cent of the warianoae present in the
Yield data wzs expleined by thias rsgreasion equation.



(b) Cross Product Proiuction Functione~=

Bocause of the large
srount of variance not assoslalted witih thse esztimating
equation, a seconl forrulation of the functional relation=
ship wase atterpted of the type of ejuation (18) abovs.

The squation with the estimated parameters 1s shown
in ejuation (21):
(21)

Yo 2 42,975175 4 003550720 N 4 843906724 P 4 .000102622 N2 -
(.065513811) {.075882081) (.000422683)

- 00406756269 P2 w ,00047068339 1
(.000659148) (.00041177279)

The goefflcolent of multiple correlation for this equation
was .747. The ooefficlent of multiple determination indicated
that ebout 66 per oent of the variance in the yleld data was
assoclated with the regression equation,

Based on the etatistical measurements derived, the
oross product equation was considered a more appropriate
formulation than the aquare root equution %o represcnt the
funotionsl relatlonship between varied quantities of input
mitrients and orop yield ocutput.

Produgtion Surfage Estimates.-

Ona set of production surface
estimntes is presented in Table 6. These quantities showing

the total per aore yisld of corn for verious rates of N and



TABLE B

VALUE3 CPF "R" AND ®R"S FOR Tw0 VARIABLE NUTRIZIT3 AND VALUES
CP "t* FCR 1NDIVIDUAL R:GRESSICN COXFICINTG, FOR CCRN FATINO
LOWIR FIZLD 1867,

Equsation Value Value Value of “t" fopr
of WRe of #R°H coefficients in order
1isted An eguation.

Square «658 «430 N 3 1.43
root Pt 5.1
VR 2+ o34
TF.3 5.0
Vi t .68
Crose 2747 +558 Nt .08
product P s 7.04

528 o4
P2y 7,07
NP 1 l.14
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P,0g are tha ocounterpart of a produotion surfzce; they
represent spscific points on the surfsce for specific
peints in the nutrient input planee.

¥hile not all of the treatnents in every cell in
Table 2 were included in the e:xperiment, thelr ylolda can
now be predicted. Ench oolurmn in Tahle 6 1s the counterpart
of a vertical slioce tiwrough tie prodluotion surfsce psrallel
with the P-0g axis and ylelds correapond to points on a
single=-varieble imput output earve. Fo0g is the veriable
wille nitrogen 13 fixed in the amount shown in the top of
the eolumn. '

The rows represent the same thlng with nitrogen
variszble and POy fixeds It 48 obvious that interaction
exlats, the productivity of sny input of ons nutrient
depends on the quantity of the other with wiich 4t 1s
combined.

Figures l.a and l«b 1lluastrats the effect of one
nutrient on the proiuactivity of the other. Thay &re
response curves for one variadble nutrient with the other
one fixed in the quantity indicated. It can be seoan from
these figures that nitropen exerts tihe predominant effeot
on ylelda.

In Figure l.a with P05 fixed and nitrogen varisble,
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inoreasing ylelds for nitrogen applications are obtslned,
being the ylelds higher and higher until P-Og is fixed at
the 60 poundas per acre level (not slhown in Figure). If
PoOg is fixed at a higher than 60 pounds per acre level,
increasing yioclds for nitrogen are obtained, but the
yields are lowar than those obtalned with a 60 pounds per
aore levels In other words, too much P,0g is being combined
¥ith nitrogen and diminishing returns for P.Oy are present.
In Figure l.b with N fixed and 9205 variable, 1t oan
be seen that wien nitrogen 1a being fixed at higher and
hgher levels, higher ylelds are encountered until onbv
the nutrient varlable in this case rerch ths 60 pounds per
acre levele Afterwards, diminishing returns and dininishing
total ylelds are pressnt,

Xoonomig Optimg.=-

A3 was ghown in detail in Chapter 2, the
purpoge of deriving funational relationghips between
fertilizer nutrient input and orop yield output was to
provide the besls for nmaking more effiolent racomiendations
in the economio use of fertilizer specifying:

{a) the ocombination of nutrients to give leassg coat for the
particular yleld, and
{p) the amount of the nutrients to apply to moximize profits.
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TARLE 8

TOTAL CALCULATID CORM YINLDS FRUM SPRCIFIED BATES CF APPLICATION
CP RITAROUGNN AND PHOSHORIC ACID, PREDICTED FRUM Tiix CRO33 PRODUCT

*
FLUATION #OR CUPH FATINO LOWER FI1:LD 1307

Pounis of Pounds of Nitrogen
PO per per Acre
Acre
0 20 40 60 80 100 120 140
v 42,8 44.2 406 47.)1 48,7 E0.3 B52.0 B53.8
20 B2.2 DB3+4 D4.8 £85.9 0H7.2 BH8.,7 BI.2 86l.8
40 583 B9.2 60.3 6l.4 62,86 63.8 68.1 68.8
80 6lel 6l.8 82,7 683.6 04,8 6B.7 66.8 68.1
80 607 612 6lad B82.8 B34 €43 68.2 68,3
100 58,9 B7.3 (7.8 B8.3 0849 59.8 60.4 61.3
120 60,0 B0.2 B0«.4 60.8 BHl.2 Bl7 B2.3 83.0

* Yields &re given in bushels per aore.



TABLE 7

TOTAL PREDICTED AND OBSXRVED YIELDS FOR CORN PATINO LOWER FIELD,
1987.

Treatoont Pradicted Observad
{Pcunds per Aore) Yiela Yicld
{PBu./Aere) (Bu, /Acro)

N P05 o0

4] 0 ~C 42,9 47.2

0 20 80 82.72 44 .9

C 40 €0 58.0 63.4

0 80 €0 61l.1 C2.4

0 80 60 60,7 62.9

c 10¢C 60 B8.9 Bc.8

4] 120 60 50.0 4348
20 c 80 44.2 47.58
20 20 60 83.4 88.2
20 40 €o 69.2 45.3
20 60 60 8.8 85.8
20 80 60 61.2 §9.3
20 100 60 87.9 84.3
20 120 60 560.2 80.7
40 6] 60 43.8 48,1
40 20 60 54.6 47.08
40 40 80 60.3 63.2
40 60 60 6827 . 64.2
40 80 60 61.9 59.8
40 120 50 50-4 49.0
60 0 80 47.1 45.3
60 £20 60 66.9 58,7
60 40 80 61.4 723
60 60 60 63.0 Gied
60 80 60 62.68 e
60 Y00 80 58.3 61l.1
60 120 60 60.8 83.8



TABLE 7 , Continued.

80 0 60 A8 47.°2
80 20 60 B7.2 43.8
80 40 80 62.68 69.2
840 60 60 G408 -
gQ &0 60 B3ed 54.5
80 100 (o)) 3.9 -
fote} 120 €3 fl.2 57.3
100 4] 60 85Cad 4247
100 o) €N S 4 03«4
100 40 60 63.8 -y v
100 80 60 66.7 Tae?
100 100 £ 53.8 £5.8
100 0 60 51.7 £2.9
120 0 60 2.0 43
pRes) 4) €n 6501 72.0
120 60 €0 Béie B ———
120 80 80 B5H5.2 5846
1M 109 89 804 wonee
120 120 60 $2,3 50.93
140 4] 6N 838 £5.1
140 20 60 cl.8 654.8
140 40 60 63.6 6558
149 18] 80 6343 83540
140 80 €I 8663 67.0
140 100 €0 £l.3 £3.9

140 120 60 B3.0 8)..0




These optima ars attained when the psrtial derivatives
(the marginal product) for both nutrients (in this case N
and P) are equal to the nutrient/orop price ratio.

The marginal productivitiea of nitrogen and phosphorie
8014 are presented in Table 8, with tlia margincl product=-
ivity for nitrogen &t the top of each pair and the marginal
productivity of phosphorio acid 2% the botton.

These marginal productivities ars gomputed fron
equation (22} for nitrogen end from equation (23) for
phosphorio acid.

(z2) '%§ = «063569729 ¢ 2(.000102622)H = ,470683330P

(=3) 'g; 2 «548396724 = 2(.0040675269C0)P = 0004706833300
Gl

In ocomputing tha optimum anount of fertilizer nutrient
input to use, the following prices wera used:
Corn 1 21.45/bu.
N t+ § .18/1b.
P t 3 .10/1b.

To £ind the amount of nutrlonts to apply to maximize
profits, equations (22) and (23) are solved nimulﬁaneouslyl

lrne equationa solved were as followa:
(a) For Ritrogent
8 by o
(b) For Phrosplorouss
«2( 004087526900 )N = ,0304706833000 & 089 = 540396724
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using equations (4) and (:8)s

Pt b - { <3 )
(24) N g (e by) 0, by
(81 bz) - (bl 32)

(28) (31 02) - (ﬁg 01)

The nutrient/orop price ratio for nitrogen was found
to be 1103 and the nutrient/crop price ratio for plvsplorie
acid was found to be .059, Using the ebove prioce ratios,
the optimun amount of nitrogen to use was found to be
32034 pounds per acre, which is an extrapolation well
beyond the range of reccrded sxperimental observutions
which does not indicate, by any meang, an economic optimum
point from whioch actual fertilizer recomnendations ocan de
nade.

However, this onnracteristio indicates that further
experimental work 1s needed with higher fertilizer levels
than those stuiled in this pertisular axperiment and for
which no informatlion 1a avillable.

The optimum amount of phosphoric scid to use was found
to be 40.28 pounds per acre.

If these valuss with the above qualifisations are
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substituted in equation (1) a preilcted yield cf 85,08
bushels per acre 1s found but, egain, tida fifure represents
a theoretical solution based on the above valus for nitrogen

whoge agourasy oannot be determined.

Analysis of thg P=tino Urper Fisld Corn NDsta 1957.=
(a) Squarg Koot Production Funstion.-

The first formulation

of the funotional relationship which was attempted for the
data was a square root funotion of the form of equation (17)
above.

This fermulation contalning the estimated parameters
1e¢ shown in equation (27). H and P represent per acre
applieations of nitrogen and phosphorio aocid respeoSively
and yield is measured in bushelaper acre.

(27) Yo s 30,107083 = 05341139920 « 08739950431 ¢
(.03080850610) (.445073578)

$ 714140548 VN & 1.456248659 (P = ,0224733044 VI
{.036461588) (+472877395) (,0321503848)
The basioc statistlics for this funotion are shown in
Table 8. The ooefflolent of multiple correlation for this
equation wag +,470 and the coefficient of multiple deter-
mination indicated that only 22 per ocent of the variznoe
present in the yleld data was explained by this formulation.



TADLE 8

HKARGLIAL PRAODUCTIVITING OF NITAOGHEM AND PHOIPHORIC ACID IN THE
PrRODUCTICH OF CORN FOR INPUT3 INDICATED (HITRGOAH AT TP OF BACH
PAIR AWD PHOTHOAIC ACID AT BGTTCK), FOR CORH FATING LOUWLR

FIZLD 1957, *

Pounds of Poundas of Eitrogen
Po0p per per Acre
Aore :
0 20 40 80 80 100 120 140
0 0 087 07 078 079 «084 ,088 092
0 (3] ¢ 0 s 0 0 0
20 0 « 068 »082 « 068 «070 074 +078 -082
2384 w.,374 2303 W358 2340 e 337 0327  L318
40 ) «048 #0352 20567 081 + 086 +069 «073
» N2 o212 205 +183 «182 o174 «1608 «18%
€0 0 039 L0043 L0047 051 L0856 L0839 L084
0053 0049 0040 1030 .OQ1 oOll 0002 '0007
80 o 2030 «034 038 2042 «048 + 0580 +054
*ol03 =113 -0123 6.153 “0141 ’.150 -,1560 -01?9
100 0 «070 «024 +078 «032 «037 «041 +045
=60 =e270 w088 @294 @,304 «,I1T =322 =332
120 0 «01 +018 «019 2« 073 027 031 «038

=409 =,A08 =,448 o487 w408 =,476 - 458 -,408

* Harginal productivitlies are given in bushels por scree.



(b) Cross Prolust rFrolugticn Functlon.=-

Becaupe of tiie large
awount of varisnoe not associatad with tae functlonal re-
lationshdp above explalned, a gecond formulatlion was
attenpted of the type of equation (18) =mbova.

Thlis equation and tiwe estimntled paremsiers sre
preasented in equation (5)14

(28) Yo 3 31.328108 $ 0857480594l ¢ 41504705730 -
{.0355700598) (.040420168)

- ,000447960L6H% = ,001034584182 = ,000069143681NP
(.0002259778) (.0002990°086) (.000220207)

The coefficient of nultiple correlation for this
equation was ,508. The ocoeffiolent of multiple determination
indicated that aboul 26 per cent of the variance present in
the data was explained by thias equation.

Based on the statlstioal messurements derived neilther
of the two equations was congidered to fit the data
adequately. Nonetheless, the cross product funotional
expression gave a slightly bettor f£it than the square root

production function.

Predugtion Surfnce Estinateg.-

The aross produet production
funotlon waa used to compute the predicted ylelds for

specifio points on the production surface.



TABLEL 9

VALUES GF "R% AND "R7% POR THO VARIATLE NUTATENTS AND VALURB
CF "t# POR IRDIVIDUAL R:CRESSICH COMPFICLITITS FOR OO PATINO
UPPIR FISLD 1957,

Fquation Value Value Value of *t* For
of *n» of ®R-8 Coafficlents in Order
Listed in Rjuatlon.

dauare 0470 22 N t 1.73
root P 1 2.46
{F t 1.60

G- 1 3.08

i? 1 .70

Cross « 508 0”05 H 1t 1.60
product P ¢ 3.72
N2 1 1.99

P? 1 3.46

P 3 W21




87

As was the oass for corn Patino Lower Fleld 1567,
each column in Table 10 represents a vertical slioce through
the produstion eurface parallel with the P 045 axis, and
eagh row repregents the same thing with nitrogen variable
and PG5 fixed.

Figures 2.a and 2.b 1llustrate the effeot of one
nutyrient on the produefivity of the other. They are
response curves for one variable nutrient with the other
fixed in the quantity indiocated.

It oan be seen from Table 10 and from Figures 2.a
and 2.D that both aitrogen and phosphorio acid have a
negligidble effeoct on orop ylelds and that Adiminishing
total yleldse are rapidly encountered.

In Figure 2.3 with raos fixed and nitrogen variable,
the level of the orop yleld depends to & certain extent
on the amount of P,05 present in the soll. Up %o the
80 pounds per acre level of P0g slightly higher levels
of ylelds result as a gonssquence of the interaction
between nitrogsn and phosphorie acid.

Beyond that level, too much Paos 18 being combined
with the speaified level of nitrogen and ylelde are at a
lower level.

In Figure 2.b in which nitrogen is being held constans$
and P0g varied, higher levels at which nitrogen is fixed
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inoreass tlhis sotion of 7205' jowever, beyond tie level of
60 pounds per acre of nitrogen thias elemsnt i1s redundant
and the total yleld 1s deorseased.

feonomio fpting.-

Ag was slowWn for tihe Fatino lower Fleld
1857 oorn date, the eoonomlo optimum is attalned when the
partial derivativea for botli nutrients are equal to the
nutrient/erop prioce ratio.

The narginal productivities of nitrogen and phosphorie
aold are presented in Table 12, with the marginal produote-
Avity of nitrogen at ths top of each pair and the marginal
produstivity of phosphoris acid at the botton.

These marginal productivities are computed from
equation (29) for nitrogen and from esuation (30) for

phosphorio aold.

(23) % = ,0567480%9 = 2(,000449960160) = ,0300G9143810P

(30) .%’ ® 150470879200 = 2{.001034884180)P « ,000069143810N

In conputing the arount of nutrients tc &pply to meximize
profits, the following pelees woras uzasd:
Corn 3 *1.45/bu.
N & «168/1%.
b3 $ ¢ «10/1b.






TABLE 10

TOTAL CALCULATED CURN YI.LDY FRUS Ly sCiRIND RATED G ArPLICATICN
CF KITAGGAN AND FHOGWCARIG ACID, YIEDICUED FRGM THZ CRDSS PIACIUCT

L]
ELUALION Ful Sodx rATING Werin piidd, 1957,

Pounds eof Pounds of Nitrogen
Po0g per per Acrs
Aores
0 20 40 60 80 100 i20 140
0 31led  32¢3  T28 3Tl 33,0 328 317 30.8
20 33e3  S4.9 O5e4 IBB8 TBE  35.0 34,1 32.9
40  3B8.7 36,8 7. 3763 37«1l  T3.6 TBWT 3444
ée 38s8 378 3840 38.2 38.0 I7.4 38.5 3B.8
80 38,8 7.6 38.1 3842 38,0 I7.4 3I8.4 38.1
1c0 300 369 S7e3  37e4 J7.1 e85 3I5.8 3I4.2
1720 34,8 383  38.7 303 385  34.9  33.8 33.8

® Yields are given in bushels por acre.
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~rRlE 1Y

TOTAL PREDICTLD AND CRILTVID YIIDI PO CURY YATINO Urri? PISLD

1087.
Tyreastnent Fredioted Chserved
(Pounds per Aare) Yield Yield
— {Bu./nare) (Cu./Aore)

o 0 o 3143 2768
Q0 22 60 el 32.5
0 40 60 3B.7 3348
0 60 60 35 48 363
0 80 80 36 .8 36.3
(4] 100 60 38.0 3643
0 120 89 34+ 8 STe R
20 0 60 S2e3 o4.5
20 20 60 S54.9 1067
20 40 310) 3648 3032
20 60 69 378 532
20 80 60 376 S3e4
20 100 80 389 «0eb
20 120 60 3843 OS24
40 0 &0 329 9.3
40 20 80 SBed 328
40 40 53 7«1 o960
40 80 G0 38.0 41.8
40 80 60 381 wBe?2
40 109 89 2763 ———
40 120 60 387 5048
60 4] 60 3.1 334
60 20 N TR0 5 a0
60 40 80 373 40. 4
€0 80 60 e 2 4.6
(10 80 60 SBe2 wwne
60 100 60 374 3741

€0 120 a0 5.8 38.4






TABLE 11, Contlnued.

80 0 80 320 36 el

80 20 60 3589 5.8

80 40 680 37.1 390

80 60 60 ot1e O ———

FSTy) 60 60 3840 S4.1

80 100 60 G771 -

80 120 60 Sle 8 7
100 0 €0 374D 302
PR hve! <0 GOeli O3ed
100 A0 80 36«6 wwrere
100 53¢] 60 374 41,9
100 80 fide) 374 e
100 150 €0 SGe 8 v9ed
100 120 60 34,9 369
120 0 80 3147 29«3
120 40 80 3%.7 29.8
120 80 60 Sthe B bt
im &0 60 344 34.8
170 100 80 358 -
120 120 60 938 36.8
140 0 860 38 33.2
140 20 60 329 34.8
140 40 80 S4e4 3442
140 80 60 35.8 U340
140 £0 60 3Del 3ed
140 100 60 c4e 2 35U

140 120 40 JSe 6 3l
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To £ind the amount of nutrients to apply to moximize
profits, equations (23) anl (30) are solved aluultaneouslyl
using equations (24) and (25) aa before.

Using +1103 as the nutrient/erop price ratlio for
nitrogen and 0069 as the nutrient/eror price ratio for
phosphorous, tis optimum amount of nitrozen to use is a
negative quantity «62.70 pnunda per more, and ihns oplimum
amount of phosphories sold to usze 18 41.43 pounls per aacre.

Substituting thess cuantities in equestion (78), the
predlisted yield s found to be 30.8% bushels per acre.

This aolution for the profit maximizing point 1s valid
only if the price condltions specified above ares trus. If
the given prices of fertilizer nutrient inputs and/or orop
change, 8o ahange the profit maximizing level of fertilizer
inputs and 1ts combinations to use and the amount of orop

Y1ol4d to prolucse.

Anslysig of the Patino Bean Data 19567/F8.=

(2) S-uare Root Prodiction Funotinn.-

The Tirat formulation

lTha enetions solved vere 23 followat
{a) For Nitrogoent
=2( +000449260160)H = ,000059143810P & «1103 « 036748099
23 by °
{b) For Phosphorouss

=2( «001034684180) N = 0000631433100 m «059 = 150470879200
b, 89 Sy
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TARLE 12

HARGINAL PRODUCTIVITILH OF KITHOGII AMD FHOSPHOAIC ACID IN
THE PACDUCTION OF COIBl FOR IAPUTS IHDICATED (HITROGIG AT TOP
GF BACH PAIR AMD PHOSPHORIC ACID AT BOTTOM), FOR COid PATIKO
UrPat FISLD, 1987, &

Pounds c¢f Pounds of Nitrogen
Plg per rer Aore
Aore —a—
0 20 40 60 60 100 120 140
0 0 +Q38 +»020 «002 =018 «,033 =001 -.:069
0 0 0o 0 o 0 0 0
20 0 «037 =019 1001 'QQOIB =, 034 «,052 070
«109 «107 + 108 +104 «103 «102 «100 +«099

40

Q

.055 .01” «000 ’0-018 =, 038 «,084 -.072
« 087 «068 «084 «083 «082 «080 +0569 «0B68

60 0 +034 QOIB ‘.OOl -,019 ~0057 -, 088 =.,073
028 4024 023 .022 .020 .019 .018 016

5033 0016 002 w000 =,038 «=,058 =,074

e0 0
*e0l3 «.01l8 «017 «,01l8 =070 =021 =.023 =,@824
100 0 '031 0013 -,004 » ., 0727 =,040 =~,088 ~.076
QU0 « 007 =059 «,060 =.061 003 «,084 +=,068
120 0 »030 0012 =, 008 =.023 "-041 -, N80 «,077

=, 007 «=,039 ’1100 ~.102 '0103 w,104 «.108 ?0107

® Marginal proluctivities are glven in bushels per scrz..
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of the functional relationsldp which was fitted to the Dbean
¥1eld data was & square root funotion of the form of equatian
(17) enove.

Thias formﬁlation oontaining %the eetim.ted parameters
13 shown in equation (3l)e¢ N &nd P ropresent per nore
spplications of nitrogen e&nd phosphoric acid respectively
and yleld 1a measursd in bushels per acre.

(31) Yo ® 1.73857828 « 006667696400 « ,00185143413P =
(. 0056950145) (.004124537)
- .002160281K ¢ .1870605968 (N 4 0423035074 (P
(.003020590) (.047112116) (+046056907)

The coefficlient of multiple correlation for this
equation was 808 and the coeffiolent of multiple deternin-
ation was 850, indloating that 685 per eent of the variance
present in the yield data was explained by tha indspendent
variables.

The baslio statistlos for thls and the following
sjuations fitted for this set of yiald anta are presonted
in Table 13.

(b) Cross Produgt Proluction Pinotion.=

A moond formulation
of the funotionsl rolationshlp was attenpted using a oross

produot production funotion of the form of equation (18) above.



VALUES CF "R" AND "R™® FUR THRT VANIALLRE KUTRIVITS AND VALUES
OF *$" FOR INDIVIDUAL ROGRISGION COLIFICLASHTS FOR EDAR PATING
1957/58.

Equation Yalue Yalue Value of *t® Fop
Coefriolents in Order
lListed in Zsuation,

Square «808 ‘=850 N 1 1,12
root P 1 .48
K 13 71

G $ .88

(7 :1.08

Cross +£16 «588 H § 6.87
product P 1 1l.12
K t 39

2

N" ¢ 4.24

P21 .70

Cobb=Douglas 849 0720 N :11.38
P ot l1.99

K t .48
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This equation with the estimzted paraneters is shown
in equation (32).

(32) Yo u 1.760343605 & 036258543040  .004820°40615P0 &
(005:03363) (.004113018)

$ .00115231883K = 000371735631~ = «00005818330 S
(.002876016) { .000075872) (.000040272)

The coefficlent of multiple correlation for thils
equation was .818 and the coeffislent of multiple deber-
mination was .668, indleating that about 68 per ocent of the

varianoe was explained by the regression ecuation.

(o) Qobb=iouglas Froduction Funotion.=

A third formulation
of the functional relationship was attempted using a
Cobb=Douglas production funotion of the form of equation
(19) above.

This formulation with the estimated parameters is
shown in equation (33) and in its logaritimic form in
squation (34).

(33) Yo s 1.768 N°10B337643 P.017:555082 x~+008592104

(34) log Yo z «245929 ¢ 108337643 log N 4 ,017358082 log P =
{.008250381) { .002027808)

- 0085972104 log K
(.012126082)

The goeffiolent of multiple correlation for this
equation was .,849 and the coefricient of multiple
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determination was 720 indioasing that 72 per cent of the
variance present in ths data was explained by the independent
variables of the regression equation.

Based on the statistical measurements derived, the
Cobb=Douglas production funotion was oconsidersd a more
appropriate formulation than the two previously derived
equationa, to represent the funotional relationship
between varied quantities of input nutrients and arop

yleld output.

Production surface estimates.-

A set of production surface
estimates 18 presented in Table 14. These quantities

showing the total per aore yield of beans for various
rates of N and P,0g represent specific points on the
surface for spesific points in the nutrient input plane.

Each oolunn in Table 14 gorresponds to a vertical
slice through the produstion surface parallel with the
P,0y axis, and they show ths ylelds when nitrogen is
fixed at & given level and Po0g 18 being variled.

The rows represent the game thing with nitrogen
variable and ons fixed in the amount specified.

In_Table 186 the total prsdicted and chaserved ylelds
for beans are compared to show how accurately this function

is oapable éf predioting them from their functional relationship.
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veonomia optinae~

A detalled explanation on how to work with
the Cobb=Douglas functlion has been presented in ~ippendix A,
80 these concepts will not be repeated here.
In computing the profit maximization point the following
pricea have becn used:
Beans 1 58.76/bu.

N 8 % .16/1b.
P 1 £ .10/1np,.
K t 3 cOG/lbc

The optlmun amount of nitrogen to use was found to bhe
86.9 pounds per acre; the Optimum aﬁount of phosphorio
acid 15.0 pounds per aorej; and the optimumr amount of
potash was a negative quantity of «8.1 pounds per acre.

The eatimated yleld was found to be 14.3 bushels rer
a0re.

The caloulated merginal productivity of a pound of
nitrogen in the production of beans at various rates of
application of nitrogen are presented in Table 16, for
selected beans prices.

As has boen explalned, profit meximization aoncepts
must include prioe relationships ani when these price
conditions chinges, 80 ohange the amount and composition of

fertilizer nutrients to avply anl of product output to produce.
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It oan be seen, that when beans are priced at $ 5.75
per bushel, with the above indlcated fertilizer prioces,
the optimum level of applioation of nitrogen 1s at the
level of the 60 pounds per aore level when the condition

HVPn - Pn =z O

is satisfied.

The same analysis has been done in Table 17, in which
the marginal productivities of a pound of phosphoris acid
in the production of beans at wvarious rautes of application
of phosphorioc acid, are presented.

With the above spesified price gonditions, the
optimum level of &ppliocation of phosphoric aeld 1s 2t
the level of the 18 pounds per acre.



TABLE 14

TOTAL CGALCULATED BRAHN YIFLD FiGH SPTIFIED RATED CF APFPLICATICH
OF KITRCG:X AND FUOIOAYC ACID, FPREDICTED FROH THE CUBB3DCUCLAS
ECUATICN FOR BUAN PATINO, 1957/88. *

Pounia of Younda of Nitrogen
¥~0g per per Acre
Acre
0 ~. 20 40 60 80
0 11.4 14.8 15.6 1663 16.8
28 11.9 152 16.2 17.0 17.5
60 12.0 15.3 15.4 17.2 17.7
75 12.1 1%5.4 14.6 17.3 17.8
100 12,1 19%.8 18.6 17.4 17.9

* Yields ere given in bushels per acre.
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Tl 156

TOTAL FREDICTED AND UBLAAVED YIelDd FUR BUAN FATINO 1857/58.

Trentnent Pruldicted Cbserved
(Pounds per Acre) Yield vVield
{Bu, /Aara) (Hu. /Acre)

N P-0g K50

(4] 0 0 1l.4 10.6
R 2B 40 11,9 11,2
p 80 40 12.0 13.9
o 75 40 12.1 1l.2
0 100 40 12.1 11.5
20 0 40 14,58 15,1
20 e 40 15.1 16.4
20 50 40 15.3 13.8
20 78 40 16,4 14,2
20 100 40 15.5 14.6
40 0 40 15.8 14.6
40 ‘ 49 16,2 15,1
40 80 40 18.4 10,4
40 78 40 16.6 18.7
40 GO 40 18.68 17.0
80 0 40 18.3 15,1
60 25 40 17.0 18.7
60 50 40 17,2 18.2
60 75 40 17.3 17.68
60 100 40 17.4 19.1
80 0 40 16.8 15.1
80 P8 40 17.8 -
80 £0 40 17.7 -——
80 75 40 17.8 ——
80 120 40 1?7.9 ——
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TADLI 18

CALCULATED BARCINAL PRODUCTIVITIES CF A POUND OF NITROGEN IN
THE PHRODUCTION OF BRAN3 AT VARIOUS PATRS3 CF AFPLICATICH OF
XITROGEN AND SILZCTED BNAN PRICES, POR PATINO, 1857/88.

Pounas Prioce of Beana (Dollars / Bushal)
;ir? € Be25 § 6,50 § Bu76 £ 6,00 2625
Acre
Mp * o HVP Mvp NVP Ay MyP
1l 1.8 7.93 8,31 8.68 9.08 D.44
2 78 3.94 4,13 4,31 4,80 4.69
S « 00 2.63 2.79 2.E8 3.00 313
4 38 2.00 2.09 2.19 228 2,28
) «0 1.58 1.65 1.73 1.80 1.88
8 25 1.31 1.33 ded4 1.50 1e56
7 22 1,16 1.7 1.27 1.32 1,38
8 19 1.00 1.08 1.09 .14 1.19
9 1?7 » 689 «94 «98 1.02 1.08
10 18 »79 «83 835 «80 94
20 «08 o42 044 048 243 » B0
40 «04 ol 22 23 24 28
60 03 «16 17 17 13 019
80 «02 »11 «11 »12 o12 +13

® Bushels per aore.
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TABLE 17

CALCULATED HAIGINAL PHOJUCTIVITINS OF A POUND OF PuUCGRHURIC
ACID IN TuS YHRODUCTICH OF BrXANS AT VARICUS RATEY OF APPLICATICHN
OF PHOJPHORIC ACID AND 8SLECTED BEAH PRICL3, FUR PATINO, 1957/63.

Pounds of Price of Beans (Dollars / Bushel)
F205 per
Acre $ B.25 § BJBO § 5.785 3 6,00 ¢ 6,28
¥Pp * HVP nvp HVP KVp ®VP
b » 2B 1.31 1.38 l.44 1,50 1.66
2 a2 B3 .66 .69 72 .75
b 08 +42 44 46 48 ;50
4 « 03 «32 =33 o 5B o 38 38
] Nei ¢ 26 27 o2 ol «31
6 04 21 22 2 24 28
7 Q4 2 22 23 24 28
8 «03 15 «17 17 e18 °19
9 «03 18 o17 17 18 «19
10 +03 »18 17 17 «18 «19
25 «01 «08 + 00 +08 03 08
60 «005 03 «03 03 «03 «03
73 003 Q2 »02 02 «02 02
100 o002 0 «01 »01 «01 «01

* DBushels per acre.
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QHAPTER 6

FVALUATION, CURCLUSIGKS AND I LICATICRS

fvaluatione=

Experimental Plots snq Corrsrcisl Farmge.e

Comparing the
conditions facel by the researcher working with experimental
plots and the situation faoced by the operator OR a conmeroial
farm, 1%t oan be seon that, even though, the nuiber of
independent wariables usuzlly included in experimental
work is very small and many problems anocuntered by the
farnera (rotations, etc.) ocannot be solved entirely within
the framework of a single experiment, the information
obtained from it can be oombinsd and iamproved by subasquent
regearch leadin; to bhetter and broader knowledgs of the
functional relationships involved.

Tre elementa considdéred *"fixed" in experimental work
sugh as the recommended practices, are also controllable
by the farmere.

The troublesome @lement seems to lle on the difference
of levels at whioh nonegontrollable, non-studied variables
ares fixed in the experimantal work and on the farm,

Faoh individual experiment field has certain unique

characteristics assoclated with it, wiulceh sre the determinant






faotors wien the resulis from the experimental f£1icld ere
trying to be generslized for e largs number of farna.

Trua, the problem, is o try to reiuce tlia vurlance
in tha oxperimental results to conform closer %o thoss on
the farm, enabling $ho esonomie cptinun conditions to be
defined nmore acsuratolye

This praoblem, on the other lend, is sggravated by the
desirs of the researcier of minimizing within field
variabllity choosing the locmtion of the experinment in
such & way, that generally the levels at whicli these
uncontrolled variasbles are fixed in the experinental work
and the levels at which they are fixed on the commercial

farms are pushed atill farther ecpart.

Variangg.=-

The unatudled and uncontrolled variables causing
large amounts of unexplalned betwesen-plot wariance may be
important elemsnts when deterumining:

(a) the appropriate mathematiocal function to £it, and
(b) the optima looated onaselested funotion,
One cause of thia unexplained variance 1s belleved
to be the ama2ll size of the plots usually used in experimental
worke However, as has been su; i ested, the variance preasent
in yleld aanta obtsined from small experimental plots mig!

be higher %t:.ian the anount of variance experisnocd by the
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operator ¢a a conucrelal farm in wilch lurger areas ure
involved.

T!ds 18 au very deoportant polnt %o conalder, boocuse
the aovurcoy of ths reconuenistions nnde to farmners depends
to a great extaent cn how reprzscniative of toe conditlons
on the averngs furu are the estimnlas seoured from experi-
mental worke

As to ways to handls this problen, the foliowing heve
been sugzested!

(&) Incresse in the S1ze of the Fxporimental Flots.-

Larger
rlots should be used in experimental work. ¥W:en the causes
of the variance ere randomly distributed throughout the
axparimental erea, the use of larger plots will be indicated,
but, %o ths extent taat thes causes of varlance are not
randomly distributed but are correlated between adjacent
snall plots, replioations of plots become relatively rmore
effective than larger plots in reducing variance.

(b) Investizction ani Meagurgngnt of thoe Causag of
Unaxplained Vnriancg.-

The cnuges of unexplained varisnce
night be investigated and measured and inoluded in the
study as independent variasbles.

However, obstsoles ars engountered a2t preaent to
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study aocurately this point because appropriate methods

of measurement are still not very well developed.

Validity of Experimental Results over Timg.-
Yield data from

one year experimental work has been analyzed in previous
chapters only.

As has been pointed out previously, the uncontrolled
end unstudied vaeriables present in the experimental work
influence the results in such a way that, based on one
year's data, generallzations cannot and mus$ not be made
trying to extend ths analysis to future years.

The U element analyzed ebove is likely to change
year after year and prediotions based on such unstable
ground will have a large percentage of probabilities to
be wrong.

Problems of residual fertility aocumulation and
depletion and rotation effects become important when long
run oonclusions are to be drawn from the experimental data

and long run decisions are to be made on commeroial farms.

Conglusiong.~
Three sets of yleld data were analyzed in the

present study.
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The first one, yleld data for corn Pstino lgver Fleld
1957 included nitrogen and phosphoria acld as the indenendent
variables, with potaah generally held gonstant at 60 pounds
per acre.

Two production funotions of the type of equations (17)
and (18) above were fitted to the data. Statistical
measurements inilcated that tis oross product type of
produotion function fitted the data better tian the square
root produgtion funotlon.

As 1% was secn before, the econoris ovtima conditions
are based both in the physioesl functional relationships
and in the price sonditions for fertilizer innuts and
produot output existing &t that time.

If tho prise relationships involved chwunge, a new
cptirum amount of fertilizer inputs end nutrient combinae
tions to £pply beoome profitable as determined by the new
nutrient/orop price ratlc exlsting &ftes the alange.

This point% 1s generally overlooked in the present
fertilizer regomranintions which sre beinz given to farmers.

" It 1s the prinoipal reason why a new spproach inte=
Frating asrononie and eoononis conoepts 1s being used in
the design of fertilizer experiments which allows the

loaation of points at whioh maximum profits from a gilven
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application of fertilizer nutrients sre possible, At the
sams time, reocomuenlations to farmers ars nade in termsg
cf maximun profits in whiloh ehanging price oconilitions of
fertilizar and/or orops are conalderel, that 13, these
reconn:ndationsg are nmads more realistis ep;roccling
situations whioh are ususlly fsced by the farners in the
planning of their fertillizer programs.

A algnificant reasponsae to both nitrogen and phosphorie
20l1d wzg found to exlzt JTor thils set of duta,.

The soonomic optiaa peint waa computouds. Vith respect
to nitrogen 1t was found to be looutod outalde the ronge
of erperizentzl observations. Therefore, tne figurs of
320+ 24 pounia par acre of n;trogen 13 en extrapolation
and cannot be uded for actual fertilizer recommondetlon
purposeg. llovevar, 4t does indleste tnat furiher rzasarch
vaing kigher fertillizer trectment levslas would bhe very
useful to oomplemant the expearinentil resultepresented here.

The optinum amount of phosphcrous to use was found to
be 40.73 pounds per acre walch is within the experimantal
rengae obgerved.

The same two functions above indlented ware fitted
%5 the sacond sct of Aats for corn Patino Uppar Field 1987,

T8 yleld 4nta included nitroren end phoenwric e0id asa
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the two independent varisableg, with potash generally constant
at 60 pounds pesr acre.

The two functlons inilesael guve & very poor fit of
the yleld data, with thae c¢roes product proluctlion functlon
oconsidersd to be a slighily baetter representation of the
functional relaticnsilps involveds The most profitable
amount of fertllizer input to use was sowputed using the
orogs proiuct equation 2nd was found te ba a nagotive
quantlity of <23,70 poundis of nitrogsn per aors and 41,48
pounds of p:capicrlio &cld per core.

The predicted yleld ocomputed for the profit maxiaslszs=
tlon point wea 30,65 bushels per scere.

A signiflioamt responge vwas recorded only for
phoaplorlo aold with no response on yield racordea forp
nitrogene

The tnird set of data for bezn Patino 1057/58 was
fitted with the ssre two produotion funclions previously
cited and with & Cobb=Douglas funocion of tre type of
equstlion (12) #hovee

2esod on the statisticzl nossurenents derived, the
Cobl=Dougias funotion wisconsldersd « nora aporopriats f£it
for tldg a2t of yicld s ta.

Feenomle optiza quantitics of fortiliecr in;uts to



arply were conputed uaing tials egustion ant the results

ehoved thint 6.8 pounda of nitrosen per aore ought to be
uisd for prafite o0 boe ut & raxlnwen, indicating a sigr -
Biflcant raaponse to tris elencnts

A slight reazponse %o pnoaphoriae scid wog reooried
inficated by an eptinum &sount cf 15.0 pounds per &acre to
be uged.

The eaticrted yleld oomputel using trnls functlicnal
rolationanip was founi tc Lag 113 Yuwshels rer acra.

The snxe othaecp®a on how tihis optliwa amount of nutrients
to use are dspondsant on ths fertilizar/orop price rolation=
snlp existing at thae tine za they were expleained sbove for
tha oorn e~poriments are velid 4n this czme and they must

be takan into ¢nzitarction.

Inplicationge=
Signifioance of Reaults for the Reasnrchar.-

It hes been

remarkedl *tiet the only time an experimgent can be
rroperly designed 18 after At hasg baeen conmpleted®.

One sometimes finds, after a agct of exporiments have

1Box, GeF.Ps, Hunter, Je8a., "Tha Tmlomation ~rd

fxplcitatleon ef iesponse burfaces", (as olted in) Meson,
David De, "Statlatioal Froblomsg of Joint Resgaewch*,
Journal of Poro Feononley, Volume 89, YMay 1857, pe 371.
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been made, that one or more important variables have been
overlooked or that more could have been learned if the
factors oould have been varied over different ranges.

As has been tha_caao in the present study, additional
information would have been extremely useful if higher
levels of fertilization would have been included for
Corn Patino Lower Field 1987, in which the economia
optimum point estinatolwal well beyond the levels within
whioh experimental obssrvations were recorded.

Thus, the results from the above analysis have
indicated the direction in which further research work
with fertilizer may be profitably carried out in corn
and bean orops.

These results seem to suggest the need for additional
experimental work in the (auca Valley, Colombia, for com
and beans and other important orops which over the years
would provide useful and dependable information for
making fertilizer reoommendations to farmers. As hag
been shown in this study, agronomic and egonomic concepts
are olosely interrelated in fertilizer research.

However, soconomic Sonsiderations are still neglected
in the ocurrent fertiliszer recommendations that are given to

farmers. In Colombia, as elsewhere, this is also true and
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it ia neceasary that recesrsciers planning future fertilizer
regearci work be able &«nd willing to recognlze these inter-
relationships and to include them in thelr studliesm. It 1s
not sn easy task to obtaln cocperation, end in many onses
to be willing to gooperats in reasssarch work whicgh seems
outside one's srea of specializstion or intsreats. Tris

13 perticularly trus in an environment in whioh efforts
towvard this end have not bean mnde yet. Novertheleas,

48 cooperation 1s necessary and probably badly nseded
in countries like Colorhbla, in which agrioultural develop-
nent projaots are under way and wheras sapital and trained
teo'miolans are usually in short supply.

A fertilizer research projeot designed to provide
experinmental data when plant nutrient inputs are varied
over different ranges and from whigh economle optima esti~
nates can be loocated, certainly represents a consideradle
inprovenent over experimental designs from whioh marginal
proluotivities and economio optimum oannot be determined.

As a matier of fact, more information is provided dby
designs of thes type oconsidered herein both of sgronomio
and economic interest.

The ratio of useful information to expendltures 1is

probably higher for sronomice=economic $than for purely
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agronomioc designg.

Siinificzxnge of results for thn Faurroen,=

Tie asnalysis of
experimental work presented in thls study is ratoer limited
in scope wita respect to scll conditions, orops, and
ETOWING 8enponsa

For the ressons stiated elsowhere, seldom are any
recommendations made upon the baols of a sgingls experinent
such as this one.

Additlonal work 18 needed to support or deny the
optinum plant nutrient treatnent catimntss praesented
here and before reliahle recomiendations can be made to
formers for rational planning of thelr fertilizer progrsens.

lstorically, this information lina not been avallable
to farzers for the very simple yeason that fertilizer
ressaroi has becn oondusted independently from any economlo
oonslderations.

The farmers ars beluyg supplled with fertilizer infovm=
atlon in whigh, implicitly or explicitly, the oconclusion
is belng drawn that the most adequate level of fertilization
is the one at whigh maximum ylelds per acre sre sttained. |

As hag been shwown, maxirum ylelds per score and maxinum

profits from e glven application of fertilizer are gsldon
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located at the same level. -

Therefore, the Colombian farmer in the Cauca Valley
and, it i1s suspected, elsewhere along and across the main
agrioultural regions of South Americs, ought to be supplied
with fertilizer information in which recommendations are
made to maximize profit instead of ylelds.

When resources are so far out of adjustment as other
similar studies in the Cauca Valley show they are} bits
of information provided by partial atudies and preliminary
surveys of the fertilizer problems of a given area, are
perhaps the Best way and the most economia one. to promote
a reallocation of those resources even though more refined
and elaborated studies may prove to be useful afterwards.

If reliable information ogould be seoured with respect
to the returns the Colombian farmer in the Cauca Valley is
earning on inputs other than fertilizer in his business, a
ocomparison of their marginal productivities would provide
an additional tool of decisgion-making to farmers for whom
limi ted capital 1s an important ooneideration.

As surveys of the Colombian sgrioculture show a rate
of inorease in the sgricultural production higher than
that accomplished during the past years will be needed to
keep pace with the increasing population and improving leveds

lrrant, G. I., op. oit.



of living.

Colombhien farmers will certainly be renquired to
increcee tlie proluctivity of thelr farmase.

Fertilizer, &s vwell as other forus of cerital and
*tnow how* reprscenting teo!mliozl irproverents in sgrie-
oulture c«n meke e&n Importent eontrivution toward that

end,
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AYPIDIX A

(A) The Cobb=Douglas equation 1s of the form of equation (1)

(1) bL . b2 b3

Yo = a o I ¢« ¥ X
in whichh Yc 13 the predloted yleld, the ter:a "a® 1s &
constant, and b, b2, b3 are the regression coeffioclents
anl the elastiolties of tie dependent varlable witlh respeot
to eaol dapendent variable, that is, tha perocontags change
in the dependent vsriable assoclated with one per cent
oisnge in thae dependent variable.

The Cocbbe=louglas function bLecouss easler to manage
in logaritirio forsm suca as equation (2)

(2) loge Yo ¢ loge 2 & DL LogsN 4 b2 log.P 4 b3 log. K
(B) ?The marginal physiecal produotivity in tids funotlion 1s
defined in the eguation (J)

(5)%:&.%

in which N tekes Aifferent values acoording to the treat-
ment levels specifieds In the same way it is possible to
compute the marginal produotivities for P =nd XK.

¥ron equation (3), equation {4) is derived indloating
the ocondition of highsr profit point:

H

in which P, 1s the price of (i.e) nitrogen.
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The sane condltlion oan be derived for P end K¢ The
expression {(4) 1s usad now to derive anotlier equatlon,
solving for ¥ (or ¥ or K) such as (5)

(5) H »« bl o Yeo
Ta

‘he erprezsion bl 1is a asonstant K
n

1 (x, for ¢, and

Ks for K) and now tho eguation for ylold ozn bs exressed

as in (8)1
b1
(6) Yoz a. (t Yo . (K,.Ye)?, (r, . ¥o)°

and in lozaritirio forms as in exproasion (7):
(7) 108.Y0 -4 10&3;3 + bl log.Kl ’ bl 108. Yo {’b? l"J;__':o KE "’
t+ b2 log.Ye ¢ ©3 log. Ko ¢ ©3 log. Yo
or in a more abbrevinte form such &3 (8)1

(8) log. Yes 1o, & ¢ b1 logeXy $ b2 log.X, 4 b3 log.ry

1=bl=b =03
(C) To work with the Cobb=Douplas equation, oonstants

K., K., &nd X, ere firat conputed, belng necsessary to know
F' (¥4

1?
the prrices of N, P, and X, from ecustion (5).

Then &n estimate of ylelds (Yo) can ba rmede using
equation (8) and converting the logarithm into a natural
numb ere

Kow, the optimun qunntities of N, ¥, and K, can be



estimated from ejguation (8) aubstituting the appropriate
values in i¢,

Finally, estinatad merginel physical proluctlvities
can be computel suhetituting the eorresponding wvaluez in
aination (3), rnd at the hgh profit point tre equality
{4) miat be true.
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